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ROK Navy is carrying on anti-mine operations at major
military ports in Korea to ensure safe route from mine
threats. These days, mine countermeasure operations
use minesweeper ship but minesweeping
helicopter(AMCM) and mine warfare USV(MCM USV)
are planned to introduce in the future. Therefore, this
study aimed to find the optimal force deployment for
each military port to achieve the various future mine
countermeasure forces. To solve this problem, this study
used integer programming, and proposed to achieve the
goal of sweeping rate throughout sensitivity analysis
according to change the constrains.

7|2|(Naval Mine),

7|2|CH2t(Mine Counter Measure Force),
ABHBHMCM Vessel), 7|22 USV(MCM USV),
A7 |(MCM Helicopter),

47|12 (Integer Programming)
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Table 1. Categories of naval mine

Category Description

Laid on surface and drift following sea

Drifting currents

Minelaying

location Moored Moored by anchoring

Bottom Auto—moored on sea floor

Contact  Explodes by direct contact with the hull

Operation
method

Activated by change of magnetism,

Influence .
sound, noise, etc.

Remote Operated by remote control
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Fig. 2. Mine hunting and sweeping[3]
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Port#2  6.22 1.378 1.167 1.93
226X < Q @
T Port#3  12.41 1.668 0.416 1.406
ZZXU =K; (5) Port#4  12.68 1.660 1.473 2.018
b Port#5 — 4.82 3.044 1.520 1.682
20X =, 6 Port#6  4.22 0.651 0.330 1.430
i
Port#7  3.79 1.706 2.038 1.982

Journal of the KNST 2024; 7(4); pp. 506-512 509



KNST

Table 38 E-83lo] 4] (3)9 BHA A% ;2 & 42 Wizte B4A}
L3l ch 2H XS Z7] Y3t solverE2 = 1o 9]

PuLP 371X TEIAT PuLPE B3] BHATL  45&L ROV FAML £AY 1Y 2H
Aot g T4t T ol 8 Yk o] F Fol A EolAY o e asjHYo] RYH W 4518
A BH4Y NS 55 optimal HFAGY o FHAL. WA 19 AHAH F7HE Asjgy] L
o A 25122 FHAY AT FTE ARG AR F5 5N AV Bokz, /|49 An
Ho| A wj x| U FTH AL Table 42t 2t 9 WHIF Aol ok AW v 7| &ARE
Aats] WS ol HLEE UHE LN AL 25
Table 4. MCM force deployment and sweeping rate by ™ & SFAFS 7135} R] 9okt

port webA] £ UG EAo AL HE o] Watol
- Vl\gi\gl hewcigter hﬂgbﬂ SweeE)oi/n)g:; rate E}% _/,\_SH% HohE st 3 v 7lilfﬂ
: YA Wy L TR0 2o Ao 2R, A
Port #1 1 1 0 77.36 o] ti4= 1S A 7| 71 F A Uusve o
Port #2 1 0 1 53.42 22 eto A RUYE Z7IA7|HA 45E HIE
Port #3 4 0 0 54.55 gelstoh. A HE 7ol PuLPE ©|-&5t%
Port #4 1 3 3 95.68 o, A7 € 71EA Usve 4= K;, K39 Al eF

ST 1 ; e 4 2AL HSA 7 BA 29182 A E S
Port #6 1 0 2 83.19 Fig. 3= &3] 5 7114 Usv 57k Al (e —
Port #7 1 1 0 98.78 12e) B+ 254 (%) heatmapo 2 HHEl 43
ojth. £3i&A7] 9 71FA UsSV F7to whek A &
fuerage 6 Hgol 7S & 4 Utk 53] Table 59 Z&
A58, Asd7], 71=A usv AF ] 23] H$-

7 2F9 A a2 245t At 71 95 % ol 237t 7He & & 4 A

FAY A W2 2 4t £FEL 79.65 %= J90d A8 4dls P A= FFS &
Vbt AR A 02 #4, #5, #7 +F9 A 95%  Ast7] Y &P 7] E 71FH usvey F7te] o
ol 4Fo] 2818 HojF ATk AU 41, #2, #3, #6 2 A5 WSS 22 FAFALE. Fig. 4(a) & &
FFe oo AxT 4dfaS HolF U whEhA F S 10U E, 71 F A USVE 6t &E 1451, 43
4295 % ol AdlE& EA8S AT FY AEE A FV|E 6HolA RUE TS B A A& W
2o}7] 8] N E BA4S 202 ST 5% YEhdnh Fig. 4(b)& 435 107, 25@71E

Heatmap of sweeping rate

97.5

95.0

# of HELO

80.0

# of USV

Fig. 3. Result of sensitivity analysis (heatmap)
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Table 5. Combination of sweeping rate over 95 %

Tvpe MCM MCM MCM
P Vessel helicopter usv
10 10 12 95.66
10 11 10 95.03
10 11 11 96.14
10 11 12 96.77
10 12 7 95.54
10 12 8 95.91
10 12 9 95.91
10 12 10 97.63
10 12 11 98.14
10 12 12 98.14

# of HELO
95.0
92.5
90.0
o 8.5
§ 85.0
1]
%
82.5
80.0
77.5
75.0 T T T T T T T
6 7 8 9 10 11 12
(a) Results according to helicopter
# of USV
95.0
92.5
90.0
@ 87.5 1
g 85.0
3
82.5
80.0 1
77.5 1

75.0 T T T T T T
6 7 8 9 10 " 12

(b) Results according to USV

Fig. 4. Minesweeping rate results according to increase
in helicopters and USVs
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