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Abstract |

Honey bees are a vital part of the food chain as the most important pollinators for a broad palette of
crops and wild plants. The climate change and colony collapse disorder (CCD) phenomenon make it
challenging to develop ICT solutions to predict changes in beehive and alert about potential threats.
In this paper, we report the test results of the bee-counting system which stands out against the
previous analogues due to its comprehensive components including an improved dual infrared sen-
sor to detect honey bees entering and leaving the hive, environmental sensors that measure ambi-
ent and interior, a wireless network with the bluetooth low energy (BLE) to transmit the sensing data
in real time to the gateway, and a cloud which accumulate and analyze data. To assess the system
accuracy, 3 persons manually counted the outgoing and incoming honey bees using the video record
of 360-minute length. The difference between automatic and manual measurements for outgoing
and incoming scores were 3.98% and 4.43% respectively. These differences are relatively lower than
previous analogues, which inspires a vision that the tested system is a good candidate to use in
precise apicultural industry, scientific research and education.
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oA As HiE 3853 d4(CCD, Colony
collapse Disorder)®t 413t 7| $H3IE QI3 &
Bejo] T Tyl WA FolA I YUrk(Ellis ef al.,
2010). BRL FUB| he WG 2FO2 S5
wisto] w2 Aejshd - g wsiel 4% Aol
ofat 91BE wa gow], 55 WALE At A
9} 3l Hulof £ kS W=t} (Scaven and Raffer-
ty, 2013). WA= 22 7| A= U3 HE A
Aol 70% o1d& AAIste oF7kA] U] FA] st
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Information and Communications Technologies)< &
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2016; Sampangi and Sampalli, 2017; Debauche et al.,
2018; Dineva and Atanasova, 2018). =W o] A= 73}
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20| 7He® B 255 BYHT Al2EE AT
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Fig. 1. The overall Bee-Counting system diagram. (a) The design of the Bee counting system (blue) installed in the Gwacheon National Sci-
ence Museum. (b) The Bee-Counting system hardware and (c) algorithm.

Table 1. Features of the system hardware

System hardware Semiconductor Features

Main DC/DC AOZ1280CI 12V to 3.3V converter
Microcontroller
Main MCU Psoc 4- Inputs and outputs data from
CY8C4245
the sensors
CYBLE- Bl.uetooth Modules (802.15. .1)
BLE Module Wireless data transfer to main
022001-00
board
Reflective object QREI113 Infrared sensor

Sensor

Fol Bt 242 12719 ezl A2 F 719
HEAY A Q) ALA (QRENIDONA 242t AR == 3k
E< 92 MCU (MicroController Unit)o] 23}
daelFol wat gAY ARE Aot ards
2 Figure 1collA] Ast viel Zo] z7] AlA gk
HE 022 AHsta, BEo] EE &5 F¢
W& AA7F 1A o] S ZAISHIL(1,0), &5 AA7F 2+

Y 29 ZUHY A2"HS HEsHo, FF &4
7Hs3t AlAE9) 7+ ZHZE BLE (Bluetooth low ener-
gy) BES &9 ¢l RER ALt B 0E AA
g0 S SRt Wl RERE HEH do
HE Wififtd YE/IE &3 4L HolgE
Aste] et ICT7 €2 E-87Fs38HA 1433
o} (Fig. 2).
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Fig. 2. Block diagram of the Bee counting system based on ICT. Each sensor transmits data to the main board through the BLE module. The
data is stored in the Cloud computing service through Wifi module.

SHAIL, 2] U2 L3S Tste] 2 Ak
3 391 W Z3E +AsThFig. 3). 25 24
24 A5 BUHY A2d 2350 AE o
2 That ol Akt

S 23 (%)

AHEEHH -5 3% 3D
= - x 100
(*F5 =42
o9} HEo] - YR LEMNE RHste] A2Y

o TS FESIHIL, ARES AF] A% Al
3 717k 20189 949 SUHE 108 4L7HAI R, =
B Bete] g AAGO R A F TS
qgo R Y3t

olF Aoy AN
o Asge FYTABLHEF AR 5ol
Suelze How, ALY Y 2L Yo B

o&% Ed Y AF EYH

E—sﬁ z],E =
oz =A3}

< 93t HlolEE sk A AAES
A5l Zrm FAst Ao 39l0] 2%
4212 Wl BA3 AT Figure 49 2t} 2 o
£ RGN O SE)E et Fig. 4). 108
B9l 367209 2393 Yul I 5 S0
A Q= 247k 3.98%/4 43% 2 AT 209
o B NS Eto] 25 BA) T (AR
R P

>'o



ICT 7|gt 0|

HeolM MIME 0|2

3t

Y 2Q S ZUEHE A|AH

51

500
4001
300
200

100 A

Number of outgoing bees

I
R -

n

il

500+
4001 .

300+

200

I

S

101

S

Number of incoming bees

(=)

R S AR
\\‘J\rLBQ A u\ﬂ;a\

NN ’5%&0 A NCE\NN

AL AT
2018.09. 12

NN
SN

m“Q\u-\Q\uﬁ'Q\u-"’Q\m-

N

i

L

L

T v \ i T 3 T i T v 3 T T U U

Q .0 Q, Q.80
Abm \mm\ms\@%\\n, s\%m\ﬂp\@

2018.09.13

\\5 b‘rLQ D(GJQ D‘Q
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Fig. 5. Daily dynamics of outgoing/incoming honeybees’ average number (bees/min) and internal/external temperature (°C) on average for
30 days from 5th September to 4th October. Each bar and point represents the mean + SE (Naay = 30).
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Table 2. Monthly Bee-counter analysis value

The total number of outgoing bees per a day 10,900 £ 514 bees
The total number of incoming bees per aday 10,695 +491 bees
The total number of lost bees per a day 205 £29 bees

- =2
10¥ 497HA] 32 FH4 10,900+ 514027} & 9512
o]

10,695 +4911+2] 7} AABFFTH(Table 2). =3 ©
kol oot 293 B 5 FHHoE oF 1.88%
(205 £299te])7F AasHA] X3 A gl
RFIDY ) g1 o|u| x| £A& o] &3t AP
A AR, EE, A L B B9 g7 Fof 9ty
8 oF 20~40%7F £AEE BESHH =T (Decour-
tye et al., 2011; Chen et al., 2012), ©]+= €217} £3}
H 4ES =T BEo] Jhsskal FEE 1Y
FEFRLI] 7] YEeE E o Uth(Souza et al.,
2018). 71 #2hE glo] B A9 olFHFE Tt
T 4 e 2 Aado] AAHQ w5 B mhet
of gure Ao g Atr gt ojet 2 By njE|
of digt EUEHL 35822 35 YA4L(CCD)
o] Fast &7t 4 5 & Aojth

A7 Bt B 228 AR A1)
Figure 5914 & &= Ql%o| oF &7t $71817] Al
Ast= 0 TARE BHY &9 &%F°| 7k
AlEsE o, @ AL 10A], L5 += 3~44] 22 £
o &5 ZHzF Bt 18vhe, 23utE|E H1 g3 E B
ol ¥ QR L7t PolX|= 2% SAIRE FA5HY
ot 2= HIlo|= E5ta @A 1040 9 2E B
T o9 238 gLFFol gaste AL &
UL o] A= A 2 AEE ot &
3t ol oJste] W3l FEol i HIAE o] F 1L,
Bert HHA A7t 9olA fEo] A
o Zol, o]F FF7], AF Fol FFE 714 ¢
Al Z7}8kthe Niiiez (1977)2] 220 o) a4

Atk FF B A 2" 25 0]9] $& CO, 5k,
1 e 5 ZUEHTE A2EEY F7 FS
g glojg o2 WlgEol sl Hok Ut
JogA BE4o] 7Hed AR At dtt.

ox ¥

> o o )

[¢3

T3 AP AT 7] F (CRISO)E B
RFID |15 2o} B85 A HUETY st= 915
285t 9o} 1) RFID B]19] 371 v]4,2) g1
FAY I, 3) WAANA 71A= F& 1Y I,
4) "2 w52 A FAAE7 59 TAHAS AAIS)
3 9ich(Souza er al., 2018). AL, HE YT Aoty
of A5t 7He|tR P4E =35k SNR (Singal to
Noise Ratio) %4 (Tashakkori and Ghadiri, 2015), 5l
78] (Background subtraction) &4 (Tu et al., 2016),
3D £4] (Chiron et al., 2013, 2014), o]u] ] 7}-&¢ 4
ZE o] (Magnier et al., 2018) 5& &-83to] EH]
52 ZUHY st= HAlo] dtE ok 2y
AA7IA Y] B 7Hs olm] A &4 WS o FH
ol B 1xrl =2 o o] E7FsstAY B2 A4
S5 Hoj, BAZ 93l 2 et 21 =7
d-E 85ke 7H|Eh, 9 A8 AR # A
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