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Additional Vessel Traffic Services (VTSs) Location Problem
for Maximizing Control Area Subject to Budget Limitation
Junsoo Han - Hyunwoo Kim - Seungeun Jung - Jinho Lee
Department of National Defense Management, Korea Naval Academy

Vessel Traffic Service (VTS) is the service that provides ships navigating on a sea transportation route with
guidance and advice about geographical environment and other attentive information for their safety. In this
study we point out that currently, constructing additional VTSs is required to prevent ships from unexpected
accident on their navigation. We first select several candidate locations for constructing VTSs, based on the
amount of marine transportation and its potential development possibility. Then, we present an optimization
model in which the maximum area coverage is achieved by determining new locations of VTS subject to budget
limitation. The problem can be modeled as a binary integer program and it provides an optimal solution for new
VTS locations to be constructed under the consideration of the currently located VTSs in Korea.

Keywords: Vessel traffic service, Maximal covering location problem, Integer programming
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Table 1. Annual budgets assigned for follow-up of Sewol accident in 2015

Classification

*unit :

Assigned Budget
(amount increased)
100 million won(*)

Detailed contents

Korea Institute of Maritime and Fisheries Technology Support : 209

Education and 345 Korea Institute of Maritime and Fisheries Technology Educational
Training (+96) Equipment Change : 111
Ship Transport Safety Secure(Education) : 25
Ship Transport Safety Secure(System Improvement) : 20
System 45 Marine ACCidel.lt Preventive Action Support : 53
Improvement (+135) VTS Construction : 235
P Korea Ship Safety Technology Authorigy Support : 134
Port Passenger Terminal Operation : 10
Equipment/ 660 Fleet Structure Improvement Fund Support : 40
- d p. State Coffers Passenger Ship Building : 72
Facility Reinforcement (+108)
Y Facility Expansion : 548
Total 1,458 -
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Figure 1. Annual budgets in 2015 compared to the one in 2014

oA BASE A D 2o B2 72 AL G
kst MANHRE o] Fol Aok T olth. o= VIS F
7H AR W oh e Aol TR A, 5T W, LA
Az ol 9= Bl Wits AEe AN 5 hRelAl 3
Asjolok § Aojtk, £ ATAME JRAN AYE F&0)
Yo F73hE dd 3 F VIsel 371 47 2AE 2
B 94 371 2T FAAAFRHT HAS,
202 453 BYS B3 44 B4 AYHAR B, o
£ AR 3213437 3 Aol skl 3 Y3HaA o}
A9/ BEYOEH A QWA FARE AT
Sz AHe st 1007 e ¢ 4 o

VTSS #d3 A7 EL F 2o vz 4o FAL o
&3 A8 S A Bt ol WA SHAAME A
o] gt} 714 7| BH o 2= VTS Ao tha) mEs)
= ATFAAEEH A28 7153 7)1 EA ] A gt ot

AR B 83 A&

A g A7 A gSo] HEFHU
HA VTS T HA of
FE VTS St Algiqf o] ol
oh-S A AEFA L, Ko e al.(2011) At 5 A A

o ook
o~ =
_?i’.
rr re

o

u ARt
ATk Park and Lee(2011)& &3 FAAA =} vl s}e]
U VTS #d HAE vlwsg i, K
V1S9 "I A& Beksty @A A5 3o mE 4
q

oft

A gk FARE A7sta 1o e A S Al
= d7Eo] vl A Eurs] Zexof gt
0 2 Sl g u T aA o daets Al 2E 2 7159 )
gt A8 AFEE WEF O] $hT} Ryu(2009)= A
=9 VIS &4 HEHE T48te feviet A4 2=
VTS & Ao ek & AA BRI, o] B} A
Kim(2003) 32+ 39k G4 A% S OFE VIS A~
Ho] 34 9 7 5 Al 2E AA 9] 7)&F B gis] AT
At 1 YA E Lee ef al.(2009) YA L EARH S &
VTS A ekS A A8 oM, VTS 7]%5-& vl gk 7] A1t

Junsoo Han + Hyunwoo Kim -

Seungeun Jung -« Jinho Lee

(Kim et al., 2012) B VTS o] €] F+& 913 IVEF do|H ¥
ZZEF WA (Lee ef al., 2012)F e-VTS Al 2o ot
AT (Jeong, 2008) & TEFS A771 R H o gtk whepA
4 AERY ofUet BAEA L dolH Ffd #3 A
T UFE e HER A o] FoA & Aot
npA ek o 2 VTS 43} AdAste] E&4 A1E % A
TEL oS3 2} Ki(2010)E VTS A E 9] G340 Z7A A,
ZATFz Y g Ao gk At AR, VTS &
ATAe HEAE R B8 ogn T An2 T A
& $E WS A ATH(Park et al., 2012)8 A
VTS AH| 2 793 W9 & AA 8l w4} 8}= A F(Park and Kim,
2000)%= 3= ATt =3k Kim and Park(1998)= Q14 & VTS
Fuek-e AN B, 1S F 2ol Kim(2010)&
FEAQ YLt AT T vl
S VTS #AAY] H 4 b A o & A F(Kim, 2013), VTS

TN E LS ZA87] 93 AT (Park et al., 2012), B4 2 )
E9) 2 349 93 VTS A28 84 (Kim, 2003) 5 VTS &%
o EEA Z2TE B ATE A &R o2 Y o] g}

re
-
=2
2
rir
[N
offt
rO
il
-

2

e
R
ol
2 i
ot Ao
re
-
2
e
)
ofr
ol
£

2 o I
ofr

=2
¢
o
>

r

1o
e
2l
o
ro
=2

Fol 2 st
gt ol= dA ARA its
she A tha A2 A 2

T 3T 5 T ALY
A& w F7F A= AL BAE A
ST AR I|NE ¢ A 2 =5

=)
oX
= o
ok
oy
N
)
il
)
ol
ok
=
>

o

!

N
o
- ok
et M
L
e 2
( ﬂ, L
e =
2 <
o o
[
W 2

2
=2

A 27A VTS #E g
of gofd o g g9l
AR 2 4331 g



Additional Vessel Traffic Services (VTSs) Location Problem for Maximizing Control Area Subject to Budget Limitation 299

Lo BER 4% 9 A e EYR BE, TAE
% AEFAEY), AT, $9T, FEY, £28, A7)
35 % 900 FRDL AU, 479 4 Afe
et 2

SELE!

S AY AT HEge Y - = FE7 }28Km0ﬂ o]
< 1tk o4 13004 3 2} 47) 32 oA Mo] 1

10897 509 AEA 7 A o), =5 rH*S* EER
o] 2t Aol = s A = VTS thAl
&3 o] FAA I YT} 2013 A F ?J?é}fu AT AF
G AY FALALEEE B 1319 dojH, B
ol Al ¢k 65%°ll 3l F3h= 859 ¥-& Wt o 73]
211 VHFE 53 #A7E o] FolA 2 &=
Qhgre A7 469 9 U1 VTS7Mji
F-&20129 12009 B9 74 &%
o= 13000] ¥ £ + A E5F S 7
7.4%7} 57}?& ol HA Fuke] it F7HEO| 1.5% Y& ek
3} S ] /J33 X 2} & 4= A th(Shipping and Port Integrated
Data Center, 2014).

1.

o e T
%

g 3
ofN- ol

o

=)
fu ™

N
Ao flo
[
o
2

d

o

mqogﬂioﬁéamoru U
o G i
c
o
N—E
pz
offl
oot

¥ of
(o
2
S
l‘f..

32 FAER

o -
uOH
fd
>
==
fins
2

o

N
o 18
.

flo &

l*éé é}foh HH? &3
Aol th(Yoo, 2012). ©] AFd el A 8 l =
o 2014 5H 20183744 FA %

205m’el] o]2& WA 9119 U] AGu S Fxa) 7]HMI
ARl WatA|, EF, 74 &*é T AR, Aad B 5F
e MDA, SAAY 55 2T Aot o] Aglo] s
HH AA A, A A, #FA S A T ERE E AL
Z o= glon 53] HAH SHAM 18AE L &
SUE sl 7t BRI 45769 dolyh 2 A=
AbataL 9th(Yoo, 2012).

B
ox ¥
¥
fr
4r
22
e
o

L.‘ﬂ
=
55

£ Mo o > o > @
Y

ol
jala

Nl |

T,

A

33 A=FHEF

AEFHAFHE A s Fadst a7 ATz =
AT =g w2 A Aol AAH AL ol Stolh &
59 0l $E F AT EX wfduE 20141 o4t
of ¥4, AR AA FU BE 45T F EAHU
TS A Agoltt. AEgo] WS W FA 7]u gulE

ol
Hz

of 873 =1 729 EA] A 609 H, A=
A Ak 129 Qo) utg o] FAE A2 01124011:}
AA WA 95358’ 20253744 ©AH As &
2, nigu gt 5 FSUAEZA LA s FutEd
d 5 FHFFINNA, gFE AR FE T EA )

%

av

02

b ok
ookt ok
rlo =

Nl @ N [y
-
_YE

i B oo ox ot Lok X g do
!
>
b

[
o
o
il
- 4
18
>
e
>
bt
0%t
o
riz
iy
o
™
i,
=
=t
or
ol
=
30

FIFE AN =0 Ad AG EHRF AL FAE
A FR50 2016 7€ £ dFlt BEEe FAYH
11091 o] BYEE T gEHET A 201395

09 Yol o]o] 2014 =0+ 309 UL FUske] Ab ol v}
x} 7hetaL gtk B T A T A& AR el ¢t
HFHE AAAY B4 et 2 IFZ 7N 15
Ao g, HFFo A VT T 7|2 FYYI SFES
T A, dEd £2Y =Y AYE A% 5H =7 144
(51mx150m) &} Th=A F55 S 2ot AHYolth 2013 o] =
2 A g2 9 vy F4E %EB‘P?&J- aoHOll %L

o A % ANFEFAE B4

(Civil Engineering Research Information Center, 2014).

35AAYY

AHEEE20129 A E5F 12187 £, 20138 9= 1229
tF &5 7] 38} =dl(Shipping and Port Integrated Data Center,
2014), ol B3} v 58 e o|th, Tk 2013 ol = A
T3 YE A RS oL ole AF2A &3] F31H

A

°l 01]“51 Z%HLO]E} E‘r”&, 2ol AAT = TE TR
E493la ojn) VTS7F &4 5
2ol /A8 9lef o] A

rlo
Rullhe
B
u)
w2
o

3.6 X3

232 Faf ¢t niE v FAFOE LET FEE
0139 A= 67) A i) sfUE A9 £ ?
)3 7| BAA & Go) 20149 82 HEHUY A
e 719 oAt 94 AY o2 i gt
Ao g dFatie vy I 7| EA Y
A ARY vl 67128 HAEAT &5
Aske}t A ARY velvE A

fr X ob ok (B -10{’
)
2 O.|>Z [-El
o

2 & ox B
RS
2o N o

}
=
K3
Ego] 4 %

o



300 dEF - HE
oA 5 7IHAA 24 ol H ) 3009 9 o]uY A S
LA Ak AR vy o] AR $4 H 714,
SAAAANA, WA AAAN L] 71422 AYH Fa et
o ufEl} #& AR S E AYA E3E S8 9
S AO2 7|t Fth(Yang, 2014). o] 2% FZ3o] BA 715
A FH3 FAAA NLRE BY & QAT dAMA &
Fxgo EFFo] oAtk F3kH o Qo] 1 FAEV T
ol nl3) Ao A 02 njofsie, T2 FYMute] B ol
AAE AR B3 2A317] = Aot

31423

£282 20129 T E5F 36,730, 2013 83,004 E 2
2 By go @%E%‘Eﬂf A2 126%2] AAES UE
W th(Shipping and Port Integrated Data Center, 2014), =3k &%
g AT 509 A, AAE A 259 L 7} o 4ke]
WAE AoZ dHAHEA 20183 FASEY AT &4
of geo] o= glom, FALHAATLAA S A
AE AF2 2 4y ddAdg AF &M 2F2 2
gt B4l Ao £283 Fald, sAgs 74t
WA 2 AHE s 2g-g 7o) S48 Wk vk L,
£3] £232 oA FAY BF AMFOE FZHATH(Park,
2014).

38 A AR

npA et 0 2 MG AF 77 A o] A 7 grE e
Ha o oo =eho| ol A7 2 Aute] 8t 7] A o] & 7
Aol thate] AHE2012'd 89 249 FRbY AFF S AEEL
A IZAE AL 2712 e FHE 7S AAE
& a7l 23s) FAFOR AAFo =N FU 9 A7
o AF2A S]] - 23] 7Fs 3t EF 8k THKo, 2013). mEkA
ATl 71 A o A o] A G E P ATk A A x 8-S Gt
ANH 7ol TUEE EH o gxe 4TS Fh
o2 ROt} o= 7] 220134 T4 5 514956 (Ship-
ping and Port Integrated Data Center, 2014)°l| 1] 3] ZA 57}& A
S dgEtt 28y @A AF Aol = A F el ¥ VTSTL
AR Qla MAZ = AAH QA RomE FIH A
Ao 2o gA MAFE Aol Ut

4. JAT- FH3E A 353 1Y

Uukz o 2 M| ¢ 24 A E A (Location Problem)= A 3l
A S AW Z A (Maximal Covering Location Problem)$} L7 H]
& 7M=& Aul YA & A (Fixed Charge Facility Location
Problem) 2.2 T2 (Hong and Lee, 2004), ¥ 1ol A A

° .
<

T #AFY L digste Y2 AAGAHEAR
THES IHE 7HA = AH l%x]ﬁ%?: Ao T &l A= Choi
and Lee (2007) Kim and Choi(20
and Lee(2011)] A|AI3F= 23 %% %314 T

A 3ol A A dEsEFS LA S }E“’i T7]' A
AE A3 FRYS AL, & FAAE o] FEF Fol
A 7HEE A 9 ol F7E A A
Aste Aol 718 BATLE AUt
Sz Rdgdn & FeA A 345101% & A
A AAE 1579 VIS 94 & 7IE o= @ #AF9e U
71E **xlﬂoi N JJrZﬂer@‘JJrﬂ

—‘E—X] Tﬂﬁ] = l:l

i '] é% \_Ta 76
ofatal AAE A9 #AAFH o] dnprt 501‘/]'{‘}]% Uty
7] Yot A =8 &43 <Figure 2> SEUet & - A -
Yoot A 3o & Bl F= X otk AT ol A K= nfe} 2o
wA F - PO 6vY(E/drtY : Nautical Mile, 1 Nautical
Mile = 1.852Km) 8] 7HA © 2 AAE 1) vl 2 A A2
& stuhe] A(Cel)E a1 HT of W) ALY b= 6x 6=
36 AF O E EAE 9Tk 6t B E A S M3t o]
e VISS B BAEA7L A4 A9 o2 RE 120102
Z60tY G E TR AT wheba] whoF £ Ao VTSTEA
A5 H 29 2 At G =2 242 T )9 o] AXE VTS
o #AZF Thed 790l HEE stk A4 AL
iEN, jENY 7] Z(Index) B /G VO] 94 = o3, 2A
W 2,5 T3t 2ol 293,

_ 7 xﬂ]oﬂ é
¥i7 o, ZM%%%,%

S0 VIS A 93] AV} FssHA H=A g of =
£ Yehly] sk} #7402 ARES 4,2 e 2ol
Ao dih

L A i A T e
Yi = 0, ITPRA XA

sz A A9 el N
A9l3haL,

FEATORN NE

N=4 jAVISTH AR B S BA F5d A9 T

]:LUVH 712 5 A% A E ol &st
%ﬂ ‘01 BATE = Ahsste FHAIE S A A



AR A kst AT ANSE N 374

[ R THU
| EEEE
! EELANEEME SR -
e Y %
H A RENESRE : ey |
.. . 1 o
| | ] | "
| T SEPAR ﬁ‘:
| AT VRN
/ Lo -~ mE )
e 5 ;!'T 3
1 [y E |
1 i il OEm
_+_~ [ N Bl =
——r : i {—a "1‘ r
At fa
+1 ~ \ A
= | o B (Al
o ! WZn ANEINENE
(Y i i /WEE T YH)
A1 hi €% HH
P : Wil S
{u 7 d '
S ol N 7
11 ] 6 3
= \
! 1 1’" T '3 1 =
| I ) 4
e
2 /
LN i L1 1
a1 1 f
CEghd
F g

=|
| T

Figure 2. A map considered for VTS installation that are partitioned

by 6 x 6 NM cells (Ports surrounded by solid line mean the

current VTSs with their control areas, and the ones

surrounded by dotted line mean the candidate VTS locations

and their control areas if constructed.)
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VA w,E AR Aeted 4 $REFE 20139 FH B PAEHAE BYY, SYE MAXY, 23 AR AR
FHE B BT <Table 2>= TR ¢7) Ao gt &, FAE Y FE2F 02 eyt R T I H2 4
201395 F4 E5FS Yepi, x| 45 AA 87} FRY FolA 29 sjBehs 25
FoE B IS AE FoP AR VISTF AAH S B¢
Table 2. Cumulated amount of logistics on 8 candidate VTS locations 1] 71 VTS #A| 7939 T4 H A28 ZA o 4+
Candidac Logistics amount Candidac Logistics amount Al A =X A5 s AHEHE #A TS 2AA 7} B
. (ton) Y (ton) T n3) Zong 5594 et Aol g
Boryung 13,449,433 Samcheonpo | 12,297,322 ko 7} A E BostA &1 AA 7Y AANS Ho 3t
Koosipo’ NA | Tongyoung | 152229 &uA @ A$olE BE 0, F 12 4ot AYe)E 25T
Jindo 3L000__ | Hoopo 200 g g, o) Aol uBY, AEY, I, $230 §
_Seogyipo 214956 | Sokeho B0 9@ WA #2149 BATIL AZIIRE o] F o= F
The one for Hoopo port refers to “A basic plan for coastal ports that U | F(k=2 EE k=39 73%)% oloj g Nehsly 7
government manages in 2013.” = 27 5 2~ ol oz apo =32
Jindo port refers to coastal logistics amount of 2011 forecasted in 2002 (no ' }4_31 °let T 2’:‘:]- nepA Eede ElE %EE"L E_i
more data exist), and Koosipo port does not have any data available, to the 7 IsAE 28 Fo A% 2184 ¥ BE PRGN
best knowledge of us. ZQEE A AATFHE AUl EAe A TE
) . ) Aol AAE AT ¢ F Jon AT &9 =&
Ed %-%%]:E‘ 7]%2_i =570l }%2?1 EEBAE o g3 0e Y 5 Y B AFA EHYE AT @
RES Bt e, 53 HEE o] 83 200 E ol L5, grde) YA o 271 Hx Ao 1HHA Lo =
ISTHE o] 24, 10T E 0323, 5 E0]FL22, 1T E°] 9o stos 4 9} 1H B2 712X S dup} ARA
*J%_ 2 7AFAE Foletait & FAZG FEG AATS o) 3 R eahs) Rejshoizt 94 A sty 23 29
S dA oA = - PR ol FOAAE THA A AAR o) g & glom AN AWHE BATYY T FFS
19 7b5A 8 Foar]| 2 @t 502 2t SRYEA VIS 7ze o 2= 9t}
7t AAE B ANEHE A i e AEE B3l BRE
A3k F 47709 Aol £1 gl ) BA s Tl
98 5 Y A0 yepith gkl AFuS o AF ¢ AR Y S o pupek
7h % 477001H, 1 5 FRFo] £33 A 71 0| BR 4 9
Ase oItk iAo 2 27k A VIS A5 e s AT BATALS HEAL ol sdel A Addd T2
PR A BRI A4 F VIS THo| Te 2350 ¢ 7] 8Ol WASA AT, o)l e BRE A3 EH 2
ZOZ VTS 174 730 ¢ 9090] 28(Lee, 2014y 3 2 F7H A, A Y & 53 A YALE A efda
< 7rokate] 030 2 AR E 9T} I e Auke) Al S v S A8l st ohs 2 S V)&
A& GAMS ZZIH(GAMS Development Corpora-  ©1 % SATh & AFAAE 2 @02 g g4 AH =

tion, 2014) & o] &3] H A& 2 = 2519 o1 71 AT <Table (VTS)9] F7F A Aol Bt FAE T3 o] &= VTSY F7}

33 2}, 430 )3k 3o ol vhs) FAIH 0.2 of = Fo] SMH

o 2 AAshe Aol v A o thef 74 g 2et4] oJAraA 7]

Table 3. Optimal VTS locations depending on & e Eete A&t 2o 2 ook a4 9l

k Selected locations k Selected locations FRFS A= slo A AGAA A A A s

2| Boryung, Tongyoung |6 Tindo gl g A A S8 B E & &9 ve 2A vh

3 Scogyipo 7 Goosipo /ol thal et Ao @A Tyete A EEE S

4 Sokcho 1S olFA AAE FHIE TN HAFH S M

5 Samcheonpo 8 Hoopo A shats VTS 27 AR 9 X2 AAsr) 95t A3
2

1) O e g 35 o] o do] =gl A 1)
Note : When % > 3, an additionally selected port is indicated from the D& AT =2 53 {\}%]4 JAEA o] A Y
early & locations. o A% E AAHI & FE3 Ho] Bo| URAAT, & =&
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