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Assessment Method for Contribution Efficiency of Laser Weapon System Based on Fuzzy
Shapley Value Model
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2. AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] Laser weapons are essential means for anti-missile and anti-drone operations in modern warfare. To
fairly assess the system contribution rates of various equipment in a laser weapon coalition, a fuzzy coefficient matrix is
established based on damage impact factors, with full consideration of the damage effects of laser weapons during target
engagement. Furthermore, by treating laser weapons as participants in cooperative games, the fuzzy Shapley value model
is employed, and corresponding calculation formulas are derived to quantify the contribution share of each participant in
combat missions. Finally, the system contribution rates of various laser weapons in typical laser weapon combat scenarios
are calculated and obtained, which provides a reference basis for laser weapon employment strategies.
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Fig.1 Laser weapon damage probability and damage distance curve
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Fig.2 Simulation scenario of battlefield confrontations
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Table 3 Parameters of membership function

RAHES i 1, ;
0 0 0 0 0 0.00 0.00 0.00
1 0 0 0 0 1.55 3.77 4.76
2 0 0 0 0 3.73 4.90 5.00
1 2 0 0 0 4.68 7.69 8.76
3 0 0 0 0 0.00 3.33 4.93
1 3 0 0 0 1.55 538 6.73
4 0 0 0 0 3.75 4.84 4.99
2 3 0 0 0 3.73 6.87 7.95
1 4 0 0 0 4.65 5.84 6.00
5 0 0 0 0 4.07 4.96 5.00
1 2 3 0 0 4.68 8.78 9.76
2 4 0 0 0 6.52 7.85 7.99
1 5 0 0 0 4.99 7.74 8.76
1 2 4 0 0 7.42 8.85 9.00
3 4 0 0 0 3.75 6.22 6.97
2 5 0 0 0 5.03 6.00 6.00
1 3 4 0 0 4.65 7.22 7.98
1 2 5 0 0 5.94 8.79 9.76
3 5 0 0 0 4.07 6.92 7.95
2 3 4 0 0 6.52 8.73 8.99
1 3 5 0 0 4.99 8.83 9.76
4 5 0 0 0 6.83 7.85 7.9
1 2 3 4 0 7.42 9.73 10.00
2 3 5 0 0 5.03 7.96 8.95
1 4 5 0 0 7.74 8.85 9.00
1 2 3 5 0 5.94 9.87 10.76
2 4 5 0 0 7.78 8.85 8.99
1 2 4 5 0 8.69 9.85 10.00
3 4 5 0 0 6.83 8.73 8.99
1 3 4 5 0 7.74 9.73 10.00
2 3 4 5 0 7.78 9.73 9.99
1 2 3 4 5 8.69 10.73 | 11.00

FATIE—E 1R 2, T3 Shapley {EARFRUMELL N FH T
W7 IF B, TR S B A, RSB
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RETE L BRI H I & PRI X O G AR () 520



‘—‘? »
RESEARCH Elt%te

»

X

1ES

e

1

w(s)
1/5
1/20
1/20
1/20
1/20
1/30
1/30
1/30
1/30
1/30
1/30
1/20
1/20
1/20
1/20

1/5

=4

Bt EFERGE « B

Table 4 a-cuts of expected damage values for laser weapons

v, (s)
[1.55+2.22a, 4.76—0.99a]
[4.68+3.02a, 8.76—1.06a]
[1.55+3.83a, 6.73—1.36a]
[4.65+1.19a, 6.00—0.16a]
[4.99+2.76a, 8.76—1.100]
[4.68+4.10a, 9.76—0.98a]
[7.42+1.43a, 9.00—0.15a]
[5.94+2.85a, 9.76—-0.97a]
[4.65+2.56a, 7.98—0.76a]
[4.99+3.84a, 9.76—0.92a]
[7.74 _1.12a, 9.00—-0.15]
[7.42+2.3a, 10.00—-0.27a]

[5.94+3.93a, 10.76—0.88a]
[8.69+1.16a, 10.00—0.154]
[7.74+1.99a, 10.00-0.27a]

[8.69+2.04a, 11.00—0.27a]

5 (BIERTHSEHSE Shapley &
Table 5 Original laser weapon Shapley value

=6

Y (3,) v (v,)
3.18+2.400 6.26—-0.680
3.12+0.27a 3.21+0.18a
0.00+1.77a 1.99-0.22a
4.54-2.55a 0.79+1.20a
3.62-0.19a 3.21+0.22a

EIE GRS H 2% Shapley &

Table 6 Corrected Shapley values for laser weapons

v (v,) o7 (v,)
3.28+2.43a 6.39—0.680
3.14+0.27a 3.23+0.18a
0.03+1.78a 12.02-0.22a
6.14-2.170 2.82+1.15a
3.41-0.240 2.94+0.23a

v, (s\{1})

0
[3.73+1.17a, 5.00—0.10a]
[0.00+3.33a, 4.93—1.60a]
[3.75+1.09a, 4.99—-0.15a]
[4.07+0.89a, 5.00—0.04a]
[3.73+3.13a, 7.95-1.09a]
[6.53+1.34a, 7.99—-0.14a]
[5.03+0.97a, 6.00+0.00a]
[3.75+2.47a, 6.97-0.75a]
[4.07+2.85a, 7.95—1.03a]
[6.83+1.02a, 7.99—-0.14a]
[6.52+2.21a, 8.99-0.27a]
[5.03+2.93a, 8.95-0.99a]
[7.78+1.07a, 8.99—-0.14a]
[6.83+1.90a, 8.99—-0.27a]

[7.78+1.95a, 9.99—-0.27a]

S = =
w S W
T T T

v, (8) =y, (s\{1})
[1.55+2.22a, 4.76—0.99a]
[0.94+1.85a, 3.76—0.97a]
[1.55+0.49a, 1.80+0.24a]
[0.91+0.09a, 1.01-0.01a]
[0.92+1.87a, 3.76—0.97a]
[0.94+0.97a, 1.80+0.11a]
[0.91+0.09¢a, 1.01-0.01a]
[0.91+1.88a, 3.76—-0.97a]
[0.91+0.09a, 1.01-0.01a]
[0.92+0.99a, 1.80+0.11a]
[0.91+0.09a, 1.01-0.01a]
[0.91+0.09a, 1.01-0.01a]
[0.91+1.00a, 1.80+0.11a]
[0.91+0.090, 1.01-0.01¢]

[0.91+0.09¢, 1.01-0.01a]

[0.91+0.09a, 1.01-0.01a]

3 BOLRESK R STk &M Shapley 8 o Bl&E

Fig.3 a-cuts of fuzzy Shapley values for laser weapon system
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contribution rates

Table 7 System contribution rates of laser weapons

fon
59.58
30.15
18.88
57.27

31.79

c
30.61
29.26

0.26
26.33

27.44

%
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