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Construction of Optimal Anti-submarine Search Patterns for the
Anti-submarine Ships Cooperating with Helicopters based on
Simulation Method

Chan-woo Yu * Sung-woon Park

In this paper we analyzed the search patterns for the anti-submarine warfare (ASW) surface ships cooperating with
ASW helicopters. For this purpose, we modeled evasive motion of a submarine with a probabilistic method. And
maneuvers and search actions of ships and helicopters participating in the anti-submarine search mission are
designed. And for each simulation scenario, the case where a ship and a helicopter searches a submarine
independently according to its optimized search pattern is compared with the case where the search platforms
participate in the ASW mission cooperatively. Based on the simulation results, we proposed the reconfigured search
patterns that help cooperative ASW surface ships increase the total cumulative detection probability (CDP).

Key words : Combat Management System, Anti-Submarine Warfare, ASW Search Planning
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Surf?ce Long 60 km
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High 4 kts
Submarine
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nemy Speed edium ]
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Detection Probability [%]

YA 7R el RAARES A 4
A ateh 15 ofnlstel, olije] B4 Zol -
= g AJo] AR Zo) sirk tRiarlele]
5 Ape] Sl ARt BAA B A4 ),

Aol R v = o 7 JE3 =HER|EEY R &l

l}:.
AR

(uu}

719 B VlEom 5t wARAIRES S A
3} 3 2= Qe E BA EL MEFhS ojudlt) o]
%Pﬂ Ee= didr]el ofsf & W HAE gt Vs
AR B B EES] RAEARE Al A S5
FEA R HiAIR

o|2A 27| o|4 Z27t FLR AE| oA =

RS SRS 0] HA gl Zole), B 2
FAIIE 499 34 g4 Lol viagon
A, 3gto] 7o A 2P 3T Alofl= ©HAY
sje] ofufet Wbk A H Sl - otk olst
22 AlEeold Adgsty] flsf ARt

Table 13+ Zt}

[}
it

£

5. AlEdolM Zut

2yt giislz|o] HE 2o m}g
9] ¥3l= Fig. 59} Fig. 69] H|I. £4]
Stk S4o] BEOR T g el
o mheh ABolAS Sa Auke, el T
Zof Wislol mh2 HEAsHEe) Hsk Fig. 59 2.
Bl o] 2w 54T S 2 A] R
S8 AP s, AEleAc ST
2ke] 27] 012 71217} 50 km 9 49 BN 22 28

65

60 7
bd

Initial

50

Distance

45

—#=40km
=#=50km

40

60km

35

%

—70km

—®=80km

30

P
Vs

25

Width of

10 15 20 25 30

35

Search Area

40 45 50 55 [km]

Fig. 5. CDP according to the variation of the distance between the initial expected submarine position and the initial surface
ship position (Case 1: Search mission with only surface ships)

HENEDREE

=X



oHE Aol o

ofn

S mefat 40310 HA CIREM T M52 98 AZEol |

Detection Probability [%]
20

85

80

Initial
Distance

=8=40km

=#=50km

~ 60km

75 2/

—¥=70km
\ —0-380km

70

o

N

Width of

65
5 10 15 20 25

Search Area

30 35 40 45 [km]

Fig. 6. CDP according to the variation of the distance between the initial expected submarine position and the initial surface
ship position (Case 2: Search mission with surface ships and ASW helicopters)

km, 017 #2)7} 60 km 2 ¢ T4 & 32 km, ©]
2 AZ7F70 km & 73 B 2 37 kmZ A
o2x Ao FAEASES A
o]4 712]7} 40 kmQl F-¢ofl= S & 24 km= A
RO RN FAGALE 63.1%E ST+ o, =
7] o4 A=} S7VEE FARA ghEol §43] 4k
slof 27] o4 72|17} 80 km$l B-folli= vIE 24
A 2& el g 2dE e Ak FAEA
°] 36.4%0] =IehE & o= Qlrk o] A= 27
A2)7k 40 kmQl AUFE] 2.9} vlmate] 26.7% 7
Aolck.

ofe wish et diEz)7h e S k=
352l Algloldl Al Fig. 60f mEw, 27] o)A A
27k 50 kmed 73 FAEAZES Fgto] 54.4%(H
=)°lIA 82.7%(HB)=, 27] °14 7127} 60 kmd 7
FABARRES] Hdjgro] 44.7%(H5) A 78.8%(H5)
=, 27] ol4 72)7} 70 km¥ 7 FHHAE|
tizko] 40.7%(F=) A T7I%(BBE SRS & 5
itk o= diRdy]e] 7 el FErh B
ol AF =] Sz TA 2 2710, B oy o=
wEA] 758 s o3RS S et 2e 23
mZolet. 27] oA 7 2|e] S7tel| whE FAEA|EES]
LS AR, 27] o)A 7|2|7} 40 kmQl %o H
AP F& 14 km2 AAFORHN FAHA|LE 844%5
2T 5 9lom, 27] o[ 727} 80 kmel foll=
AN F2 35 kmE O RH A LE 75.0%
S G5, 271 o4 71217} 40 km Q1 A[U2| 07} H]
wel & ) 9.4%7F aghe & 4 Slck ofRt e

r£J|
> I

&)

i

O

Detection Probability [%]

20 |
=== Ship
80 =4 Ship+Hel.
70
60
p—
T i~
50 - n
7 N
40
30
10 15 20 25 30 35

Width of Search Area [km]

Fig. 7. CDP (Initial Distance: 50 km)

o AR BE RS ST A926.7% 0} vl
! 2 B3 Akt

12
>
2
T
i
w
4
S
o
o, H
o

of LRSS BHT 4+ YT & 4 9k

of os) i A AlgElold At % A
o|d ATE vlws) Be, BE Ao] Aneg Hojsh
T 4 ol AR T Eak WE Ao ankeg
HRBRE 5 ol T o] Falsh 9o & 5 9
ok 43t gIRIo} SARE 7 2] o)d Ae) ¥ s
W% Aol uh PekEo) Bk: Fig. 7-9% 53 3
Q18 4= Qlek 27] o]2 A2k 50 km 2 whFig. 7), B
2] A9 FAYASNES A sh TAIZo] 28 km

A3 M3 20144 3¢



Detection Probability [%]

920 T T
—=— Ship
80 =i~ Ship+He
prde™] i~y
WSS Nﬁhuﬂhk
70
60
50 -4+ttt
P~
40 ¥ -
<
30 -
15 20 25 30 35 40

Width of Search Area [km]

Fig. 8. CDP (Initial Distance: 60 km)

Detection Probability [%]

80

70

60

50

40

30

=il

e

T T 11
=== Ship

—d= Ship+Hel.

1
//

e

20

25

30 35
Width of Search Area [km]

40 45

Fig. 9. CDP (Initial Distance: 70 km)

Table 2. Variations of the effectiveness when applying the search patterns optimized to cooperative environment

Initial distance . CDP Mean time for| Increment ratio| Decrement ratio
. Best width of . . . . .
between ship and search area (Ship+Helicopter)| submarine of detection |of consumed time
submarine [km] [%] detection [min]| probability [%] |for detection [%]
Best Width for surface ships :
24 km 84.2 67
40 km Best Width T - 0.2 28
est Width for cooperative
mission : 14 km 844 48
Best Width for surface ships :
28 km 78.3 73
50 km Best Width T - 3.8 21
est Width for cooperative
mission : 18 km 821 58
Best Width for surface ships :
1 km 74.3 76
60 km Best Width T - 45 8
est Width for cooperative
mission : 24 km 88 70
Best Width for surface ships :
37 km 71.6 85
70 km Best Width T - 5.5 6
est Width for cooperative
mission : 29 km 771 80
Best Width for surface ships :
43 km 70.1 95
80 km Best Width T - 4.9 2
est Width for cooperative
mission : 35 km 750 93
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