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Abstract Unmanned surface vehicles (USVs) are expected to become a core force in future maritime
warfare because of their ability to secure multiple forces at low cost, minimal risk of casualties, and
outstanding operational endurance and flexibility. Research to utilize USVs as weapons has been
ongoing, but studies scientifically analyzing the combat and operational effectiveness of swarm USVs are
insufficient. Accordingly, this study analyzed the combat and operational effectiveness of swarm USVs
using ABM simulations. PKMR, currently operating in the Republic of Korea Navy, was set as a
comparative group. Simulations were conducted on two scenarios: 'North Korean USVs infiltrate South
Korean maritime territory’ and 'South Korean ships attack the USVs." The simulations confirmed that the
probability of killing swarm USVs, compared to PKMR, improved in both scenarios. For swarm spacing,
operating with a wider spacing was effective when USVs were infiltrating and a narrower spacing when
attacking USVs. In addition, by confirming the effect of the range of a weapon on combat, it was
suggested that it would be necessary to acquire weapons with a longer range compared to the enemy
to increase the survivability of swarm USVs. These results are expected to provide the basic data for
establishing concepts for operating swarm unmanned surface vehicles in future battlefield environments.
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Fig. 1. Development of USV in Korea

o, @A7HA At 71 AR g o 2
Fo] gtFo]A glof, AA) o] 7|&o] AFA driy &
7t PR} B A &8 ARt Hiet A vl
F3t Aol

olof & AoA= HE sfigolM 2] sfor 1
A5} 7|50] 7hsst B3t VSV(Very Slender Vessel,
oE #5d 159 S e E 5 FRISAH
o] AE 9 28 5 EAst1A} gt} oF s &
A sl & 5 AP PKMR(Patrol-boat
Killer Medium Rocket, =27 €] 7442 +3
TR v e R HAAsta, HRsHe A

SIS 4R ol BHol AL B 4

ol

I g AA 7L HR] WA= FF 5 E45t0]
T Ao 238 FRAEEE 28517 AT 712AR
2 &8st it

Ao AABEL Qs T FRISVE A AE
A5 243517 98] ABM(Agent Based Modeling)S
85ttt & =129 70 2= 7 B
Aol Tt 712 AFE AT EL, 3 A= AlEE 0]
Aol TSt 7HAE, AlUE|e, EREEE =oJjitt 4
oA Bl Mo et A ArE EAI6kL 53]
A AE27 AR AR



fill‘

AFs7| &8 8|21 A2438 A12%, 2023

-
pul

=

ATRA olEE 5
9l 2245 A9

<39 Md 8o gt
(2017) 42+ AAAEE Al 57
o Z3tet AT PAog IS
I T84, 719 2 AU A A
3, SHAY 2, A Fold 7wt 532 AA
[8]. ¥ 5(2018)2 H4gte] mgi=

v Z6kR] g AR)E A Ay
€ FR1719 #4 v AAlska, 1 &
< B3 4SBTl

T FRIFYH] Ve
(2022)2 FRIFIHE +4 28
A2Rle s, e 4
AR 2%, AoE 3v, FARAH
7152 LA OoR $3Ysto Z 4 Fol

ﬁd

L=
=

IS golstgiH10l. F5E 5202202
AFAH ] AFet FAIH et 7HH 28
A7 B4 EZZ2X(FUHET, slolEg
FE AlMsta, TH FAFA A2HS Az}
StTH11]. E8lE 5(2022)2
dEst] FHOoZ AT AY
o] A(AS)E AASIL, Al
SoFTH12].

4

2.2 2IIHA HE g0t £F

HeAH 5(2021)2 AHP 7|H& o]8ste] thriH o]
oF AcoflA 5 Aol = 10289 T F
£ Aoz HEY AHP B4 A4, AdFd AR=

S B9 Byt BaokA] gk Rt 2.73u19]
7} AeS AAStEoH, AGHA 2 #43]
2942 TEIQCH13]. AAES 52021
AF WAL o8t AHlE =89 3 AF
AstRIcH14]. 719 5(2021)2 ABM AlEH
olgsto] CE9| #3 28§ AIE AAlskL,

(e]

oo
o Hm
N ol

|

T o

ol 24
ﬁiwm
i

o]
o

St A4 29 Mg Bt A% 4
Ut 2ANAE 2 A 2okl A % av
Aol7}t hee BIstgon], BAY o) wet 44 2
27} gebrle SISIATHIS). R 520222
389 ALY ol8ste] BeH/YR/FT 5 FUR
28 ol i FASYe) AR wue B
of W 2 WY 18 J1R0R B BEE, 1ol
A A%, W SERA Soke WSA Ans
Agoam WA FASYY Haot FERA 5

=
=
o

226

TEorH16).

B AL ofst e}l 2704 7] Tol4Aby ol
AT adE A5, 28§ ANE BAsIY= Ao
Al QA AVRE ATrel XpEFo] Qlot.

3. AlZH|0]4

i= A
T?_IT

2 APoAL B3 ySVet 98] PKMR+74

A9 mo] AEE FAst] 8 ABM AlEH oS
&5ttt ABMZ BeiAtet 8, FARks 9] A2
A8 3 Yool B0 AT AES HAHs] w2
$29 PAE A T cISshe WHOE, AL, 4

A, Adatst, =1l o|27171A] TRt ZoolA &8
HaL IEH17]. 2o o] et AlEdold2 (Fig. 2)9F

2o FAxz Fdstgon, 2ddy 12X Netlogo
(ver. 6.3.005 AR&SIGIEE AlE# oIS 2 50315 A
ATt

]

Set the event sequence for
each agent

|

Construct model using
simulation tools

Set goal of the study

Select agents and
environment

l

Set agent/environment
attributes and rules l

Run iterations and
analyze results

Fig. 2. Implementation procedure of ABM simulation
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Table 1. Armament specifications for battle ship

Ship Weapon Load Range Accuracy rate
Rocket
(Ship 8 8km 50%
Mountability)
VSV
S Torpedo 2 4km 50%
30mm Gun 10set 4km 30%
130mm rocket 12 20km 80%
PKMR
76mm Gun 10set 8km 30%
USV | 70mm rocket 8 8km 80%
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Fig. 3. Simulation Area
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Fig. 4. Netlogo Simulation for Scenario I
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Fig. 5. Netlogo Simulation for Scenario I
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Table 2. (a) Probability of Kill for Scenario I(VSV

range 4km)

VSV Number | 5 10 15 20 25 30
PKMR 580 | 57.2 | 544 | 51.8 | 47.3 | 44.5
Skm | 34.8 | 345 | 35.0 | 345 | 348 | 334
Swarm|10km| 71.0 | 70.0 | 683 | 68.0 | 67.1 | 66.1
USV [15km| 912 | 91.0 | 90.8 | 90.4 | 90.1 | 89.3
(Swarm|20km| 93.0 | 92.8 | 925 | 92.0 | 91.8 | 91.7
Spacing)| 25km| 95.1 | 94.6 | 945 | 941 | 94.0 | 94.0
30km| 95.0 | 94.4 | 945 | 94.0 | 93.8 | 94.0
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Skm | 100 | 100 | 100 | 100 | 100 | 100

Usv |15km| 100 | 99.4 | 99.0 | 97.0 | 964 | 95.0 ] ]
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Table 3. (a) Probability of Kill for Scenario I(VSV

range 8km)

VSV Number 5 10 15 20 25 30
PKMR 588 | 580 | 55.4 | 51.6 | 44.8 | 373
Skm | 320 | 336 | 328 | 33.9 | 321 | 318
10km| 59.2 55.2 50.0 47.9 39.8 36.0

Swarm
usv |15km| 69.2 | 646 | 552 | 526 | 41.8 | 365
(Swarm|20km| 78.0 | 742 | 616 | 561 | 434 | 392
SPectng)  cm| 816 | 750 | 654 | 556 | 468 | 410
30km| 81.2 | 744 | 658 | 560 | 46.2 | 41.0

Table 3. (b) Survival Rate for Scenario I (VSV range

8km)

VSV Number 5 10 15 20 25 30
PKMR 100 | 100 | 98.0 | 92.0 | 78.0 | 66.0
Skm | 91.6 | 85.8 | 72.6 | 68.6 | 59.4 | 48.6
Swarm[10Km| 792 | 59.0 | 402 | 304 | 164 | 106
Usv |15km| 76.0 | 554 | 31.4 | 21.4 | 120 | 6.0
(Swarm|20km | 74.8 | 53.8 | 30.0 | 20.2 | 10.6 | 4.8
P 25km| 73.6 | 49.6 | 284 | 180 | 96 | 3.6
30km| 73.4 | 49.2 | 28.0 | 184 | 9.0 | 3.8
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Table 4. (a) Probability of Kill for Scenario II (VSV

range 4km)

VSV Number 5 10 15 20 25 30
PKMR 100 100 100 100 88.0 73.3
S5km | 100 100 100 100 100 100
10km| 100 100 100 100 100 100

Swarm
usy |15km| 100 100 100 100 100 100
(Swarm 20km| 100 100 100 100 100 100

Spacin

25km| 100 100 100 100 100 100
30km| 100 100 100 100 100 100

Table 4. (b) Survival Rate for Scenario II (VSV range

4km)

VSV Number 5 10 15 20 25 30
PKMR 100 100 100 100 0 0
5km | 100 100 99.8 | 99.8 | 99.6 | 99.4
10km | 100 98.7 | 98.0 | 97.6 | 96.4 | 95.2

Swarm
ysy |15km| 100 98.6 | 97.6 | 97.0 | 964 | 93.0
(Swarm| 20km | 100 | 98.6 | 97.4 | 96.8 | 968 | 93.6

Spacin
25km| 100 98.4 98.0 96.0 94.6 93.0
30km| 100 98.5 97.8 96.6 96.2 93.0
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Table 5. (a) Probability of Kill for Scenario II (VSV

range 8km)
VSV Number 5 10 15 20 25 30
PKMR 100 100 88.4 71.2 56 44.6

S5km | 100 100 95.3 85.8 | 73.7 | 66.9
10km| 100 94.6 84 71.1 57.3 47.6
Swarm
usy |15km| 100 94 82.7 69.6 55.3 45.7
(Swarm| 20km | 100 94.1 82.8 67 54.2 45.6
Spacing)
25km| 100 93.5 82 66.8 54.6 45.2
30km| 100 93.8 82.2 67 55.1 46

Table 5. (b) Survival Rate for Scenario II (VSV range
8km)

VSV Number 5 10 15 20 25 30
PKMR 100 100 38 2 0 0

S5km | 79.4 | 53.2 | 314 | 14.2 5.2 3.4

10km| 70 42.4 18.2 5.2 1.8

Swarm

0

Usv |15km| 65 | 37.2 0
(Swarm|20km| 64.8 | 355 | 124 | 32 | 06 0
0

0

Spacing)
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Fig. 6. ‘Probability of Kill' & ‘Survival rate’ of Swarm
USV(Swarm spacing 25km) based on VSV
weapon range when VSV infiltrates
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