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interception evasion
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Abstract: When LMs (loitering munitions) perform adversarial tasks, they face challenges such as unknown interception
strategies of NCTs (non-cooperative targets), measurement noise, strong system coupling, and non-convexity. To address these
challenges, an interception evasion algorithm for LMs based on optimized risk budget allocation was proposed. The algorithm
adopted the ADMM (alternating direction method of multipliers) to decompose the original coupled non-convex problem into a
convex control optimization subproblem and a risk budget allocation subproblem with an analytical solution, and solved the two
subproblems alternately via iteration. In particular, the risk budget equation establishes dynamic associations among estimation
uncertainty, interception situation, and risk budget, and enables the algorithm to effectively deal with NCTs with heterogeneous
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reliable and safe evasion performance under three typical NCT interception strategies.
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Fig.4 Tllustration of an adversarial scenario
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Tab.1 Initial state of LMs and NCTs



- - WS Ukt g/
(m/s) rad rad
LM1 [500 1000 200] 30 0 0
LM2 [500 2500 200] 30 0 0
LM3 [500 4000 200] 30 0 0
NCT1 [3500 1500 0] 20 0.066 -2.976
NCT2 [3500 3000 0] 20 0.066 -2.976
NCT3 [4500 500 0] 20 0.050 3.017
NCT4 [4500 4500 0] 20 0.050 -3.017
NCTS5 [5000 2000 0] 20 0.044 3.031
NCT6 [5000 3500 0] 20 0.044 3.031
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Tab.2 Maximum velocity and maximum acceleration of
heterogeneous NCTs
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Fig.5 Trajectories of the LMs and NCTs



K6 LM SRNG5S
Fig.6 Detection signal timing for the LMs
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Fig.7 Fusion estimation errors of the LMs for the
NCTs' positions
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Fig.8 Risk budget allocation of the LMs
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Fig.9 Time-varying minimum separation distance
between LMs and NCTs
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Fig.10 Distribution of LMs evasion success rate under
different wind speeds
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Fig.11 Minimum distances between LMs and NCTs

33 Xfteath

AATEE SRR TR, T PR
IR SEPEMTBEREIERE . U7 5 NCT R/ [FIH
BE, HAR KR 20 /s, SORHIEEE N 20 mys?
FEASCHT I i Feh, LM A ZAE
NCT ##k, EHIENE AbshiE. Kk, ET
TR SRR B T P R T A A

a=(1-4,)ag + Aar

Forbro ag R BUREE A E GRIRTTIEEE, a;
e BRIl I, 2, RICERH, 0<4, <1.
5 NCT & A i R ESH, 4, =10 fE7ERE RS
i, %2, =03, BLi, FETRorx TR
AR S TR A Y. ag IENTIE N

e+V, -t

r “'go
2
tgo

ag = Ng-

Forr,  ty, TR A RE R AN 1] ORI QAT IR TE)D

=0 HUE

i 2 e 2

muln” Pk = Pa "Q + T:ZOHUKIT R

K450t T NCTEH Ll 5 5/ g

I, 730 ST R A TR SR )~ g T SR )

SBEEHFE. PRI I A R

P FRIOLAR e A — AN AT A T, SRl

R R IR R (16). R, “F35HEE (R L

SFAHIE o G0 SFTTE R AL 23, (645 LM

] ARz st A AR B, 3807 A AT E,
PRl G e BV AR TR

*® 4 TEIEERIMREXTEE
Tab.4 Performance comparison of different algorithms
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