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A Feasibility Study of Vision Recognition based on Synthetic
Image Training and Robotic Automation System for Beekeeping

o el W AW @
Kyu Tae Park', Min Cheol Lee?, Junghan Kwon'

Abstract: Beekeeping is an essential industry that supports honey production and insect-mediated
pollination. A critical aspect of beekeeping is the regular inspection of beehives, particularly to
confirm the presence of the queen bee, whose role is vital to the health and productivity of the
colony. However, these inspections must be frequent and repetitive, placing a significant labor
burden on beekeepers. Despite technological advancements, this reliance on manual processes often
limits productivity and operational stability. To address these challenges, this study proposes an
automated crane system with a computer vision-based approach for queen bee detection.
Additionally, by utilizing synthetic image-based deep learning, the study aims to enhance the
accuracy and efficiency of queen bee identification. The research presents the development of a
cost-effective automated inspection system featuring a robotic crane for hive monitoring. This
system enables regular inspection of multiple beehives without direct human intervention, reducing
labor demands and improving efficiency. By combining advanced vision recognition technology
with automated hardware solutions, this approach has the potential to revolutionize hive
management, making beekeeping operations more sustainable and productive.
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[Fig. 1] (a) Typical indoor beekeeping plant (b) Beehive
separation work for monitoring (c) Determine the status of
colonies attached to the beehive (d) Whether the queen bee is
alive or not is essential to check during each inspection
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[Fig. 2] (a) Device for bechive image data collection, (b) A
picture of the captured images. Arrow is the target object (a
queen bee)



[Fig. 3] Object Detection Model Operation Process

[Table 1] Detection model dataset using real image only

Yolov8n Valid Test
Dataset 943 245 130

Train

[Table 2] Real Image-Based Data and Synthetic Image-Based
Data Models

Image Completed detection model
processing Model 1 Model 2
Real 943 893

Synthetic 0 50

[Table 3] Yolov8n model object detection verification

.. mAP mAP
Precision Recall 0.5 0.5:0.95 F1 score
Model 1 | 47.7% 40% 40.6% | 22.3% | 43.5%
Model 2 | 61.2% 45% 46.2% | 25.5% | 51.8%
Model 3 | 48.3% 40% 40.6% 24% 44.1%
Model 4 | 49.8% 42% 42.6% 25% 46%
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[Fig. 4] Queen bee detection without augmentation
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[Fig. 5] (a) Real Image-Based Models (Model 1) (b) Synthetic
Image-Based Models (Model 2)



492 =315 =54 4207 A3 E (2025.9)

5ol G5 Zedohe A2 aaEolu, I Hlo|EHE 2ol
2t s T Aol AV a2 skt

3. Y= XSat 320l AL
3.1 A 25 gE ] 2 Al AE

2 Aol A= A FErgel AX] 7Fstt xyz A =25 P
B9] & AFE3t 29|91 A|IA”S ARKRITK([Fig. 6]). Q1
2 AT} HE TEIF o} g3iol xyad BAL50| 5INE
E AA =Sl 59, 259 A5 FH &80 1H S 248
o}7] 915] Telescopic Arm FE| = A =Tt E5t HE F7
T}, Az AR A9 dat 274 Aok, 25 390
9] Edtoll= MR 18| HE dAJste] 7]E9] HE2 &
22 4= Q= ST

3?1 Ao] AlAgIo] AX|H =1 A|of7|(Raspberry pi 5)
<= 7HEket A = o] 8ol AAd vpA H#E S350 vt
7 #37F FZEH solver & o]-&3f A Qlo] o]FsHof
Sk A 7 dy, dy, dy= AkEste] 2291 2E A]017](Open
RB-150, Robotis)Z H&Tth REA 7 dy,dydy G
desired theta 0.2 W73} Z+ Zof X% R E|(Dynamixel
XM540-W270, Robotis)o]] 21431t

A7 25.9] Base FHAZEE 25 J8|9r AR 2
(End effector)] X[} AA] T, = thZ9] 47]5-8E 4| o= 7
B 4 9ok

T.=T,T,.T,T, )
10 0 O 0 0 1 0
|00 -1 0 =1 0 O 0
T::b_ 01 0 ay ’Tlx:_ 0 -1 0 a1+d1 ’
00 0 1 0 0 0 1
0 0 1 0 1 00 0
{1 0 O 0 _ 101 0 0
Tu= 0 —1 0 aytd, Lo = 0 0 1 a;+ds
0 0 0 1 000 1

TS 25 e 9 fRTFFoige o, 2 4 =
S Alo} /A dy. d,. dyE Foke G717 A2 919 G717+t
gl fjEZ AL 23 = 1 Solver F42 B3| =22 02

AR 4 Sk

@

dy
(©) = Z1(b)

d3 Monitoring

(e - Camera 2 Monitoring

o [ Camera 1

Xm> Ym> Zm) —_—
k
(a)
. Magnetic holder i
Attach point g Atachpoint €8 Magnetic holder
Iron plate \I i Plate holder

i)

[Fig. 6] (a) Configuration of the crane coordinate system and the
integrated monitoring camera (b) Utilizing a magnetic holder to
grasp the iron plate affixed to the roof structure (c) Each bee
comb is equipped with a 3D-printed plate holder (d) Attaching
the magnetic holder to the bee comb for subsequent handling (e)
Unloading the bee comb for monitoring purposes (f) Detecting the
queen bee once the bee comb has been fully unloaded
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[Fig. 8] (a) A prototype of the robotic crane system, (b) Process
for automate queen bee monitoring, (c) A captured image and
recognition of a queen bee
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