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Abstract - The position of a light buoy is always flexible due to the influence of external forces such as tides and wind. The position
can be checked through AIS (Automatic Identification System) or RTU (Remote Terminal Unit) for AtoN. As a result of analyzing the
position data for the last five years (2017-2021) of a light buoy, the average position error was 15.4%. It is necessary to detect position
error data and obtain refined position data to prevent navigation satety accidents and management. This study aimed to detect position
error data and obtain refined position data by DBSCAN Clustering position data obtained through AIS or RTU for AtoN. For this
purpose, 21 position data of Gunsan Port No. 1 light buoy where RTU was installed among western waters with the most position errors
were DBSCAN clustered using Python library. The minPts required for DBSCAN Clustering applied the value commonly used for
two-dimensional data. Epsilon was calculated and its value was applied using the k-NN (nearest neighbor) algorithm. As a result of
DBSCAN Clustering, position error data that did not satisfy minPts and epsilon were detected and refined position data were acquired.
This study can be used as asic data for obtaining reliable position data of a light buoy installed with ALS or RTU for AtoN. It is expected
to be of great help in preventing navigation safety accidents.
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Table 1 Number of AIS or RTU lighted buoy
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(Unit: No.)
Item AtoN AIS AtoN RTU Total
East 8 21 29
West 26 44 70
South 13 124 138
Total 48 189 237
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Fig. 2 AtoN Remote Control & Monitoring System

AwE S, SRE, RS 22 598 dEHA oY, &
S ANHEFEEA FEGAl o)t F2iEX 9 44
A 2 AR SRS FREA Ry FR2IAE AISS
RTU #0E T4 7t BAwAe g2 24 AlSE
AIS SA WS A&-3lal RTUE CDMA, TRS %5 thaFgh w2
< A&t
FREAEL AIS7F AR FREAE FEEA A AR ()
AR gH F 215 o] &Rl Al A AF AU TP
AR Yoz HEste] A st FEZEAE RTU
AXE 2 RA Y FEARE A B Z HAET
of A= o]F FHAFTEFAARYoR HEHTHMOF,

2015).

odk
fi
=]
X
ofo
&
%
b
o
=
p%
(@)
N
S
T
of

AAE TR A delE e
FH 5AzH2017~2021) AL F A4 AE vy dA 3
T2 154%2 Uepgon 92 E F37F 26%= 7P o
kar, izt 14.0%, Asl7 27.3% 2 7 =gtk AujE s
AIS7} 195%, RTUZ} 12.8%9] 914 7/ 7F &Aste] A &gk
$A dole] &xr "ol "ol A7]HAtHMoon, et al,
2022).
upEbA], FEfake] E&A4Q SRR A9 S AHA
S gaie 9 oF ° s Hd=
AAE $A dolHE 53t slo] Folur}t Fasirt
et

l

B
T
if
o
m{
grlv‘
El
2
1
]
al
o 2

5
S
%

rio,

o

E)

3. DBSCAN Clustering 2 2! =x}

oH x =

DBSCAN(Density—-based spatial clustering of application
with noise)> HAl2Y HIA % <5 F U= dolg o ¥
7102 Cluster(3)E &438] 7= Clustering
algorithm .2 %7] dHlo|HZHE +H 3 do|E & oyt
Hoz #3518 st (M. Ester, et al, 1996).

=
=

DBSCAN &85 k-means &85 3 384
oA 7hd @eol E&Hi glom DBSCAN ¢ig&2
k-means &iE]Fol vl& Lo MekE v A 2
7h 9la w e B Afel =Tt trkeAl Ve e ¢ n

gl 5ol
53], DBSCAN &r12]%& 72 7]wke] k-means &

al
o oge] "= ke o Welng 94 HelHE &

EANCH

sl B9 g2 7P a go] Muke] HAIE A V)
% &§3tar JAth(Wen, et al, 2020).
DBSCAN ¢ad&s AHE37] HdlAe  e(Epsilon) 3

minPts(Minimum Points) + 7}4 @ X7} 2 Q35}c).

e ZF HlolHEo] AZeA o]1A Adstr] 913 H 4
Aglol®, minPts® Cluster® $143}7] 93+ o] H2 o)
o]E] 7jF=oltt.

e ZF dlolEEo] AR A o]xR1A IHsr] fIg i
A# 2 k-NN(k-Nearest Neighbor, k-7 o]%) dags&
S H&3lo] k Aglol e EX T ZE o] &3l HH e
S 4 4+ dtkBeyer, et al, 1999).

k-NN(k-Nearest Neighbor) ¥¢u#]&S #Aalzyd A%
sk duglEe 3 FFEA  EF(classification) ¢} 37

(regression) 92 A E AIREY F2 2F dugEo
2 AREEH A ZE dolH e e 7] dely 5 7 7Ht
+ k7 o2 HlolH e ARE T A2 dHolHe ARE
d&3l= WHES 21| $tH(Onel Harrison, 2018).
k-NNellA e g8 F317] $18 dlolg 7+ Al &4 Wi
Fig. 3% 2& #ZF89¢t A (Eucledian Distance) =4
e gt ALEAE 2(3)3% 2THChoi, et al, 2021).

H=2 =20

=

(Xa, Ya)

Fig. 3 Eucledian Distance Concept

distance(A, B) = v (@B—zA)2+ (yB— yA)2  2®)

- 233 -



DBSCANS ©] 88 3% 914 dol¥ Clustering A-(1)

minPtsT Cluster®2 14317 918 evo] 4 dlolH 7l
2 9keF minPts7} U 22 FolH -3 (Noise) 2 5]
ojok & dloJE| & Cluster® HA4E 4 AT & minPts A
Aol Fo|7F F st

LA o2 minPtsi= HolH AMES] A r A o}
ofF 3} 22kl 9] dlolE 9] A¢ minPtstE 45 AT S A
sl ATHM. Ester, et al, 1996).

Fig. 4= minPts7} 49 49 Clustering d2HE HAFE
Aoz el minPts ©]/+<] o7t AthH Clusters A4
stal o] xHolHE FAHeZ st AAE sto] Cluster:
gl yzich wkek etloll minPts v RFe] dlolE] 7} lon,
7 HolHES o2 tlolH 7t minPtsEth X THH o] u]o]
EES NoiseZ A9 ghh(Lee, et al, 2017)

)
@
[&]
O ®
’/ AN
Q.- "o ‘. ®
;{ \. ] .
A \ ]
[ l:cmf \ ’l
1
\ i)
1 rd
\‘. ~"-..._—'l.v Noise
~ s
N @ @

Fig. 4 Process for creating clusters with DBSCAN
Source : https://blog.naver.com

DBSCAN% o]§sted TH5-E $1A tlo|Eol A Noise( 2 F
golel)E HEstal FAE A velHE J5817] Heir =

FRE AR st 541 914 7o) AL E 7@ A

913 dloleel tal 712 EAL slok @k 24 AAE B

b mAGAZRE olAEe] g AN ;A 4l
A

> %0

A e A@AE AHE3 AtE SFATHINGII, 2022).

D=ACOS(COS(Radians(90-X1)) x COS(Radians(90-Xz) }(4)
+ SIN(Radians(90-X1)) x SIN(Radians(90-Xz) x
COS(Radians(Yi—- Yz))) x6378.135

o714, X1 @ IAHE A=
Xz @ FA9A 9%
Y1 IAFHT A=
Yz @ FASA A
Fig. 5= 5% %A dl°]gE DBSCAN Clustering &}¢]
Noise® #HZEsle AAE Uehd o2 4 28 551

g oyl #1A "oy MY F 7|x A g
DBSCAN &118]& ARgo] ZQ3t ¢

< Abgste] dAl 1A dHelE ek Al o]E A ol 1A
JEoll A Zh2h 2b&38la minPtstE 42 A A3k

b e9F minPts 48 A-83te] AA F41 $1A] vlo]g e
3 12} DBSCAN Clustering 3t 2} minPtsE W34
23H= Noise(25F HolE)E 12} A&sta, A<l o]&~
W dlolEo thal 22 DBSCAN Clusteringdle] £9} minPts
& Wk Kot Noise(L 7 HOE)E 24 HET 02
J

AE 9A deleE #5F = quk.

o

R
ich
-

SEE 9% ole] 2y

D=ACOS(COS(Radians(90- X)) x COS(Radians(90-X2)|
+ SIN(Radians(50-X:)) x SIN( Radians(90-X2) x
COS(Radians(Yr— Y2))) x6318135

2 DAZE AR

A AR

1 DARE BE

21 2094 FE

= —’
@ 9=, 3= Hols
21 s

Ko X

@34 o8
fEzH el A

DBSCAN

Clustering®! H|0|E{

+—

@ DBSCANS %
cluster 4’ 2
NoiseH[0|E| ZZE

4. DBSCAN Clustering &4 & @I}

B Ao FEEAE AIS B RTUZF AA 5o )
5 5-¥(237/Spar buoy A&]) FAA AXF7F 7HE Eol

p
R
A=

-

A S B 9S aEste] RTUZF AX9 #+4E 15 552
2 AASET 219521, 1. 1.-12.31) $14 dolEe sl

Python LibraryE ©]-&3}] DBSCAN Clustering< ] 33}%]
c}.

Table 2= AMAL | it 3 F2FA ArE deja]
g8 B3 5% A 13 SR AX AW 2 AR AL
gk 21de 91A dlelEle] Wia) 7% B4 ow FRE
FHE LL-260WDelv A2 541 138m, A 2ol 3m,
Hlol8 $2al 114-& 10%0]8 $41 dlo] e 49,6407) o]t}

T2 & g A e SR A

2
o

w
] o] B (49,6407l o
2(DE AF8ete] k=St olEAYE A)S A
gle] A& o A9 o]EF AP 3313m=E AHEFH ATh
T2l dolE](4964070) & Al o)EA ol AlFA A&
& delHE 4370702 41 dlolE o] f& dHolHE
89.4%, AR olEAEE =33 dHolHE 52710/M= 106%E
2}A] 319 e}

- 234 -



Table 2 Status of Gunsan No.l Lighted Buoy Information

Items
Ttems Contents
Type LL-26(M)
Depth 13.8m
Chain length 35m
Chain Seperated distance 33.13m
Data Receive interval 10minute
Receive data 49,640EA
Within Chain Seperated distance data 44 370EA
Within Chain Seperated distance data rate 89.4%
Exceed Chain Seperated distance data 5270EA
Exceed Chain Seperated distance data rate 10.6%
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