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Abstract

This study analyzes structural differences in marine-flow imagery using a 20-class dataset of local patterns inspired
by Murakami - Ohtsuki - Yamada (MOY) graphs. A lightweight convolutional neural network was trained on 2,000
grayscale images of 28x28 pixels, expanded to 6,000 training samples through rotation augmentation. Current and
wind visualization images and aerial ship-wake images were processed through region-of-interest selection, grayscale
conversion, Canny edge detection, and non-overlapping 28x28 patch partitioning. Classification results were
summarized using the background ratio, structural concentration, residual-structure ratio, higher-order structure ratio,
and normalized entropy. Images around Dokdo showed differences in structural distributions across observation dates
and visualization layers, while wake images revealed local-pattern differences among straight, sharp-turn, and S-shaped
maneuvers. The proposed method can serve as an empirical local-structure encoder for comparing structural
characteristics across images in a common class space.
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Cases N | 1007, M D C H

Jun2nd :
current | 2795| 805 | 102 | 94 | 7.3 | 0305
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T 1254 | 9R7 18 | 55 | 45 | 0145




Journal of KIIT. Vol. 24, No. 10, pp. 227-234, Oct. 31, 2026. pISSN 1598-8619, eISSN 2093-7571 231

20261 1€ 29 alF 9 b overlay 73S
Case 2= 100Py,°] 67.0%% 7} w3k, Mo
17.8%, D7} 152%, C7} 103%, H7} 04022 7}
=tk o= Y 94 T 1€ 2¥ overlay G40l

MOY graph AN 71 et =4 725 X
etk Seoltt. A} A, A sE, 2Yg
streamline, 3|24 F27} FAld Uehtes A$

class distribution®] &3 classZ H4HE 4= T},

64 2% 7 only ¥4 Case 3= 100P,,°l
933%=Z "l =1, M2 11% DE 5.6%, Ce
36%, He 014022 Y9It} 9o 2= 55 3

A Gl A8F0]9 AFSE streamline®] E.O]A|
”J, d Ay 2 g5 BdoAe tiFio] ot
T2 Ee WAE casZ EFHAT ol dF
only B79 W& thHl9} gk streamline Y 4]
o] +& AEg oAHA UE T =S BAEh
1€ 29 37 only B Case 4= 100P,°l
92.7%, M°| 1.8%, D7} 5.5%, C7} 4.5%, H7} 0.145
2 YEPRT Case 33 BlEH class 002 0.6%p

C a1l Mjr,]. C U_l HE g}:7]- igq-

F 27 2R/ AG3E AlFY AfolE s 2
otk alFrkg SH FAIA 18 292 69 2
UHt B7} 13.5%p B3 M, D, C, H7} EF %3
o 22y s F ©E 94 @ Abol= B 0.6%p,
M 0.7%p, H 0.0059] &3sttt. o] 22 zjole= 4
A e ofdg IS, tinl B AA AR
o] Yo 2T A4 F Jorn= A-H Eg Ao
Z A s AekA e

2 g ¥ o[o|x| R0 wE X|E A0
Table 2. Index differences between dates or layers

Differences  [100F,,| A | D C H

current and wind:

Jan2nd - Jun2nd -135 | +76 | +58 | 30 | +0.137

current only:

Jan2nd - Jun2nd -06 | 07 | 01| +09 | +0.005

Jun: overlay -

-128 | 9.1 | +38 | 437 | +0.165
current only

Jan: overlay -
current only

-25.7 | +160 | +9.7 | +568 | +0.297

ol= d Atk 6¥€ 24l F

27 9.1%9F 0165 =1, 1Y€ 290 16.0%9}
0297 =t} ol v FAF Y AFo] F7HE
9 AA AE7)7F 9 g veE 728 HE
Loty J8EE B Ade] AEAL 7|E Y
=Y A5 tAlske d A Fth AR OE Al
25} AN FF FAHE Gt 4AHEse
TEATE Alasta, AAs A g U=t

A g g g gl

oorlr

ATF12]00A AR 3E
o) 22k 34 AVJ Hl oty 19 4(a)= A

g 40 17 4dE H

2 72 33 s UrEME} o] ARNEL USVY ¢
24588 5 AAG 204 ARZHNE I8 @
= ojuA|7} ol Fro FAH &¢F A7 &
FH H2H FAolth E}EW TAYGE o|FHE
HxoA ME FE5HA Beth I¥ 29 AR
we} ZF AR A dx%o] I3 AAYAS MA
5 2828 A E B33l b

Hurﬁz

Iy

a8 4 & EH 2H6E(12]
Fig. 4. Representative wake—pattern images[12]

A7 GA e AA 1L,10774 WA F class 00

o] 80070(72.3%)= 7F¢ =%k, T8 HulAd +2



232 MOY I = wlolgAl S5 7]wbe] s FfAl 94 E4

21 class 08 097} Z+zF 11270(10.1%), 17670(15.9%)
2 Uehstth & M 26.0%00H, UHA| tail B
1.7%0 E3sit). ol Azl o] Jjzor
&H-ola AgtE Fx Yo AFHE AFES
AL 9wtk

F 32 d A EY 3% 9 MOY Z#=
X ARE Hlwg Aot AR @2 HA
1,107} §A F class 00°] 800702, ®j7 HI&
100 P2 72.3%°1th. class 083} 09+ ZH2b 11270
(10.1%), 17670(15.9%)°1™, F8 7= HAFTE M<
260%, ZolTZ & D 17%°lth o= A
g9 Fagdo] AgH Fx FYzdd IS
= A%E Yepdth 3413 Yol A= class 009]
17970(78.5%) 2 A YEPEAITE Me 6.1%E 1
2389 Th WA class 10-199] 13 & HlE O
123%2 A7 ARG A I7FEY. ol F
wstol Ao whd-gato]  TheFg
MOY graph E# 22 4] YEhd 22 3

4% % gk

e 2 rr

= 3=
Ag &5

I 3 470 & miEof 2 MOY J23l=E EX%
Table 3. Summary of MOY graph class—distribution
indicators for the four wake patterns

Pattern N | 100F, M

straight | 1107 723 26.0 1.7 15
sha | ope | 785 | 61 | 154 | 123
turn

8_01““’6 2900 | 837 | 107 | 56 | 40

S_C;Ne 1978 | 681 | 29 | 19 16

sA wE 18 AA 2,997 WA F 100P,, ]
83.7%Z 7H¥ AL class 08+09 HI&Q /e
10.7%, 12k FZ HlE&L 4.0%2 Uehsgth sz o
Bl 25 100P),°] 68.1%, Ao] 29.9%Z 4 &
T /M =2 78 72 AFEE EYdh 7 sA
Y| Aol A+ Aol srigte A A%
A, A3 9, wake F, w7 9] HlEol| wet
MOY graph 27} 22bd o Sl5< HoFErh

Aol del ©A #HelA AR FAHLE 32 tail

2 883 4 Q) v FA43 wE 3y 7%

e dHe FEF FF AAZE S7H8 class

08+09°l FFHA ¥ T Szl EAtEE 7

S Holth webA D EE class 10-19 B0 7]
7

Bap grovl, wAe 3

2EJ¥mo R 2
g, &4 FALAY FE F35 sl H5 wake T
AA, N A 7 HEkE 3 aEs|of

Tt} 2 dFo Ax:= IAEIYW EAo] 12} AR
AEZ AHEE F UeS HAFAT HF Ao A

g.qo
=
—
BN
=)
to &
g
ol
=1
ot
=
(m
i
5
i
ol
=
3



Journal of KIIT. Vol. 24, No. 10, pp. 227-234, Oct. 31, 2026. pISSN 1598-8619, elSSN 2093-7571 233

=5 ARlE /\17@} Asel w2t F2ART}E 4
A gebd = leE HoFla, B4 Ale A
B FA8 Apolol A o T2 AT a3 72
Hlgo] @eide HAth o] A= A2% dF =
gl Edolu} SAE USV o] 3EA E7719 A<
AST Zlo] ofth A= T s Yl L

ToTE JAIHE AAEst, O EEE A A
B2 HAT 5 dFe Bl 24 A aTen,
A dolHAS S 1007]9 +45° 3| A F
%, LeNet 79 A% Bl dAEh FFo&
AN 52 E 2eldt e o
2 2Y2E 2dS et =9 AP A
=25 EgE BA AHE Ik Ik ok

2 ResNet, ViT(Vision Transformer), 3% ¥ =2
Hef Hal, A3 4] 9 b5 2ALE B, 5713
RY w” Aol 2IF 0|43 IRAZS FI
stoEn HE IATx I AL AHA

A8 7hsde W7k et sln
References

[1] J. Kim, B. J. Choi, S.-H. Lee, D.-S. Byun, and B.
Kang, "Migration of the Dokdo Cold Eddy in the
East Sea", The Sea, Vol. 24, No. 2, pp. 351-373,
May 2019. https://doi.org/10.7850/jks0.2019.24.2.351.

[2] H. R. Shin, I. Kim, D. Kim, C.-H. Kim, B. Kang,
and E. Lee,
Classification of the Ulleung Warm Eddy in the
East Sea", The Sea, Vol. 24, No. 2, pp. 298-317,
May 2019. https://doi.org/10.7850/jks0.2019.24.2.298.

[3] K. Lee, J. H. Park, and Y. G. Park, "Eddy-driven

sea-level rise near the frontal region off the east

"Physical ~ Characteristics ~ and

coast of the Korean peninsula during 1993-2020",
Frontiers in Marine Science, Vol. 11, Art. no.
1283076, Feb. 2024. https://doi.org/10.3389/fmars.
2024.1283076.

4 T L Handbook of Marine Craft
Hydrodynamics and Motion Control, 2nd ed,
Wiley, Apr. 2021. DOL 10.1002/9781119575016.

[5] M. Lin, Z. Zhang, Y. Pang, H. Lin, and Q. Ji,
"Underactuated USV path following mechanism

Fossen,

based on the cascade method", Scientific Reports,
Vol. 12, Art. no. 1461, Jan. 2022
https://doi.org/10.1038/s41598-022-05456-9.

[6] Y. S. Kim, H. J. Noh, H. J. Lee, H. J. Jeon, and
S. Kim, "MOY graph datasets and their
applications", Proceedings of the KIIT Summer
Conference, Jeju, Korea, pp. 414-415, Jun. 2026.

[7] H. Murakami, T. Ohtsuki, and S. Yamada,
"HOMFLY polynomial via an invariant of colored
plane graphs", L’Enseignement Mathématique, Vol.
44, No. 3-4, pp. 325-360, Dec. 1998.

[8] Y. LeCun, L. Bottou, Y. Bengio, and P. Haffner,
"Gradient-Based Learning Applied to Document
Recognition”, Proceedings of the IEEE, Vol. 86,
No. 11, pp. 22782324, Nov.  1998.
https://doi.org/10.1109/5.726791.

[9] J. Canny, "A Computational Approach to Edge
Detection", IEEE Transactions on Pattern Analysis
and Machine Intelligence, Vol. 8, No. 6, pp.
679-698, Nov. 1986. https://doi.org/10.1109/TPAML
1986.4767851.

[10] C. Beccario,
weather, and ocean

"earth: a global map of wind,

Nullschool
Technologies Inc., https://earth.nullschool.net/about.
html. [accessed: Jul. 25, 2026]

[11] Y. S. Kim and S. Kim, "Complexity Analysis of

Ocean Environmental Flow Fields around Dokdo",

conditions",

Proceedings of the KNST Summer Conference,
Yeosu, Korea, Jun. 2026.

[12] H. J. Noh and S. Kim, "USV Control-State and
Control-Failure ~ Candidate ~ Detection  Using
MOY-Graph-Based Wake-Pattern Analysis",
Proceedings of the KNST Summer Conference,
Yeosu, Korea, Jun. 2026.



234 MOY J#i= "o]gAl sk 7]uke] sjok&-A] A B4

PSPNEL

Z A M (Yeong Seo Kim)
202349 3Y ~ A : FAEARE L

HARof . 2AF8

ZI Ml 2} (Sera Kim)
Ll 20173 24 FTista
e CEEI)
20179 39 ~ 20214 69
FYHEATL A7

EECEAEE R

BAEE ; 7|88}, A oA




	MOY 그래프 데이터셋 학습 기반의 해양유체 영상 분석법
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 이론 배경 및 지표 구성
	Ⅲ. 유체 분석 적용 및 해석
	Ⅳ. 결론 및 향후 과제
	References


