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Combat effectiveness evaluation method for missile confronted
with radar based on evidence theory
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(The Survivability Evaluation Institute of Flying Vehicle, Beijing 100085, China)

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 ETIHEERH/FRRE P EtRE

BFX PR R e FEALEC . X TEIE. BOIE L B 2 BYE S5 2 PR 200 B S 5 SRS RE AR 0] &, AR PR IE
PEIER ) D-S ARk, B AN ERE TR TR, e TR A A A EE, A RIS
T SR HIBUR K], AR5 HO A 7 8 IX TS 2 AR 4 HE 7
2.1 AEEFEERT— LI

ARG REPAG B T RERN A = {a1, a2, -, an}, BHEER U = {ur,uz, -, um}, TEE A HE
PR U BTN R = [Fijlnxm, TSR a; TERSRIBYE v THIBIEEA riy. BHEE ri; AR S HIER
ARETEAG TR AT FENLEL . X BB AT E (5 B, TR AEREIRHI TR RE -G 2 7T, FREXHX
WAHEMWEE ry #TIE—LAHE, X RS FAEE IR # T SR E SRR RE PRAG A JEA.

1) FEALEE B A2

R a; WIRPEME rij RIRAFE—ERMTRIFENLEL, Vri; € (o), 957, oh < g™ le 1,2, L-1],
H

I+1 !
g, — Tij 1+1 Tij — gj

Gli(riy) == ;o G (i) = (1)
J gﬁ-ﬂ _ gj‘ J 9§+1 _ gé'

=X (1) H, Gé‘(ﬁ'j) 0 Gé—“(?"ij) DRFRRIREE v BTER Gé— il Gi—“ KRB FRE.

2) BOMIEE B AL

FHRITE a; WIRTE ri; DIBIEE T, BBRIECE CRTAI, B ri; SR TR—ATREEZSE] O
SR R ERREL KB u(x) = Pos{ry; € Ol&(ry) =z}, (z € R) POV iy BISRIEBEREL, B8
Borig B9 o KFEESCH Co = {£(0) [0 € ©,Pos {0} > a}. XT &1,8, -+, & F n MHEMSL B,
HR SRR EER B AR g (21) , p2 (22) -+ o (20), HBREL f 2 R™ — R B—DLERE AR
F (&) = f(&, &, &) ME—LREL uly) FTH (1), pa(z2), - -, pin(zn) FH

W)= sup R{mmm(m)|y—f<x1,x2,-~,xn>} @)

T1,T2, ", Tn € 1<i<n
3) X% S AR
FHFLE a; WIBTEE ri; BXEL [of, o], MWERFF ¢f <a¥ <aV < gé“, L Lo L1} B,
A

(V ~ ab) + 2(g}" ~ a”) (@ —a) +2(a” )

Gh(rij) = ; G (i) = (3)
Y 2(g5 — gh) 7o 2(g/" - gl)
WA gh <al <aV <gif! g? <al <aV <gP(ple{1,2,--- L—-1};ip>1+1), K
I+1 L2
Gé‘(Tij) = U1 L (gjl+1 . l)
2(a —a ) (gj _gj) l
1 a” —4g;
I+1 — I+1 L 1+2 I+1
G (i) = 2(aU —ab) (( S = +1> x (g —a") + (9,77 — g ))
9j g;
142 _ 142 I+1
Gy (riy) = @0 —al) (97 —95"")
: (4)
1
-2 —2 -3
GY(rij) = m(ﬂf -977)
p—1 1 9?71 —a U p-1 p-1  p-2
GJ (’I”,LJ): 2(aU—aL) b p-1 +1) x (CL _gJ ) +(gj _gJ )
9; — 9j
1 (aV =gt

Gj(rij) =

2(a¥ —a) (g — gb7")
K (4) H, Gh(ryg), -, GY (riy) AANERIEYE iy RIBTERG,, - G" WFIRERE, B G, (Tij)+Gé‘+1(Tij)+
"'+G§(Tij) =1
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2.2 EBRMETRINERT

TERETIEE IS S A R S RE PR M &, Fra Rr Al 77 28 Firt i 4B & BRI A IESE PR B HE A S
0 = {ar, a2, -, an}, PSRHEEPHENBHEE ri; TUEFEIEFEERTOARIERE, E8 MR o
THRERETHN X[ =12, m; k=1,2,---,t; t < 2"). TFEIKHEE, X TAEEFA a5, ar € 0, HIFE
H rej =rij, B4 a; Fl ay, J& TR —FEIC.
2.3 FHERAXETE

RGN BXT NN ER G, MBHAREMM, Bk MG = 1,2,---,L). H¥, THRHFR
Gl GE S RETE AR T RAERYE v TR, REENER. RABRMIE M R HERGE,
IMFEHE a; € AL, TP¥E p(A)) = wyry; BAERXTETE AL W RMRIFRREE, ARGELL PR A5 8 R £ 00
SRR

1) TR IR A BENLEL
WA M A SRS ro; AR IE— MR A AL, B C iR iR
P(A]) = w; (G4(ri)M(GY) + G5 (rij ) M(GLT)) (5)
2) PP R AEE D X (E %K
X TP R IEE R — A REE ri; = [oF, aV], W3R ¢! < ¥ < a¥ < gi™, MIZEETCHIBOR IRITREEE h
P(AL) = w; (GY(rij) M(G}) + GYH (riy ) M(GL)) (6)

1 PEAGRE MR PR — D XTEEL iy = [0, aV], IR ¢) < ab < g™, gf < < g, MiZgEThEoA
(LsgES o)

P(A]) = w; (Gh(ri) M(GY) + GL (rij ) M(GLT) + G52 (rig ) M(GF?)) (7)
3) PP R IR
PR R vy WERIEET, XTI AT RE R A
p(A}) = w; M(GY}) (8)

XMTRIC O, IR IEE N BRIRI & SR RIHEY 1, 8 p(0) = 1.
XET VA € 29, IRAETT A TP IREFREER p(Ay), MIATBUE I — /5 & BoCHy A O i A

m(AD) = p(Al) / S p(Al) ©)
k

XREATTRAEAF R TR IAF 5 BTG R, RIS EIAFEAEETT A BT K, m A PSRIREE AL
HUESEE R m MRS, A% D-S GAUAN, Zih m MEEIR T3cik B AU m(E), RIE(EE S
RORURL R BOE X, BB BATTR ai(i = 1,2, n) BEEEREL Bel({a;}) MELEREL Pls({a:}) 4

Bel({a;}) = > m(E), Pls({a;})= > m(E), Vie{1,2,---,n} (10)
E={a;} a;€E
Ha (10) FISEAPRAG T ATBUT XIEY (Bel({ai}), Pls({ai})].
2.4 FETRAF

FHUESRER AT, (S BERRAN Bel({a:}) [KBR TIESRSCRTR o WORSREEESRT, AECEREL Pls({a:i}) X
BRTIEIRAEETR o EEEM, NIRRT E [ —am@ AR R, 725 77 S0 KR T H
L, W5 FESR B M UETR S AT IT SR PPAL, BT BB BE B B S R L EL R B, R IR PMER ©
ARERITTCRANERSHEATHT. M TERPAANTR {a} C 6,{¢;} C 6, IR Bel({a;}) > Bel({a;}),
Pls({ai}) > Pls({a;}), SIS ai RTTE aj; IR Bel({ai}) = Bel({a;}), Pls({ai}) = Pls({a;}), 9HITF
% a; HI7% a; BRZEA; TR LIRKAF, 75 ai J75E o WBHIX RS Bel({as}), Pls({ai})];
[Bel({a;}),Pls({a; })], W% ai RTIT5 o WREER
max [0, Pls({a;}) — Bel({a;})] — max [0, Bel({a;}) — Pls({a;})] (11)

[Pls({as}) — Bel({a:})] + [Pls({a;}) — Bel({a;})]

DA S A MR Y T — b . &5 77 AT L B TR KRR PRA5 77 S HE P, L T 2 TSR
B HIE TR AR BOKRE PR k. 43 LFTAN, JETESR BN Ay 5HIE SRV EBAKRE TS Ik SRR I 1
BR.

P(ai >aj) =




176

Ao LRME®E LK

THA
[ \
/s rwwe ) ) / /T
v } }
|4\E)¥J~Jﬁ%ﬂ] A hb B | | ...... | |/T<Efﬁi{f,@\ﬂd Ak kb |
[ \ \
| ST AP ST A TR MR |
¥ 1
e ﬁ A
F A S E I AT L | cmnmamknpm
| ]
g
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v
[ swsimimms s e snsmBeds) Pisdah] |
v

| HITFAM R 7T REHE Pla, >a) |

# —

H,
=

| 77 2 B A RE T 2 AL S |

1 BT I SRR T R AR

3 HEH

BERLHHIE TR LRSS 5 R I AR GO A EATXE, TR a0 RAVRFE RS, 50
AR TRV, (HURE ST TR a2 Al as SRR/ NRERTUE DS, FAXT HPUIRE S TR aa M as
KA FIE SR, IR AR R, (HERERS BRI RE T4, 08 IR, “BRIERA IR, “IR
FINFTE]” ORERMEAR" | “EREPRSEE” A “IRBIRERY SR PG X SRR REATIEAG, & 77 R A
EOREPPAS TR NS 1 BT, TEPGHEAR o, SRR AR IE S AR RERLEL, ASRERAER . BRI BESE
EERt p Ay Rt ik O AG L SR R ey R LT < S E e L R L T S S = A LR e ARG N
TR as BIBRERRTEHETS, PEATRE RN R A S 2 (PPERIEEZS BT 7 FR).

x® 1 SEMHBHASE AN R AE AR

TTHE HEHE (s)  BREARFTE] (s)  PURIRFTE] (s) RERMER (%)  BRESRE (m)  PUIEER (%)
ar [667,694]  [1327,1344]  [1425,1486] 13 1241 #

as (644,689  [1124,1182]  [1550,1577] 24 2104 Iin

as [832,854] * [1501,1589)] 8 795 *

as [722,751]  [1124,1182]  [1215,1248] 24 1356 i

as [644,689]  [1241,1264] * 13 1893 %

HEREAHEIR GL(L = 1,2,---,5) TS RE RN GI 2 4, 22 2, G2 d P2 B, & 2 ), i
BNEETEM TR G (L =1,2,---,5) K@ iHE, BRNEFEER G = {500,600, 700, 800,
900}, BREERHERM A Go = {1100, 1200, 1300, 1400, 1500}, RS EE MR Gs = {1200, 1300, 1400, 1500,
1600}, JREEMERIE:H Gy = {5, 10, 15, 20, 25}, BREASERMEHR G5 = {500, 1000, 1500, 2000, 2500}. i
A — R AR B F M PR R R, SR A B IR TS & B IEAE w = [0.070, 0.127, 0.174, 0.183,
0.178, 0.268], —FPERLE CR = 0.053, 13 B PEAR 46 BE AL E H LA

X PEAG R M SR PR E R TR, S 2R PRAl B T R PrE S IR R BT R {a1 ), {ag, as},
{as}, {asa}, O; BRERETRIM BTN {a1}, {a2,ad}, {as}, O; RBIBTEBIETTHBA {a1}, {a2}, {as},
{aa}, O; KRR ETTHBN {a1, a5}, {a2, a4}, {as}, O; IREAEEWEETTHN {a1}, {a2}, {as}, {as},
{as}, ©; PRIMERBBETTHRA {a1, a5}, {as}, {aa}, O. RIEPPAGREFES RS HALE, B2 E M
u; NIRRT A A EUE MR 2 FiR.
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x® 2 ZRMESTHRAEREAYAME

JRE R AR R AR Bl E
U1 mi({a1}) = 0.1365; m1({az,as}) = 0.1252; mi({as}) = 0.2587;
m1({as}) = 0.1780; m1(O) = 0.3017
U2 ma({a1}) = 0.2798; ma({az2,as}) = 0.0631; ma({as}) = 0.1810; m2(O) = 0.4762
uz  ms({a1}) = 0.1829; ms({az2}) = 0.2604; msz({as}) = 0.2475; msz({as}) = 0.0222; m3(O) = 0.2869
on ma({a1,as}) = 0.16; ma({az,as}) = 0.38; mas({as}) = 0.06; ms(O) = 0.4
us ms({a1}) = 0.1074; ms({az}) = 0.2329;
ms({as}) = 0.0428; ms({as}) = 0.1241; ms({as}) = 0.2025; ms(O) = 0.2903
U me({a1,as}) = 0.0456; me({az2}) = 0.1824; me({as}) = 0.0912; me(O) = 0.6807

FT D-S IEEFE, RS NEAE T A BT AR 2 BUE R T & R, BRI B oThy A4S >
FLfE, HAESHIER TR a(i = 1,2,---,5) B Bel({a;}) Ml Pls({a;}), FEIARFEEETT RHEH X6
[Bel({a;}), Pls({a; })] 40 TF: HZE a1 K [0.211, 0.279]; F7E a2 2 [0.333, 0.439]; FZE a3 N [0.115, 0.168]; J7
% ay K 0.127, 0.219); & a5 24 0.092, 0.174]. FRFEHERHUIUN T FEEIT RATEOT X [FEAT HoBe, 755
VERRGLREHEF A a2 > a1 > a4 > a3 > as.

4 INGE

AR CR LSRR IEA T 58 5 X B A T IR Y VR O RE PRAG B I, ST X PG R s RERLE, X%
BRI LA B 2 B E 2 FiE S R AR O RE P A T, Sl SESRHE B AR 2 & 07 RETBOT X ], AR5 %45
Tr B K AIEEAT R B AR S HEF, AT 5 3Rt T —FivA A VR RE PRAS . 2 THIER B
WAL IR RE A FLBR AL, RIR LSS D-S AU EAME RIS IRA 74 AT et B — 2 A ey 00, Xof
BERLSR I T AR SRAC AR SGIESR & B ) (R B e 6 o 1O xR IR IR AL & HE4 T
i, DT 4 e R e RE A B LA L.
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