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m Bee traffic can be used as an indicator of the health of bee colonies, age, production of honeybee
products, and crop pollination. To study bee pollination processes, we developed an algorithm
that can automatically measure bee traffic through an image processing system. The match
rate between the bee traffic observed through the system and the traffic that was visually
observed was 93.6%. However, the higher the bee traffic, the lower the match rate. We applied
the system in a strawberry cultivation greenhouse containing two colonies (one with 12500
bees and one with 10000 bees), and there was a significant difference in bee traffic between the
two colonies. In addition, bee traffic depends on the climatic conditions inside the greenhouse
(air temperature, relative humidity, illumination, and UV radiation), and there was a significant
correlation between these indicators and the level of bee traffic observed. There was also a
strong correlation (R>0.8) between bee traffic and foraging activity (which is correlated with
pollination), and the foraging activity could be estimated with a high probability (R?=0.74).
Therefore, the bee traffic measurement system developed in this study can be used to study the
effect of pollination on crops, and is expected to be applied as a major model for producing high-
quality agricultural products in smart beekeeping and crop smart farms.

LGOWGES  Bee traffic, Foraging activity, Honeybee, Image processing, Smart beehive

INTRODUCTION

Honeybees (Apis mellifera L.) play a very important
role in commercial crop pollination. This is demon-
strated by the fact that the area of crops pollinated by
honeybees accounts for most of the area of crops polli-
nated by all insects (Allsopp et al., 2008). The foraging
behavior of honeybees, which collect nectar and pollen
to maintain their colonies, provides multiple benefits
to commercial pollination services: they increase crop
yields of plants cultivated in greenhouses, such as straw-
berries and watermelons, and they pollinate economical
fruit crops such as almonds, apples, and blueberries
(Free, 1968; Kevan and Baker, 1983; Young et al., 2007;
Pott et al., 2010). The foraging activity of honeybees
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is an important indicator of the effect of pollination on
crops (Gary, 1992). However, because the mean range
of the activity of honeybees is 2~3 km, it is virtually
impossible to investigate the behavior of hundreds of
worker bees visiting flowers (Gould and Gould, 1988).
Because bee traffic, which is defined as the number
of bees leaving and entering an area, can directly identi-
fy bee activity, it can be used as an important indicator of
colony health, colony age, climate change, honey flow,
and foraging activity (Gary, 1992; Meikle and Holst,
2015). However, the study of bee traffic is also limited
because each investigator visually inspects the state of
tens to hundreds of different bees coming and going from
the hives, and it is difficult to collect a large amount
of data in a limited time (Faberge, 1943). In order to
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solve this problem, various techniques for automatically
measuring bee traffic have been attempted since 1940.
Until the 1980s, a technique to generate and record an
electrical signal by causing the bees to touch a specific
device when they enter or exit the hive was used (Erick-
son et al., 1975; Danka et al., 1987). In the 1990s, a
bidirectional bee counter that records the number of
bees passing through a portal equipped with an infrared
sensor (Struye et al., 1994) was developed. Currently,
there are three methods for mechanically measuring bee
traffic, which can be divided into three categories: using
infrared or laser sensors, analyzing images or videos
through cameras, and analyzing RFID (radio-frequency
identification) tags. In the methods using infrared or
laser sensors, the sensor can be easily installed in the
hive, but a portal with a separate sensor installed at the
entrance of the hive is required. In addition, all bees
entering and exiting the hive can be detected, and there-
fore it is not suitable for counting only foraging bees
(Erickson et al., 1975; Liu et al., 1990). Video image
analysis through smart cameras using deep learning
technology is the most recent development, and it facili-
tates the detection of bees through images of bee traffic
(Magnier et al., 2018; Kulyukin and Mukherjee, 2019).
However, while bee traffic measurement at the entrance
of the hive may be straightforward, there are limitations
in analyzing specific flight behavior or foraging behavior
near flowers. Because the RFID technique can analyze
bee behavior through a micro tag attached to the bee,
it is able to track not only bee traffic but also the flight
behavior characteristics of bees (Schneider et al., 2012;
Minahan and Brunet, 2018; Klein et al., 2019). How-
ever, this method is difficult to employ in the field other
than for research purposes because the RFID tag must
be attached to individual bees and a bulky device must
be used to analyze the RFID data.

In this study, we made a bee traffic measurement
machine that can be attached to existing standard bee-
hives so that beekeepers or farmers who use bees as pol-
linators can evaluate the activity of their bees. We also
developed an algorithm that measures the bee traffic by
tracking a specific bee in real time from an image taken
by a smart camera based deep learning. The combina-
tion of the machine and the algorithm formed an embed-
ded system that can be used in the field. The availability
was evaluated by comparing the bee traffic measured by
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the system to the bee traffic measured visually in a field
where bee pollination is required. The system was veri-
fied by its ability to reproduce the changes in bee traffic
according to the colony size and weather conditions.
In addition, the relationship between the bee traffic
measured by the system and bee foraging activity was
investigated, and it was evaluated for its effectiveness as
an indicator of pollination effects.

MATERIALS AND METHODS

1. Algorithm

In order to measure the level and type of bee activi-
ties, different types of bee behavior were classified and
labeled; “flying out of the hive”, “arriving at the hive
and then entering the hive from the outside”, and “the
sum of the number of outgoing bees and the number
of incoming bees” were defined as the “outgoing bee”,

“incoming bee”, and “bee traffic”, respectively. Bee

(A) Control & storage Unit
Camera’s central axis
/

Bracket

(B)

Total area \ R l ,,,,,,,,,,,,,,,, ;

Temporary —

Fig. 1. Image capture and transformation for honeybee recogni-
tion: (A) camera’s field of view for taking images; (B) two-dimen-
sional transformation of image.
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traffic was measured by recognizing bees in images.
First, an area suitable for recognizing an individual bee
was chosen using a smart camera that can recognize
a specific object in a restricted area. Then the camera
captured an image. Through the object recognition pro-
gram, the image was converted into a two-dimensional
plane, and a honeybee was recognized by a bee-sized
yellow pixel from multiple images (Fig. 1). Image cap-
ture was performed every 10 milliseconds (ms). The 10
images captured a total of 100 ms, and the image with
the highest number of bee detections was selected first.
Subsequently, 10 more images capturing an additional
100 ms were taken, and the image in this sequence with
the highest number of bee detections was also selected.
The two selected images were defined as “bef” and “aft.”
After that, the following areas were defined, as shown
in Fig. 2. Area A was the area of the camera’s field of
view (Aver and Aan), Area B was the entire area around
the entrance (Brer and Bar), and Area C was defined as
Area B minus Area A (Cper and Cag). Whether a given
bee is an incoming bee or an outgoing bee was deter-

mined as follows. In the second selected image, if a bee
disappeared at the entrance of the hive, it was an incom-
ing bee, and the number of disappeared honeybees was
counted (Avef > Aast & Bier > Bar). In the second selected
image, if a bee disappeared outside the camera’s field
of view, it was an outgoing bee, and this number of
disappeared honeybees was also counted (Aper> Aait &
AB=0 & AC<AA). If one of the above conditions was
not satisfied, the number of honeybees was counted as
zero. In summary, the number of worker bees entering
and exiting the hive per 200 ms was recorded.

2. Construction of bee traffic measurement
system

The honeybee traffic measurement system consisted
of an image module that captures and recognizes imag-
es through a camera, an operation-control module that
calculates the image-processed value, and a storage
module that records the amount of entries in the SD
card (Fig. 3). A smart cam system (Pixy2-CMUcam5,

(A)

(B)

(€)

Fig. 2. Setting the area inside the image for traffic measurement: (A) temporary area inside camera’s field of view; (B) entire area of camera’s
field of view; (C) entire area —temporary area.
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Fig. 3. Bee traffic measurement system configuration.
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Charmed lab and Carnegie Mellon Univ., Austin, TX,
USA) was selected as the image module, and PixyMon
v2 (Charmed lab and Carnegie Mellon Univ., Austin, TX,
USA) was used as the image recognition software. The
operation and control module consisted of an Arduino
9 Mega 2560 REV3 (Arduino, Turin, Italy) and an RTC
(real time clock) module (DS1307, Maxim Integrated,
San Jose, CA, USA) for system operation at a specific
time. The storage module used a micro SD (TF) storage
board (3947, Waveshare, Shenzhen, China). Program-
ming was performed in the Arduino IDE (Arduino Inc.,
Turin, Italy) for Windows environment. The system
processing sequence was as follows: 1) from the time
specified by the RTC module, the image module took
one image per 10 ms; 2) after performing 2D image
conversion on the captured image, a bee was recognized
in the converted image, and bee traffic data per 200 ms
was recorded according to the bee traffic determination
algorithm; 3) the total bee traffic was the sum of the
recorded bee traffic data for 1 min (60000 ms=200
ms X 300) and was calculated as follows:

300
Total incoming =) incomingy
k=1

300
Total outgoing =Y | outgoing
k=1
4) The summed data for each minute was saved in
real time as a CSV file on the micro SD card. Fig. 4
shows the overall processing flow chart of the bee traf-
fic measurement system.

3. Validation of the availability of bee
transportation systems

Experiments to verify the availability of the bee
traffic measurement system were carried out from
January 3 to March 5, 2018 in a 660 m? strawberry
(Fragaria X ananassa D. cv. Seolhyang) greenhouse in
Susan-ri, Hanam-eup, Miryang-si, Gyeongsangnam-
do, Korea (35° 27’ 03"N, 128° 46' 13"E). Two honey-
bee (Apis mellifera L., Italyan) traffic measurement
systems were installed (see Fig. 5 for an example):
one for a colony of 10000 worker bees (five frames,
styrofoam beehives) and one for a colony of 12500
worker bees (six frames, wooden beehives). In order
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Fig. 4. Flowchart for measuring bee traffic.

to examine the difference between the bee traffic data
measured by the system and the data measured visu-
ally, the match rate between the bee traffic observed
visually for 1 min at a specific time and the bee traffic
recorded by the system for 1 min at the same time was
calculated as follows.
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Fig. 5. The bee traffic measurement system.

Match rate (%) =

( Ivisual observation of traffic-system observation of trafficl)
1 —_

visual observation of traffic
x 100

Through regression analysis between the match rate
data and the bee traffic observed visually at the time
at which each data point was observed, a regression
equation was derived, and the change in the match rate
according to the bee traffic was predicted.

4. Bee traffic variation with colony size

To verify whether the bee traffic measured by the
system changes according to the colony size, the bee
traffic of the two colonies with 12500 and 10000 bees
was summed and compared monthly, daily, and hourly.
Because the bee traffic may vary with time, the time
with the most activity was selected for measurement.

5. Verification of bee traffic changes by weather
conditions inside the greenhouse

To verify the correlation between weather conditions
inside the greenhouse and the bee traffic, a data logger
(Illuminance UV recorder TR-74Ui; T&D Co.; Mat-
sumoto, Nagano, Japan) was installed 50 m from the
entrance of the house at a height of 1.3 m. The tem-
perature, illumination, humidity, and ultraviolet radia-
tion inside the greenhouse during the irradiation period
were recorded every 10 min. The data were compared

to the average temperature, illuminance, humidity, and
ultraviolet radiation at the same time that the bee traf-
fic was recorded, and the correlation was confirmed.

6. Correlation verification between bee traffic
and foraging activity

The bees on the flowers inside the greenhouse were
defined as “foraging bees”. The number of foraging
bees were counted every hour from 10 am to 4 pm
from January 17~20, 2018. A correlation analysis be-
tween the number of foraging bees and the bee traffic
measured over 30 min was performed and the bee traf-
fic was measured simultaneously.

7. Statistical analysis

For both bee colonies, the significance was veri-
fied by a t-test between the bee traffic data measured
through the device and that measured visually, and
between the bee traffic and the number of foraging
bees. A one-way ANOVA test was carried out to verify
the differences between bee traffic in diurnal time. The
relationship between bee traffic and the number of for-
aging bees was confirmed through a Pearson correla-
tion analysis, and a regression analysis verified that
foraging activity is related to bee traffic. In addition,
the correlation between the bee traffic measured by
the system and the match rate was confirmed through
regression analysis. In addition, Pearson’s partial cor-
relation analysis was carried out to verify the relation-
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ship between the weather conditions (air temperature,
relative humidity, illuminance, and UV radiation)
inside the greenhouse and the bee traffic. The weather
factors with the highest correlation were selected. All
data were statistically processed after normality was
tested using the Kolmogorov-Smirnov test. All statis-
tical analyses were performed using the SPSS PASW
22.0 package for Windows (IBM, Chicago, IL, USA).

RESULTS

1. Availability of bee transportation systems

The difference between the performance of the two
methods was compared to confirm that the bee traffic
measurement system was as accurate as visual observa-
tion. At low bee traffic levels, there was no significant
difference between the visual observation data and the
system over the course of 1 min (#-test: t40= —0.488,
p=0.628), and the match rate between the two methods
was 93.6 £8.6%. However, as the level of bee activity
increased, the difference between the system and the
visual observation data tended to increase (Pearson cor-
relation: R= —0.729, p<0.0001). Accordingly, the bee
traffic data measured by visual observation for 1 min
to obtain highly reliable bee traffic data through the
system was confirmed through regression analysis (Fig.
6). As a result, the second order regression equation

Yimatch rate = —0.0049x2,, o +0.253x,,, o+ 97.384

where Xpee raffic 18 Visual observation of traffic and ymarcn
rate 1S the match rate between the bee traffic observed
visually for 1 min at a specific time and the bee traf-

fic recorded by the system for 1 min at the same time
was derived (ANOVA test: F213=15.486, p=0.0001.
R?>=0.632, DW =1.800). When the bee traffic per
minute was 40, the concordance rate was the highest
at 99%, and when the bee traffic per minute was more
than 80, the match rate decreased to less than 80%.

2. Bee traffic variation with colony size

Table 1 shows the number of incoming bees, out-
going bees, and total traffic per month, day, and hour
through the bee traffic measurement system. The daily
bee traffic exhibited significant differences between
the two colony sizes. The incoming, outgoing, and
total bee traffic in the colony with 12500 bees were
1.6-fold (monthly: r-test: t4= —3.372, p=0.028, daily:
t1i78= —5.030, p=0.0001), 1.2-fold, and 1.4-fold (daily:
ti78= —3.506, p=0.001) greater than that of the colony
with 10000 bees, respectively, in the monthly and daily
bee traffic observations. For the amount of activity per
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Bee traffic observed visually (bees)

Fig. 6. Regression analysis between visual observation of bee
traffic and observation match rate.

Table 1. Honeybee traffic in the greenhouse, as measured by system on an hourly, daily, and monthly basis

Time Colony size Incoming (bees) Outgoing (bees) Total traffic (bees)
Month 10000 10858.0+£2713.5 12138.3+£2975.5 22996.3+£5611.3
on
12500 169433 £1551.8* 14413.0+£24319 31356.3+3983.7
D 10000 361.9+259.7 404.6+279.9 766.5+532.6
a;
Y 12500 564.8 +280.9* 480412564 1045.2+533.9%
Hour? 10000 785+814 92.1+85.8 170.6+ 1654
our
12500 123.5+77.9* 113.2+75.8*% 236.6+ 152 .4*
“January

* indicates that the data between colony sizes were significantly different according to a #-test (p <0.05).
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Table 2. Correlations between climatic conditions and bee traffic

Bee traffic Air temperature Relative humidity Illuminance UV radiation
= ¥
(n=431) R* R R R R R R R
Incoming 0.517** 0.177** —0.481%* -0.073 0.353%*x* 0019 0.418%* —-0.019
Outgoing 0.518%* 0.16* —0.492%x* —0.093 0.403%#* 0.06 0.455%* —0.043
Total traffic 0.530%* 0.173%* —0.498%* —0.086 0.388%** 0.042 0.448%* 0.044
YObservations

“Italic R (Pearson’s partial correlation coefficient) and R (Pearson’s correlation coefficient), were calculated with bee traffic and greenhouse environmental
parameters as controlling variables. As each set of values was used to calculate two correlations, ** and * indicate a significant correlation at the p<0.001 and

p<0.01 level, respectively (two-tailed).
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Fig. 7. Bee traffic and foraging behavior of A. mellifera in the
strawberry greenhouse: (A) colony of 10000 bees; (B) colony of
12500 bees.

hour, a one-way ANOVA test revealed a large differ-
ence in the diurnal activity of the bees (10000 bees:
F2,12=15.347, p=0.0001; 12500 bees: F>12=53.414,
p=0.0001; see Fig. 9). The activity was compared
based on the data collected at 1 p.m., when the highest
activity level occurred. The incoming, outgoing, and
total bee traffic for the colony with 12500 bees was
1.6-fold (t178= —3.779, p=0.0001), 1.2-fold, and 1.4-
fold (daily: #178= —3.506, p=0.001) greater than that of
the colony with 10000 bees (t17s= —2.783, p=0.006),
respectively.
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4] °
(9]
2 250
@
L]
_§ 200 °
jo)] Y L]
£ 150 °
i) ° L
> e
$ 100
g LX) ‘.
Qo ° o
B 50 e %
o} ° o
AP
50 100 150 200 250 300 350 400 450

-50
Bee traffic (bees)

Fig. 8. Correlation between bee traffic and foraging behavior of A.
mellifera in the strawberry greenhouse.

3. Bee traffic by climatic conditions

Table 2 shows the correlation between the weather
conditions in the greenhouse and the bee traffic. The
air temperature, illuminance, and UV radiation were
all positively correlated (R=0.353 —0.530, p<0.001),
and the relative humidity was negatively correlated (R =
—0.481 to —0.498, p<0.001). However, because the
air temperature and the relative humidity, illuminance,
and UV radiation are highly correlated with each other,
a partial correlation analysis between the bee traffic
and the climatic conditions was performed. As a result,
only air temperature was found to have a significant
correlation with incoming, outgoing, and total bee
traffic (Pearson partial correlation: R=0.160~0.177,
p<0.001). Based on this result, a regression analysis
was performed to predict the change in bee traffic due
to the change in air temperature (Fig. 10). As a result, a
significant quadratic regression equation,

— 2
Ybee traffic = 0 '9929xair tempemture+ 0 '253xair temperature
+97.384,
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Fig. 9. Bee traffic for different colony sizes during survey period
(January 1~31, 2018) in the strawberry greenhouse: (A) total bee
traffic; (B) number of outgoing bees; (C) number of incoming
bees. *indicates that the data were significantly different according
to a t-test (p <0.05).

was derived (ANOVA test: F>433=124.286, p= 0.0001,
R%=0.365,DW=1.026).

4. Correlation between bee traffic and foraging
activity

In order to confirm whether bee traffic can be used as
an important factor in the effect of pollination on crops
by insect pollinators, the correlation between the bee
traffic and the foraging activity of the bees was investi-
gated. The bee traffic in both colonies showed patterns
similar to the foraging activity (Fig. 7). In addition, a
strong correlation between the bee traffic and the fora-
ging activity was confirmed, and a quadratic regression
equation with a high coefficient of determination,
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Fig. 10. Regression analysis between air temperature and bee tra-
ffic.

Yforaging activity = _0‘0021x227€e tmﬂic+ 1.5 16xbee traffic
+15.705,

was derived through regression analysis (ANOVA test:
F235=50.973, p=0.0001; R*=0.744, DW =1.285; see
Fig. 8).

DISCUSSION

The foraging behavior of bees is closely related to
crop pollination (Klein et al., 2019). Foraging occurs
when a bee leaves the hive, visits a flower, collects
pollen or nectar, and returns to the hive. Because fora-
ging behavior always accompanies flight behavior at
the entrance to the beehive, an algorithm was used to
recognize bees by photographing an image of the hive
entrance. The results of the bee traffic measured through
the system we developed and the bee traffic measured
visually showed more than 90% agreement. However,
the higher the bee activity that occurred in one minute,
the lower the match rate. This is presumed to be be-
cause, when there are many bees within a limited field
of view, an image of overlapping bees appears, which is
difficult for the image processor to recognize. In addi-
tion, because the image processing algorithm recognizes
a bee by its RGB color range and pixel size, the result
can be greatly affected by sunlight. This is because the
colors of the bees and the sizes of their shadows change
according to the elevation of the sun, which depends
on the diurnal time (Magnier et al., 2018; Kulyukin and
Mukherjee, 2019). This problem can be overcome by
taking as many types of images as possible. In addition,
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when the worker bee traffic was less than 40 bees per
minute, the match rate was 99%, but when there were
more bees per minute, the match rate decreased to as
low as 80%. We expect that the bee traffic data neces-
sary for studying other bee colonies will be sufficiently
collected through our system because, in previous pol-
lination studies of crops such as watermelon (Lee ef al.,
2018), strawberry (Lee et al., 2008), and mango (Park
et al., 2014), the bee traffic over 5 min is less than 120
bees.

We measured the bee traffic through our bee measure-
ment system for three months at the strawberry green-
house. In the winter, the bee traffic was 170 bees per
hour, 767 bees per day, and 23000 bees per month. Kim
et al.(2019) measured bee traffic based on laser count-
ers and reported that 10000 bees entered and exited per
day. This result was more than ten times larger than
our result. This is thought to be due to the differences
between the composition of the beehive, the environ-
ment, and the characteristics of the sensor. The number
of foraging bees in the colony may vary depending
on the oviposition period of the queen, the amount of
oviposition, and the number of nurse bees at the time
of oviposition (Abou-Shaara, 2014). In addition, ovi-
position by queen bees is greatly affected by weather
conditions inside and outside the colony (Tarpy et al.,
2000; De Souza et al., 2013). In the recognition algo-
rithm, the infrared counter method counts all the bees
passing through the entrance without tracking those
that fly, whereas our method recognizes and counts
the bees in pixels, and the number of bees flying away
and entering in is mainly measured. The infrared or
laser counter method is effective when determining the
colony activity simply by the number of bees entering
and exiting the hive, but the image analysis method
is considered to be more effective for studying pollina-
tion activity, for which foraging activity must be deter-
mined.

In bee pollination studies of several crops, it was
reported that the bee traffic depends on the colony
size and weather conditions around the hive (Lee et
al., 2016; Lee et al., 2018). The bee traffic data mea-
sured through our bee traffic measurement system also
showed the same pattern. Lee et al. (2018) reported that
larger colonies showed more bee traffic. In our results,
as the number of worker bees in the hive increased, the

system accurately measured the increased bee traffic.
Weather conditions also have a great influence on the
foraging behavior of bees (Klein et al., 2019). Lee et al.
(2016) reported that air temperature, illuminance, and
UV radiation have a significant influence on the forag-
ing activity of honeybees, and temperature is the one
variable that has the strongest influence on honeybees
in various weather conditions. Our results also showed
a clear correlation between air temperature and bee
traffic for different weather conditions. Synthesizing
the results thus far, the bee traffic measurement system
can obtain the same quality of data as the conventional
visual observation method, and therefore it can replace
visual observation of bee traffic. We chose the method
of image processing to measure bee traffic data because
it is effective for measuring the number of bees entering
and exiting the hive, which is relevant for measuring
foraging activity. However, bees flying out of the hive
do not only perform foraging, but can also engage in
orientation flights, robbing flights, and defecation (De-
gen et al.,2015). Therefore, we confirmed that foraging
activity can be predicted through the bee traffic mea-
sured by the system. As a result, the number of bees vis-
iting a flower during the day and the bee traffic showed
a similar pattern, with a correlation of 0.8 or more.
Because the regression equation also has a coefficient
of determination of 0.74, the method of using bee traffic
as a proxy for foraging activity is effective. Therefore,
as the foraging behavior of bees is directly related to the
pollination of crops (Klein ez al., 2019), we predict that
the effect of pollination (fruit set rate or fruit quality)
can be sufficiently explained through bee traffic data.

CONCLUSION

We developed an imaging-based bee traffic measure-
ment system to more accurately measure bee traffic,
which can be accurately measured through the image
processing algorithm presented in this paper. Our tech-
nology can not only be used for pollination studies of
crops, but it can easily determine the condition of bees
simply by attaching the system to standard beehives. In
particularly, it is possible to estimate the foraging activ-
ity of bees, which is highly correlated with pollination.
However, there is a limit to the full application of our
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system to the study of pollination. We have not been
able to fully clarify the correlation between bee traffic
as measured by our system and the effect of pollination.
Therefore, in order to use the system for the pollination
of crops, a study that will reveal the causal relationship
between bee traffic and crop yield and quality is need-
ed. In addition, in order to use bees as pollinators more
effectively, the behavioral changes in bees according to
the conditions inside the hive, such as the oviposition
of the queen and changes in the amount of food (such
as pollen substitute and sugar syrup), should be studied.
Furthermore, if the data on bee traffic is applied to the
standard crop smart farm, it can be extended to a study
on the modeling of pollinating bees and crop produc-
tion. Such a study could reveal important indicators
necessary to produce high-yield and high-quality crops.

Bee traffic can inform all areas of beekeeping, espe-
cially the effect of bee foraging activity on pollination,
but also the production of beekeeping products (e.g.,
honey and propolis) and generation of bee diseases. In
addition, in the future it will be possible to use wireless
communication technology to enhance bee activity mea-
surements by adding a sensor that can measure the en-
vironment inside the hive (i.e., a “smart beehive’’). Our
study can help crop growers and pollination service pro-
viders in pollination by honeybees. Crop growers help
determine the condition of a bee even without knowl-
edge of the bee. If bee activity is low, various measures
can be adopted to increase the activity or to replace the
hive to enable the production of stable crops. Further-
more, pollination service providers will be able to in-
crease pollination efficiency through increasing the bee
traffic by controlling the internal and external environ-
ments of the beehive. In addition, if big data correlated
to bee traffic data and crop production are secured, crop
production can be predicted by controlling bee traffic.
This is expected to contribute to the development of the
smart pollination industry.
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