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A Study on Navigable Spatial Planning using Big Data on
Maritime Traffic in Geographic Information System Environment

Jeong Seok, Lee

Department of Offshore Plant Management
Graduate School of Korea Maritime and Ocean University

Abstract

So far, various user using marine space around the world have been
using it preemptively without a comprehensive management. Such practice
has caused such social problems as increased conflicts between marine
users and has led to excessive development of marine space. In an effort
to resolve such issues, European countries, China, Japan, and the United
States categorized marine space systematically and quantitatively prior to
providing the area to the users. Especially, the navigation areas among the
user using marine space are given priority over other purposes of marine
use, and enables navigation routes to be secured.

In the Republic of Korea, the Ministry of Oceans and Fisheries and Busan
Metropolitan City established and announced the Marine Spatial Management
Planning for exclusive economic zones and territorial sea for the first time
since the implementation of the Marine Spatial Planning Act. The planning
divided marine-use areas into the following zones: fishery activity protection
zone; aggregate, mineral resource development zone; marine tourism zone;
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environment, ecosystem management zone; research and education
conservation zone; port, shipping zone; military activity zone; and safety
management zone. Here, the area covered by the port, shipping zone
represents 17.36% of the territorial sea, and the figure stands at 1.07% in
the exclusive economic zone. The designated territorial sea refers to the
selected areas only inside the busan harbour limit and the traffic safety
designated areas. The sea is not designated as a navigable area if it does
not serve the purpose of the space required for sailing.

With the aid of a quantitative method, this study attempts to create
novel maritime routes — while employing the big data of the maritime
traffic to establish navigable areas - in the Marine Spatial Planning (MSP).
To perform such task, the traffic density would be calculated based on the
actual traffic data, while the safety of the novel maritime route would be
verified by applying the new method of the route generating algorithms.
Following the verification of the safety of the novel maritime route, this
research will subsequently determine whether it can be applied to the
navigable areas of the marine spatial planning, and then use it to the areas
where the route is to be established or the areas requiring modification of
the routes.

To apply the route generating algorithms, a one-year KDE (Kernel
Density Estimation) analysis, based on the AIS (Automatic Identification
System) marine traffic big data, was performed. The Quartic was used for
Kernel function, and it was analyzed by applying overseas cases, in which
90% of the total sea traffic was selected as a navigation zone. The image
processing algorithm based on the result of 90% KDE analysis was
conducted. Also, in order to separate the areas into the route part and the
non-route part, the Otus binarization algorithm was used.

After performing the image binarization process, Sobel, Laplacian, and
Canny’s algorithms were applied to extract the boundary of the routes. As
a result, Canny algorithm - the most accurate on obtaining boundaries -
was used for the analysis. The boundary of the route consists of lines, and

— viii —

Collection @ kmou



the Harris detection algorithm was used to extract the corners where the
lines meet one another. When the image processing algorithms are
executed as above, it is possible to present the initial appearance of the
generated route. However, the routes created by applying the image
processing algorithms display some sections as uneven or cut off. The line
smoothing operation could smoothen out the lines and combine cut-off
parts. Then, the smoothened out route areas could be divided into triangles
by applying the Delaunay triangulation. Depending on the number of
triangles adjacent to the generated triangles, we can enter the attribute
values from 1 to 3, and the individual attribute value can be composed of
nodes, curves, and segments. When all segments are connected, it becomes
finally possible to create the centerline of the route.

The generated centerline is compared with the centerline of the original
route in terms of stability. To carry out the comparisons, the sinuosity
verification, the intersection angle verification, and the route change
envelope(RCE) are performed.

In the end, the centerline of the newly generated route, with few
exceptions, achieved excellent results in terms of stability, and we intend to
select it as a navigable area of the Marine Spatial Planning.

KEY WORDS: Maritime Traffic, Novel Maritime Route, Marine Spatial
Planning, Kernel Density Estimation, Big Data, Image Processing
Algorithm, Verification Route Stability
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aga ASRe] AME FEe] AEele 7€ R AdHIAIS 2%
wzt, RCEE Rl AFste] 449 2 hddes Ttk T A=
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2.1 3 F717A8(Marine Spatial Planning, MSP) & 9]

AT gt dR FASol o8 AHREHIL A shAIRE FRHE] &
el FAZA #YAA Qlo]l Aoz o]gs| oA o] FAE It &5
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Source : KMI, 2016

Fig. 1.1 Marine spatial planning
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Zoll dtHel4 2] 2019). UNCLOS (1982)= Auke] obal aajjo} afj kAl
=39 olAAYE 500mzE YERHAL ot T2y o]= o
dutel FP7HES AFHOoE AHFshA et A ¥th PIANC WG
161(2018)-& IMO(nternational Maritime Organization)o] A1¥b ZFA)%57]F2]
5L, Au}l &&rle] AEld 94E 8$h 1L, UNCLOSS] o]dA7 <Rl 500mE
a#Hste] 6L + 500mE A3 i AFH LGRS o] AAYE ARt Uk
Z1@oll A Adubate] o] AAE 4k= WS Tl AAstR oY, AR o
o

2 gaTee e s Uitk

o
N
AL
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©
o
e
M2

221 |=

UK MCA MGN 543 (2016)2 g=r2] thEZ 314
= AE FHY AR LAGAZEE] A7t ] o]
Hoz Yena dP7He AASAT AR F ]
Ade tiFH R T EAEA 7 dom, AFs It Mdutae
ol AAT 7Rt Y7 YePIT o|9f 2 WHLE SN uEFE b
Jo7 F2E WED, wEH EXQ 0% R sdETEadaRe} v}
é_é

e VA R e

efsfof shvl, s
2 e ALE 1
B, S 5 ATH HYFAAAE O AT /12S HEsoksta

uhe] =17), W4, 715AHL BE et Aokt
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Fig. 2.1 UK MCA MGN 543¢] AA 3| nTHF 5 0%THE ARg3ste] A
dlo] Egsls FRE AR WHS Uehd ol

ool AVaAelsh AAFALAS FA0E kit Co el A B
of ke TVgARIsh S FEENS] FANS LhERITE D 90%e] At 3

of HRE gAEsh AFEEN FAAE ERITE B 100%0] A g
of Hha% FhgAEls) S EENS] S-S ek

Of
O
f

rr

Median or Centre Line
i *]

T 1 < Shipping Route width >

L& ]

[c] .

Turbine 90% of traffic
Boundary
4 Nearest ,
edge(s) Further

D edge(s)

LE |

Source : UK MCA MGN 543, 2016
Fig. 2.1 Shipping route width using 90% of maritime traffic
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With 20° deviation over 15nm the width
of the lane must be at least 5.5nm

Source : UK MCA MGN 543, 2016
Fig. 2.2 Example of 20° deviation over 15NM

Table 2.1 UK MCA MGN 543¢] a7+ 38 ©x]o] Ao thgt 7]
= Uehd Aoz, 7HA Y 3§ dAE Tt At ok sidE
HE Rl AA sidusdE 0% 71E FET9 A AgE VA 58
dAZ FES Aoz, A7t <0.5NM(Nautical Mile)e] 7§l X-Band
olfe] P Foz s wolsd 4 §le =7 (ntolerable) o2 YERY I
At 0.5NM - 3.5NM(926m - 6,482m)-> A8} 2&x}7} COLREG(Convention
on the International Regulations for Preventing Collisions at Sea)& <+<~3l™
S-Band #loltje} ARPAS] M &S w#acloez Ry, ALARP(As Low
As Reasonably Practicable) $13@o] @ejzog A8 7ls3 ik 2EA 3l
ofF gtz 2135t s83skal Aok I AL D3.5NMO6,482m)2 aldEE E
Q3 ey A o]AAYE Tt WA FEEH= 7ot

Collection @ kmou



Table 2.1 Tolerability based shipping route(90% of traffic)

Distance of turbine

boundary from

based radars

shipping ) . e
Factors for Consideration Tolerability
route (90% of
traffic, as per
Distance C)
X-Band radar interference
<0.5NM Vessels may generate
. Intolerable
(<926m) multiple echoes on shore

Mariners’ Ship Domain
(vessel size and
manoeuvrability)

Distance to parallel
0.5NM-3.5NM boundary of a TSS

(926m —6,482m) S-Band radar interference

Effects on ARPA (or other

automatic target tracking

means) Compliance with
COLREG

Tolerable if ALARP
Additional risk
assessment
and proposed
mitigation

measures required

Minimum separation
>3.5NM

distance between turbines
(>6,482m)

opposite sides of a route

Broadly Acceptable

Source : UK MCA MGN 543, 2016
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2.2.2. 7]

European MSP platform (2016)o] w2 wWl7]oo] E3| s AlA A
gt 822 7 Bol AHSEE vtk F shuolth 33, W, oy, =
M, FY 5 EE &% vnE &85t A, o3 & KollA B3
g ol @A} WAStaL Utk wekA BE BAS] 73S wE] fld @)
ol AFAHAA Bl sido] sjdetAES FHAT e Be
AF E5s AR AAANIIE AL oA BAdsta Qla, vitkel A
HHo g HFsl7] 9% FAY Y FHEAT o] AP 69 5t Al
BEANL, oAy F7HE0l T Ue NEFHAL S FAATE D)
ofle] Hall g F WA 3454kn’, SAZREEH 7P W A9y Age
45NM, Bt T4 20m, 7HE 22 T4 45m, T 3t Aol 65kmeolm™,

d 7)ol o] sjFEIHAY AA A== Fig. 2.37 2t

L

-

Source : European MSP platform, 2016

Fig. 2.3 Overview map of Belgium MSP
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W7o = 2 B EFY(Nature Conservation), oA - Alo] & . dlo]zg}
Q1+<(Energy, Cable and Pipelines), &3§ - &vt - =4 5<(Shipping, Ports
and Dredging), o1 - <F2](Fisheries and Aquaculture), =zj - & 7 =
et R 35(Sand and Gravel Exploitation, Coastal Protection), A<
(Military Use), & - &3} - 33} - A74Tourism and Recreation, Cultural
Heritage, Scientific and Measuring Poles)Z 7/ TFAste] YeRa

So—urce : European MSP platform, 2016
Fig. 2.4 Shipping, ports and dredging area of Belgium MSP

W7loo] P AAHolE  ‘Free’, ‘Innocent’ o Yol AHgHT
(European MSP platform, 2016). o] ¥z = aiHo] #Ag A ekl
UNCLOSell HAI=o] dct &+ AoM= o] e EFrRTt A% Tt=
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F7He Ttk &3, Zeebruggeo}l Ostende] - B 7<) nith o
29 g8d 7 3k Al 22790 Collds Addte] =8 F3sial I
o Ad} FA Bt rhssies 22 vehla Qv 24 8 Eele AdE
HEZITE A& AhE EFYo® AR glo
A Y PRIk AR F7Rl oluA] Zoke] 7]
= FYHEAEA] FHolME A B F420] Sl eHA Wtk ]k Albte) gt
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2.2.3. ¥=

NESERDAQ017)+= W= 78 3iQtellA HA=H= aid3eddad= et 33
oo A4S U3l F82 ARE AT $PE ATtk Fhe) I
2 4] AY Y o
gzt ofu mhso] glov), SR AR el 1 o
T A o)9) eJolA, ol g sl Aol et FEE Qick wekd E

WATA A Yol FYFo] o] L3 Hojoldk axE BHEel B
F7} A=) o] ATE Sy 918 A}%

Hko 2 20114, 2013 18] ar 201439 8 %FA] 2%
3 Azr Ak 213 o)igo] AUt HUHEE AAR s}oq Pis=E=} /\g/‘g}ﬁ]—
on), 1 An F 79 FATe] Uehith o] AT = Chrd P
Estgon, #9 Al A7E /Mo R Fre) g AAIHSth

Fig. 2.5014 79 Yepl7] 9 ¥ 5 A, 718 1A AIS dlo]
B 7oz sy 247 Ui 2 A, Gis7lo.2 A

& =
H s 5 @9 di|e] theke] FE g3 8 EAS SR A, A
8

i_.

m10§87ﬂir4%1ﬁ

= =
FYTAS Folsta, F8 5 79& AAAL A, AT 97 7}
R

Uehia, 28 AT S 294 Bk ol WA, 69
Al Hee Fal gzel PHES g viXgow, AAH Brie
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Data updat
workfior
AlS data
analysis ]
o °® - ]
- Characterization
Modifying of OSA
Zones
Workflow to
inform
shipping and
[ ] navigation
© study ©
Minimum Identification
distance of vessel
evaluation routes
o ®
Navigational
risks &
economics
Decision gate @

Source : NESERDA, 2017
Fig. 2.5 Study workflow of NESERDA

Fig. 2.6 AIS tlo]El& 7%k S ER O AZts)l g Aot} W3ty F
o] Aute] AYET} 7HE £ FolH e Jbeas v "=t
Fo o ojmit) o]2d WHS TR HUEE Az &= Zlo] &
Aol AWk Fo At FPFHS WA st A Ak AlS Tlo]
Hel w2 54, F2A, dJAd, AAHd g oL s ajYellA 7HE
B2 HolHE FAEH AT & 39 HolHd w3, ml=sbnit)
(United States Coast Guard, USCG), WIGA, &4 2 Q& 3} e At
T @o] F&ste sideltt s iAo o] &AlukE MESE e A=
Fig. 277 2t} &4 sjde] Mt {8 F slade A Add 5 °F 51%E
AAPom F2AL 34%S 2AAZTE AU 2 3%, A 1.6% 2 o
A 14%E FAEJAT. A 73 vl nit], WIGH, 1454 9 8 E
S 22 Auke oF 8%E A Fth Fig 2.8 BE A 3ol st A=E

12481517] 18 5 ~ 20709] Ak 21 ~ 507K, 51 ~ 10070 A1uk, 100747} A
dutel /% E/FE ARESt 2z Ao tidk A3E vehdich
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Source: ESRE2000; BOEM 2016c: DOC: NOAA 2013 OCS

P

Figure 8

AlS Heat Map of All Vessels Within the Areaof |
Analysis in 2013 ;
o

Source : NESERDA, 2017

Fig. 2.6 NESERDA”’ s AIS heat map of all vessels within the area

Passenger: voyagesiyear

» Tankers » Others
«Passengers.  « Fishing

Source : NESERDA, 2017

Fig. 2.7 Percentage of vessel trips by each type of AlS-enabled
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A o S = 1

(c¢) Tug and towing vessel (d) Tug, towing and WIG vessel

(e) Passenger vessel (f) Fishing vessel

Source : NESERDA, 2017

Fig. 2.8 Track plots of AlS-enabled vessel
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Fig. 28¢ AIS A8 So] 7Psd Aute tgos ekl 9
=4 U

olt}. Fig 28@%E 3

(Traffic Separation Scheme, TSS)S W=z W% E3x7} e} =
A€tk Fig 280w F2Ae &4 A= SEAY FARE dHo g e

[e)
=4S

W}, Ol $247) o) geks el Aole] me} WEe] o)z} thEA U
7

B 22 B9 @ £ ok

Fig. 2.8(0< A< yUekd Aoz At

2 2 AgeHe A3E Uehle, Fig 280% WIGHS A%stel et

d Zow Uxo) WHIlES
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sefsigont ddAoR G mAA Y=
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pm——}

Figure 2
Main Vessel Traffic Route
Identified Within the Area of Analysij

5 am [ d Fassanagyryossals 217 Camgn vl 201

<o Teianal SeaBoundsn 12 || Esiing Wind Enengy e T 3w per n-wm. e et

gy ]:['I-N!t_mn n:nvu:-u.::u. 31900 veskeh et e

- || [ | yoar
o i P sneen .

E Tatib 2013 Tt B Tewing Uesieks 2015
QW‘W" 41- 30 veach perymar 21+ 4 venaeh perymar
- 511100 yessh ey 51100 v e pend

I ok poryonr [ oo year

Source : NESERDA, 2017

Fig. 2.9 Main vessel traffic
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224. VEE=

NEA (2016)2 U@ =2] Borssele 338 c=]o] =4S {8 39
S AAsY Yehich siAAEFEEAGH 24 A g
1.ONM(1,852m) ~ 1.INM(2,037m)o] A9t &9 o2 #|td A
(=555m)& el Fg. 2103 Zth

e -
!

Source : NEA 2016

Fig. 2.10 Route area of Borssele offshore wind farm
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2.3. FYFAAZ SUWTF

231 AFETAAEY 74 dF

eeke slrEE e 20179 SFEzt ERT S ADA o gA7
T2g wATAZ AUsATh 20189 480l ALEAY 2 Bejol
3 0E, AGTAALL AT AFRaARE 20194
A2 AA FE, BN TH 5 ST B LR S
AL HFET F1RABQ019-2029 BT It AAHY Bl

o] FEIte & - NESHA FA T DFo]l AEHA sFFIE N

i
r
oo ¥ % o i

o
At
(o off
>
Rl
Sk
2
o
2
N
=
s
o
of
Ll
3R
=
o
2
k=)
I
ol
"
Ir
o
>
oH
o
X
ot
Ne
r 2

Z253 UTHEFFALR, 2019). S, S PRAr
RQ0I9 AL SEETE RAL0I9-2029L HFENALY A5zl
e SHYF BA F4S) Afolth AR Jsish wieks A
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HHEHS ZA+ (EE2)
2021
2018

77| QIm— —ze-as

2020 S5l EEZ
.

Maf EEZ
<2k 2
201 9 2018

gl EEZ

Source : 3l AR, 2019
Fig. 2.11 Marine spatial plan of Republic of Korea

Fig. 212+ A+ sigaAI= el 8 74ke] sl-8 = #78 W-&oltt. o] A
o w2 FAiF Y ol &F RoTY, A - BEAY NI, sk
B, 24 - AuARE Y, AT AsEATY, - Ty, ZARE T
o, TR FREJOH AT - AFHATY, TARRETY, T
2792 B 85797 T30l JFssith sYgsAIgL Falet ujerd AAl
Ho = o] XA ATE Falel B¢ wARET HIS40.53%)°] 7MY EaL,
AU EFHTTH(29.71%), ARt - &=P7H9(17.36%), A 7-49(10.52%), 273 -
AEIA ] TE6.72%), ASHBTA2.61%), AT - R ATE0.39%), ZA - &
EANETH0.05%) =itk WERd AATEL P e RS TH40.73%) 3
ARETABI6%), B - FATALOTR AT S=F AFPon],
4351%= &5F ASA Ptk FAHY sidsEAE Hele Fsh
2,361.54km?, BREFE A 3164.9km* 5 F 5,526.44km’ ol ]2tk
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Fig. 2.13 Harbour limit of Busan coastal area
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Fig. 2.14 Designated area of Busan coastal area
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3l 5k, Fig. 2.159} o] Fake] uks o]4 = ¢l
v AIS HolHE GIS $olA vkl Ade gaiajdo] v
HAS AS & 4 Ak Fig 2159 AlS HolE= 201973 3€¥ 1ol 143t

FAHN00, AlS BB Y50 ey mE A

= 5 9ol o2 o
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Fig. 2.15 Plotting AIS point data around Busan coastal area
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Al 3 A TR doly AAy R £4 ==

31 AHAEAEA 2 AL

B AT AREE HolHe AHbAbs2A¥E A 2El(Automatic  Identification
System, AlS)o|t}. AlS= Aute] sk 2 HASLE fste] Hduke] A
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2 AFoA AREE AIS = AAe Ay x5F T4 ZEEEQ
NMEA0183(The National Marine Electronics Association) ¥4 S.2 ©lolHE
TR ol FF W HolH AEe WEE OE I Arle tolE
AEF o] 27} olstth ont 549 AlS Avle 38 HAERE A= 7]
ol glo] AR AISE o] &3 s FrlolE 3 AXE o] &3t Hlo]
HE F33ATHel B £, 2018).

Fig. 3.2 AIS aidm ol +3 ZAAZ 714 9 AFAd RExo=
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AHEEl = AC AY& AC/DC AWEE 53 DC2 A= o] AIS 5=417], &
dglolg 3 AX(NDC, Navigational Data Collector), LTE Wifi Eggoll H&-&
FFeE A2"oZ o]folx gtk AlS FAl7]dl= AIS®F GPSe] ¢Helur}

3
A2Eo] glom AIS QL ThE Albe] AIS JuE Fagch FAE A4
B NDCE Fd) $slel LTE S B solguolze] 219,
FHE ARE o 1Y oY RBF 5 AEF UANAT ol AUL o]
54 WS B3 FFLE FE Yk Fig 32004 NGO BAE BE
& AIS slgmEEelE £ AN T Ashs Aol Frio dX@ch o
ool st SldaEHCIE B B AAE W& D ALY 5 A
2 9 FHeC BHS o SATHOIRA 9], 2018).

AlS &ntenna GPS Antenna

AlS Recever

77N
/ \]
\ _."
A
Portable

3 Generator
{ f :IJ el

I RN

| AC/DC =
----- o FOwWer
ol LTE WiFl Egg Comerter

o
]

Potable Marine Traffic Data Collector Using AIS

Source : ©]E7 2], 2018

Fig. 3.2 AIS receiver system
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71E AIS HolHdMe= Aol FRE F 907He] AE¥eE ER3

e TR HPNES BHFE AL

1=
(ITU-R, 2014). stAI%E 907] 2] P& 57t o AREE AL A o RE
= =
A

2ol @A AHEEHA S 36719 AEMEE AlQlstar ymA] 54719 ARt

THE UIE AZFIATHCI T 2, 2018).

Table 3.1 Re-classification of ship’ s type

No Ship’s Type and ID specified by ITU

1 30 : Fishing

2 31, 32 : Towing 52 : Tugs

3 50 : Pilot vessel

55 : Law enforcement vessels
4 59 : Ships and aircraft of states not parties to an armed
conflict

5 60 ~ 64, 69 : Passenger ships

6 70 ~ 74, 79 . Cargo ships

7 80 ~ 84, 89 : Tanker

20 ~ 24, 29 : Wig

33, 34 : Engaged in dredging or underwater operations
35 : Engaged in Military operations

36 : Sailing

37 : Pleasure craft

40 ~ 44, 49 : HSC(High Speed Craft)

51 @ Search and rescue vessels

53 : Port tenders

54 : Vessel with anti-pollution facilities or equipment
56, 57 : Spare-for assignments to local vessels

58 : Medical transports

90 ~ 94, 99 : Other types of ship

97, 98

Exemption : 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 25, 26, 27, 28 , 38,
39, 45, 46, 47, 48, 65, 66, 67, 68, 75, 76, 77, 78, 85, 86, 87, 88, 95,

Source : ©o|E7 2], 2018
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3.2. AIS Eﬂol'ﬂ -E‘l—_- J \;,l ;1(:]_;-(_]1-_1] :‘-4'75]

AISE FXRE+= ARA= T3 A 2
T, Aol, AF, I8a EF SOl AEIA 2. 2016). EJE AIS
Hol AZto] WE A ARI7F AREI, o] HolHE
gl Aut F3E, HXE § ude sFuTEAS ThesstAl el
A 9], 2020). == AIS %27] Hlo]E+= CSV(Comma-Separated Values)e] 3}
AHE 2 FZo0] 7153t Table 3.29 o] YeRdTh

Table 3.2 Used AIS data before filtering

Station NAV-
No MMSI SOG LAT LONG COG
ID STATE

KS-05 | 440118970 0 7.5 103506.4 | 012905.8 | 153.7
KS-05 | 312950000 3.9 103503.3 | 012904.6 221
KS-05 | 412049010 16.4 | 03505.3 | 012905.9 | 354.4
KS-05 | 353488000 18.1 | 03507.5 | 012903.6 | 158.1
KS-05 | 440111210 15.7 | 03454.8 | 012850.4 | 136.8
KS-05 | 636019085 1.6 ] 03446.7 | 012850.3 140

DD W|IN| -
Ol |O|O | O

A FE2H 2] YA = GIS SHA AFRo] BV FeE, AMR ZE
dof| dubA AXE WHIsl= AAS FYst A= Table 337 Zth

Table 3.3 Used AIS data after filtering

Station NAV-
No MMSI SOG LAT LONG COG
ID STATE
KS-05 | 440118970 0 7.5 35.06 129.05 153.7

KS-05 | 312950000
KS-05 | 412049010
KS-05 | 353488000
KS-05 | 440111210
KS-05 | 636019085

3.9 35.03 129.04 221
16.4 35.05 129.05 354.4
18.1 35.07 129.03 158.1
15.7 34.54 128.50 136.8
1.6 34.46 128.50 140

DO D WIN| P~
[ellolNolNeolNe]

—
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Table 3.32 £ AFoA AMgH HolEE FE3 F GIS 340 &gt
ZEg 2 ¥3ksk 7S Ueld Aoltk Station IDE 41717 93 (<l

)L yepdith. MMSI(Maritime Mobile Service Identity):= Al¥le] HEE 11
FtAl 2Este] 5Alshy] 93k Mg Jehdth. NAV-STATEE Auke] &
A AL E, FEGH, EREE T A &3 A4l dig ARE JERY
w0~ 87kA9 A= FA

]13kc}. SOG(Speed Over the Ground):= Alute] oj
A&9 g gu)git). LATE A9 ]9] 915, LONGE A9 =]¢] A&, 1
11 COG(Course Over Ground)+ AHlo] HAZ &Yst= WaF2 YERATH
o|lof| = AHute] Ao], Mutel X, AMubel Zo F TR HJHEo] 23

ol lou}, HolEle] §F< £o17] 98 a3 HE=R FAHI.

Table 3.4%} Zo], AIS Holy +37]x2 2019 0349 01€+FH 2020 02
2 299714 1delH HolH TR =9 A e sfdoltt.
FHE dlolEle] &3 2.98GBeH, HI°lEe F e oF 25008t
UM AT e m BAZ ol AAlEY Ue FEIF Wol Ja, MER
g=o} vyt Adste Aty =3, OE dgET B2 FEIF A
o] thFglk Auhe] ﬂf‘sﬂjﬂﬁg & g Atk AIS HolEl& QA HX|
= AIS FAZA F= Jlon FAE HolE F FE2E o] &st=
8 /d9kl Passenger Ship(60 ~ 64, 69) / Cargo Ship(70 ~ 74, 79) / Tanker
(80 ~ 84, 8E AL Alvtel Z7|o) we}t T3 ™ol th=r] w&Eel
AukZdo] 200mE 7|Fo 2 Ay 18X e Aukel (lass 1, Class 22
FEASIHTHEIAREA R, 2020). E3F, AIS 3l 161.975MHz, 162.025MHz©]
H, &2 Agle 50NMolar, AF 1HA-e Al g8 AeEjel £ wet H4
2Z0A A 3E7HA JTHelH 7] £, 2020).

rl

.|_4
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Table 3.4 AIS data characteristics

Categorization AIS
Period 2019.03.01 ~ 2020.02.29. (1 year)
Area Incheon, Republic of Korea
Volume of Data 2.98 Giga Byte(GB)
Number of Data = 25 Million

Passenger Ship (60 ~ 64, 69)
Ship’s Type Cargo Ship (70 ~ 74, 79)
Tanker (80 ~ 84, 89)

Under 200m of Ship’'s Type

Class 1
(< 200m)
200m or Over of Ship’'s Type
Class 2
(= 200m)
Frequency 161.975MHz, 162.025MHz
Transmission distance 50NM(Nautical Miles)
Transmission period 2 sec to 3 min

THE AISe dlolH HAE #A4-S Fig 3.33% Zth 3A, £3% dHolHe
AL o = HolE Muol] AT oju) AgH o= 8Al
ol A &2 HolHE A Atk =4, 38 volE = oivkE 2
FE Ml AZE AA, Fe= Aol A" dHolHE FEs7] 9
3 SQLe] g ol &3dt FE7th YA, 4 sl AdH oA BEE &
4 &1 GISell 43l AAAHEE I3 Z‘%Eﬁl sty Zagk JH o]9]
ol AL AATH. tAA, AAstet £ =

2
o
do
%
=
aQ
®
wn
o
g
<
=
(@]
:3
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ATHCIBA <], 2019). & A7 AHre] AAFERE hFez D= 7Hke]
NES F22 QAR ety YXNARE B Eof dgke W3 2e
g A=

Data
Receiving

Data A
Saving W P

Data
Extraction

Data
Conversion

Data
Analysis 7

Source : ©]&AA <], 2019

Fig. 3.3 AIS data Pre-Processing

Fig. 3.4= DKW o] &l w& dloly A7 #4g-& vehdth. DATA(H )
© A F4e EEskal B tlolEeke] JadArt Qe Tkl def &
T3 AV 7125 sl 3% AIS dlolHE ¢3ith. INFORMATIONCH
H)2 Holge by 3 A olslE S dEe ddstal 1 omE
Fofgh dolH 24 Aukex], 9= E4S 9wttt KNOWLEDGE(A| )=
FT 2" AR HHe olsfste] o] EUE 53 A=l ofr]A]
P g2 7P 323 Centerlines ¢v]gttt. WISDOM(A &)
Aol tit 22 olsiE vl e EEF s 93 ofolyolE ekal

_>‘4_|’
e & fob
Ll
offt
ol
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AMEA A8E &= 7dAEl 9} Centerline2 &)l AMS- 2 5 Stk

INFORMATION

Fig. 3.4 DIKW theory based AIS data processing
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33 4 =239

331 AYTANHRALH

A 2] 37+ B 2~8ll(Geographic information system, GIS)S GSIS(Geo-Spatial
Information SystemZ% HHEW, A - AFE - FL - $F 5 Azl 5
e BRE F7A tkd A8E FEtY ARSI, o] ARE AFE
of deste] F&A - AR CE APt AFHE EA S E‘éﬁ 1 Ag e

O

e84 Sstslr] A AR AlzHolglal & ¢ JATHFES, 2018).

g GIS= aldellAl o]FofA= BE d4E 31 HolHE 248 + Ao
o, f83 A3E =Esh= FZHEA(Spatial Analysi)= F=3§o] s3It
B AT e A ZHE o R &) wwed A3 A 2H
714kg ArcGIS Pro Z2139-& #8351 g%a‘i AlS HlolEE AMu ==

M
1z
2&
o
v

g,

CORE B4, 32 BEY, B2 AR, =59 AIHE B
o B /)5 FAstgom AFH o Azt stk

Glsel 2t Huel aeAQ TAL AL dId TR A=s} 23
o] Hlo] AR GISolA Agais ARE 2A 9XARe} SHARE o)
MY 5 gtk RARE oA AT A ne)} @_m%ﬂwi %L—r%%u}.
EqARE SRR, GARE, Teli SAHRE ERED ol ¥

THE E4E AT Q) WEA ABRAE, A 3

ZY7ke] AR e BE
x| 77 & #AAo] QT3 %, 2018). Fig. 3.5 GISHEE A
AR} EARRE T3 AS YEpdT
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«* ReIatlvg 4{ Location-Related Information in Small Areas
— Information
Position | |
Information Absolute
‘{ . }7 Location-Related Information in Large Areas
Information
GIS Material -
Shape ; - .
. Point, Line, Polygon, Grid-Cell, Symbol
Information
Characteristic Video
— Information _# Information H Aircraft or Satellite Photography, Video ‘
P rt
«‘ sefels .y H Map Characteristics, Terrain, and a Features
Information
Source : &%, 2018

Fig. 3.5 The kind of GIS information

ANARE A=t G 4] H, AL A 5

= E@3le] AFe o|F V122 Uy, IE 5 BH% AFS ek

a3 ol thAl TSN gnel AR gn e TR SHANE X

ARE AN UelA PR SRYR, GIRR, SYPRE TS+ Ak
A

2 AT AR ARE =R A - AW - G - AR on
o] JREL HWE(Vector)dlolE, 2 2E(Raster)d] ] B2 FE3th ¥y T
olBlE 8 WA |wksle FAHAT. 8 FE v o E HA o

1 HhAl o 2 np=

AREE A ol 2o AUEE AN o olas
|

\ohe Aol alek el omxm Eé}%} Be A4

O+ @4o] ot Fig 3.6 WEHolE e} ei2F dHolHY =t
W
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Raster of the letter “Y” Vector of the letter “Y”

Fig. 3.6 Difference between raster and vector the letter “Y”

2 wlolEE MER WA suke] ofnX] FREL 7h FAZESo)
wel sl daE olmAE AAWT. MERS AFH AuF] Hi ©
S1ol e onx ARE AR A=
MEWS HACKeDolHL F2t AFH 1% Hi wsld 23 olnA

£ A% ol gdistd onAE
Fa w22 §3E 7P 3= Adol itk te ¥ & A7l
A AH8E Ho]EE Vector Hlo]E]2} Raster HloJE]2 23+ Axjo]r}
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Fig. 3.7 Result of AIS plotting with point
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Fig. 3.8 Result of AIS plotting with line
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Fig. 3.95 GIS 3H70lA He] 33t ARE Yehd Aol Ho4 o
ATolA W BAS FYs] 9% AR F9e Uehd ez
o o]l AIS HlolE& = A A ALttt AREA A

e Ad @ HE & s Aol vk =3 A% A T 5 o
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Fig. 3.9 Selection of analysis area with polygon

«/Collection @ kmou



4 dolElE WA= PAOR vehd Avjolth o] Ak
B @4 2w g, AsEel A 2v]e AZ FAH Utk

ot MW ANVFEH Ao A% wer MEEs T & Yok AW
WY B4, SE W B4, KDE B4 5 geks 493 slwe] Bae da

r&
é
>,
rlr
=)
[y
M
1%
o
fu)
ox
o ¢

}
o2 @ 4 el &

Incheon

9 &

Fig. 3.10 Result of AIS density analysis
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Fig. 3.11 Example of grid cell 5km X 5km
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Fig. 4104 AL Foll= Ad F=220 s =0Dong sudo)E Fst] U

Akl oe s HE 7}%3}‘34, % =22 M4=Geo sudo7t A A

1 $<%=(ung sudo)”} 12z, Inbound No.1 Anchorage~}

A&t 601'74]1’]]“!‘0“% lfé}i—rEi ARENA & AN F27F Jar, Ao
Aer2 el A W Anchorage’} St

412. = YA dagF e

Fig. 4.2= ofvkE 4 Fohe-= AWl AFH = 1d 3kl AlS H
HE 7wtom g2 A4 Wy HA NS Jehd Aotk ¢ Ze=

MW ZEE BAE 9o HolHE & 3 3 GSolA AFLE 7 3

©

|

AR gty FE3 AIS HlolEE GIS 7|9 2= A3 KDE &4+
Fsta AxA 7ol PE 2 Hadt. H2H HolE}l KDE &4 2

HE o|H A A 7IHE AL o] HAAHo= on|A| o|XE}, o|mx] 7}
A F=, oA A FAE o] &3tk o|u|A] AHrl 2 FE| T}
A2E] S wWE dHeolHE Wd ¥ k¢l ~FA(Line Smoothing), E&u] A+zt
% Delaunay triangulation)< o]-&ste] Alg 2ls YA A8E F=
o AEeRlE 71& FE9 AHHAH =F==Ginuosity), nZHIntersection
angle), RCE(Route Change Envelope)Z HIwE &3 228 ==3T) wpx
Hog gro| kY &8 HAF T AAHE IR F9E et F

Prelow Yepaa
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Fig. 4.2 Flowchart of the novel maritime route extraction process




4.2. KDE(Kernel Density Estimation) 4]

42.1. KDE 7/H&

THE A9k AISe] GPS A AEE WGCS84E 7[Hte = A= Qlrh
o1F GIS BN g3 Sl B ARAS A A2
e gelo Yo Uehdth e HolHE F7he
2 0FA HEAAES ol§3tel M, A, B Aol sbsata, o Yopt 4
A8 Al BzE HolE FHE TR B
o 9 BAold dolHzRy 3
gk olF HAsh 7bg setals]) He W

l
&
th F2EIRE BEH PO Ve de MEwg Azkaksh)d

]
B
-+
K3

<, KDE(Kernel Density Estimation)= At52] BXE H|RFHORE A5}
A

Cogmos B dole 2zl tiste] Y Holee] g FHOE 2
+ Kernel g5 AA3 5 wE91Z kernel $rES 25 TS So AA|
dolg 42 Use ko, 4 4.3 ZoEd T, 2017).
f"(ﬂc’h):%zl(h,(x—xi) (4.3)
1=1
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2 6.39NA 2= FEWST, ;& ¥, he Bandwidth, Kernel width =

Smoothing W0t} xE= Kernel 3471 A89 #A=X9 FAS HA
HEA 2 Yro] Foh &, 4 (4.3)2 Kernel2 93 & X9 HH#&
k= AAolth =3 KDEE r9] 3 AAd wet dlojele] W=7t &
Ao A= over-smooth7} TS =7} Q. dlolEl7l Wy = & oY
A1 under-smooth7} A <= Q17] vl @3 Bandwidth A&e] T8
sty &, A% dZFe Ax FAX o & &S A= A i) "
THAlexander et al, 2016).

e

o

el

|
of -

[

4.2.2. GIS 71%+ KDE &4

GISE o]&3to] point (z,y) HAANAE] <=2 KDE= t& &2l 23]
A4

1 L dist,

31 X popy (1=

(radius)*{=1 ™ radius

Density = %)% 4.4

2l ADANA dist;= radiusith Zolofstn, = AHH p7kA] ZAEL
M-S YEMHAL, popi= Vessel” s speed, Vessel’ s length, Vessel” s draft
3 o] AIS HlOlEIZRE 58 & e Aw B4 /1EAE Mgkl
A Y= B4 Aols & AL T dist e Hish (n,y) AR Al

o] Agjo]tiEsri, 2020).

=

ol

Fig. 4.3(@)+ ¥2] Aol Kernel <71 A8H dAIES YEeERA Zo)H, Fig.
430 4ol A AN 500m <tell 2 e FRIF ZEEO JEA
FH Y vlaste] @] O x| o] WEE YERd Aol
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Sample point

Search radius

(@) An example of applying the () An example of applying the

kernel function to the sa_rnple kernel function when the four
point and search radius points and the search radius are
all 500m

Fig. 4.3 Kernel function is applied inside the search radius

B A GISE o]&3 KDE FdoAE Y34 Ala5+ Quartic
Kernel & AF8-3cKSilverman, 1986). Quartic Kernel®] AlAFE Al (4.5)9F Zt)

15

G —(1—pu?)? (4.5)

K(p) =

A71A, 2 459 pE (Ipl< 1) 21& weof It F, 2 H 9
Aol dall U= BAe S5 Kernel 71 285 0] AAMNA Bre
ARES A= Fh,

rok

=
=

o
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423. KDE #4 23

B Ao dEe Adb o] Class 13 Class 22 #73F HolE|E KDE,
Density 4= 38 stdem, =1 v Table 413 Zt}

Table 4.1 Analysis condition of KDE and Density

Categorization KDE Density

Data (2, y) (z,y)

Grid Cell 100m 100m

Radius 500m 500m

Method Planar Planar
Represent 90% of Total Traffic 90% of Total Traffic

4T HolBE tdo= KDES} Density 245 3 sttt AAA9]
271 100me] #o= sdstA AAsA. Y HolA A WA
500mel HeE Fth B RAES S00mE AT olFEE
UNCLOS(United Nations Convention on the Law of the Sea) A 60=% 5%-2]
HiERd Ao AXEHE A, AR, s F2E 79 ¥ 500
m = QFATH(Safety zones) 0.2 AAsIaL 1 oW E HTE SR = 7EF
S 283 THUNCLOS, 1982). 337+s E4935t= W o
stAl gtk mAeto® ' F9E AT Y AtElE Fxst F s
TF 0%E AASHE HE =

o= MAAT

o
ot
fru
fru
2
o
ol
ok
k]
o
Ll
%
o
of
r:(_‘
=2
o
fru
-
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Fig. 4.4 dlolg] EXoA TEFE st HHES Yepd Aotk o]
© 2EFe 100%= 3= o, 90%2] HeleE
E dolHE 2 JFR 10/ s a3
AoJstH AA wFFe 0%sE FA & F Uth
Class 1, Class 22 KDE<$} Densityw241-S 433} th. Table 4.2= Class 19]
A4 A3E Yepd AolH, ol A3} 3 A2 Fig. 4.59 o

{d

ko)
T

o

to N I

10-20% 30-40%

26-30% 40 - 50% 50-£0% 60-70% 70-80% 50 - 100%

Fig. 4.4 Division of maritime traffic into 10 categories using the quantile method

Table 4.2 Analysis results KDE and density for class 1

No. Percentage Color KDE Density
1 0%~10% None < 1234051.0 < 3137150.2
2 10%~20% < 2468102.5 <6274300.5
3 20%~30% <4936205.0 <9411450.7
4 30%~40% <7404307.5 < 15685751.2
5 40%~50% <11106461.3 < 21960051.7
6 50%~60% < 16042666.4 < 31371502.4
7 60%~70% < 23446973.9 <43920103.4
8 70%~80% < 33319384.0 < 56468704.3
9 80%~90% < 45659896.7 <72154455.6
10 90%~100% < 314683072.0 < 799973312.0
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Fig. 4.5 Results of Class 1 analysis with the exclusion of the 0%~10% data

Table 4.3 Class 2¢] ¥4 AxE Ho] Fm, A543 Fig 463 2
t}. Fig. 4.6(a)= KDE ¥4 A3E R+, Fig 46b)= D= 24
3 A3E Yeldt) Fig 4.59F Fig. 4.6004 WX Ejo] AR FHo] KDE
FgEof vud w ZY FEo] glon, ol MEE FEE T
shAl gt =3 1= 49 Wy tAo] KDE #el o] F #f o)<l AxE
& & Atk F, Class 1 2 Class 22| KDE9F U= B0 ths] T3 =4
< ARESte] BAS Ay, AEE B4 @ o v AT AZE @ wof v

8 o) _f‘:_?

IHA fve= Ade & 7 ok 2YER omA Ay HE2 KDE
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Table 4.3 Analysis results KDE and density for class 2

No. Percentage Color KDE Density

1 0%~10% None < 164983.1 <301385.6

2 10%~20% <494949.3 <904156.9

3 20%~30% < 1154881.7 < 1808313.8
4 30%~40% <2144780.3 < 3013856.3
5 40%~50% < 3464645.2 <4520784.4
6 50%~60% <4949493.1 <6329098.2
7 60%~70% < 6269358.0 <8137412.0
8 70%~80% < 7754205.9 <10247111.4
9 80%~90% <9239053.9 < 12658196.5
10 90%~100% <42070692.0 <76853336.0

(@ KDE analysis

(® Density analysis.

Fig. 4.6 Results of Class 2 analysis with the exclusion of the 0%~10% data
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of Ml MNeZ etk I8la omAE F /e Fd ok G
2337] e F-3 IdXgk T(k) =k 0<k<L—1& 9F3= &
S Zotoldit}t, HHI ghe A HE O, k) W ovx F= FES 7K
gage ¢og BF 99, (k+1, L—1) W onx #x gES 717
gage 7 272 Aotk

g Halo] Fx Cpoll &3 4 &2 4 N 2

k
P (k)= p, 4.7)

Aol gk FHAlo] Fefx Gyl FsiA 2 4
2 F

T mE HAe 22 O, Gl £3E

teom Fua (ol Sshe HASe) ol 4w WIS 4 U8 Atk

my (k) = Z]in(ﬂq) 4.8)
iP(Clli) P(i)
=) 4.8.1)
1 k
= D, 482
0 i;)zpl ( )

3714 P(ilC) & olHA A% gk i7b Sz ColA & =7 st F=
ol iy BBt 4] (U8)A 4 (48.1DoZe A= wlo]= Z2)(Bayes
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N

formula)ell 2l&] o]Foizith. 2 W8N P(Cli)e A= o= izt
¥ W FUx O FEL vk, FYx CAlA U 09 #e
23 9l7] M 19 g owth 4 @8DA I 4 (48229
ANE Pli)e FAe A= ol iY FEolmz Pt Yt e

[o

kl

k
m (k)= iP, (4.10)

me= Y,iP, 4.11)
AA olmx| o] 4t A= 4 (412)3 2ot

o= D (i—mg)’p, (4.12)

Collection @ kmou



ope A AAFE 7] Y8 T e FHx Aol Bpe vER

= between-class variancezl= 9L =st=0 A (4.13)3 2t}

0= P (m,—mg)*+ Py(my—mg)? (4.13)

\/

between-class 24+ 2 P P,(m; —m,)* m; & m,° o7t S+=
between-class #4ko] AR S & 4 ok =, between-class &4Fo] AAF
£ 22 3 ZE=rt AAN ol HUS = kits e A2 1DE
UERdTh

0% = P.P,(m,—m,)* (4.14)

(m P —m)2

_

P(1-P)

oA, B 4 @IHEFE T3 ke 7€ E oVAE
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o2 (k) = 9 (E) (4.15)
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Fig. 4.7 Otsu binarization of Class 1

Fig. 4.8 Otsu binarization of Class 2
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-1 0 +1 +1 +2 +1
G,=|-2 0 +2|, G,=| 0 0 0 (4.17)
-1 0 +1 -1 -2 -1

Laplacian €18]&-2 22 Hl&S o]&ste 7HdAE| & HAEste WHe=E
2l (4187} Z2oh =3, AE3] A A9 98 YEde 959 (419
o}. Laplacian2 1z} w]&ElA 71743}
2+ AtHGonzalez et al, 2009).

2 2
Af:a—er% (4.18)
ox oy
0+1 0
D =|+1—-4+1 (4.19)
0+2 0

Canny €alg]E2 7FpAIRE BEE ARgslY xo|2E AAS A 7P v
2 OR/E /A o, 7R AEe X7 Ve FEs SHHE
=3 algorithm A& F27F B3ste] Adrzto] 28 Aee o] Aok
(Canny, 1987). Canny €ig]&e] AHAAE 4714 SARE U=
AR, o|=2E AA3Y] 3] 7Y EE 835t olv|AE R
gt BE 7PEAe] &A1 Ads olu|R| 9] wolzd A FEFE v] wE
o kolz2E st ZXH EXE WA o gt oHAE REHA

7] 93] HAle BE AdS AHgh

7] (2k+1) X (2k+ 1¥] 7F-AI9F HE Ade] A, 4 (4.2003 2o}
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(i—(k+1))+(G—(k+1))°

207

< j < (2k+1)  (4.20)

TET A 42D FHAISE BE keI 5x5E b AFE d71elA,
£ 3ol we} 2e A & ok

24 5 42
1 1491294
B:1—5951215125 (4.2
4912914
24 5 42

A, 794 BEZ wolz7}t AAR oWAE 5W, FAYFoR 7}

7)
W olmxe] 7e7|E 5Tk o] WRL Sobeldt FAH, +HEF

9= Gy 4.22
—arctan(G) (4.22)
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(a) Sobel algorithm Class 1 | (b) Sobel algorithm Class 2

(c) Laplacian algorithm Class 1 | (d) Laplacian algorithm Class 2

(e) Canny algorithm Class 1 | (f) Canny algorithm Class 2

Fig. 4.12 Results of the boundary extraction using an edge extraction algorithm
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Fig. 4.13 Example of Harris corner detection algorithm
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E(u,v) = Zw(x,y)[[(sc—i—u,y+v)—[(a;,y)]2 4.23)

z,y
(wv) = Lo HE (x,y)llA o153 FH%E
w(z,y) = D= 50, 1 9 g £= 7194 85)
[z+u,y+v)= o8 I529 ojux Z=

Iz,y) = o]5d Y=29] oln|x A=

Har+u,y+v) = Hey) + (L ) )| (4.24)
2 (4.20E 2 (4.23)] ddstd, 24 4.257F Y=o

Elu,v) = E[[(:v+u,y+v)—[(x,y)]2 (4.25)
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2 (4.25)014 HFAHo2 Aol M2 4| (4.26)3}

LI L1
M= w(zy) I UJ] (4.26)
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Fig. 4.14 Selection corner, edge, flat of Harris algorithm
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(a) Class 1

(b) Class 2

Fig. 4.15 Result of Harris corner detection algorithm
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Fig. 4.16 Result of conversion raster data to vector data
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[ Raster -> Vector ]
- > | Extract Point Delete Line Insert
Palyline Lagged Edge Smoathing Point
Extraction
(k) (©) (d) (e)

Fig. 4.17 Overview of the boundary smoothing process

(@) boundary of the route created by the image processing, (b) extraction of polyline vertices, (c) removing

the jagged part, (d) line-smoothing operation, (e) inserted point inside the smoothly lines
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(a) Result PAEK of Class 1

(b) Result PAEK of Class 2

(c) Result Bezier of Class 1

(d) Result Bezier of Class 2

Fig. 4.18 Result of line smoothing operation
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Fig. 4.19 Result of Delaunay triangulation
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Triangulation classification
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Fig. 4.20 Inserting the attributed values according to the number of

neighboring triangles
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Fig. 4.21 Organization of the nodes, curves, and segments to create

the centerlines
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Fig. 4.23 Centerline of Class 2 created through connecting nodes and curves
AMEA AdE d=o Alejekele A A

Ho= olfold glout, 71E F2ol AEHe A4

Collection @ kmou



Wl Ao g YJehdd 712 &7 Aggele

ol2Z (Classs T2 Har} ot
ALz, 555, Algze] Al

Fig. 4232 Q1A Y=
HERlS FE3 Aiolth o] F2E AW FAE FHOE UH oA Jo
& @E7F EAER AT Wl #AY A Tk

WA FENA Wk

Jung sudo «—/

I
I
i
[

Designated Area «—=2 /™
Q ' i

*

Fig. 4.24 Centerline extraction of original route
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Table 5.1 Difference among straight line, centerline, and sinuosity

Collection

@ Kmou

Centerline Centerline of Centerline of
Area Category .
of Original Class 1 Class 2
L, 32.42 km
L, 34.84 km 35.09 km 34.71 km
Seo-
sudo Difference + 2.42 km + 2.67 km + 2.29 km
S 1.074 1.082 1.070
A S - + 0.8 - 0.4
o 25.94 km
L, 27.00 km 27.58 km 26.36 km
Dong-
sudo Difference + 1.06 km + 1.64 km + 0.42 km
S 1.041 1.063 1.016
A S - + 2.2 - 25
5 18.12 km
L, 18.38 km 20.08 km 19.33 km
Fairway 1 .
Difference + 0.26 km + 1.96 km + 1.21 km
S 1.014 1.108 1.066
AS - + 9.4 + 5.2
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Table 5.2 Difference in intersection angle between the original route

and the novel maritime route

Intersecti Class 1 Class 2
on Angle
Area of _ _
Original Angle AR Angle AR
Route
Point 1 25° 16.3° 8.7(34.8%) 11.3° 13.7(54.8%)
Point 2 20° ey -1.8(-9.0%) 7.6° 12.4(62.0%)
Point 3 37 19.7° 17.3(46.7%) 15.2° 21.8(58.9%)
Point 4 35° 10.8° 24.2(69.1%) 5l 21.3(60.8%)
IN 48° 17.2° 30.8(64.2%) 16.0° 32.0(66.6%)
Point 5
OUT 53’ 23.9° 29.1(54.9%) 20.6° 32.4(61.1%)
:::Area of Intersection angle /I - W7 Class 1 ‘
Sl - =
540 g 60 ‘
% l\_\| é
é 55 % 40
% 20 e % “r
S 10—~
< —~~
Point1 Point2 Point3 Point4  Point5(IN) Point5(OUT) Point1 Point2 Point3 Pointd  Point5(IN) Point5(0UT)
Area of Intersection Analysis Area of Intersection Analysis
(@ Comparison of intersection angles | (b) Reduction rate of intersection angles

Fig. 5.4 Intersection angle result
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Table 5.3 The Result of RCE value in Seo sudo

Area Analysis Sector Analysis Class RCE Value

Class 1 70.22m
Sector 1

Class 2 44.28m

Class 1 185.28m
Sector 2

Class 2 37.20m

Seo sudo

Class 1 140.55m
Sector 3

Class 2 100.37m

Class 1 137.57m
Average

Class 2 59.66m
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Table 5.4 The Result of RCE value in Dong sudo

Area Analysis Sector Analysis Class RCE Value
Class 1 12.29m
Sector 1
Class 2 50.28m
Class 1 72.63m
Sector 2
Class 2 104.15m
Class 1 237.78m
Dong sudo Sector 3
Class 2 222.59m
Class 1 91.19m
Sector 4
Class 2 205.06m
Class 1 106.77m
Average
Class 2 152.09m
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Table 5.5 The Result of RCE value in Fairway 1

Area Analysis Sector Analysis Class RCE Value

Class 1 153.65m
Sector 1

Class 2 94.16m

Class 1 287.20m
Sector 2

Class 2 116.15m

Fairway 1

Class 1 269.64m
Sector 3

Class 2 141.59m

Class 1 226.12m
Average

Class 2 108.05m
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