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Abstract—Bees play a vital role in pollination. This paper focuses
on the weighing process of honey. Honey is usually stored at the comb
in a hive. Bee farmers brush bees away from the comb and then collect
honey, and the collected honey is weighed afterward. However, such a
process brings strong negative influences on bees and even leads to the
death of bees. This paper therefore presents an Internet of
Things-based weight monitoring system which uses weight sensors to
measure the weight of honey and simplifies the whole weighing
procedure. To verify the system, the weight measured by the system is
compared to the weight of standard weights used for calibration by
employing a linear regression model. The R? of the regression model is
0.9788, which suggests that the weighing system is highly reliable and
is able to be applied to obtain actual weight of honey. In the future, the
weight data of honey can be used to find the relationship between
honey production and different ecological parameters, such as bees’
foraging behavior and weather conditions. It is expected that the
findings can serve as critical information for honey production
improvement.
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[. INTRODUCTION

ONEYBEES are undoubtedly the most important

pollinator in global agriculture [1]. Evaluating the lives of
honeybees, ensuring the health of beehives, and avoiding
diseases and harmful creatures might bring economic benefit to
Europe that reaches millions of euros. The resolution
T6-0579/2008 announced by the European Union indicate that
honeybees pollinate 80% of food of human beings [2]. Plants
could not be pollinated without honeybees, which might lead to
the lack of grain. As a result, honeybees are essential not only
for human beings but also for most plants in nature. In addition,
honeybees also produce honey, propolis, bee pollen and royal
jelly, which have a great medical value.

The research on the behavior of honeybees has been
flourishing since the importance of honeybees is found.
Nevertheless, beekeeping and honeybee related studies
encounter a bottleneck when colony collapse disorder (CCD)
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emerges [3]. CCD is a phenomenon associated with the decline
of honeybee populations. The reason causing CCD is still
unknown. However, the rapid development of ToT and WSN [4]
technologies lit a glimmer of hope of figuring out the exact
causes of CCD. Most studies in recent years have focused on
the environment of honeybees [5]-[7]. For example, the
relations between honeybee behavior and temperature and
humidity in beehives, and the concentration of CO and other
pollution in the area have been studied.

Apart from the honeybee behavior studies, the quantity of
honey is also a key index for beekeepers to evaluate a honeybee
colony [8], [9]. The quantity of honey could be used to
determine the health condition of a bee colony and the amount
of nectar resources [12]. The period of flowering does not last
long, so it is necessary for beekeepers to obtain real-time
information of honey and environmental conditions that allow
them to make the best decisions. In the past, beekeepers
manually measured the weight of honey via the mechanical
balance [10]. Recent methods that measure the quantity of
honey are also complicated. Beekeepers have to take the comb
away from the beehive, brushing bees away to weigh the comb.
However, these methods are not able to obtain real-time
information of the weight of honey. They are not efficient
methods, and disturb the colony behavior and even cause the
death of bees.

Considering the drawbacks mentioned, researchers have
aims to develop smart beehives that monitor the behavior of
honeybees while reducing the negative influence on the bee
colony. In addition, smart beehives can notify beekeepers once
an accident occurs. Beehives are usually placed in a wet and hot
environment, and therefore the electronic components of a
smart beehive have to overcome some harmful environmental
conditions [2]. Besides, it is necessary to install a remote
control system in beehives to make the smart beehive more
useful while providing reliable information [11].

This study dedicates to developing a low-power wireless
communication module that is applied to a comb weighing
system, which plays an important role in precision beekeeping.
The change and trend of the weight of honey could reflect the
productive forces and health conditions of bee colonies [12].
An automatic weighing system is placed in the beehive.
Weighing sensors are installed in the beehive to measure the
weight of comb. Considering the difference of the location of
the combs, weighing combs in different environments is also
discussed in this study. The weight data under general
conditions and extreme cases are calculated and analyzed, and
the correction between the weight of honey and environmental
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factors is examined. The results and conclusions in this study
could provide beekeepers a new way to learn the conditions of
the bees much sooner than before, saving time and money and
bring more profits to honey production.
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Fig. 1 Architecture of the weighing system

II. MATERIAL AND METHOD

Considering the overall cost, only two sensors, FlexiForce
Sensors A201 1001b, are used by the proposed weighing system
in this study. A supportive bar is used to support the combs, and
the two sensors are placed under the bar. An iron bar is selected
as the supportive bar, and the bar is like a rigid body so that
there is no deformation in the experiment. The length, width
and height of the bar is 40 cm, 1 cm, and 1 cm, respectively.
The sensors measure the weight of the combs in the beehive.
The raw data are collected and sent to a central processing
system. The Arduino Yun is selected as the central processing
system in this study. With Arduino Yun, the data can be sent to
a cloud via Wi-Fi. To avoid missing data, an SD card is
embedded in Arduino Yun. The data are used to analyze the
conditions of colonies of honey bees. The architecture of the
system is shown in Fig. 1.

A.The Sensor Used in the Weighing System

The FlexiForce Sensors A201 1001b is shown in Fig. 2, and it
is a piezoelectric pressure sensor. The resistance decreases
from an unlimited number to 50 kohm when the weight
increases. Considering the size of a beehive, the width of the
sensor is not over 1 cm. If the size of sensor is longer than the
width of the supportive bar, a part of the sensor will not be
pressed, which might cause a huge error. This sensor is small,
thin and flexible, and the resistance of the sensor does not
change even if it is twisted. The specifications oh the sensor are
listed in Table I. It is necessary to take the sensing range of the
sensor into consideration. Each beehive at most contains eight
combs. The average weight of the combs is 39.7 kgw
(Bienkowska, 2004) [13]. One sensor supports about a load of
20 kgw, the load still falls in the linear area of the sensor. The
upper bound of the linear area is far from 20 kgw. Thus, the
sensor is an appropriate sensor that meets the request of the

experiment. To ensure that the sensors can support the whole
weight of the combs, an iron lump is used to make sure that all
combs are supported by the two sensors, which means the
locations of the combs will not affect the weighing result. The
simple schematic diagram of the experimental settings in the
beehive is shown in Fig. 3.

TABLEI
FLEXIFORCE SENSORS A201 100LB
Length
Width 215.9mm
. 14mm
Thickness
Sensing area 0.2mm
S 9.35mm

Pressure range

Linearity (Error) 0~100Ib (43 3kgw)

<+3% (Line drawn from 0 to 50% load)
<42.5% of Full Scale (Conditioned Sensor, 80%
of Full Force Applied)
-40°C ~ 60°C (-40°F ~ 140°F)

o
Q

Repeatability

Operating Temperature

supportive bar

Fig. 3 The placement of the system

B. Wireless Sensor Network

The main purpose of this weighing system is to monitor the
tendency of the weight of combs in long-term in the field. To
satisfy this purpose, low power consumption and wireless
communication is necessary. The main processor in this system
is Arduino Yun, as shown in Fig. 4, which is embedded with a
Wi-Fi module. With the Wi-Fi module, every sensor assembled
in the beehive can transmit data in the apiary without
conducting circuit configuration in advance. In order to reduce
the power consumption, the system is designed to measure 2 or
3 times each day and enter a sleep mode in the rest of time. It
operates at 5V and 40mA. The system circuit diagram is shown
in Fig. 5.
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Fig. 4 Arduino Yun used in the experiment as the main processor
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Fig. 5 The main circuit of the system

C.Experiment Method

To verify the feasibility of the system, this study conducted
three experiments, including the combs being evenly placed in
the beehive (regular case), concentrating on one side of the
beehive (extreme case) and monitored in a long period of time
(long-term monitoring). Different beekeepers may have
different ways to place combs in a beehive, so it is necessary to
place the combs in different locations in the experiments.
Moreover, long-term monitoring is a way to test the stability of
the system. In the long-term experiment, days and loads are
changed to compare the weight of the combs to see if the
deviation appears in certain days.

D.Regular Case

In the regular case experiment, combs are evenly placed on
the supportive bars. In this experiment, the bechive contains
four combs. The placement of the combs is shown in Fig. 6.
The non-loading system is 2.7 kgw, and a 5 kgw standard test
weight is used as the intercept in this experiment. The standard
weight is placed on the combs, and a weight is added to the
combs each time, so the total weight of the weight(s) is from 5
kgw to 50 kgw. To verify the measurement accuracy of the
proposed system, each trial is repeated three times.

E. Extreme Case

In some cases, beekeepers prefer placing combs on the one
side. Imbalance weight distribution may lead to inaccurate
measurement. It is necessary to examine whether the weighing
system still function normally in such a case. Like the first
experiment, four combs are placed at one side of the bechive.

Similarly, the non-loading system is 2.7 kgw, and a 5 kgw
standard test weight is used as the intercept. The standard
weight is placed on the combs, and a weight is added to the
combs each time, so the total weight of the weight(s) is from 5
kgw to 50 kgw. The placement of the combs is shown in Fig. 7.
To verify the measurement accuracy of the proposed system,
each trial is repeated three times.

Fig. 7 The placement of combs in the extreme case

F.Long-Term Monitoring

Long-term monitoring is a direct way to verify system
stability. In this experiment, the system continuously records
the weight for approximately three days in order to find if any
error caused by sliding or deformation of the supportive bar
occurs. The experimental settings are identical to the
experimental settings in the regular and extreme case. The
sampling time is 10 seconds.

III. RESULTS

The adopted sensors are all calibrated before all experiments.
The formula converting voltage to weight is shown in (1). The 5
kgw standard test weights are put on the sensors to establish a
standard linear model. The R? of the linear model is 0.9788.
This suggests that the weighing system performs extremely
well with a high linear correlation of the voltage and the weight,
and the linear model serves as the conversion formula.

F =V *29.999 — 69.414 (kgw) (1)

where V is the voltage measured by Arduino Yun, and F is the
weight obtained from the sensor.
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A.Regular Case

The regular case experiment results are shown in Fig. 8, and
it is found that the proposed system performs great in the
regular case. The R? of the regression model shows great
linearity between the measured and actual weight. The results
indicate that the weighing system can accurately measure the
weight of the combs. Moreover, compared with the actual
weight, the maximum deviation occurs on 25 kgw. However,
the system shows great precision on other weight levels. The
results of each trial are shown in Fig. 9. The maximum standard
error still occurs on 25 kgw, and the value of the error is 1.08.
This means that the weight measured by the sensors might not
be linear when the weight falls between 20 kgw and 30 kgw.
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Fig. 8 Average measured weight compared with the actual weight in
the regular case
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Fig. 9 Difference between the repeated trials in the regular case

B. Extreme Case

As shown in Fig. 10, the results is not quite well as those in
the regular case. The R? of the regression model still shows a
high linearity. However, the deviation is more severe. It
remains linear when the load is less than 35 kgw. The
deformation of the beehive is a possible explanation to the great
deviations. Too much weight pressing on the wooden beehive
causes deforming, and the sensors are not placed horizontally.
The measured weight decreases dramatically, when the load is
smaller than 15 kgw. The evenly distributed load makes the
measurement of the sensors fall out of the linear area. The
deviations occur because the measured weight is calculated by
the average weight obtained from the sensors located at two
sides of the supportive bar. If the measurement of any sensor
falls out of the linear area, a server deviation will occur.

Fig. 11 shows the maximum of the standard error in the

linear area is 0.801, occurring on 25 kgw (10 kgw excluded).
The performance of the proposed system in the extreme case is
better than that in the regular case, and the results verify that the
non-linear area occurs on 25 kgw. Although the proposed
system may not perform well in a case with a strong load, the
total weight would never be greater than 20 kgw in practice.
Hence, the proposed system is still reliable in measuring the
weight of the combs.
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Fig. 10 Average measured weight compared with the actual weight
in the regular case
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Fig. 11 Difference between the repeated trials in the regular

C.Long-Term Monitoring

The purpose of this experiment is to verify the stability of the
system. The loading on the system is 35 kg and the total weight
detected by the sensors is 37.7 kg. The monitoring lasts for 8
hours, and the system records every10 seconds. Each weight is
calculated by averaging 100 records. Figs. 12 and 13 show that
measured weight increases in both cases. As mentioned earlier,
the wooden beehive deforms under strong pressure over a long
period of time. Compared to the regular case, no obvious
change of the measured weight is found in the extreme case.
This is because the experiment of the extreme case is done after
the experiment of the regular case and the deformation of the
wooden beehive has completed and the whole structure is
stabilized. The experiment of the extreme case is conducted in a
deformed but stabilized wooden beehive, so the change of the
measured weight is less obvious than that in the experiment of
the regular case.
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Fig. 12 Average measured weight in the regular case for long-term
monitoring

395

e
w P ow
& oo

375

w
-

16.5

Measured weight{kg)

[
-

355

35
o 10 20 30 40 S0 60 70
Hours

Fig.13 Average measured weight in the extreme case for long-term
monitoring

IV. CONCLUSION

The proposed system can accurately measure the weight of
the combs in both regular and extreme cases. However, the
system needs to be improved to overcome the inaccurate
readings due to the deformation of the wooden beehive. In the
future, this system will undoubtedly become an indispensable
part of smart beehives an smart apicuture, and the measured
weight of the combs will be analyzed along with the data of
temperature, humidity, foraging activities, pressure and
illumination. One of the most important future studies is to
install the proposed system on actual beehives in a large-scale
bee farms. The data collected by the proposed system would be
analyzed and provided to beekeepers via the technique of [oT
and WSN. With this system, the manpower required by
manually measuring the weight of honey can be reduced and
the death of bees can be avoided, and smart bechives can
automatically measure the weight of honey to achieve the goals
of smart apiculture and smart agriculture.
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