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This paper focuses on estimating the distance and status of ship during berthing and unberthing using Unmanned Aerial Vehicle
(UAV), The goal is to develop a technology that estimates the distance and angle of the ship relative to the quay wall based on
aerial images captured by UAV. The research subject is Pukyong National University's research vessel 'Nara,' and the berthing
and unberthing process was measured to conduct the study. The aerial images captured by UAV are utilized for measuring the
ship and quay wall using the YOLO (You Only Look Once) v8—seg computer vision—based deep learning model, The ship's pose
within the image was estimated using Oriented Bounding Box (OBB) with the measured ship's point data, For quay wall line
detection, methods based on the RANSAC (RANdom SAmple Consensus) algorithm and one—dimensional quay wall data
linearization were compared and analyzed to determine the most effective approach, This process significantly enhances the
ship's berthing and unberthing capabilities, supporting safe and efficient maritime transportation, This study provides important
insights into ship position and pose estimation during the berthing process and suggests new directions for the development of

UAV—assisted ship berthing technology.

Keywords : Research vessel NARA(GHUEIAMM LI2IS), UAV(Unmanned Aerial Vehicle, 291 St27|). YOLO(You Only Look Once,
Haid 2E), Berthing(F2h), OBB(Oriented Bounding Box, 217 27| AKX, RANSAC(RANdom SAmple Consensus, 2HE
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A|AElof| 2k8F 47 (Choy et al., 2016), 21H #+=E 2[5l U
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2
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2021) 50| C}t Martinez (2022)= SHZ =9I UAVS| thot
FH2IE Sall oiHQlA] T[HE USVel AMFH AlAElS HIAIEF
QIC} Cheng et al. (2023)2 USve| Akst Al == JiMe 25l
UAVo| EfRl= ZiHziol Hefd 228 X510 USV -r.j 25|
olAlof 2tst ATE SIICE Tian et al. (2024)= UAVZE USVO|
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-_rL (Chen and Li, 2023), Cl=2| H|™ MIME AlE5io] MEFE
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., 2024), 3D LIDARE AlE3510d Mute| Qix|et AIME FH 5}
Tokd eiyAlS TEalo] HESH Hot Mef MY 32
Sk o478 (Wang et al., 2024) So| U}
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Ddo] YOLO(You Only Look Once)E ARE5lod Metnl
Moz 2Fstn, Hot HUst 2RE 26l A1I$§l~5|
E=25I9CE 0lojAM Mute] XMIE FHsP| 2lsl AEE
Clo[HE 7[Htslo] TEEEA(PCAIE HE3101 E'J%"O
A AXKOriented Bounding Box, OBB)% MAMSIACY
2EE9| HE| FH2 UAV Aol HEE aat Mol
slof ZM AE dHE Sl *“"% AlEsin !
H2IE E5k= iy
Hlo[elz Melol] Mx|E
3D-LIDAR A|AE
0 oAb E”Ol'HE

o

I-tl I-D
o me ro

mju
rO 0x
E lo

1
o0 [0 rH |m njo mo

]

o [
~
rx
N E
oo 1 T 1o

I~

=

= HJIO
H:I
DOI‘
I'OII

Pl

o =& XMl Holefe

N
0
i

0l
%
2
I
]

m‘oh ﬂJ|0
0f0
P %Hﬂ
2 "
oY
oy
i)
130
n
il
o
_?t
N
>
2
g
rH
rlo

Table 1 Principal dimensions of NARA (Kim et al, 2021)

Principal dimensions value

Length overall, L.O.A [m] 70.7

Length between perpendicular, L.B.P [m] 59.7
Breadth [m] 135

Depth [m] 7.40

Draft [m] 4.70

Displacement [tons] 1,494

Design speed [m/s] 7.10

Fig. 1 General arrangement of NARA (Park and Lee, 2020; Kim et al., 2021)
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HollA Hakel Metol Zim(g, )2} ool Ztz(g,)oil 0] ZkE &t

0| Cf5l0f X7+ 0™ =EA(6,,0,) 2 Bkt

Fig. 2 Image of the UAV used to measure data

Table 2 Principal dimensions of UAV

Principal dimensions value
Weight [g] 920 Fig. 3 Coordinate system
Maximum takeoff weight [g] 1050
Folded [mm 221 x 96.3 x 90.3 /
Dimensions Lron} 0, =60,+0 )
Unfolded [mm] 347.5 x 283 x 107.7
Diagonal length [mm] 380.1 ,
Maximum flight time [min] 45 0,=0,+0 @

2 70l Ssgals sall AMutel ol/Fet IEE A
7| 28 AHEm SHUEAK Lizise| oot e meist 3. MBI AMM|, x| M I oM AE
0f HIO|E{E FIS3IRCt ShaZde flsl ARBEl UAVS| 2He
7Aoo 7|EFE2l DJARR| Enterprise mavic 3T 2EO|C}, 3.1 skm
Fig. 12} Table 12 22} Li2tso| 2ulix|=el =2 H<o|od
Fig. 21} Table 22 AEo|| ARBE! UAVS| 253t F= H|glolct,

4

2 AT0llM= UAVE AkZoll SHEIEH AefollAM ZA5H g3
_ deke Soff Mutmt o g QIASIgIct ol i HEld 22
A ol YOLOvB-segmentationS ARS3I920] 2 MZMof| 28 2t
2 A0l Mute] ZITE FHoP| ol ARSE EHEA= Efﬂ 7 (Spakota of al, 202401 YOLOER Mosk RGNS

, ) _ MS Hln ZE F=ESICEL s e70llA= YOLOvO| e
Fig. 30t Zrt. g=de tiel e zEA O, — x,y,2 X OiAF S0} HEHBHE Tz AIA|ZE X2lol Ralsiol AL chel
=& HEA O, — oy, AN 2B HEA O —x.y.. TR g ofssiol 258 MEsiie o a8l Moz Lk
I FEA O, — x,y,7t ARBEICE 2 AF0IM 7|F0| = ct. Mask R—CNN% %% {steS x| ZHoLt F el o
= FHEAE X7 0 FEAZ T EEACIAM M2kt oo Aoz Qlslf AMAIZE Xzloll HMefo| US = Uend, AlX|
ZITE AlME = 015 X7 1Y EEA R HEkP| —?—IoH ==t Hs *fole oo I3H Hzsk| ofgicke ol Az=Act Table
A 7te] ZtE xfo|E EFst= 1ol IRsict 0| ffsh = 32 S&tTh oA AgolMel 271X|e] MIEEt ZHI(YOLOWS,

2o XMI(9)E 78tz TM mtEAQt X7 1Y FHEA Ao Mask R-CNN)2| &As5& X|EZ LiEkH0] ]St Ziolct.

o| ZI= XO|E EX5I% 20 0| Al (1), (2)2F Zo| Tl =l YOLOv8-segmentation 222 2dt YOLOV8 20| 24X &

Table 3 Summary of the performance metrics of YOLOv8 and Mask R—-CNN models including precision, recall, mAP@O0.5,
inference times, and FPS for single and multi-class object segmentation tasks (Spakota et al., 2024)

Model Precision Recall mAP@0.5 Inference Time (ms) Frames(Eer)Second
YOLOV8 (Single—class) %9 a7 0.902 78 128 21
Mask R-CNN 84.7 88 0.85 12.8 78.13
(Single—class)
YOLOV8 (Multi-class) 206 9% 0.74 10.9 91.74
Mask R-CNN 81.3 83.7 0.7 15.6 64.10
(Multi-class)
50 CHStRMSEtS|=2%] 627 1S 202514 22



Bounding box +

confidence

Class probability map

YOLOV8-seg process

N/

Fig. 4 The process of detecting objects with YOLOv8-seg

xE

ZA ¢!

o

ol
-

9|
al, 2t

i)
Hof| Zohk=X| o{8E
o|_§_ 7(|_é._'_ M

FA(Bounding box, Bbox)E AAM5HE Zdz}
Aol M ‘1.“' EF—?—I HAIE o F3sl0{ Z+ ZMlo|
Sict ol2{st ofo|x| M2t =
M0 CiSH EoloflA 2| &
5|11 Act. MESPH L OLOv8 E%SI 42 o o|o|x|E
Sx § |2 AXE Lhe T, dAEf 0| e ol Fat 2aA
EE 0|52 SAlof| Zdlsks |IAH|0[X] Aol EHed Rz
i HE S22 HHE X7 7tSsicl oFE FAYA 5
ol HMAHstm, 7H&
=x2| 712l NMS(Non—Maximum Suppression) 2 AR50 2
2ol e AXE BXlstn ERE 5= JALS st YOLOV
Do ZHy| EiX| Y2 Fig. 42k 2T} YOLOv8—segmentation
f 22 QUAEA MESt REIO| A Cioh BHEMN EX|
2P} 7HE ZéEof EH° MEst ofA3E B[S 2 =
of W=7 M E ghek 4= 9lof AlAIZIeZ oo|x|E
Xelszloll 80 3HZF.

_|§
rlo &2 oan

Z2g Az

S| —= =2 =5 Ol

T =

giAn} L | =

it
E
Rl
ol T
[T
I'-IE
mo
ru&"

r
1

2
X
e rr
d 0o
O
02
0z
mjo
e
o
ofr
2
o0k
(=
mjo
o
1=
oh
Fl
gk
=

ro
o
o
T g
B

N

M
rlo

o0 N © rlo ¥8 A
oo It
08 o
ox
mo g
am
=OI__I
Ol
i
o
ro
1>
rok
ok
!

8
>0
o)
Q
>
o
o
o=

o
(@)
Mgy S 2
2>
i T2
%
g
]
El
L]
o
= o
on
ir o

ol
=}

r

Hel
ro r
[m
i}
o
2
i
P
O
e
kJ
n
2oy o

s1at tijo|Efo

2felo| ZH&d

4> 2 o

Calculation
center point

Divided
area
Input condition

Line detection Se!ec‘ random point Select area
in selected area

Fig. 5 Process for detecting a quay wall(first method)
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Fig. 6 Process for detecting a quay wall(second method)
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Fig. 7 Graph comparing distance data from two methods

Fig. 8. Quay wall line detection results using two methods
(Red: Method 1 — RANSAC; Green: Method 2 —
Dimensionality Reduction)
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Fig. 10 The appearance of a ship recognized during the
berthing process, without an OBB applied(a), and
with an OBB applied(b)
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Fig. 11 Visulaize the process of deriving the distance

between the quay wall and the ship
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Fig.

12 Visualization of the ship measurement process
using LIDAR Data

Table 4 Quster OS1 3D-LiDAR specs

Max range [m] 200
Channels of resolution [-] 128
Vertical field of view [deg] 45

Max points per second [million] 52
Max frame rate [Hz] 20

(@)

© @
Fig. 13 3D-LIDAR data post—processing, input raw data(a),
filter point cloud(b), clustering point cloud(c), detect

plan(d)
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Table 5 Clustering, plane detection parameter

Parameter for clustering Value i
Minimum cluster size [-] 1000 _?,,1607
Maximum cluster size [-] 100000
Cluster tolerance [m] 1.0 vl

Parameter for plane detection Value o ‘ ‘ ‘ ‘ ‘ | ‘ ‘ ‘

Max iterations [~] 100 e

Distance threshold [m] 0.02 Fig. 14 A graph comparing filtered and unfiltered data
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Table 6 Average error between validated and estimated

data
Data set Distance Error [m] Pose Error [deg]
Exp1 - 1.8521
Exp2 1.6034 -
Exp3 1.0722 1.6875
Exp4 0.7435 0.8408
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