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Abstract

One of the least intensified sectors of animal husbandry is beekeeping. This sector is closer to the
natural habitat of the bees. The human influence on Apis mellifera species is so minimized and does
not affect the biology or ethology of these productive insects. However, due to the great importance
and benefits of rearing these insects, they make this sector extremely important to be indifferent to
the development and implementation of the new information technologies. In our study we found that
although under pressure of external factors, the information technologies started gradually to increase
their influence and provide many solutions in four different directions (taking into account indicators
characterizing: climatic conditions of the region, the microclimate in the bee colony, changes in the
acoustic background, infrared image reading system and work condition of auxiliary equipment for
providing remote control of apiary).
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Pe3rome

Enun oT Hall-HUCKO I/IHTCH3I/I(I)I/II_[I/IpaHI/ITe CCKTOPU Ha KUBOTHOBBACTBOTO € MUYCITAPCKUAT CCK-
TOp. Toii ce HaMHpa B CbCTOSAHHC OIU3KO0 J0 CCTCCTBCHUA ap€all Ha TOBA HACCKOMO, KaTO YOBCIIKATA
HaMeEcCa B HCTO HE € AOBECJIAa 1O CCPHUO3HHU ITPOMEHU B OHOJIOrUAaTa HA IMYCITHHUTE KOJOHUHU. B’BHpeKI/I
TOBa 00Oaue nopaau rojgamMara 3Ha4YMMOCT U MOJI3U OT OTTJICKAAHCTO HA TE3W HACCKOMMU I'O IIpaBsAT
H3KJIIOYUTCITHO BAKCH, 3a J1a OCTAaHC BCTPAHU OT PA3BUTUCTO U BHCAPABAHCTO HA HOBUTC I/IH(I)OpMa-
LIMOHHHU TeXHoJoruu. B HAIpaBCHOTO OT HAC IIPOYYBAHC YCTAHOBUXMC, Y€ € 3al1I0YHAJIO MaKap U OT-
CKOpPO I10J1 BJIMAHHUEC HAa BbHIITHU (baKTOpI/I MMOCTCIICHHO IPOHUKBAHC U HAJIAaraHC Ha pCAulla pCIICHU A
B YCTHUPU pa3/IMYHU HAIPaBJICHUSA: OTUUTAHEC HaA IMOKA3aTCJIM Ha CpaaTa U MUKpPOKJIMMATa B IM4CJI-
HaTa KOJIOHHS, OTUUTAHC HAa IPOMCHHUTC B aKYCTHUYHHA (1)OH IIpy CIymaHe Ha MYCITHUTC KOJIOHUH;
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cHCTEMa 3a pa3unuTaHe Ha KApTUHHO U300pakeHHe B MHPpauepBEHUS CIEKThP; CUCTEMH 32 OTUUTAHE
Y KOHTPOJI Ha CIIOMarareHaTa TEXHUKA 10 00e3Me4aBaHe OTale4eHUsl KOHTPOJI Ha TYEIHHA.

Knrouoeu oymu: npeniv3HO MUENapCcTBO, MOAX0IU, TpaHChEp HA NaHHU, TUTUTATU3ALUS U

APXUTCKTYPHU CUCTEMU-

Introduction

The fact that bees pollinate about 85% of
flowers makes them one of the most important
insects both for plans (Warnke, 2009) and hu-
mans (Kviesis et al., 2015; Zacepins et al., 2012).
Hence, there is a justified interest in the life and
behaviour of bees. For various reasons affecting
bee health (Genersch et al., 2010), science is try-
ing to develop methods for assessing and moni-
toring the health status of entire bee colonies
(Kviesis et al., 2015; Zacepins et al., 2011). Over
time and the emergence of new technologies,
these methods have evolved to allow beekeepers
and scientists to monitor hives continuously, cre-
ating an archive of information allowing accurate
of the manner and strength of certain controlled
events in the bee family and their impact on the
main productive and etiological parameters.

Due to disturbances in the ethology of bees
during manual field inspections of the colonies
(Krijan, 1975), a future digitized version of the
current technology can be used for monitoring,
providing information on the current state of
bee colonies and is not accompanied by distur-
bances of its activities (http:/colonimonitoring.
com). According to Zacepins et al. (2012) Preci-
sion Beekeeping (PB) or Intelligent Beekeeping
(IB), is a separate branch of Precision Agricul-
ture (PA). PB includes the collection of informa-
tion on many indicators which characterize the
microclimatic conditions in the beehive, climatic
environments on the area, behaviour and etho-
logical plasticity of bee colonies, while they can
accumulate this information in the digital ar-
chives, allowing chronological investigation of
the changes in each of the usable groups of in-
dicators

The future of traditional beekeeping is imple-
mentation of intelligent apiary management and

automatic collecting of data, remote transfer and
processing of data (Kviesis and Zacepins, 2015),
archiving them and monitoring of the all nec-
essary indicators related to the state of the bee
family and changes in the climate environment
on the apiary farm (Gil-Lebrero et al., 2016).
This can only happen through certain tools for
bee colonies monitoring combined with mecha-
nisms for controlling of the beehives’ microcli-
mate (Zacepins et al., 2016; Zgank, 2018). In this
way PB can be considered as part of the concept
of precision farming (Ochoa et al., 2019).

Precision beekeeping as a concept is an
emerging research field of the Internet of Things
(Zgank, 2018; Ochoa et al., 2019), based on a
management strategy for individual monitoring
of colonies and the environment in order to min-
imize consumption resources (Zgank, 2018) and
increase bee productivity (Zacepins et al., 2016).
This is a new and challenging topic capable of
generating its own added value in the apiary-
consumer chain, realizing it in the price of the
final product (Degrandi-Hoffman et al., 2019),
increasing the security of assets by preserving
species diversity (Calvillo et al., 2010; Rogers et
al., 2014; Friind et al., 2016), environment, con-
tributes to the economic and social development
of the territory in which it is introduced (Sum-
ner et al., 2016). Zgank (2018) even specifies that
the systems for acoustic monitoring and classi-
fication of sounds, not only provides great ben-
efits for production, but also contributes to better
health status (Luke et al., 2019; Pérez-Rodriguez
et al., 2018) and improving animal welfare (Luke
et al., 2019; Zgank, 2018).

To improve the productivity of bee colonies,
it is appropriate to introduce and analyse vari-
ous systems for monitoring and control of bee
colonies. Data acquired is good to use not only
in their absolute values, but also in parallel with
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their combinations (derivatives), thus control-
ling not only the processes but also the system
in case of failure of the algorithm (Cejrowski et
al., 2018).

The purpose of the review is to trace the level
of improvement of the existing information sys-
tems used in beekeeping.

Basic types of systems for control and
reporting of the microclimate and the
condition of the bee family

The development of PB is carried out through
the implementation of various technical systems
for automatic monitoring and real-time control of
the apiary. This includes systems for monitoring
the condition of the microclimate in the beehive,
as a key indicator for monitoring the condition of
bee colonies. Several international research proj-
ects about 8 years ago (e.g.: "Application of in-
formation technology in precision beekeeping”
(ITAPIC): http:/www.itapic.eu; Swarmonitor:
http://www.swarmonitor.comzme.co; E-Ruche:
/ http / www.e-ruche.fr) opened the door to im-
proving the tools and technical means available
in practice to implement the idea of monitoring
the microclimate in the beehive, as part of the
concept of “Precision Beekeeping”. Some au-
thors (Kolchakov, 2010; Alexandrov, 2005; Ta-
shev, 2001; Jarimi et al., 2020) report the exis-
tence of a remote monitoring system designed by
professional and amateur beekeepers in collabo-
ration with IT specialists, but this is a case study
rather than a routine practice. The use of simi-
lar control and reporting systems, according to
Meitalovs et al. (2009 a), allows the beekeeper to
verify beehive data via the Internet (http:/www.
arnia.co.uk).

For the first time in beekeeping, systematic
architectural solutions have been used in prac-
tice, mainly to monitor the temperature of the
apiary, and subsequently inside the hive (Kviesis
and Zacepins, 2015). This is possible because of
the well-developed methodology and architec-
tural systems from other industries in tempera-
ture monitoring (incubation systems in poultry).
For this reason, it is the most widely used fac-

tor. The leadership of the experience from other
sub-branches of animal husbandry allows easy
development of methodology and architectural
system solutions that transmit real-time infor-
mation. Also track the chronological develop-
ment in the values of this indicator by building
of chronological records, in combination with
positive economic effect (gives added value or
saves costs).

The approaches outlined by Kviesis and Za-
cepins (2015), are applicable not only for one in-
dicator, but also for all main indicators measured
in a similar way, such as humidity, audio signals
and computing vision in spectral analysis.

Measurement of the temperature in the
beehive is possible because the developed ar-
chitectural systems are based on monitoring and
chronological tracking of information, according
to Zacepins et al. (2016). Differences in reporting
systems indicators determining the parameters
of the microclimate are considerable, due to the
recently emerging issue and apply an automatic
system for heating or cooling of the beehive in
practice (Meitalovs et al., 2009 b). This would
be important when wintering weaker families
(Zacepins et al., 2016), as it is known that the
insufficient number of worker bees that have to
warm the combs in winter dooms the bee colony
to starvation or frostbite (Nedyalkov, 1988; Ne-
dyalkov et al., 1991).

Regardless of the ambient temperature, the
microclimate in the central area of the hive where
the bee brood is located should have an average
optimum temperature of 32 °C-36 °C, (Seeley
and Heinrich, 1981; Seeley and Visscher, 1985;
Fahrenholz et al., 1989; Chuda-Mickiewicz and
Prabucki, 1996; Van Nerum and Buelens, 1997;
Seeley and Buhrman, 1999; Stalidzans et al.,
2002; Vornicu and Olah, 2004; Meitalovs et al.,
2009 a, b; Eskov and Toboev, 2010, 2011). When
the temperature at the periphery of the beehive
drops to 15 °C, the bees begin to gather to form
a cluster (Southwick and Heldmaier, 1987). This
is a natural reaction of the bee colony aimed at
reducing the volume of air in the colony that
they must-heat. The formation of clusters re-
duces the surface area of bee bodies exposed to
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cold air, thus reducing heat loss by convection
with nearby 88% (Southwick, 1983; Southwick
et al., 1990). As the ambient temperature drops,
the cluster will become tighter and more com-
pact (less porous), thus further reducing internal
convection by closing the internal air ducts for
ventilation (Southwick, 1983). All this will be re-
flected by an increase in temperature in one part
of the hive at the expense of all other measured
points (Jarimi et al., 2020). There are two main
temperature layers in the bee cluster: insulating
and endothermic. The further decreasing of the
temperature below -10 °C, forces bees to increase
their endothermic heating to stay warm (Berme-
jo-Busto et al., 2016). The other layer, which has
a higher temperature and is located in the centre.
of the bee cluster, mainly serves as the central
heating system for the bee colony (Stabenthei-
ner et al., 2003). The same layer was constructed
from the same individual bees building the man-
tle layer and alternating to perform endothermic
heating, blowers and prevent temperature losses
in the cluster structure. They circulate from the
middle to the mantle and back to the core of the
bee cluster, protecting the queen bee and keep-
ing the nest area warm and safe for the bee brood
(Purdue Extension, 2017).

Another strategy applied by worker bees to
protect the hive is by absorbing the excess heat
from the bee brood area of the cluster and other
hotter parts in the beehives, by pressing the ven-
tral side of their bodies against the heated side
(Bonoan et al., 2014). Combined with flying ef-
fect and body cooling they transfer the heat in
the nest area which is cooler. This would be re-
flected as a huge temperature difference between
the temperature sensors implemented in the cen-
tre of the cluster and those implemented in any
other side from the beehive. Using the location
of the sensors, the quadrant of the hive where the
bee cluster is located can be known, and will be
possible to predict the movement and condition
of the bee colony.

The temperature monitoring of bee colonies
according to some authors (Fahrenholz et al.,
1989; Chuda-Mickiewicz and Prabucki, 1996;
Van Nerum and Buelens, 1997; Stalidzans et al.,
2002; Vornicu and Olah, 2004; Meitalovs et al.,

2009 a, b; Eskov and Toboev, 2011) must be gen-
erally performed through combination of various
information technologies (hardware solution),
systems (software solution) and methodologies
(action plan and techniques for its implementa-
tion).

Relative humidity in the beehive. Relative
humidity is particularly important for the proper
development of the bee colony, and specifically
for the development of the bee brood (Human
et al., 2006). The importance of humidity af-
fects the entire rearing period of the bee brood,
starting with the effect on egg hatching (Doull,
1976) at a relative humidity of about 75% (Ellis
etal., 2008), to its sealing and hatching of the bee
workers (Hossam et al., 2012). In the case of ex-
ternal influence, such as opening of the hive, no
clear direct impact of relative humidity on honey
bees, including in time actively feeding of bee
larvae (Joshi and Joshi, 2010) was found. At low
levels of relative humidity, within bee colonies,
bee workers try to increase humidity by various
means, including evaporation of water from the
collected nectar in combination with carrying
and spraying water in the dry sectors of the bee-
hive (Human et al., 2006). Humidity is also di-
rectly related to temperature, as bees exposed to
high temperatures increase water consumption
and this way increasing the relative values of the
moisture in the hive (Free and Spencer-Booth,
1958). This leads some authors to believe that
the integrated using of temperature and relative
humidity data is very important for the proper
reporting of bee family activity data (Hossam et
al., 2012). Combined implementation of sensors
to monitoring of the relative humidity in the bee
colony together with those used for monitoring
of the temperature can give us a much better im-
age for the work of the bee colony and its current
behaviour (Seeley and Heinrich, 1980; Kraus and
Velthuis, 1997; Vornicu and Olah, 2004; Human
et al., 2006; Meitalovs et al., 2009).

Using an image in the infrared spectrum.
Using infrared spectrum camera devices is also
one of the options for monitoring the condition
and behaviour of the colony (Kleinhenz et al.,
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2003; Eskov and Toboev, 2009, 2011; Shaw et al.,
2011), as the infrared images duplicates the mea-
surement at the temperature in the beehive, and
in terms of predicting the behaviour of the colony
can give more accurate information compared to
the using of temperature sensors. For example,
during the active season, areas with abnormal
temperature values can be observed, due to the
way of wax excretion from the abdominal lamel-
lar glands in worker bees and generated in the
process of abnormally high temperature. Each
gram of wax produced by worker bees requires
burning of 6 grams of carbohydrates in the form
of honey (Mathis and Tarpy, 2007), which is ac-
companied by the release of a large amount of
heat, as worker bees not only release the energy
during this process, but also are collected to fur-
ther increase their body temperature to 37 °C.
The separated wax must be additionally chewed
to make it plastic and allow it to form into typical
hexagonal shapes, which is also accompanied by
the release of a large amount of heat (Jarimi et
al., 2020). All this can lead to increase in the bee-
hive temperature to 37 °C during the day or to
observe the formation of abnormal temperature
zones with higher temperature in the lower side
of honeycomb on the external infrared image of
beehive. This is what gives the image of infra-
red cameras, which many authors (Abou-Shaara
et al., 2017) named as ”Zones with abnormally
high temperatures”.

Acoustic reading systems have their analo-
gous origin in the percussion-auscultation meth-
od described in the middle of the last century by
Rozov (1948). He tested the condition of the bee
colony and predicted its strength through stress
testing and observation of bees behaviour in the
colony during the autumn-winter period, when
the beekeeper has to establish the colony viable
level, the presence of queen bee and the presence
of traces or pests (Jukan et al., 2017). Even then,
it was found that there are significant differences
in the sound background between families which
have bee queen and those with missing bee
queen, and the difference existed in the duration
and frequency of the common sound (Radoev,
1998; Boys, 2019). The healthy families with a

bee queen, this sound is solid and continues for
almost 10 seconds (Radoev, 1998; Jukan et al.,
2017; Zang et al., 2011). In a bee family that has
lost its bee queen, the common sound was mo-
notonous and weak, resembling anxious sound,
but continuing nearby 10—15 minutes (Radoev,
1998; Ryu et al., 2015). In some cases it can con-
tinue for a few hours, but with a very low inten-
sity (Rozov, 1940; Radoev, 1998). Also a simi-
lar sound is observed in the season with active
honey collection when hive ventilation is very
intensive due to honey vaporization (Jayaraman
et al., 2016). The presence of the pest during the
spring and autumn season after percussion can
be detected by the beekeeper as a very aggres-
sive sound for a short time resembling a hissing
sound with a frequency of about 3000 Hz ac-
cording to Jukan et al. (2017), accompanied by a
cluster of large quantity of bees worker ready to
attack the enemy in front of the entrance to the
hive, regardless of external temperature fluctua-
tions (Rozov, 1940; Radoev, 1998).

Acoustic monitoring in connection with
analysing the bees activity (Zang, 2021) com-
bines simultaneously analysis of activity for the
bee colony as a whole organism. At the same
time it can visualize the presence and behav-
iour of each of the parts of the bee colony (bee
queen, bees workers and drones), and also have
possibility to differentiate the sound background
emitted by the young and the old bee workers.
Therefore, a common classifier (Zacepins et al.,
2016) is built in the systems for monitoring and
control of acoustic indicators, which can classify
the normal and swarming bee activity (Ferrari
et al.,, 2008, 2016; Zgank, 2021), the presence
and absence of a bee queen in the hive (Radoev,
1998; Ryu et al., 2015), the presence of drones
in the autumn-winter period and the presence
of pests, as other physiological changes and de-
viations in behaviour (Zgank, 2018), by record-
ing and comparing with certain matrix records
of the captured audio signal, which is different
for the bee queen, drones, and worker bees (Ce-
jrowski et al., 2018). Thus, the signals are trans-
formed into cepstral mell-frequency coefficients,
which are used for training in the form of mod-
els (Zgank, 2018). The classification of activities
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is done in the form of a recognition architecture
based on principles applied to speech modality.
Acoustic models can be trained directly through
a two-step approach, using open audio data pro-
vided by an open source archive, thus achieving
flexibility and the highest classification accuracy
of 80.89% (Zgank, 2018). In the acoustic meth-
od, some previously known methods can be in-
troduced through a microphone. In a similar way
percussion-auscultation method to the beehive in
winter was applied, creating controlled irritation
for a short time (Rozov, 1948), which provokes
the family to respond (David, 1985). Depending
on the frequency and strength of the reported re-
sponse, the condition of bee colony can be deter-
mined and further development until the spring
can be predicted (Cecchi et al., 2018).

When monitoring the background sound in
the beehive, an active type of ultrasound moni-
toring (Souza et al., 2020) can also be used to
calculate the empty space in the beehive, thus
calculating the total quantity of bee cluster or
empty spaces. However, this method is not yet
fully developed and remains only with a purely
scientific application.

Additional systems recommended for
precision beekeeping

Many different systems can be added to the
main ones that perform monitoring, recording,
chronological archiving of data for a different
number of important indicators, which are es-
sential for the implementation of constant remote
control of many systems in apiary farm, but all
of them can be distinguished as additional. Simi-
lar determination can be given of the systems for
ensuring the energy autonomy of the apiary, the
system for accounting for environmental indica-
tors, the security system of the apiary farm, the
system for monitoring of CO, levels and many
others.

Autonomy power supply systems. Because
apiaries are usually located outside of rural ar-
eas, important parts of intelligent beekeeping
were connected with using of hardware consum-

ing electricity. Thus it is very important for the
apiary farm to have access to the electricity net-
work or to use alternative energy to power all
devices (Zacepins and Karasha, 2012). The most
suitable alternative power supply at this time is
the solar or photovoltaic energy with solar or
photovoltaic panels that can be attached directly
on the beehive (Zacepins, 2012; Hansen and Vad
Mathiesen, 2018). On the other hand, this gives
independence to the apiary (Alpaslan, 2012), but
also requires the construction of additional sepa-
rated systems for monitoring and control of the
activity of photovoltaic panels (Wei et al., 2020),
current electricity converters (Altun et al., 2012),
the condition of the batteries needed for the dark
phase of the day and monitoring the mains volt-
age (Bordin et al., 2017) and software for hourly
forecasting of energy balance of the apiary farm
(Zabasta et al., 2019). Along with the hardware
part, most authors (Bordin et al., 2017; Zabasta et
al., 2019; Wei et al., 2020) recommend develop-
ing a software part of the monitoring of the im-
portant data. The software part can be developed
as a web-based platform or mobile application
(Zabasta et al., 2019). Also it is possible to use
cloud system with different solution supporting
functionality of additional options to preliminary
signalization which will give to the beekeepers
early information about possible future changes
in the condition and behaviour of the bee colo-
nies (Al-Ali et al., 2019).

More primitive already developed systems,
with their combinations, can successfully man-
age the processes on the field, turning the bee
farms into “intelligent apiaries” (Zacepins et al.,
2016).

System reported climate environment in-
dicators. This is done by installing meteorologi-
cal stations in a selected place in the apiary farm
or in the area around the apiary where honey
crops are planted, such as Blue Phacelia (Phace-
lia tenacetifonia Benth.), which is often used for
planned feeding of bee colonies during periods
when there is no flowering of other plants or has
a flowering of plants such as tobacco, which are
toxic to bees. This type of system is useful in
forecasting the work of the apiary, in order to
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inform beekeeper for weather and the environ-
ment conditions. The remote control of informa-
tion allows making of preliminary plan for the
work on the apiary, accompanied by the opening
of beehives that is allowed at temperatures dia-
pason above 18 °C and below 30 °C. The wind
score is important too, because the power of the
wind measured preliminary on the apiary, and
must also allow the work with beehives even at
within the optimal temperatures diapason.

Apiary security system. The security system
is aimed to prevent the invasion of humans, ani-
mals and some pests like a bears on the territory of
the apiary farm. The security systems most often
include a video surveillance system with cameras
and motion sensors connected to the luminaires
and the cameras. The system for restricting access
to apiary includes fencing the area of the farm with
an electric shepherd which prevent invasion of the
animals. These systems also include security sys-
tems of the bee colonies themselves. Most often
a system comprises an open low voltage circuit
wrapped around the hive, which is connected to
alarm system activated only when the low voltage
circuit is interrupted which will give to the bee-
keeper immediate information which beehive is
open. This type of system only makes sense when
the apiary is located in a remote place where the
beekeeper does not have a constant view and di-
rect observation.

System for reporting critically high levels
of CO,. This type of system is applicable only to
areas with high rainfall in winter, such as moun-
tainous and semi-mountainous areas of Bulgar-
ia, and the Danube river valley. They resemble
critically high level gas analyse systems in the
poultry houses that are connected to alarm,
which must turn on emergency ventilation in
the houses, thus preventing the accumulation of
toxic gases in poultry houses. Here the action is
analogous except that ventilation is not activat-
ed, but the beekeeper is notified of the condition
of the bee family. Preliminary alarm must signal
to beekeeper to clean the flight board and to open
the front opening of the hive (Edwards-Murphy
et al., 2016). As they are only applicable in the

winter season, when fresh snow has covered the
hives, stopping the access of fresh air to the in-
side of the hive, this system is needed in areas
with heavy snowfall and completely redundant
in areas with rare rains in winter.

There are a number of other similar systems,
but the need for their application must be well
adapted to the flora, fauna and climatic charac-
teristics of the area where the apiary is located.

Conclusion

From the literature reference we found that
we can summarize 4 separate main types of
systems and many other additional types of sys-
tems in enterprises for monitoring and control,
which form separate sections for the introduc-
tion of digital technologies. The introduction of
the information in practice for each of the above-
mentioned sections can be done at many differ-
ent approaches and were directly related to the
character of information stream to the enables us
to collect, transfer, process and archive all need
information.
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