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Abstract @ In the event of a marine accident, the longer the exposure time to the sea increases, the faster the chance of survival decreases.
However, because the search area of the sea is extremely wide compared to that of land, marine object detection technology based on the sensor
mounted on a satellite or an aircraft must be applied rather than ship for an efficient search. The purpose of this study was to rapidly detect an
object in the ocean using a hyperspectral image sensor mounted on an aircraft. The image captured by this sensor has a spatial resolution of 8,241
x 1,024, and is a large-capacity data comprising 127 spectra and a resolution of 0.7 m per pixel. In this study, a marine object detection model
was developed that combines a seawater identification algorithm using DBSCAN and a density-based land removal algorithm to rapidly analyze large
data. When the developed detection model was applied to the hyperspectral image, the performance of analyzing a sea area of about 5 km’ within
100 s was confirmed. In addition, to evaluate the detection accuracy of the developed model, hyperspectral images of the Mokpo, Gunsan, and Yeosu
regions were taken using an aircraft. As a result, ships in the experimental image could be detected with an accuracy of 90 %. The technology

developed in this study is expected to be utilized as important information to support the search and rescue activities of small ships and human life.
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Fig. 1. Design of flight route for aerial photography in the real

maritime area.
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https://sciki-learn.org)

Method name Time(s) Method name Time(s)

KMeans 0.01 Agelomerative 0.51
clustering

Affinity 3.26 DBSCAN 0.01

Propagation
MeanShift 0.20 OPTICS 1.22
Spectral 0.14 BIRCH 0.03
clustering

Gaussian

Ward 0.67 mixtures 0.01

KMeans= 7|3}82 2 2 H(point) AFo]2] A E #4]3}o]
T2 F(number of clusters, K)ol W& dlo]g o] FAS &
A3} 7'M o)tk KMeans 9] A7|7F v =8 Hlo]
EE Agg 5o vdoz FE=d golsitt. & AT
AA AL = B tlelEl= allg g3} S AAL] A
frgol HuAoly, 22 & 2NN E HAA 9 v~

TAdel mEk K ghol ®iAEo o stE R, KMeans®] AF-§-©]

rir

. /\1%1:!

1l

A3tk gt
71etst A o2 mpgtehwn| 2 A g
(mahalanobis distance)®l] 7]¥FE}H, KMeans ¢ale] &S U wks}
a7 el A&t 22 7)o KMeans®] 4] Z o] u]s
T A7 Holuxl sk, Ne] A E AXAE 7]k
slo] daglFo] AFHEE, 4 AA FH
o] YAHH F4 A2 AE WA dd FH38ls7] of
=8

DBSCAN-> 7|&}8tA o 22 74 717k & Akele] #E
AL, AR e
st 7IRielth
Akt &olat ?X‘A gl gk A

colgk 5L e A9 A AA Y] Aol v
2291 Y 2 dlolE] Aol A gstrhar
= Aol ARE-SHITh

Gaussian mixturest

oA e Ao

Mo CLoHz A

2.3 DBSCAN 211
ol 42

2l&

By GhEol 5 g2Ese Ay

i)

Zwd Gl dldel s wlg e Afge] g A
Ag A7) 98 338 ¢ag]E<20 DBSCANS AF&-3)
ok s AAF 23E dAHI JAE T dagFe
2 248, a5 w3 TR EHA K A S(noise) &= T
ko, dg S FelA AASE Y AAE
g1 ik dlg S B dlg S 38T &
UE ol 2EF dolH e Ao 7t 283
olH &= 4 nme] AEstd T o R HolHE HAS5T 5 3
omg, gl stanitt afe] AHERS VXA Hrkh
old ~FEH] 5oz 2l i AAI} sget s
3k RGB Ao 2 welth st e dio]E 7} 7HA] = frE e =
A7t dget th27] wiite] P AEe FFS WAA
or

L

2.4 DBSCAN 7[tte| &4 Ald mg

ATl ME Al Al A sk DBSCAN 719 &=

218 48] ZE(Seo et al., 2022)S FHgato] 8241 x 1,024 &
Fme] FhEE A e 2T Gl A&stA g A

& 9A37] A% 5 A8 w02 A eksirh DBSCANS]
%) 21 & (epsilon, EPS) 7H& 0.025% AFgslom, Aa) Q7oA
g9 sebolg 44 ke s vt

Al

Fig 2+ 283 G A a|5E AAsE FAS =43}
3 adot). d5E AAF] s WA 2BF G
% 021231:5_]: Z‘,Z}- i7](gr1d s]ze)i T,:E?:S_]_—]:]— 7_]1— Tr‘%t}‘jl—% oé]o_:]'
© DBSCAN F9& =3 ygx o= st&yn, 7134 th49

A o] g,

- 1122 -



'H}\L 7

1=

Automatic gridding

Hyperspectral image

Identification result

DBSCAN

Merge grid areas

Fig. 2. Flowchart of the seawater identification process for

DBSCAN DBSCAN

removing the seawater area.

Sw goE TUE AN e TEse] 2T 9o
Oﬂ EHT:S_]_' Tf]i”@l Zﬂiﬂ}i X—]%}?:S_]_—]:]— o= %t:,—_;— o(:)]o_:]‘oﬂ EHéﬁ E«@'
Ztdo] P A o7 A7 HH 7} AyE Helsls dugS

2 Fa 22% G A5k AAY Ak YT

S5 A8 male) B 28 Ae ARl =7] Ao

el G Wk 44 Aol A gl & A%, 2

el Qxus 57 F7Htel wek Fig 33 o] Sl
A

285 E Azre]l AFds FH R Frheth B3 4ol
20,00070 ] QJN=®| =7} FE O] Q& wE= 3z A7
o] A=, 80,0007 I~ 7} EFHE o] Q1S w65
Z9] BEAA7ro] AR ¥ tHIntel(R) Xeon(R) Gold 6248R CPU,
512GB memory). RFH, Az} A7]9] A7 Fto] g2 Ag-ol&

-1 L
S BAE T HEshed A8 EE Agke] Zr)ek)
Table 2= AAFe] Z 7)o w2 daglE 53 AIHS YE
Witk 8 A7 Bl wslkr] YA 39 A& o 2
ES

Agsgonl, B4 AzE Yse FU5

40 r

30

20

Analysis time (seconds)
| |

10 -

0 u ! 1 1 L 1
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000

Number of instances

Fig. 3. Analysis time graph according to the change in the

number of instances.

A FAE AT HAEd 7Ike] 223 9%

A7)

A

Table 2. Algorithm working time according to the change in

the grid size
e

10 62 61 62 61.7

15 57 56 56 56.3

20 59 58 59 587

25 73 74 73 733

30 86 87 87 86.7
B Aol 4y] AsE ngor A 218 152
AAsklh AN, Az A7) wE gl F3 AR
o le) 28 Gow £EH Avolny, 2Ry 4
o] A7), A=’ s B¥, A AE ds Tl webd A A

2.5 Y& 7[Hl |X HAH =Y

el Qalol el sl AR gA s ale A muee
AHatol = o] Tl ettt s, dAekel A sk A

A = Srel 283 T HolHE grsy]

A BEolEA A7 £ 258G G 5o

w7b st Hx]9) g AMER ] SAdo] el Hla]

Bl ARE Al o] G ool

X ol A G

AA e} A FAET FA G2 FY e AAE &
s

Lo
i
N

)

o M

o L
o
e
S
o
Ho
N

— 0
2
A
o,
By
o2
/_@ 8
3
Q
c
8

o o

A B E(ratio) S

g U
tlo >
il

ks

19
|
24
N, o
ols
ol
N
fo
o,
>
rlr
=)
)
o,
¥ &
tlo
>~
Rl
N
o ogh

N,
N

o |o

__)f]_t“
=
s o g

Oy
0
e
o
o orE 2o o

X

o
iz

to
fz
i
AL
o
=)

Y

o

12
BN X N g

Y
=

o,
ol
)
k1
oft
e,
o
3
oxl
tilo
(=
s
ot
kY

- 1123 -



[e}
L e Rl

Hyperspectral image —>| Search coordinates I(— —>| Remove land tagging area I 7] ~?—] f5H A}—g—ﬁ]——‘& o }5}235‘1 ’E K| “;5:}_?_1_’ 35] FH C\):]l % :5‘)-0] %a]— ’}F‘
2 A

Calculate the ratio of objects

KN
within a 20 x 20 rectangular Save the removal result Oﬂ }\1 —::‘—: X’“ 71 E_‘E‘ [S) 7354’7 ‘yl‘:“j):‘\ 6‘]’7“ E_O II] y "E:‘%(:]L
3] Bl %
2

area based on the search

coordinates £ isﬁ]' E E"_:!] I:-" O] E1 .g_ X'“ 9/] '8]'_]2 OH }5]'94 7_]1 j’“ = J_
Q2

no
ratio > 40?

yes

Tagging the detection area
to land

>

=
‘ &5 Qee BY A8 Anw PIs

Seawater instance removal

Identification result

2
=
i ek
i
>
o
o
1
i
)
=
oY
>, i
Ho
X
o 1%

i—";
to

o

3.2 1

31 o AE W FX HAH B2
= 53X (Fig 5), T HFig 6), 915=(Fig 7)°lA &
2 dolHollA dlE AdEsta A& AlAS AdE
HolE Fig 5% HXoA 5% 223 tolElE & <A
=%

3]

B aa®

ZE% diolglE /e 2o 283 Aylolr}, Fig 5
o] 7} w714 2 Fig. Sa
a2 % 944, Fig Sc
[

o pob rr

Y
2
Bl
=2
>
ety
A
o
A
M
o8
in)
= do rir
o X
o X
>
2 ot
2,
oy
o,
o
e
0]
BN

s A8 5 A, Fig e 54 AA F Gaboln,
223 RBG 949 @ oA S5 A8 BES 488 O
G4 W, A A 5AE AL A5 FGo] A
2 4 glom, FrhH0w g o 4
’ o o] AA

~ 9

Me Y
T

fo 1x X x> O

ol
ML o

i)
r
%0
)
ol
ol
R
l-«ﬂ
o
o
=2
>

(6]
AA 2GS GG ¢ AT GAA Y AAE EX]S Fig. 5. Algorithm analysis results in Mokpo.



3G AA FEAE AT HAled vIRke] 283 93

14
M
1%
N
>

Fig. 6. Algorithm analysis results in Gunsan. Fig. 7. Algorithm analysis results in Yeosu.

- 1125 -



3.2 84 A BX A2 A7

s A FA 7es AT ER Eo
AE FELle ool dolgE d&etA B
th 53], 289 942 UEF diolgolnz s A
gA8h=d AHE A FEEY I AdEE S
Q3 94 7)otk

Table 3914 22Y GPelA AL FAHE A0S
uolFr] olB Fa a4 AA B4 mad] Y5e Fog

Aot B4 AFgE Aol = Intel(R) Xeon(R) Gold 6248R
CPUSt 512GB Wl & e]7} F=w]of glow, 7t 3L A7
st=9o] s stellA a8 Alzte] SAH AT

Table 3. Processing time for object detection (seconds)

Area ; djr?t?gg:iron Land removal
Mokpo 74 29
Gunsan 86 23
Yeosu 72 18
Average 7733 2333

3] Ao F5H =

a4 Aol it 77.33%, SA A A H 2333%27F ~F
wo], 28 Gl A AAE FA ] flsAl= di=F 100
z9] Agbo] ARES o 4 QUTh Fig 394 AF3 vkt
o] DBSCANO. = 80,0007 9] QIZAEI2 FA]o)] & Q 5= A
Zro] 65zl whall, A|tsh= R 8241 x 1,024 7]
gl sl oF 77x9] Alzte] AREHAV| HE FAdS

A 4 dE REdS o stk B vlolE 9

85 = AHE J—qu]'

. _%1"5:%‘ A 73401]*1 Bl

O>
W
rot %

BN e
fr ooz AU 4z
o S

o
Ry
i,
2
0,
s
o
of{
s -
o2
o
k1
:?Ié
ox.
1
i)
by
i

SRl

a1 Auke wa = Fhdel oln A9}k Bkl A ZEkS

on A AA wx wde] Mul g% At} vlulste] g
_]

AT BAE S A= A
At #0 a9l 9215 9

Flg. s B3l 4 &Ewﬂ:a 3 M A 'SH*J?“i]-E— BAG 2
A =

[S]
LFERATE WA wps

ne A Aukg v,

7h vk mebx] g Auks L‘r‘ﬂ"ﬂ‘:}. Fig. 8adll= & 113

of Muk 2 15S A9)F 108 0] YA H AT} Fig. 8boll A=
ur

F= 135S AT 163 0] BA ¥, Fig
8coll A= 102 9] Al 5 135 Al9]gh 9% ¢] Hduto] &4
AT}, Fig 8acll A vErA| |l Auk-e Fig 5b9] &< 28 Az}
A= A E Ao Fig 5¢9 A AA Aolr T
RovT FHeko] AR I ngHA| vt Aotk
T3}, Fig 8b9} Fig 8coll A wleh=|® Autw &4 24 Ax}

By e =

oA Ao, 52 AA FHAelA reth .

Fig 0% At A 238 GAolA A E 9A @
e depit) g GAlAE & sHe] At F 51 &
EEEEE

SN

Fig. 8. Performance of detection model for maritime objects in
Mokpo.

Fig. 9. Performance of detection model for maritime objects in

Gunsan.



i

i

Table 4. Accuracy of maritime object detection models
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