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ABSTRACT

Threat evaluation is a process to estimate the threat score which enemy aerial threat poses to defended assets.
The objective of threat evaluation is concerned with making an engagement priority list for optimal weapon
allocation. Traditionally, the threat evaluation of massive air threats has been carried out by air defence experts,
but the human decision making is less effective in real aerial attack situations with massive enemy fighters.
Therefore, automation to enhance the speed and efficiency of the human operation is required. The automatic threat
evaluation by air defense experts who will perform multi-variable judgment needs formal models to accurately
quantify their linguistic evaluation of threat level. In this paper we propose a threat evaluation model by using a
fuzzy rule-based inference method. Fuzzy inference is an appropriate method for quantifying threat level and
integrating various threat attribute information. The performance of the model has been tested with a simulation

that reflected real air threat situation and it has been verified that the proposed model was better than two
conventional threat evaluation models.
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Fig. 1. Fuzzification

Table 1. Input information and linguistic value
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Fig. 2. Membership functions (a) Distance, (b) Altitude, (c) Speed, (d) CPA, (e) Relative course, (f) Threat value
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Table 2. Fuzzy inference rule
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1 1.0 L L H L L H

2 1.0 H H L H H L

3 1.0 M M M M M M

4 0.5 H L H L M M

5 0.05 L H

6 0.05 M M

7 0.05 H L
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Table 3. Test scenario and data

siupo| | 2y 2| R | AlCHERO
-<|)—||8::|Ii‘" A|L-I-E|_C.>_ X y —T,—_II:_ Hlo%'r'l —|E—| 7-IE'l —'—lE_I:IIx:I gEH%Tl
(km) (km) (km) (£°) (m/s) (km) (km) (£°)
1 503 | 648 78 165 2083 | 931 787 576
2 471 15711 667 | 63.0 75 169 2109 | 855 75.0 613
HAYA A
3 saas | 74l | 6Ll 7.9 164 2009 | 779 64.6 56.0
4 778 | 704 7.6 167 2073 | 779 61.1 517
5 833 | 148 25 75 2341 | 685 47 3.9
HYB
6 06 | 185 26 78 2351 | 586 6.6 6.4
7 271 57110 | se6 3.1 95 2495 | 486 34.6 454
HAdlC AL
8 Sgm= | 1204 | 1L 32 ) 2485 | 380 26.9 45.0
9 1222 | 519 1.6 135 2583 | 299 7.9 153
HAUD
10 1206 | 556 1.7 137 2613 | 262 0.9 2.0
- | o) 3z | 1556 | 741 3.0 20 2325 | 378 ; 1713
AE i
12 | A= AR | q611 | 648 28 2 232.0 30.7 - 177.0
13 1889 | 556 0.7 180 525 4438 407 65.6
14 1833 | 648 0.6 182 54.0 443 342 497
15 | 671 A1 | 1889 | 741 0.7 183 53.0 55.1 38.7 447
HAUYF A=
16 sy | 1852 | 833 0.8 181 535 593 362 377
17 1889 | 926 0.6 182 52.0 68.9 38.8 343
18 1852 | 1019 | 05 183 514 747 336 267
G 19 | o] @@y | 1556 | 1259 | 109 185 1554 | 892 0.4 02
bl TIE SAF
20 =5 | 1500 | 1352 | 112 181 1569 | 982 0.1 0.1
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o
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Table 4. Test result(Threat value)

218 # CPA-M RSV-M P,{/loe‘iﬁzzd 215 # CPA-M RSV-M P,:A";‘;zzd
1 0.097 0.251 0.520 11 0.369 0374 0.411
2 0.109 0.309 0.501 12 0.454 -0.455 0.420
3 0.116 0.289 0.537 13 0.053 0.170 0.561
4 0.114 0.257 0.574 14 0.051 0.112 0.573
5 0.192 0.205 0.626 15 0.041 0.081 0.546
6 0218 0242 0.645 16 0.039 0.068 0.539
7 0217 0.438 0.670 17 0.033 0.055 0.516
8 0.277 0.555 0.679 18 0.031 0.046 0.500
9 0.423 0.538 0.680 19 0.104 0.104 0.480
10 0.579 0.599 0.702 20 0.096 0.096 0.407

CPA-M(Closest Point of Approach Method)
Ao g Selow nyE o Yol 7 s ATHR(CPAE TEkL, ol
= Aa8Ae s AYAEE HURRIY AgARte]l FASE AYHE SUIlRRE APAs=
g A7 [900,180°1019 AR STbell whet Ag|rh WolAl B Al s VIEeR
RSV-M(Radial Speed Vector Method)

Afrate] ol AAA wFa)
Az¥el (1 Time) = AATe
AAESACHSIREA 11,12).

wolzbstell gk Y Ae] Al44 S (Radial Speed)E 7IF o2 WolRpabA| o] £QAITES ALESITE A A 7o) A4S 9
ik 7R R AT E ALY 99/Time)=2 ALtec) o, Adid$l7) [900,180°]01H (-)gke] A&y = Ezhelut

3L Adigkel A ATHAZA 11,12).
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Table 5. Performance comparison

Proposed

Gt Method

RSV-M

5.70 4.50 130

RMSE 6.96 5.26 2.17
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Fig. 7. Threat evaluation with respect to clusters
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