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Abstract

Aiming at the characteristics of target multi-attribute and dynamic changes of attribute values in air defense

operations, this paper proposed a method of dynamic threat assessment based on intuitionistic fuzzy multiple attribute

decision making. Firstly,aiming at the unknown weight of target attribute,based on the basis of comprehensive investi-

gation in subjective preference of decision-makers (DMs) and objective information, this paper established a linear

weighted attribute weight optimization model,and determined the weight of target attributes. Secondly,in view of the

one-sidedness of the traditional threat assessment algorithms which only study the current time attribute information,

the Poisson distribution method was used to empower the time series, the fusion of multi-time target information was

realized and the dynamic change process of the combat situation was investigated . Thirdly, the idea of TOPSIS was used

to solve the normalized threat value of targets.and then the dynamic threat ranking results of the incoming targets were

obtained. The simulation example shows the flexibility and rationality of the proposed algorithm, which provides more

effective auxiliary decision-making for air defense combat DMs.
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Measurement values of each target attribute at time #1 —1¢3

il ¢, ERFEN EREAH(TY 1% 15 ¥ & (Sd) & & CH) A E V) it 1 A (Ha) Tt A Ja)
1 (0.30,0.50) 0.78,0.15) (0.65,0.15) (0.73,0.12) (0.75,0.15) (0.50,0.40)

2 (0.70,0.20) (0. 65,0.28) €0.55,0.32) 0. 80,0. 20) €0.80,0.11) (0.60,0.30)

1 3 (0.60,0.30) €0.76,0.10) €0.75,0.15) (0.68,0.15) (0.80,0.15) €0.50,0.20)
4 (0. 60,0.20) (0.80,0.15) (0.60,0.20) 0.70,0.15) (0.80,0.11) (0.70,0.20)

5 (0.40,0. 40) (0. 65,0.20) €0.68,0.20) €0.75,0.18) €0.63,0.12) (0. 20,0. 40)

1 (0.40,0.50) €0.75,0.20) 0.82,0.18) (0.85,0.15) (0.73,0.20) 0.40,0. 30)

2 (0. 60,0.30) €0.70,0.20) 0.76,0.15) (0. 64,0.20) (0.75,0.15) (0.60,0.20)

ty 3 (0.50,0. 40) €0.78,0.10) €0.70,0.20) 0. 65,0. 20) 0. 80,0.12) (0.50,0. 30)
4 (0.50,0.10) (0.83,0.10) €0.70,0.15) 0.65,0.21) (0.85,0.10) €0.60,0.10)

5 €0.50,0.40) (0.68,0.15) (0.68,0.15) 0.70,0.12) (0.75,0.15) (0.30,0. 40)

1 (0.50,0. 40) €0.75,0.20) €0.80,0.15) €0.70,0.18) €0.75,0.20) (0.50,0.20)

2 (0.60,0.30) €0.75,0.15) €0.70,0.18) (0.68,0.20) (0.60,0.20) €0.70,0.20)

Iy 3 (0. 60,0.30) €0.76,0.12) (0.64,0.15) 0.70,0.15) (0.75,0.18) (0.50,0.40)
4 (0.60,0.20) €0.80,0.10) €0.70,0.10) €0.75,0.15) (0. 85,0.05) (0.60,0.20)

5 (0.50,0.30) 0.65,0.05) (0.65,0.10) (0.70,0.25) (0.75,0.15) 0.40,0. 40)

F 2 n—ts BRGS0 B bR S EE
Table 2 Normalized target attribute values at time 1 —1¢3

BTN HiFF5 N HAREA(Ty) 17 1] BE % (Sd) & ECH #JE (V) A1 f (Ha) T U
1 €0.70,0.10) €0.22,0.71) €0.35,0.45) 0.73,0.12) (0. 25,0.65) (0.50,0. 40)

2 (0.30,0.60) (0.35,0.58) 0.45,0.42) (0.80,0.20) €0.20,0.71) 0. 60,0. 30)

RG 3 €0.40,0.50) (0. 24,0.62) (0. 25,0.65) (0.68,0.15) (0.20,0.75) (0.50,0.20)
4 €0.40,0. 40) €0.20,0.75) (0. 40,0.40) €0.70,0.15) (0.20,0.71) (0.70,0.20)

5 (0.60,0.20) (0.35,0.50) (0.32,0.56) 0.75,0.18) (0.37,0.38) (0. 20,0. 40)

1 €0.60,0.30) (0. 25,0.70) €0.18,0.82) (0.85,0.15) (0.27,0.66) (0.40,0. 30)

2 €0.40,0.50) 0.30,0.60) €0.24,0.67) (0. 64,0.20) (0. 25,0.65) (0.60,0.20)

R(12) 3 (0.50,0. 40) €0.22,0.66) (0.30,0.60) (0.65,0.20) €0.20,0.72) 0.50,0. 30)
4 €0.50,0.10) €0.17,0.76) (0.30,0.55) (0.65,0.21) (0.15,0. 80) (0.60,0.10)

5 (0.50,0. 40) €0.32,0.51) €0.32,0.51) €0.70,0.12) (0. 25,0.65) (0. 30,0. 40)

1 (0.50,0. 40) (0.25,0.70) (0.20,0.75) (0.70,0.18) €0.25,0.70) (0.50,0.20)

2 (€0.40,0.50) (0. 25,0.65) (0.30,0.58) (0. 68,0.20) (0.40,0.40) (0.70,0.20)

R(13) 3 (0. 40,0.50) €0.24,0. 64) €0.36,0.43) 0.70,0.15) (0. 25,0. 68) (0.50,0. 40)
4 (0.40,0. 40) €0.20,0.70) (0.30,0.50) 0.75,0.15) €0.15,0.75) (0.60,0.20)

5 {0.50,0.30) €0.35,0.35) €0.35,0.40) <0.70,0.25) €0.25,0.65) (0.40,0.40)

FIH JZ WK 43 M1 ¥ (Analytic Hierarchy Process, AHP)
E F AR JE PR AL IR AR AR A E , 0, = (0. 27,
0.22,0.15,0.12,0.13,0. 11>, g PFAf 3 72 th 3 o7 B 5K 3% 3
I 52 & » L N7 A B 5 5 BB R o, = (0. 93,0. 82,0. 75) , 1)
A 20 (D AT () T 15345 3 P 5 3 X B A B4 D -

g: (1) =1(40.4489,0. 3594),¢0. 3953,0. 531 7),¢0. 3316,
0.5138),¢0.3779,0.4734),(0.4187,0.3977));

g: (1,)=1(0.4255,0. 4935),¢0. 3508,0. 5196 ,<0. 3552,
0.5204),¢0.3568,0.3554),¢0. 3682,0.4693));

g:(15)=1(<0.3634,0.51425,¢0. 3885,0. 491 3>,¢0. 3535,
0.5175),¢0.3564,0.4836,(0. 3856,0.4286)),

HRAE 2 (12) — R (15) $2 1 /Y Ja o AR p Al 455 78, W] SR A
FEFEARN IS« TR o1, — 1t B2 H AR B 09 1k

B, AR (18 — 222 15715 2] B Ar 19 15— 1k A5 X 0% 5
BE LN 3—3% 5 B,

3 0 BN RS BT 08 A T K JHG X 07 Aoy o I 3 8
Table 3 Attribute weights and corresponding relative closeness
under different parameters at time ¢
a f1 B ety B AR E U3 — by A

a=0.0,3=1.0

[0.0949,0.1870,0.2128,
0.2870,0.0949,0.1234]

[1.0000,0.7809,0.4794,
0.8084,0.8444]

2=0.2.=0.8

[0.1175,0.1965,0. 2386,
0.2023,0.1113,0.1338]

[1.0000,0.7357,0.4537,
0.7945,0.8422]

[0.1489,0.1924,0.2555,
0.1392,0.1277,0.1363]

[1.0000,0.6714,0.4176,
0.7621,0.8400]

a=0.8,3=0.2

[0.1851,0.1798,0.2593,
0.1041,0.1397,0.1320]

[1.0000,0.6042,0.3828,
0.7216,0.8368]

[0.2150,0.1688,0.2562,
0.0876,0.1456,0.1268]

[1.0000,0.5564,0.3601,
0.6913,0.8340]
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Table 4

Attribute weights and corresponding relative closeness

under different parameters at time ¢,

afop

o 16 B AR E

V3 — b g A A R A

«=0.0,8=1.0

[0.0760,0.1452,0.1646,
0.1250,0.3658,0.1234]

[0.6665,0.6153,0.5172,

1.0000,0.7507]

@=0.2,8=0.8

[0.1016,0.1687,0.1898,
0.1247,0.2757,0.1395]

[0.5953,0.5494,0.4784,

1.0000.0. 6840]

«=0.5.8=0.5

[0.1389,0.1849,0.2060,
0.1154,0.2071,0.1477]

C

1.0000,0.6241]

.5398,0.4881,0.4447,

a=0.8,83=0.2

[0.1811,0.1898,0.2098,
0.1046,0.1675,0.1472]

[0.5085,0.4396,0.4195,

1.0000,0.5796]

a=1.0,8=0.0

[0.2143,0.1888,0.2077,
0.0972,0.1480,0.1440]

[0.4947,0.4095,0. 4046,

1.0000,0.5532]
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Table 5

Attribute weights and corresponding relative closeness under

different parameters at time 3

afop

B 16 0 B R E

VI — f b A Ak

«=0.0,3=1.0

[0.1712,0.0796,0.1533,
0.3804,0.0870,0.1285]

[0.6507,0.8198,0.7543,

1.0000,0.9004]

@=0.2,8=0.8

[0.2214,0.1046,0.1941,
0.2240,0.1104,0.1455]

[0.6049,0.8096,0.7088,

0.9309.1.0000]

@=0.5,=0.5

[0.2587,0.1258,0.2184,
0.1331,0.1246,0.1394]

[0.5145,0.7148,0.6131,

0.7960,1.0000]

«=0.8,83=0.2

[0.2829,0.1428,0.2285,
0.0903,0.1309,0.1246]

[0.4571,0.6444,0.5545,

0.7109,1.0000]

a=1.0,8=0.0

[0.2962,0.1543,0.2311,
0.0722,0.1327,0.1135]

[0.4269,0.6031,0.5238,

0.6657,1.0000]

R ORI 1y — 5 BFZIAY AL , i CHRL18 T I o=
1.2, 045 n=[0.1463,0.2439,0.6098]., TEAR MM S (a
AT A2 R COWE 6 —e B2 A Bh 3 e
FEBE H R0 — A AR ST WG 3L B P () - 453 B b R A2
BE R A HE R sk 6 fin gl .

F6 B — (AT I ST J5E B 5

Table 6 Final normalized relative closeness degree and
its ranking results
o f1 U3 — b By A A B A7 F M HE
00,8 1.0 [0.3007.0.4859,0.2620, | )00

1.0000,0.7324]
[0.2985,0.5421,0.2600,
1.0000,0.9212]
[0.2856,0.4827,0.2281,
0.8312,1.0000]
[0.2734,0.4078,0.2054,
0.7120,1.0000]
[0.2703,0.3645,0.1952,
0.6598,1.0000]

«=0.2,8=0.8 Ay >As > A2 > A1 > As

«=0.5,4=0.5 As > Ay > A2 > A1 > Az

a=0.8,83=0.2 As > Ay > A2 > A1 > As

a=1.0,8=0.0 As > Ay > A > A1 > As

4 fHESH

HIR 3— 3 5 A1, 2 Jm A AL A0 B R ) A 2 8K (e
8O WA [l (ELIN . 7 356 45 B4 F A Ja 1 41E A A B2 23 T S ] i
oo MW, B P S 1Y LR B 7E BB oh i 4 T 32
O FbRE AN A 16 B AN L3 A J A T 23 P A 2
GO T E AR EE L AR EE D 3 R R T o S A
BT/ T B ISR SO B AR R A 4 1
T2 (A A B0 A Ja P B TS S n R4 L 5 L

H12E 6 11, AL S5 o B /INIE, BV A Y v 3 S0 4 )
N HEF A5 R R AR 4> H s 5> Hpx 2> Hbs 1> Hbs
37 Bl 2 o BBUAEL 4 1 R o B0 A A AR vl o R 1) A K I e
HN BB 5> HAr 4> B 2> HAx 1> Hx 3,7 W HAx 4 Fl
FIbR 5 28 e Bl 4 7 A7 8 PR 5 38 19 = L LA 1) 32 i ) ]
Hos 1. s 2 F1HAR 3 HEP 45 R N RE .

Hk 5 M3 6 mTHL, 2% «=0.5,8=0.5 B, 4 ATH} 2] 2, A9
AR O HAR 5> Hir 4> H¥s 2> HAs 3> HAs 1,
M 3h A PPAR SR TP 45 5 - B AR 5> B AR 4> Hbs 2> H
B 1> Hbs 3, 7 WATAG S5 R B AR 1R 45 3 588 1 B HE
PP B . ALY R 2 08 T A AR SR R A A 5
e AN STk 13-14 1, AL 5 58T 24 i i 20 4% R A% BT Ay B
B I P A S 2 PP 25 SR AN % 5 T F L T Sl A AL Lk e
FE I [ ¥ 5 A EE B SR b S T 2 A R ) B 2 i e 2 Y
HAR B AE B, FAEAh a3 B 0l 76 38 5 T8 45 S 00 3Ll b 3 AT
L 200 B AS Tl A (A AR I A 45 SR Rk A L AN SR
6 741 .

GWIE ARSI T — R T BB £ R PR (1 B
ARG B E , BB TAEMN R . D & X SCHk[2, 13-14 1R A
A B A DA T SR 0% 48 T M A e 20 A A5 3 B i B0
A 285 SR 1) 5 B R A B AR 4 R 00 A SR FH IR 4 A7 3k
)77 50 A, S 3 T R 2 A B Rl s  H R T AR
MBS At B L S T B A UM A AR L 8 T H A E
ARG T . 2 8F X SCBR[14, 18143 B R ] 1T 3R L %
RUZ R Tk 2 B AR B MEAE A EMHER R AR,
AR SCHESE T 3 T AT A5 B 00 i v AR G AR R, R B 4 (a
HURD B VY, R T Hb S e T 3 WA 4 & LA S X AR 3 43 i
Lo 152 R A P JE AT . 3D 5% T TOPSIS 1Y
HeFp AR GBI 545 B AR I3 — Ak B R X0 3 B2 R 3R A B bR
AR BB . 7B S5 A R T A SO R RS

T 2B 0 A E SR 1) X U0 AT 32 P L AR B 3 o
Mo Ak RS SAE AR — B 5T 2) 0 25 28 H AR ik 28 B 3t
FT 04 BN 56 4 6 B DPAR 38 B A 2R 5 3) G ] 7E PP AR 3o A
Fp B G 1R T R A (e LB
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