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Combat effectiveness evaluation method for missile confronted
with radar based on evidence theory

QI Zhao-hui, LIU Xue-mei, LIANG Wei
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Abstract The combat effectiveness evaluation about ballistic missile confronted with radar is very com-

plicated. In allusion to the assessment matrix of combat effectiveness which was denoted by the random

number, fuzzy number, interval number or other incomplete information, we applied the evidence theory

to evaluate the combat effectiveness of ballistic missile confronted with radar. By the belief function,

plausibility function and evidential ratiocination algorithms, we obtained the interval of utility of each

alternative, so the rank order of whole alternative was attained, which would provide a new approach to

the combat effectiveness assessment of ballistic missile. Finally, the article provided a use case of ballistic

missile confronted with radar, and the evaluation result proved the approach was effective and feasible to

evaluation combat effectiveness of ballistic missile.
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2.1 ,�;wI^(N�O0h�'�F
om5%<P��1 A = {a1, a2, · · · , an}, �N�1 U = {u1, u2, · · · , um}, P�� A o�N� U l�om'	1 R = [rij ]n×m, P� ai |,��N uj =<�N�1 rij . �N� rij �u74'�F
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{

min
1≤i≤n

µi (xi) |y = f (x1, x2, · · · , xn)
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Θ = {a1, a2, · · · , an}, ,�'	�<a`�N� rij 5_0'�(?O�<�(�(, |V`,��N uj=<�(�u1 X

j
k(j = 1, 2, · · · , m; k = 1, 2, · · · , t; t < 2n). PY�%<�, Gm�`E` as, ak ∈ Θ , �sl rsj = rkj , _T ai y ak �m(\�u.
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k) (9)GV`P�|�(�N=<kwJ: Mz�,5;9�('�P�<Fgy�,� m`,��N0�1�(?O�< m `�(x, d( D-S z�M�, 
% m `�(x=�� E <Fg1 m(E), d(JEv�y��v�Ca, ~CV`P� ai(i = 1, 2, · · · , n) <JEv� Bel({ai}) y��v� Pls({ai}) 1

Bel({ai}) =
∑

E={ai}

m(E), Pls({ai}) =
∑

ai∈E

m(E), ∀i ∈ {1, 2, · · · , n} (10)k� (10) 5;V`omP�<Fgy�1 [Bel({ai}), Pls({ai})].

2.4 wI�)u�k�(?O5�, JEv� Bel({ai}) OeG�(
"P� ai <!~JE#y, ��v� Pls({ai}) OeG�(�YCP� ai <JE#y,  W�+�(PZG(\\%�(
�. |aP�Fgy����&�, 5zg�(?O<�(�l MP�iIom, �m&0JEv�y&0��v�, �g
Æ8� Θ ��
{Vu�<�(�l MgQ. Gm�`E`P� {ai} ⊂ Θ , {aj} ⊂ Θ , �s Bel({ai}) > Bel({aj}),

Pls({ai}) > Pls({aj}), �[P� ai imP� aj ; �s Bel({ai}) = Bel({aj}), Pls({ai}) = Pls({aj}), �[P� aioP� aj Ul�Æ;�s�S$��&�,�P� ai�P� aj <Fgy�VÆ1 [Bel({ai}), Pls({ai})],

[Bel({aj}),Pls({aj})], �P� ai imP� aj < E1
P (ai > aj) =

[

max [0, Pls({ai}) − Bel({aj})] − max [0, Bel({ai}) − Pls({aj})]

[Pls({ai}) − Bel({ai})] + [Pls({aj}) − Bel({aj})]

]

(11)_�'t�~CN�(<r\��aP��uR~_��mFgy�<omP�gQ, �AG�m�(?O<4:74'�F
omPM. "�5�, �m�(?O<4:74'�F
omPM��J �, 1��.
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3 V��l�^4:74�g8�'�P�o^74Rr;);. MG1,P� a1 �g�4:+R,;.Gr��
��}, 3ÆÆ
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 Mom, aP��r'�F
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 1 ��. |om���, lH���Z+
!V�<���, ��e℄M�e !E>;lH���℄~�, �ÆÆ℄M; lH���y��, �"�
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���, om'	Zb)��0|< (om�N�7}
g “*” 
�).+ 1 64<
B���f28/$�rxJ_)Q� #��� (s) f!�� (s) ���� (s) 	f^N (%) f!"F (m) ��^N (%)

a1 [667,694] [1327,1344] [1425,1486] 13 1241 �
a2 [644,689] [1124,1182] [1550,1577] 24 2104 j
a3 [832,854] * [1501,1589] 8 795 *

a4 [722,751] [1124,1182] [1215,1248] 24 1356 �
a5 [644,689] [1241,1264] * 13 1893 �RCom�� GL

j (L = 1, 2, · · · , 5)<o�>�
�1G1
j

∆
=I, G2

j

∆
=�, G3

j
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=�, G4

j

∆
=D, G5

j

∆
=i,~Ca`�N=>�mCNom�� GL

j (L = 1, 2, · · · , 5) <CF�, �"�
��N1 G1 = {500, 600, 700, 800,

900}, e 
��N1 G2 = {1100, 1200, 1300, 1400, 1500},ÆÆ
��N1 G3 = {1200, 1300, 1400, 1500,

1600},�e℄M�N1 G4 = {5, 10, 15, 20, 25},e !E�N1 G5 = {500, 1000, 1500, 2000, 2500}. 'tr\�℄K5;9��}<om'	. �g�*V9M;a�N{� ⇀

w = [0.070, 0.127, 0.174, 0.183,

0.178, 0.268], \�N�X CR = 0.053, �[om'	�{���lF.Gom'	<�N� MÆÆ,;9V`om�N=<�l�u: "�
�<�ul�1 {a1}, {a2, a5},

{a3}, {a4}, Θ ; e 
�<�ul�1 {a1}, {a2, a4}, {a5}, Θ ; ÆÆ
�<�ul�1 {a1}, {a2}, {a3},

{a4}, Θ ; �e℄M<�ul�1 {a1, a5}, {a2, a4}, {a3}, Θ ; e !E<�ul�1 {a1}, {a2}, {a3}, {a4},

{a5}, Θ ; ÆÆ℄M<�ul�1 {a1, a5}, {a2}, {a4}, Θ . d(om'	a�N�r{�, ;9V`om�N
uj =�l�u<��FgVi��
 2 ��.
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u1 m1({a1}) = 0.1365; m1({a2, a5}) = 0.1252; m1({a3}) = 0.2587;

m1({a4}) = 0.1780; m1(Θ) = 0.3017

u2 m2({a1}) = 0.2798; m2({a2, a4}) = 0.0631; m2({a5}) = 0.1810; m2(Θ) = 0.4762

u3 m3({a1}) = 0.1829; m3({a2}) = 0.2604; m3({a3}) = 0.2475; m3({a4}) = 0.0222; m3(Θ) = 0.2869

u4 m4({a1, a5}) = 0.16; m4({a2, a4}) = 0.38; m4({a3}) = 0.06; m4(Θ) = 0.4

u5 m5({a1}) = 0.1074; m5({a2}) = 0.2329;

m5({a3}) = 0.0428; m5({a4}) = 0.1241; m5({a5}) = 0.2025; m5(Θ) = 0.2903

u6 m6({a1, a5}) = 0.0456; m6({a2}) = 0.1824; m6({a4}) = 0.0912; m6(Θ) = 0.6807�m D-S �(?O, �a`�N=�l�u<��FgVi� Mz�, ;9�l�u<��FgVi�, ��a74'�P� ai(i = 1, 2, · · · , 5) < Bel({ai}) y Pls({ai}), ;9�('�P�<Fgy�
[Bel({ai}), Pls({ai})] �=: P� a1 1 [0.211, 0.279]; P� a2 1 [0.333, 0.439]; P� a3 1 [0.115, 0.168]; P� a4 1 [0.127, 0.219]; P� a5 1 [0.092, 0.174]. d(gQq�G8�'�P�<Fgy� M��, ;9'�F
gQ1 a2 ≻ a1 ≻ a4 ≻ a3 ≻ a5.
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