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[0018]

[0019]

[0020]

[0021]

[0022]

[0024]

[0025]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]
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glolEHo] Af- (T Aol A dus dole el A (preprocessing) & 8= A F(100), HAA =

F-(100) el s Az ﬂﬂﬂ§71§%%ARM]m§ O SR AAsta, dAE w4 e fATE
tlo]E & wlo|Efu]o] 2~ sk AAH-(200) 2 €A FEE HAE dolH ol
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okl
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7 Z3te] Vel E@% Seeta, WA FeE A doleel Vxste] Spd WA was Fa Ay
WE EREE dFHE A% L AFTG00E THUT

=2 B ool whE AA (1002 vlolE HIE Zjel] wE ZRASLE dA A oR WolFe mrelt)

ol & AAF-(100) = HFaE dHolele Az (preprocessing) S A3t} sjAdu%s ol
=, A AAgRA, =3 oluH|Alo] A (Korean e-Navigation)e dsto =z F&=3 AMut 2 gdAd o)y F41 Al
) Ee Adnt gl s delE Al Alxglo] #efske AW (WAl Z5-E DDS(Data Distribution
System)& &3l F4lste] dlo] g H| o] 2~5 XVPQ —’F Row, Ak 2 BAgolE 4l A|AE EE AR Y

ﬂﬁmﬂavﬂﬂﬂﬁﬂﬂ Elsks AW E AIS $=417], VPASS 42417], LTE-M S=A17], VPASS 4=417], nltlyg

glolE{ o] Ao AHAwE s)duE dolHe=, AIS THARE 2 AIS AXAHRE ¥ 4 glon, o] sl
AR FA A ZH(Time), AeFAEE S (MMSI), Y% (Latitude), A= (Longitude), HZ(CoG), &% (SoG), Autz
5 (ShipType), Au8te] Zo], Heading, A¥e F, Z502K) 5ol s JRE 39T 4 9rt.

AAH(100)=, ws ZTHEE dSstart sk iy el sidals o8 (4 dHeolH)S dolg o]t
2YE FE £ vk AdAEE-(100)E dolgHo] a2 NE &3 sdus dolg] oA AA, A5
2] 2 o]y HZk(data interpolation) 2}QS ¥ g8l A2 AAS ¢33,

AAE(100) =, AR E dolg e oAz AALt A=X 28] Al  ‘Recommendation ITU-R M.1371-5" oA &
718t = FaS sidus dioly WHE Faste] o] dXE AAs L, A5AE A ).
‘Recommendation ITU-R M.1371-5" oA ®W7stx Y= §&3 AAWE Holg HYE ofg) <F 1> 9 <&
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[0034]

[0035]

[0037]

<3

#£ 1
T Number of bits =4
Navigational 4 0 = under way using engine,
status 1 = at anchor,
2 = not under command,
3 = restricted maneuverability,
4 = constrained by her draught,
5 = moored,
6 = aground,
7 = engaged in fishing,
8 = under way sailing,
Rate of turn 8 0 to +126 = turning right at up to 708" /min or higher
ROTAIS 0 to -126 = turning left at up to 708" /min or higher
ROTAIS = 4.733 SQRT(ROTsensor) ° /min
S0G 10 Speed over ground in 1/10 knot steps (0-102.2 knots)
1023 = not available, 1022 = 102.2 knots or higher
Longitude 28 Longitude in 1/10000 min
(£180° , East = positive, West = negative)
181 = not available
Latitude 27 Latitude in 1/10000 min
(£90° , North = positive, South = negative)
91 = not available
COG 12 Course over ground in 1/10 = (0-3599).
3600 = not available
3601-4095 should not be used
True heading 9 Degrees (0-359)

511 indicates not available

=z 2
T Number of o]y WY
bits
User ID 30 MMST number
IMO number 30 0 = not available
0000000001-0000999999 = not used
0001000000-0009999999 = valid IMO number
0010000000-1073741823 = official flag state number
Call sign 42 7 x 6 bit ASCII characters,
00eeeE@ = not available
Name 120 Maximum 20 characters 6 bit ASCII
¢ ” = not available
Type of ship and 8 0 = not available or no ship
cargo type 1-99 = as defined in § 3.3.2
100-199 = reserved, for regional use
200-255 = reserved, for future use
Not applicable to SAR aircraft
Overall 30 Reference point for reported position.
dimension/rgfgren Also indicates the dimension of ship (m)
ce for position

10-2024-0105977




[0038]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

SIS 10-2024-0105977

= undefined (default)

= GPS

= GLONASS

= combined GPS/GLONASS

Loran—C

= Chayka

= integrated navigation system
= surveyed

Type of 4
electronic
position fixing
device

N O O B~ W= O
1l

oo
1l

Galileo,

9-14 = not used

15 = internal GNSS

ETA 20 Estimated time of arrival; MMDDHHMM UTC
Bits 19-16: month; 1-12; 0 = not available
Bits 15-11: day; 1-31; O = not available
Bits 10-6: hour; 0-23; 24 = not available
Bits 5-0: minute; 0-59; 60 = not available

Maximum present 8 In 1/10 m, 255 = draught 25.5m or greater,
static draught 0 = not available
Destination 120 Maximum 20 characters using 6-bit ASCII;

= not available

Sk o)A, dHolEH dlFE el WHeldAl "Hojd Swdoz IAY 22 s oujdth. WA E(10
A Al, & E9], IQR(Interquartile Range)S #-&3tAU Z-Scores &3 4= Q). thut o]
2 olyx, FAE tE WHE FAAL oA AAV FAHE 5 Ut

A So], IQR HHES A=Y HYS (Interquartile range) S 83 MR O R A3 AFHEYF(75%) A A1 AR

A5 (25005 W ol IQReIth. QR wigh o)A Bdae b3 ),
TR o] Xt = 7h<Q1-1.5xIQR E& #>Q3-1.5xIQR’

& =, 10070 dole7k glvkar 7pgstar A 2 glell A A3 AopAs WFer dd=

A= T ghol AT Q3)elth. i, 7oMAR Fgle]l AL QDo I0RE Q3-Qls & gholth. 257
AR 2 grel 159 IQRS tlE gk, e)a 75WAlR 2 ghol 1.59) IQRE ¥ Fho]l A dolHz R
ojmoltk, IQRWHAA = WA QL, Q3, IQR #S T&vh. quantiled #9FE F8k= = 1] AY & 4,
0ol A =2 grolr}. o], o] FAe] AA @& T oE 5o], Q3+1.51R Ktk Z g3} Ql-1.51QRET}
A2 wE olgAR B A, 3 A g TR o, 2 A g Hold HlolH s oA = AAst
i, 3 ol 3AE AAR

MRS o, 250

£

o

15 5, Z-Score WH-2 dloly #& Mot Hxo= wl Ho ZFAAZE vir @Y &
AN 0 2 7-score 1.55 AF&3slH ko] AALF o] FAE Adst= HLF wAdY. =,
A7 & #@Aseh, Z-ScoreE FeteE WS thew Zul,

‘Z-Score=(#t-3 )/ A}

N
(fJ
(@]
(@}
-
[}
N
)
A
>
)

[}
ur)

AN

=, Z-Score WHellA, dloly grollA W& Wi FEUAR U 2 scored AAFSRAL, z score’t 547
& HolMw oA Rt deksi, I oA S ARG

S, ASAE & agiE dlolEd ol §lv AE St E94 NAHIE a3, Null olgte RdAE £t
oy st ASX+= dolg EAsted o] Wl WaEvt Hy, olE 5o, AZAE EF A (Deletion)std =
gk diojg &4& & 7 A, ASFHE ZX dA A Imputatlon))O}tﬂ tlolefell A HaFo] A 4 39l
o, A& AHgd wat BEAZAA} wg- o1 5 k. 2F ] A= wed] e Aol g fARE, AA
B AM = AEAE BA@IY A%, &, AW (mode) L%l(med1an) Hgk(mean), ZAF X
(Similar case Imputation) & 3]F#4S |83 thX|(Generalized Imputation)E E3f AYPE+= Aol =}z
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[0048]

[0050]

[0051]

[0052]

[0053]

[0055]

[0056]

[0057]

[0058]

[0060]

[0061]
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A% 4 vk, e oS Ed(Prediction model)S &3 AS5XE AHste 3lo] ¢ ugdAd 4 Qvh. o5
RdS 53 A5 Age A5XE EAdo AEE 7Hkivia 7St xasct. oju] A5gke] e HAEE
2 745 dataseto® ASFke] Adv AHE dSeAv, FA 4 Vles &Y, S 22 A EF
W e olEg ASAE AF-+ dely wold WA Ze uYd A s S8 AS5AE AT ¢ A
=

A2 5-(100)2], 4% dolg e dolg Bike, Aute]l FAAR uel dexs HnE toly F7|&
RE Adbel] FdatA g37] g 3otk dloly e ®HiF A9, AA T FEH fARIES e Ad
o] HolHE 43 7IEo=2 AL37] Yl WEA] Fau e Aol npgrAsith. dlolE BIE Aol wE THA|
3t Al & 20 Z=AJE Hpe; )

¥ odgel uhE HAR(2000%, AR08 AR dolHE 7] AgR Azl dE WA Fejz A
A, AR (2005, dolE A, dole AA @ oy o5e FaAg.

5 38 FYHFRANG A4 AFPRBLAAEG RolFE EWel:, ¥ 4 B owo] mE HAP-(200)9]
dlole Axshe] oA g wolFi Ewiolth,

WA, AR (20005 AADT2000] 3 AADR PolHE B4 o) Axe] HASH: HelH AR
g,

AAR200) % lolE ANEE A3, £ 3¢ FESW, FYNGEAAKIN S AY slFPu e AAd 7]
xstel, ¥ 48 FES, 6 WA A4SE SR, AT (00 HFuE EAE 52 A8, 6 B
A4S NEoR AgHE, BAA U BE @AY AAE Agdel 2 A4E F42T + Aot dolEE 4%
shsha dlolele] Fere PASI sk AURE AL ARG £ dvh FW, AAR@0)E, F AR B

Lo

= Nel dolBzt EAE A Ha e HolH e Wit AE wolHuMo] g Aget.

= 5 2 wgel me 442009 HelE A4 AdEeln, ® 6&
For 1xrhl BAE AAE BelFE EWeln, ® 78 % 69 A% AEAN EAY HolHF w4 w4
@ oAFE =

, 7
Wolan, & 8% = 69 Ak HAFAC =AE dHolHE TAsHA il WM FH= A

HAAF-(200) =, ©vloly AxstE Fal HolEu|o]2Fe] AFE Ea Jjo dHeolHE AAF. AAF-(200)=,
dlolgle] A A], &= 5ol EAIE wpe} o], Yx, AL I At F& v|Eoe R MutEe IR (CoG, Course
of Ground) AX, %%(SoG, Speed of Ground) AKX T Zo] FHE wlr
A A5(200)= QA Heading, A¥te] ¥, & T& Y AT & Aok, o fAE F9] 7| @9+ dlo]
HE Axstet 719 gttt 28a Al §2 7] AAE AT 12 g9 E o]FoXith. dF Eo 7]
AR Azro]l 1AL A, AARE(200)E 1% 9YE 025 35992714 & 1A7e] HolHE ElA FH=
ERki=

AAR-(200)=, & 501, 74 129 HeolHEo] 4% HRAE V€= dus volE7t = 63 o

(<3
N

T o9 B ubgo] w2 A1 (200)2] dolE o=
wE AAR20009) vlolE o3 A GAE 27 B

AAE-(200)= 7] AAHE AB(HE o], 1A &L 243 do IA A Kk A, AAEA kg
dolHE oz golge oFS Fastt. HAA5F(200)+= ©lo]E o= Al Kinematic €|4% T+ Extended
-

Kalman filter <& E8 HolHE <53kn, ojuf A5 (200)= &= 9ol =€ npe} o] t 74x] 8] A dHlo]

o
i
LN

_9_
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Bl o], t4n 7}A Ho|HE oS3}

[0062] A& 5o AAF(200)= Kinematic €4S &l obefl 2] 13} o] Aute] &£ AHH 9l e JHE 574
sho] Adute] Mk £ 8 AN S5 52 5 Ak
(U= V-1
Vitrn = Ui"“{TJ”‘ o}7]1H, v = Course of Ground
{ =TT U= Speed of Ground
Uy, = C-Z+',_a\_—,;1,'n t=time

U ( ) u = Lateral speed
Ui+, = U y,c05(0y .
i+n itn b1+n v= Vertical speed

Uidn — Ll‘;'l'ns'in(ui+n) vi=t—1
[0064]
[0065] <A 1>
[0067] AAR(200)=, Kinematic YAHS E3) Mty &5 ARE o= uf, Aute] £ ARE I3kt Mk &
o AR7E 7] ARE ANARY & AR FAEE AS, ol <2 2>9F o] 7] FAlg MEbel &%
AEE 7INo R o Fe ATE = 5 3
max (U Ui—) - Uign > max( U Ui—)
Uip, = |1mn (U,U_—-1) Uy, <min(U,U,_;)
U +a .otherwise
[0069]
[0070] <A 2>
[0072] olmf AAF(200)=, 7] oASFe Mute] Aewrdf 5 9 AW HEE VFoR V] d5F Akl 94 o
ofH el 2x7F = ABF-, T QAMEA erate] of <A 3>3 o] 7] Addube] A ARE o 53t
f g+ AN
Aitn= : X cos(¢,)
f:"!’. uf
# Me
7|4, A= Longitude
o= Latitude
Ne = The prime vertical radius of curvature
Me = The median radius of curvature
AN = Estimation error of Longitude
Ao = Estimation error of Latitude
[0074]
[0075] <2 3>

_10_
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[0077] w3k A5 (200)+= Extended Kalman filter®B-S E3] HogHE o5 5 dow, ojuf +Fek Xl 23 wd
 K-T Bds AMg3te] ofg o] Alitgit.
[0078] A, <A e KT 298 Yehgy <54 5> K, T A4S Fx193kste] vebd Aol thdk Aol
Ted+p=Ks§
[0080]
[0081] <A 4>
B U .
UT RTERVES LA * 0
where :
¥ : Yaw angular acceleration [rad/s’]
¥ : Yaw angular velocity [rad/s]
§ : Rudder angle [rad]
I : Proportionality constant [1/sec]
T: Time constant [sec]
L : Ship Length [m]
[0083]
[0084] <54 5>
[0086] <F2] 5>o]| A L4 , v S Extended Kalman Filter®] State® A}&3}7] 93t State Equatione <2] 6>3} 7+
}.
wzjéw
, [ BEve wHE )
I = — —— + 5 —,(5 dl"
& ./( T L Y
W 5 [ i K\
_f(——au 2 b())df (ﬂ..a-—?-,b—?)
[0088]
[0089] <FAl 6>
[0091] Extended Kalman Filter?] 7]¥ State Space Format& <5=2] 7>3} Zt},
X.If*l = Fk . X-IT -+ wk
Y — H, & X —+ Vs
[0093] E+1 & k k
[0094] <2 7>

_11_



[0096]

[0098]
[0099]

[0101]

[0102]

[0103]
[0104]

[0106]

[0108]

ZIHS3d 10-2024-0105977

<2 7>9] XE= State Vector, Y+ Output Vector, Fo} H¥ System Matrix, wys Process Noise, vi=

Measurement NoiseZ @3} | K-T ®WA2]S State Space® YERAW <5=2] 8>3} 7},

i Taer 1T

7 1 dt WAL . Lgom: ’
v — L U? . (U] .
“ 0 1 = oaddt g T oWy
blia1 0 0 1 0 bly

L0 0 0 1

=[1000]X;+ v,
<4 8>

Extended Kalman Filter ¥ig]&E2 t}3 ] Prediction®} UpdateZE WHE3dl+= FFolH, duzgEY %7
% Po= Identity matrixE, X B34S AFES]| %7]3) 3o},

- Initialize

K, = 0.428419 + 0.19936 L/ B
T, = 1.94599— 0.04104Z/ B
B =1

<2 8-1>

Extended Kalman FilterZ o]€al] u, v, r& FA3t] W6S84 7159 Geodetic HEAY ¢ - A=E AAlsle=
28 <522 9>9} T},

i Igi’k+ fi”kdt

D}Cfl = uk > COS(wk*l) - Uk.x Sin(‘{,‘i’kil)
fer1 = Ue X SiN(Yerq) + Ve X cO8(Vgsy)

G = Bit f Upor/ My dt
Koo =t f Vs o/ (Npx cosey)dt

where:
¢ : Latitude [deg]
X : Longitude [deg]
Mg : The meridian radius of curvature

2
Rm(lfe“)
i 2 - 2,132
(l—ejs.mg(b] '
Ng: The prime vertical radius of curvature
RE'EI
V1—¢’sin’e
: seml—major axis
= 6,378,137.0m

e : The first eccentricity
= (0.08181919

R

Ea

_12_



[0109]

[0111]

[0113]

[0115]

[0116]
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<4 o>

HAR(200) = = 100] =AE wpe} o] 029 ST dHolHw A 7hed A=, F
Al 3599x9] dIE HeolHE odFdoh. I HAF(200)0FE = 11 =AE uwie} o] 1x 5
HolHE HA 7}5e stk 2zl A 3599%°] dig o5& Fsrt. o5 3 AHAF-(20

T 2% HolHE AAEA Kl Aol 7] AAE Azt g wlA FeH sidaE dolEE
o

—_
I
Y
)
b
° >
e

gl mE gg B SR (300, WA FHE AAE dolEe y|xste] wAled Rl Sgstal, o
w9 HAYY 2ds S8 dus EFEE 5. odE S, g 9 d55(300)=, AAH-(200)7F A
gate] Heleuo & gEdolEz ARgste] wAldd WY 58 T FF 1

HAaYy 2de 7 38 Fxstd, AAE dolEE AHudhe dEAed REd &3 2174 W (Recurrent Neural
Network, RNN), #+7] W22 (Long short-Term Memory, LSTM), Alo|E 3217 % (Gate Recurrent Unit, GRU)
ol k. RIS 24 ZddA &43 -5 3 U 273s 2857 24Ty the dEoE Hyle 54
o] glom,  AlAA~VF AojHSFE g HHUE AR T3] ALEHA Kdbe A ZAUIYgEL EA7E AT
LSTME RNNe] B7]elEdd ZAle] sjddos Ao, 3719 Alo|Ecr 243t g5 s 29 dA
of 49 AR Fo F8g HHE el olE o]&slo] 2YZFol| U= AAH O E(Cell state)o] HRE A
ofgttt. GRUE HIolE Al]ESt Al AlolEY st P2 353 deHE 9 g% $5& $dstd
A LSTM} FAbeE 3] Fos Hols Rdott,

—_
o
9

U
o

hey

A\ 4
A 4

e RNNS] =

hy *
/ Forget Gate Input Gate Output Gate \

Cod )
fl it
e 0;

L /

e LSIMS] FE=

Ct

A 4

hy

v
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[0118]

[0119]

[0121]

[0122]

[0124]

[0125]

[0126]

[0128]

[0129]

SIHS31 10-2024-0105977

/ Reset Gate Update Gate \

hy_y O—>
- A
u; 9t

el GRUS] F=

gl mE vakd "WAE ol8d sidue ETRE 5 wy(elst, W o 32, = 128
Fxopd, alduE dolE dAE @A(S100), dADE velHE ®AM Fu= HAsk= A EA(S200) R
AAE bl 1 1 1 sto] mAled md o 2 e EREE JdSshke BE gy 9 i =

SA(S100)L, =g wkek o], AA2F(100)7F sidas vlolg e dAes sdsh= DA, dA(SI0
0)oll A A e F-(100)= dlolEMo]aFolN wEg s Stz sk o sl s veolgHs F
ol A L

E8ta, FE g E dlolEe oA AA, AEFA Az dlolel B3k 2PdS P},

AAHAE 1(8100)—@ =138 Fxshd, AAHEF(100)7F FE3 ddnE dolg el o] dXE AASE o
A AA FASI0D), ASA7F EAStE A ASAE AA, dA e 45 2ds 53 2S5 E AZshe
AZA A7 o 1(5103) ‘; Aubo]l FHA R uel delx= SIS dolE F71E BE Aubd A ¢
& dolg H3 @A (S105)5 £33},

SA1(5200)2, A3 wpep o], AAF-(200)7F ZF HolHE €M FE= HAjste] vlojEu|o] kel A ek
Aol

AEHAE EA(S200), "HlolE Axpst @AI(S201), dlole AA ©@AI(S203), tlolE 2] o
Sk ©A1(S205) 2 Hlo]E| 9] dEo] Had AS- HolEHE dF5ss @A(S207)S X3

e
o
i)
fo
%
Ry
me]
=)

dlole] Axpsl @A(S201) o4 A AH-(200)=, Hd=ek wpel o], A F-(100)o] ofa] dAzld dolHE &
= el Aol mAstar, olE dolefMo]latel AT}, wolE AA GA(S203) M HAF-(200)=, d=

@ kel 2ol dolE AASE Ba) AA4E B e HolHE A%, A% D AT & s)Fon Hulso
% AR, S5 4R % do] JuE a4 FuR 44 L ZA@ek, olF dolguelxte] AFwtt. Held
o dZo] Wadx wess w9205 AAR(2000E, AT v Pol, 7] HAE AT o, 1
A7) LAF dolEzt AAHE A s wushs wAelth. Wl 7] AHE Az £AF toly

7F AAE A L A5 AAF(200)=, HolE <] 01]%‘—0] 22 A5 dolEE cdSshs @dA(S207)1M, d=
gk owkel o] AAH A XE dHolEE Y e® HolH| d5& s

233007 WA Fejz AAE dolele] s xste] Maled vl
% 'L—s—a . SR MaEd wag B sw F EREE o Fshe v,

-

FAFAE BA(S300), AAF200e] o3 WA Gz A4 deleE w1

o
Lo

Feels] 1 o dold
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[0130]

[0131]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

SIHS31 10-2024-0105977

Ei SR BUg HAESY] 98 HAE delHE RUsel FUst ey B3 wA(S0D), £99 s
doleel Zlzste]l RS Sheahs BA(S303), FHH HAE delHel szl SR mAg ol8F B3

AAYF(100) =, At vel go], wg EFEE oAS5staat ste A g g
& delE=, AIS TAE 3 AIS AHAR

41 AZH(Time), A8 HEZ(MST), $%=(Latitude), A=

=(SoG), AuFEF(ShipType), AHke] 7o), Heading, Aule] = Z4=(12K) 5ol

ole} & s duE dlolHi=, AAF-(200) 2% oy Axis}

AAE. 53 sidns dolH= 7] AAE Albet 4 ARbe] dej® g E o

ole], dHlolE AAstd siuls HolE H/E= tabd 1M FHE AAE s duE volH= AAE dHeolH
[e]

% @ 5 an.

il
oft
:cg
Ho

A AL "ol e oS 93 MLOps(Machine Learning Operations) ¥IAZRE 7]|&sdla Ay

AAE dHelHe oA5E HsiAe Ee RS wEA 83t Wkt delHe S we fAaE 5 9l
£ MLOps EHFo]l Fastth. oldl, FHZ dolg A @o] &8¥3 Q= Python 78S AMML(AI/ML
Modeling Language)<S 7H@Hate] &4 MLOps YIAZEE T4 AP = JEE A etsie).

Aeksk= AL MLOps ZHEZS AMLE o] &3] t}ksl dole A2 (R-DB, NoSql DB, Log File E)olA AlAE
dlelelel e dolee] &, dlduE dojHe dAAE % sdus EFE 458 FdT & ).

A Sl AFES Azdlo] AT 22 T3] BAH A U9 RS SR B AHgsHE T
9% 5 wAs ALae Ae wad

71A &S st W wEl X &= 8<% (supervised learning) ¥} WA= <% (unsupervised learning) o= -
e,

AxdEe 49 delHe Ay ghdo] = deolHd e Ras T5ste Aoz 54 ko] e wef #
F(Classification)9} 37 (Regression) & drolzlth, thxE¥el duglFoezt

machine), SGD(Stochastic Gradient Descent), NN(Nearest Neighbors), GP(Gaussian Processes), NB(Naive
Bayes), DT(Decision Trees) So] glt}.

SVM(support  vector

W R = gGe A ool SlE dHeolH glel ¥ dolEwt e Al dgete o, wst
(Clustering), =FY Z=4A(Dimension reduction)® yFolxch. dEZe #73 dugEor k-Hi (k-
means), DBSCAN(density-based spatial clustering of applications with noise), EM(Expectation—
maximization), OPTICS(Ordering points to identify the clustering structure) o] SLt}.

A S muel AR AEe AAL TR ohel, ASsA R B9 Wskz deolge BAY ¥
E7h dskshs 4ol wAse] mue] AREE Yol & £ 9v] WEe, deolg Wi fAsA 45
F YRS G52 AT A volEl Hu Wk S Rug 29 B AN A/ BelstE A
of Fastth. et MaksHE OlEE £9 BAANA ALHor FYstn sl UL Huso ¢ B
240] ik,

53], AZR(1000)e BUERS 9 ol o] WAy Aol AT WetE vlel Helstn FF w9 )
A 98 dolHE Agetn weE Bast drh YWAoR AP0 SFA WANE oY ¥4I 2
of WESI) Wi, ol 4P Aol B Y GOlHEES AFORE AFsolo} Bt EF oA Ao

ARG HelEE A4 717 B 98 Aol £ volEE eluahe, F4l(Trend)s %714 (cycle), 7
A4 (seasonality) 5 5ol gtk olde AAG dolHS a5shs AL Az Wslel net, dlZo] Baw
azol e, delge] Felo] whel Abgehs Flgel webxz] WEel vl g o2l e Alelth,

AAE 24 7Mers A4 7 dede &8 7idEel . A4 videEs A 24

e

)



[0145]

[0146]

[0148]
[0149]

[0150]

[0152]

[0153]

[0155]

[0157]

[0159]

ZIHSd 10-2024-0105977

ARIMA(autoregressive integrated moving average), ETS(Exponential Smoothing) 7] S°] Jow Tz 7]
W o 2= RNN(Recurrent Neural Network), LSTM(Long Short-Term Memory), GRU(Gated Recurrent Unit) %9
theFst 7ol ARgE L QT

2 GAX A= AIAE dolE oSS 9%k MOps EHEFS Adsth. MREHoze Asstd 9 dolg A
& ] 2dS ANE 93 Python 7|¥ke] I Z =74 o] AML(AI/ML modeling language)® A3 <l
kel tisl] Akttt

ARERE AbEl R MLOps E#Fel Wik A& S5 AT

1. Related works

1.1 MLOps

B

of

MLOpsi= 714l 8t5 AlAHlS AXEYO]o /ity &S FESH ol Ade] AiAdY 99 ot HH
3t7] 918k DevOps®] 7Id-& 71718tG Alz=wlo] A&k 7oz &4 FF(CI, continuous integration), A&
2 W E(CD, continuous deploy), #1423 A53}(CT, continuous training)® ¥Ho] ). <2¥ 1> MLOps

o] el

MLOps

y

Machine DevOps \

Learning
~ Data
Engineering
<29 1> MLOps® 7l¥% (&3 : Breuel, Cristiano. "ML Ops: Machine Learning as an Engineering

Discipline". Towards Data Science. Retrieved 6 July 2021.)

AA g Asge e

o]
Wats gl BAX ®¥sb wsse 4Rl uses] Ad deld £4, BF, w4, fuw
dlolg AXUols 7)ol A5 olu,

B
(Kl
[iu
ﬁ

stid 2l 5 AU, 2d Sl FUkR dasi,

st AFshe B4 A5} Bas, dudFel A

, ]
Ates S8 Hie] Hss d 7 dv Ik Az Ede] A2®F g VA T A2HS dHolH 749
Hsito m i Aso] Askd 4 dvk. webA dloly 46 WEtE FAstal AEHA 0w HolHE st B

MLOps®] ClIE SL=iel ohjel dlole], Hlole] 27, &l Fo] mE HiEsm AFsolok s0), (D 714
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[0161]

[0163]
[0164]
[0165]

[0166]

[0168]

[0169]
[0170]
[0171]
[0172]

[0173]

[0175]
[0176]

ZIHS3d 10-2024-0105977

gt gkl HAE wiEsoF dHrh. (T DevOps®t 7%= MLOps®] o= A|x®le] 2|4 Jhs o e}
1A

T2 Ase BEE <ad 2> YA <ad ¢ Zo] F 3uARE FAEY, 7 FFES v 2.
T 0: % Z2A 2~ (Manual process),

T 10 ML 3Fo] 2}l A58k (Mpipeline automation),

7 2t CI/CD spo]= e}l A453H(CI/CD pipeline automation)

ol ARAZES ALE WAL <a¥ 5> WX <2y 99} go] F 5 @AR FAHEY, 7t £ES

2.

< 00 MLOps $1-(No MLOps),

T 1 DevOpst AA T MLOps $12(DevOps no MLOps),

T 20 AE3tE g5 (Automated Training),

% 3: As3te 29 vl X (Automated Model Deployment),

== 4: ZAA| MLOps AHs3te #¢d (Full MLOps Automated Retraining)

Dats extraction | Data - Model s Model evaluation Trained H Model
and analysis i preparation training and validation g model [ { serving

Model
registry

Prediction
sefvice

<Oy 2> o AEE Bl £F 00 5 T=ZA2 (Manual process)

_17_
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Model ML Ops
analysis ]
[ T
Crchasiated expuriment
Dats Data Data Modsl Model odel Source d:;g;nn;m
L el
* analyss validation —7 prepsration ~ 7 taimng  evalustion ~°  validston T code 7 Epsg‘!';:w —>
Offiine :
extract
experimentation/development/test
S " staging/preproduction/production. ud ud ad ad ol ol ud ud ad ad i
——  store
Model Trained
regisiry it
T H
Batch &
fetching  Automuted pipaline
) €D: Model
5 Data Data Model Model Model ————————¥
T earaction 7 validation — preparation >  waining ~—? evaluation — validation k)
T
i
iz ML matadata stors
+
ferfarmance Prediction
TONfong i s e
T
[0178]
2~ I~ = . ] F3 . . .
[0179] <ad 3> FE9 Ask BEY F 1 ML Fol 2l A5 (Mlpipeline automation)
Mode!
analysis MLOps.
-L | 1 2
Data Orchestrated Source CE Build, test & package
*  analysis I experiment [ code —3| Souss  —3 pipeline components™ Packages
repositony
e v e e P e e A T co:ielne
staging/preproduction/production
Feature
store
Trained
Model
registry maodel
4 L. 5
Aomated pipeine
Data Data Data Modal Maodet Modsl ——) D Mocel
—— extraction vilidation preparation = training evaluation walidation =g
T
¢
L ML metadata store
4
{ 8
Performance Prediction
monitoring senice
)
[0181]
2= I~ = . ] = . . .
[0182] <ad 4> 29 sk BEY S5 20 CI1/0D spo] =&l 24538} (CI/CD pipeline automation)
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Level 0 —No MLOps

- Find best model interactively and exploratory.
- Create environment, gather and preprocess data, model training, deploy and test

manually.
- Data source &
Data Scientist

I e B

Madel Training Champion Model Deploy manually

u Preprocess

ML Platform
created manually

[0184]
[0185] <O 5> mlo] AR ATES] AL nd £ (0 MLOps §1S(No MLOps)
Level 1 — DevOps no MLOps
- Create managed ML platform.
- Maintain code test against application and training/inference scripts.
ps
- g
.:_ Data pipeline Captins . O : E/_>
2, =
s Eviinie? J I Code repository Code test
[ - = )
- ¥ he" g
Data catalog Preprocess Model Training Champion Model Deploy manually
g f‘l
managed ML Platform P ——
[0187] Data S tist
[0188] <O 6> vlo]AR AT ES] AHLr Bd 22 10 DevipsE UA| T
Level 2 — Automated Training
+ Make Code, Data, Model tracked, saved and version controlled.
- Automate training process using pipeline.
.: Data Pipeline a a
o N MLOPS  paea scientist
! Training pipeline Engineer
Data
Engineer Model e &)
Preprocess Training -
S "U
Data Catalog
Model registry
¥ e Get and save history
[0190]
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MLOps $1e-(DevOps no MLOps)
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[0191] <Oy 7> vlolARANES Yok BE 3 20 2AE3E g5 (Automated Training)

Level 3 — Automated Model Deployment

+ Package model, Certify Model and release model are semi-automated.

QA Engineer g
& - -
F L]
" 'f/‘.l- z‘
Model Registry Package —»  Certify Model — Release Model
Environments Datasets Eventing & Notifications
Code Explanations DevOps integration (C1/CD) @
L J
T
MLOps
[0193] Engineer
[0194] <% 8 mlo|ARATES AHer Y £=F 3 A53E 24 v E (Automated Model Deployment)
Level 4 — Full MLOps Automated Retraining .
MLOps

Engineer

e =

Engineer para change Monitor Log

Trigger retraining

R R _ by =

S

Model registry Test, validation \._, Application
Data Pipeline Ditaset Training pipeline I Deploly pipeline =i ‘
=
-
kobernetes (<75
P Software
i Engineer

.l B—— B ik

?»

IPrepm:ess Model Training  Champion Test, Validation QA Engineer
Data Scientist Li} Maodel E;;_::er
[0196]
[0197] <2 9> mlo|ARATES AHew dl =3 4 AX MOps AH53FE 24 (Full MLOps Automated Retraining)

[0199] 2] MLOps 42T sk o]ide] A 7l5d E3lso] A % #3
10>2 XA MLOps SZ 20|t}

ofh

LERAE FAT. <Y
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[0201]
[0202]

[0204]

[0205]

[0207]

[0208]

[0210]

ZIHSd 10-2024-0105977

& s Technical MLOps Process
Tool Purpose / Description Capability Enabled
- Managing end-end ML ML Pipeline - ML Development
@ Kubeflow | workflows on Kubernetes Development - Training
operationalization
ML lifecycle management. MLflow | Experiment & - Model deployment
mlf,f YW shines when it comes to tracking Metadata Tracking - Model Management
experiments, metadata, and artifacts
. Deploying machine learning - Model Deployment | - Model deployment
- SELDOW | models at scale on Kubernetes - Model Serving - Prediction serving
O Monitoring metrics collection and Monitoring Continuous monitoring
alerting toolkit
m Dashboards to query, visualize, and | Monitoring Continuous monitoring
» alert on monitoring metrics
Grofena
Automating training the Automation Continuous training
D go deployment pipelines
i Creating user interface to interact Model Serving Prediction serving
Streamlit with ML models (consumption)

<71¥ 10> MLOps 7% 7|5, TEAA 2 oELAA &F

Kubeflows 714 st wdl 7y g wE @A 7F%] U E] 2~ (Kubernetes) oA 2E Zlo Ha3d =49
F3AS FrZRS AXVER AFdo., FHERZ AIWEE (Central Dashboard, Notebooks, Training
Operators, Experiments(AutoML), KServe, Kubeflow Pipelines(KFP)& -3 %o} lt}.

Central Dashboard: B4 7]wte] AR = UIZ Notebooks, Experiments (AutoML), Experiments (KFP)
59 AXJEE o]gs 4 v}, Notebooks dfo|¥ mZ=Z A6k A8yt 1= Jupyter Notebook 7H4dF
E3E sy, dHoly AAgY B4 5 74 s 2d =g /)ad 9Jt}h. Training Operators™
TensorFlow, PyTorch, MXNet ¢ thekslh fleid Z@d=e] thelk BalstsS ¢35k, FHUE 2ol viEs

=
-

=

-

BAF sk wA A uel YarR=s —’Fﬁﬂﬁﬂ-\?}. Experiments(AutoML)= 714l Sh& Ede] AH5S Eol7] 95
e A3S z2pEsiety, Rdel stoly metu|eE A4 gkstE stoly IEiryH R4, REY Fx 2 = U}
A T wd UESZ o pIEaAE HAsete wd oFlEA B V%ol vk, KServer FHUIE| =] 7|4
sty RdS wj¥Estal FE5= 7|5 S A¥3H Endpoint, Transformer, Predictor, Explainer® 4% o]

t}. Endpoint¥ Predictoro] Ho]HE HE3d}lil, Predictors HO|HE o ZF3AY 573}, Transformertt
Explainer® Z Q9| wa} Predictor®t dAsI] AF&stH | Explainers Ho]EHE dstAY BF3S Ao o
B o= AlAEE AW 71esd AT A S (eXplainable Artificial Intelligence, XAI) 9&& 3,
Transformer:= dHlo|E] HAg], T£A8 7]15S AF3dct. Kubeflow Pipelines(KFP)& wAlgid aZ292 T
=33 v E3}7] 93 ML Workflow Orchestration =-°]™, Pipelines®} Pipeline ComponentsZ A|A}-&3}o]
kst A8S w2 H4A Fdste 3qe SRR S

MLflows EE ML lolvde], dxEld, wiE =7 EE dojet 37 zZ5des Ard Ay CEdo|As

AHo g 3= 714 G ZHEolH, Traklnglf} Projects, Models® A% o] i},

Traking= 717 g5 Z=& A o vpis, 2= W3, WEY 92 9 9dg 7E57] 98 API 2 Ul

o e AyEs 24 9d == Wioﬂ 71Z3to] vla B8 4= QI Projects® HloH
=] [

ol
T A4S A K FAS AFAS, e 2= EE Git dEARAY} Qe ddeels A s
2 Agstel A9 B4 2 == d4 PAS 49D Conda BHS Fol FHHS AHY 5 glom, xz
Asds WHE wA Aes 3 A4S BEH] AF oy AYFel 4e FE ATk, NodelsE 1A I

gaow A48 G FHeln, e wa u)

Z2ds ‘flavors’ & o8 ¥4 218 =
A2 Jojo] 9T Modelso]l AHEE 4 Q= 5EAS Udsts At gde] 23

9 =7E AT 4wy
EECEERE SRS

=

rlo

1.2 ML-Schema
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ML-Schemat W3C(world wide web consortium) Machine learning schema community group®l|A] A|¢Fst ZH o
71E VA T LEEXE Aust VA g daEsE, sy 3y, 459 doly 58 vehdE b AEE
o

=
T U AEE8A0] B2 2EEAE Avste AS HHoR .

DL2IA(deep learning description language for image analysis)+ ML-Schema®} PROV-ML7]HFo =

g4 mEe Aol e & At dololn, NLZ WHEol AT, AW ML 9AZ2e) v Aus} v
ZsE] 9lo] olEEty] e, xdoe] AR = wHeo] QUrt.

old g ©AS AAsH] Y AMTE AMS YT FAUole dyd 2as A9
om YALS 7|Rke R mhEofzl Qlojo|t}. oo & WA= 7heFshE AMMLES At

s Qolz FAH 3
sk,

2.1 RNN

38 A 7AW (Recurrent Neural Network, RNN)S <=3} €S AlAA G2 AHEste A|@A =2 fLx2E=
a1 @b, ouk QFAAY mEle ouZoa] @43 42 AU e 0% ZHZo @ #a U, RINS
2434 43 s S U Aus 2957 2YTY te dEe® Hule 5Fo] Urt. Ak
T RW R AlEaTE Aojdas oke) AEIE AR Fas] AdEA Kehs dde] wAske dHel e
™, ol& A7le)Ed wAlEa gt

hy

. J

Xt

<71¥ 11> RNN9] +x%

rlo
v
ol
1o,
=)
b
ic)
i
rlo
flo
N
o
fu)
=
=
o
)
24
o
N,
fo
:%
ofy
el
X
1o,
N
ofy
I
N
)

g <A 1059 A1) 2

E
ol AHTE AT 7S A Wesk ol Aol 29 AH h(h-)E AT 7FSA Welvh. <=4 10>9] 4(2)= =4

5% A Ao [ AR WA A5 £ ol
h, = tanh( Wz, + Wihy_y +b) o (1)
Y. — f(_H/;ht ) wenvsmmsas (2)
<2 10>
2.2 LSTH

A7) o 52e] (Long short-Term Memory, LSTM)+:= AlAIE d"lolEHE A gldl7] Y3t AFA S due]lE5o =24, RN
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[0230]

[0231]

[0233]

[0235]
[0236]

[0238]

[0240]
[0241]

[0243]

[0245]
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1}7)
Gate), &% Al°]E(Output Gate)?] 3709 A ]Ei ?Hﬂﬂ ok, 7+ ]O]E—E /\]:LE'_O]EQ} %%EJZJJE 3}
& 53 FAL dAY 9= AR Fol Fo3 ARE A, o]F o]&dlo 29T = A~

state)9] HBZE A o]slc}.

h,*
/
Cr4 ° >

fe b

By s » i,
*3

<1 12> LSTMe] +%

W2 AlelEx A fE AR FoLE AAste IS e, <52 11>3 o] A aRe= F4E o] &3}

o] 07 1 Atele] gk Azdo|Ed] HUFE

.ft :O—(wf[ht—l' .fl':t])

<F2 11>

A AClEE dA 48 Ane) FAEE A 4RS & TN 12>9] A(D)~(2)9k 2ol A A Aol

leE AR (x)S olA AA euZo] AFE AW (h S AIRo|= FEsl ATEAE Fro] WO AT

ekt

f —O’(uJ [ht—l 3}]) ------------------- (1)

C—tanh(w h,_p a,]) e (2)

T2 12>

AzEjoEe) ulolE: @7k Aolee} Y AoEdA A4F HAst WAl A Au Fo] Fawe] wel

<4 133} gol FaAs, of

O = F6 ..+
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[0248]

[0250]

[0251]

[0253]

[0255]

[0256]

[0258]
[0259]

[0260]

[0261]

[0262]

[0263]

[0265]

[0266]
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</‘ /\] 13>

Ot :U(wo[ht—l‘ J:t]) """"""""""""" {1)
h, =o,tanh(C;) e (2)
T2 14>

LSINS <19 133 o] AzHlo|Erl S45E HAelA wEsh wmEnS ol gans 7147 402 Ws:
7o Ey BAE A4S 5 9

e

<1¥ 13>

3. dlole) st o2

3.1 XML(eXtensible Markup Language)

XML Abgo]l oS 4 3 71AI7F ¢l& & Qe o= 3
oo dlolHE A, e E AT g vfay Ao 2 oY A o|rt.
XLel OARIS ExE 95, dubd 2 QY Abke] {848 AxsiH, T2 512 o9 dolHE A
3, AE L AT =

XMLE AR #HolEe AAHst {3l
XML Biz+= dEtdlolHE 238, XML %
(XSD)+= XML sl 2 faid Axtel 2o dEetdolHE Ao,

3.2 JSON(JavaScript Object Notation)

—
w2
=]
=

£4-gt 4 R G THE dolE AANE Aol 9% F 9
21 92w el wa FAolvl, Aust 9 B¢
$5E BF dolg P,

o
K
N o
=l
°

oftl

N

SY4Q dolg gelw | JavaScriptol Al SFAYEAA T w2 HA 2oy Adojoll= JSON 3
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[0268]

[0270]

[0271]

[0272]

[0273]

[0274]

[0276]
[0277]

[0279]

[0280]

[0281]

[0282]

[0283]
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A ol gAsa I BAsE At £3ue] Ak,

XL £4& ded gt 7hd 5= glov] 7 S48 7 ad Ao 3 W yehd = 9l b, JSNE B
ARESRE FElClA bdsl F3E S 9k, JSON2 ARkl Aol A4, ¢7] R tade eIl A

7)
A
Aotz XMLel tieh tigte = At

3.3 YAML(YAML ain’ t markup language)

YAML-S Abgho] A 18 4 & dloly Adst Aoz, 20019l Eeka dwkA~7F 19kgar, Ingy dot Net
2 QOren Ben-Kiki9} 3HA t]ix}lgict.

flo

YAMLL E= HolHE H2E, 4, 27w veolHe =gtom s #dd 4 =S /pdEden, &y
7

on, F4 2BdS Al9skar JSON

Xml Json Yaml
<2xml version="1.0" encoding="UTF-8" 7> { apiVersion: v1
<root> "apiVersion™: "v1", kind: Pod
<apiVersion>v1</apiVersion> "kind": "Pod", metadata:
<kind>Pod</kind> "metadata”: { name: hello-pod
<metadata> “name"; "hello-pod", labels:
<name> hello-pod</name> "labels”: { app: hello
<labels> "app": "hello" spec:
<app>hello</app> } containers:
</labels> ) - name: hello-container
</metadata> "spec”: { image: tmkube/hello
<spec> "containers™: [ ports:
<containers> { - containerPort: 8000
<name> hello-container</name> "name": "hello-container”,
<image>tmkube/hello</image> “image”: "tmkube/hello”,
<ports> "ports”: [
<containerPort>8000</containerPort> {
</ports> “containerPort™: 8000
</containers>
</spec> ]
</root> }

<71% 14> XML, JSON, YAML®] 7}FEA Hla

4. AMML for workflow

AL H3E52 009 Held ZdS Aok Aoz o]FoA Slo] Mpse] ¥A&5=25 frdsiAl 4

3o}, HAEXJEE AbstractComponentE FHA9 FAFd 22 3Fo] AbstractIngress, AbstractProgress,
AbstractEgress® A% o] gitt.

AbstractIngressiz HloJE 422 RE HolHE /M9 vg AEIER ADalm, AbstractIngressT A4
o} Mz=e e YoE A2A2E WS 4 gt}

AbstractProgress+ ©o]d AFXUEZXFE dHolEE o} join, split, filter, minmax scaler, zscore, LSTM
S dolg g8y 9 H13 AAET oF ¢ g5S s AHE dolHE tg AXWER ATt}

AbstractEgresss¥ print, alert 5 & AIXVER Agd dolg7} gl 2%, o)ld AXHENA JeEe
olHE AT sta FTEIE HEHET, o <9 15>E HEYE Z 2 tholoj a3l S yEpdY,
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[0290]

[0292]
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[0295]

[0296]
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Abstract
Component

abstract methods()

I
i

Abstract ' Abstract Abstract
Ingress | Ingress Egress
- data_source - join - alert
- split - print
- filter

- minmax_scaler
- Zscore_scaler
- RNN

-LSTM

<719 15> AXUE Zgj~ tholo] 19

Zt AXJEE doly AAEHE  pythonollA 7|EAS2 AP3HE  key-value FAo=2 FA4€E ARA
(dictionary) Fejs] WlolEl queued Bl FASY, 7 HEUEE WEZEA~d FUE SYHOR T
ST, olE] 22 RDB, NoSal ¥ 271 sk § Akl PR EAY 5 9 OFE dloly AnE A
o A8 5 At

a2 FAA
9=

>~ z218F =
B

A B A=Y
T T J ?115]

= A S A5 7% F shtel mae o4 BT oY HolHE AEHe
2 3= AR AX =
— T

SNk A4 AEVEE dye] Wl 4 dolHE AFstn glon, muel o4 BAskE F%, vl
guol o] Bisle] HolE Ao, W Aol BET F YES A}, ofd) <Y 1652 Wk ZaA

25 YERIT

1=

Queue #1 Queue #2
—> > — Step 1: Detect
— Abnormal
SnapShot AbnormalDetection Alert
Component Component Component

Step 4 : Save Step 2 : Save
Alert Buffer data Alert Information

Step 3 :Alert
Abnormal Event

<19 16> AWAE ZEAXA

5. AMML for model

7 g mdel ge] Fam mel pash o FERZ PR, VLS o ekl Aot <1y 1758 3%
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[0298]
[0299]

[0301]

[0302]

[0303]

[0305]

[0306]

[0307]

] LSTM Layer® 44

Folr,

model;
input:
shape: 11
Istm1:
hidden: 256
activation: relu
Istm2:
hidden: 256
activation: relu
Istm3:
hidden: 256
activation: relu
fe1:
unit: 126
activation: relu
fc2:
unit: 1
activation: relu
train:
loss: 'nmse’
optimizer: 'adam’

walo] AolE hehyn,

input Gate

<1¥ 17> LSTM Example of AMML for model

el

1

1o
of

olFA Aeld 7
t] o] B ] o] 2]

6. Dataset

AAE 2 HolE &4 HAE
5 RUE Y 2 okA 33y

ul 23}

Mobile Service Identity, MMSI), A1

Y 5o 54 Ane e,

<1 18> ¥ <13 19> AIS Datad]

wul

o
b&‘l‘x

= dlo]g o]~
, AbstractIngressZH-E JZdolH=

_27_
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1Ak = HeolHE

dlo] 9562191 <]

shel Aol g,
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optimizer 59 U EE dAsle] Ao},

ol A= AbstractProgresse] LSIM AZXHE+=
HAadbol &r5S 33},

FAAR AHAn APTRe} BEdlHE

L=

9 Az 98 APTELAZ A5 AIS DataZ BEa
A3k stol 5 vk g Baw Fad dolgolu,
CAF, A 5L B AF Arel AZHUIC), Al

g

t}.
AR
X]dko

epuie

AIS Datat®
H5 (Maritime
=, "=, &

A

13
1=



[0309]
[0310]

[0312]
[0313]

[0315]

[0316]

[0317]
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r_MSI rLat r_Lon I r-Cog [ r-Song | r-Hdg | r_Time r_StartPoint .

EE E=] [ER] EENEEEEE ER |
1 440132430 34.871752 127.782352 166.3 1] 0 2020-07-01 09:.40.:54 1
2 440133050 34.906577 127.6711682 1098 a1 37 2020-07-01 09:40:54 1
3 440133640 34.8614 127.753625 633 0o 0 2020-07-01 09:40:54 1
4 440066360 34.805203 127.669607 218.2 a1 216 2020-07-01 09:40:54 1
5 440005400 34.505533 127 669082 0.0 1] 331 2020-07-01 09:40:54 1
6 440301490 34894558 1276596 2331 53 288 2020-07-01 09:40:55 1
7 356417000 34.502438 127758692 0.0 (1] 103 2020-07-01 09:40:55 1
8 440222930 34.864243 127.733418  197.7 a1 177 2020-07-01 0940055 1
g 563007500 3486543 127.779328 2866 92 287 2020-07-01 09:40:55 1
10 440008730 34.754668 127758953 523 0o 0 2020-07-01 09:40:55 1

<72% 18> AIS Data®] X AR AHAFx 2 MZ ol

r-MMSI rIMC r-CallSign r-Mame r-CargoType r.Amta r_AntB r_AnmtC  r_AntD r_EPFD r-Dest
[E= [ER] [EE] |EE [EE] [2e [2e e |2 [B" [EH ]

I 440196110 0 190015 NO.18 YUSUNG 80 24 B 4 4 !
2 440147880 0 325¥YMH 25 YONG MA HO B2 o o a D 1
3 636016402 9655975 DEFZE CLEAROCEAN MARIA 80 147 36 8 24 1 MIZUSHIMA
4 440222930 0 154002 DO YANG NO.11 52 15 20 8 5 15
5 440080030 1} NO.1 WOOR| 80 20 10 2 4 15 INCHEON
6 440068520 o HWAHAK BANGIE 2 a (1] o a 0 15 YEOSL.KOR
7 440314680 0 652 JIN NAM 52 a 29 4 4 1
B8 538005035 9654587 V7AYY ARDMORE ENDURANCE 80 144 33 9 23 0 HK HKG
9  5B4970000 9594476 V2551 BW BOBCAT 80 143 34 5 25 1 JPWKWS >
10 440137000 9673111 DSHPS KIWANG JIN NO.17 52 14 20 5 5 1 YEOSU

<Z# 19> AIS Data®l FH4R Af7x 2 AEvolH

ﬂ
o
El
ol
rlot
1>5
[l
2
i
o
4o
off

+ AMML model

¢

AL 1282 3

by
0

B2 9 A5 gaszz Pt <1y 2008 8

St I ZRE ‘AlS_con’ ¢ HlolHE EZ3&to] filter @ interpolateE =i HAAYE AYS FIysn
splitS %3] HolHE UdHA featureE AAF3IT}. feature?] AAFE feature_engineerings E3lA 31,
feature_engineeringol+ get_congestion, get_variance_width, get_variance_rate, get_variance_prob,
get_n_max, get_n_avg, get_Num_ship, get_Num_Volo] o, 6 ZZ Exd% WEE WHES HZHAAA &
AY g5, ndel Ui Huigk 2 Faak, AR g A w5 S FIke HEdE|.
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AMML for Maritime Congestion Training Model

source id = "AIS_con" | filter | interpolate | split | feature_engieering | join | grid |
data_load | data_predict | scenario_set | train_LSTM
model="AlS_con:scenario##", epoch=500 | scenario_check | print

AMML Diagram
source —  get_congestion join
| !
filter —» get_variance_width — grid
l !
interpolate —» get_variance_rate — data_load
Ii !
split get_variance_prob — data_predict
'
—> get_n_max — scenario_set e
!
" get_n_avg 1 LSTM
!
—  get_Num_ship — scenario_check —
!
—=  get_Mum_Vol — print
[0319]
0320] <% 20> APHE BHE 52 AT G AT
[0322] Z} feature?] Al4to] S5 HW joing FaA featureE FH TSI gridE F3 dlolEH Y AAEE F3 ). o]
T data_load® B3l €A Helz AAsta HAFHA £33 dolHE SR data_predictE F3 oS3},
scenario_set> AAY feature?] Z&o| wWE Ayl o] wet data_predictES S 243 wlA Hejo do]
E]S LSIM AXVES J&Hsle] RdS s153t}h. scenario_checkS AlUg] e F8 o8-S #uste] AAd A
Qo] wet stES WA print® ABRE AGEA AAgrt. shEE 2E g 29 HE JRE dolg
oo AAste] FF HFaE EFE oS AT F UAEF gt
[0324] A& AAZRE <Y 21>3 o] FAS .
[0325] A% PABZAANE S5 AT AR dold AAe, vold A, doly HA) ¥ BaA

N =
S Faet}t. ©]% Train Best_Model2 35 T Z oA Alvg o] wel 5e 2d F 71 dso] £
2dAS QA3 printE E3 2SS EHg)
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[0327]
[0328]

[0330]

[0331]

[0332]

[0333]

[0334]

AMML for Maritime Congestion Prediction Model

source id = "AlS_con” | filter | interpolate | split |
feature_engieering | join | grid | data_load |
data_predict | Train_best Model, out_cols=

['predict_congestion’] | print

AMML Diagram
source join
l i
filter grid
interpolate data_load
! |
split data_predict
y J
feaure_engineering — Train_Best_Model
print

<™ 21> s

8. LSTM model training and results

Adus =HE A5s

N

fut I

o wWg xd
HEeZ, ¥Hes, ¥
=t

fo fo ok
o 2
R

oo [ ot
w10
oX,
olr

® 0o
=
2
i

o o
o ug
1o
>

He el A &

Asle] AMLE wHEo13R
ol neh < 4>sh ol s oM,

Lo} ER%e] 3, 6, 12, 249 HAEgS
oz o FATE 2 =3 A

WEFE o] EF (e)AHE L

~
2gE uglon,
428 w& Hdl

=1

=

El>

D OLEEEE

‘O
AS B
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T3t A el 2= Feature9]
<E 5> Bl <xE 6>% ’\]Urﬂ_‘?_oﬂ e 5 Aol AvEe 74
Train / Validate 23, Congestion¥H& ©]83 (a)AlYe] oA Valid loss7} 0.2717 Ygkon},
4%, 0.2182%8 Rdo] AFo] /AE

AR (A9t 3, 6, 12, 249 WS AL (DAIYE
Z}7F 0.14907} 0.11642] Valid loss® <ol F Alug]ent) mdle] Ay =
, ddA e

ol Fkow, 53 (M)A

= Valid loss”} 0.20472 (b)A|UE] 2.9} npzriA 2 &
(OHAFE Lol & Gate Lined] EHEE A3 BE featureE 9|
dlo] A5e B,

FEE o] &3 (DAY A=
AL HYow HE features

Valid loss 0.15202.2, (AUl 29 (e)AyEle Ht
o] &3 (h)AUzl2olA Valid loss 0.0835% &
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¥ 4
Input
No. Qutput
Trend Prediction P
(a) Congestion -
Congestion
Variance width
(b) i =
Variance rate
Variance Prob.
Congestion
(c) =
3. 6, 12, 24 avg
Congestion
(d) -
3, 6, 12, 24 max
. Num of ship
(e) Congestion i~
Traffic Vol
Congestion
Variance width Conzestion
) Variance rate Num of ship
Variance Prob. Traffic Vol
3, 6, 12, 24 avg
3, 6, 12, 24 max
(@) Congestion(B zate)
g . .
Congestion(C gate)
Congestion
Variance width Number of ship
) Variance rate Traffic Volume
Variance probability Congestion(B gate)
3, 6, 12, 24 avg Congestion(C gate)
3. 6, 12, 24 max
[0335]
(0336] <& 4> s @AY AvEe 4
Z5
[0337] No. AvElerd st A9
(a)
0.6
05
€ o4 ‘
k] ‘ ; ‘
% 03 ‘
2
S 02 l’ ‘
01 AL | ‘ h
i ﬂ i L ‘JJ" UL ML
0 250 500 750 1,000 1,250 1,500 1,750
Time
(b)
0.6
0.5
% 04
9, |
@, 03 ‘
S 02 | i 01
0.1 ‘ “i‘ {’\ ‘
oo Rt e
0 250 500 750 1,000 1,250 1,500 1,750
Time
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(¢)

Congestion(%)

0.6
0.5
04
0.3
0.2
0.1

0.0

M

UG AL L
l‘ “‘}‘l.‘ L (7 »‘

o

250

500 750 1,250 1,500 1,750

(d)

Congestion(%)

06

0.5
0.4
03
0.2
0.1

0.0

:

250

500 750
Time

1,000 1,250 1,500 1,750

(e)

Congestion(%)

0.6
0.5
04
0.3
0.2
0.1

0.0

il 1 |
| TN
“‘ 'r1 U‘ . U

250

1,250 1,500 1,750

(f)

Congestion(%)

06

0.5
0.4
03
0.2
0.1

0.0

A

o

250

500 750
Time

1,000 1,250 1,500 1,750

(g)

Congestion(%)

0.6
0.5
04
0.3
0.2
0.1

0.0

o

250

500 750
Time

1,000 1,250 1,500 1,750
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(h)
06

05

04 ’

1

RN
Wl \ Y

v

03

Congestion(%)

0.2

0.1

0.0

0 250 500 750 1,000 1,250 1,500 1,750
Time
<% 5> Ayl sy A
FZ6
No. Train loss Valid loss
(a) 0.2094 0.2717
(b) 0.1574 0.2182
(c) 0.1205 0.1490
(d) 0.0943 0.1164
(e) 0.1491 0.2047
(f) 0.0647 0.0842
(g) 0.1116 0.1520
(h) 0.0677 0.0835
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