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This paper analyzes the effectiveness of UUV
swarm-based mine detection in a harbor approach
environment using mathematical modeling and Monte
Carlo simulation. Two configurations, a heterogeneous
swarm (M1+S2) and a homogeneous swarm (M3), were
compared under parallel, hierarchical, and
collaborative search strategies. In a 3,000 m X 3,000 m
search area with 20 randomly deployed mines,
clearance rate, mission time, reacquisition success rate,
and overall operational effectiveness index (OEl) were
used as measures of effectiveness. The results show
that the collaborative strategy with the heterogeneous
swarm achieved the best performance, with a
clearance rate of 94.3% and an OEl of 83.0%. ANOVA
confirmed that search strategy significantly affected
clearance performance, especially in the
heterogeneous swarm case.
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Table 1. Comparison of swarm search strategies

Category Parallel Hierarchical  Collaborative
Assg(;'fnent None SAS/SSS SAS/SSS
Cooperation Independent Thgziz)l d Immediate
Reacquisition None Alliac;i?on Real-time
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Table 2. Simulation parameters

Parameter Description Value
Lx W Search Area 3,000° m
Nin Number of Mines 20
At Time Step 5s
Trmax Max Simulation Time 10 hr
Maic Monte Carlo Iterations 100
@ Acoustic Environment 10
Factor
c Grid Cell Size 10m
Oy Hierarchical Threshold 0.5

3.22 74 14
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T+ TS EEsto 2k % H| W St}

(1) Case 1(°]& #3): 3 UUV 1 (SAS &A) +
A% Uuv 2t (Sss T A). F"Js Uuv7zt Fo gAaS
Fstal, 23 UUVvZE A EH 24 AU AES
@5t SAS-SSS o] A3} A Ao .

(2) Case 2(B5F +3): 5% UUV 3| (SAS TFA
S UUV7L 5L AFF o & 51T} SAS AHA]| Al =
Stk A8 UUVY} BEREIE R A QR 23]
A 9k 0w, SAS ZHA| A8 Y (0.9) 0] o &7t

). 2
=
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Table 3. UUV specifications

Parameter Unit Medium Small
Speed (V) m/s 2.5 1.5
Endurance hr 40 15
Nav. Accuracy m 0.5 1.0
Comm. Range m 1,000 500
Swath Width (S) m 400 320
Turning Radius m 50 30
Detection Prob. (~,) - 0.95 0.80
False Alarm Rate km? 0.005 0.01
Sonar Type - SAS SSS
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Table 4. Simulation results: Case 1 (M1 + S2)
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965R°/[c§ 23 525-327 0 92 ?3-244 93 3?4.:;5 2 (Case I)O] o5 = (Case Z)EE} 71 AA &N
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Table 7. Clearance rate by sensor parameters [%]
/qreacq [%] - - -
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*“Terminated due to timeout ST Detection Probability 7
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oA A 5ol £P= A ghord, sas A 48 Y2 o = 28 L0
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5(0.9)0] ot ¥E kel A A gol .
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Fig. 1. Path results of a UUV swarm mine search simulation
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3.3.5 ANOVA EAIRA
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Table 8. ANOVA results by case

Case df F Sig.
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