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Threat grade identification of subjective and objective comprehensive weights
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Abstract: The identification of radiation source threat level is an important basis for interference
resource allocation. Currently, the commonly used threat level judgment methods in engineering only
consider a single method for indicator weighting, which has strong subjective factors and often results in
unreasonable results. In response to the above issues, this article proposes a subjective and objective
comprehensive weight threat level identification method based on game theory. This method utilizes four
threat indicators, namely carrier frequency, pulse width, pulse repetition period and duty cycle, to
establish corresponding membership functions. Using the ideas of game theory, the weights obtained from
tomography analysis and entropy method are combined to obtain comprehensive weights; combining
weight with membership degree, the threat level recognition results are obtained. This article analyzes
the parameters of radar radiation sources in multi—environment battlefields, and the results show that
using a threat level evaluation method based on game theory can provide more reasonable results
compared to using only a single evaluation method, achieving good recognition results for multi-radiation
source scenes.
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R SCRE R 22 VR W T I T VA TR, 1 S SR PR 5 At S W Al R 0 SR BE AR T, 5 M 2R
T A SEAEURE J2 A 23 M ik AR (ELTL A5 Hh AU AR A5 S 8 B SR S A 5 fe e KA 5 SR B AR 4G S AR BRI, OF
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EFEREH IR AR ZHARSEA, TR0 A9 E 1 2508 Bk o 28 55 (Pulse Carrier Frequency, PCF). fik
56 (Pulse Width, PW). Jik w8 %2 J& ] (Pulse Repetition Interval, PRI)F 7 %5 [ (Duty Ratio, DR)', {K¥Kic N
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1.1 Bk EsnRE ERE

H, B IRER SR & ST R K v (s S R 2805 Ve B A 3 MHZz~300 GHz, Hib, 46 £ 5 TR Ok 5 A TR Rk ol 380 4R
HIFEL., S. C, X, KulliB.
ok b 22 38 8y Ik R A UG 2 TARAE Ku sl X EL, J8 T % KR ERER B I8, RIS 80 B2 =, UID 45 S =
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B A S U POl SR B BB 0.4 BT R IR R SR TR A A A B N AR R, R, SR JE B HRUE
0.2, ARG LR NAS, A4S B A S IR K b SR S R R
1.0, KuX
u(Tl): 0.7, S,C M
04, L
0.2, otherwise

12 Bk EEREEER

WH, BRI IR K h T A BV LR 0.1~200 ps, ik ok TE B AR D IEORS A RE R, MR B R, K
e 4 B R T IR R R T kb o

AR AR ST UR K P S8 B R F 200 ps B, JE Fm AR, LR SRR, BRItk mDRE TR R S IR K e 9 R R
T 200 ws B 0 B0 SR J BE HU(E R 05 24 B 2 i 59 U8 Ik o 5 B b F 0~200 s B, AR PR R 40 43 o8 0~0.1 s FT 0.1~
200 pso Horr, T IR R Bk e B AL F 0~0.1 B, K2 BUE LT FH TR O B B 0 B RS I R A G i
LG, AR B Tk o S U K o 9 BE /N T 0.1 s B B W S5 Ja B O 1 7 R A O TR K o BE B A T 0.1~200 ps B
JEFm AR A MRS, ELBK e S BE G VR ST S5 BN [RI T S N R, HE AR SR Ak R s, R A
SRR A TR Ay A b A AR Y R TR Ak K e O S U S U Z A R, Q) BEATHEA

u(7,) =1-[k(T,-0.1)j0.1 ] ®)

P kR E L, A SCHUE A 0.000 5,
8 PR, Bk EE ST IR K b S8 B SR JE B R AR .

>
0, T,>200 us

u(T,) = 1= [K(T,-0.1)0.1]. 0.1us<T,<200 s @)
1, T,<0.1 ps

1.3 Bk ESERRAREEHEE
W, AR IR Y Bk vh AR T KB S 100~10 000ps, ok vh A JE B/ RO S GG, X H AR
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) JB D R K

IS IR VK S A R N 100 ps BF, RZHUE ML T AL F k65 . BRERE R, X HARE W R, WU A
PKderm, PG, Ok R SR K b E AR DN T 100 ps 9 N SR BRI O 1. R R O TR bk op B 2 R Ak T
100~250 ps I, J& TERERE R, X H AR BN R, B S 903 K Ik 4 S s bk b 5 A2 R I Ak T 250~1 250 ps
iF, KRE8E THhRER, S HRERM—8, &I 2505 858 I8 koo 5 2 5 W4 T 1 250~4 000 ps
J&F i AR, X AR RN, R RO s Y R R IR K b R R K 4 000 ps B, JE T OE AR
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AR 3K R VR K T 10 000 ps B B0 S5 T8 BE B R 00 R 45 70 40 b A A TR 8 4 5 IR Bk o R R 40 T 100~
10 000 ps X 8] Py, 5 Gl W o Jad 3 UM =2 ) i B O 22, SR A R (4) i A7 4 s

u(T;):exp{— "((TT_‘TT))] 4

e T T SRR S DR A bk b E R R U R R, AR SCIRUEL 1005 777 Sy 77 38 5 S A Jok b B AR TR B BR, AR SOV

100005 k' RE R, ARSCHUE R 0.97.
ZE FRTAR, TR IR AR SR ko E A2 3 0 S JE R R BCR

0, T,>10000 ps
KT,-T,
u(T3)= exp —M , 100 pus<7,<10000 ps %)
(Tsz_Tzl)
1, T,<100 ps
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L S AR AR XS B m o BRXE A b S TR 40, iE— 2D EOHIE T B R R R o 28 b I AR R s
PEAR R B AT S

LR LTI, ASURIE BRI, AW TAEBR U LT 5 G 28 LA (R [, 0 o 3 gk W 45 5 IXC ) i
P34, ASTR) DX ] PN 08 g e PR S J B U AN [R) LA H 34 Oy

1.00, T,>25%

uUU=(mi 15%<T,<25% ©
0.50, 35%<T,<15%
025, T,<5%
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target layer 4 reasonably determine the weights of various threat assessment factors

indicator layer 7' T T T T

1 2 3 4

Fig.1 Hierarchy chart of evaluation factor weights
P 1 PP A AR 12 R S A 14
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A — R W FEAT P AW (GE N ay) . A BT RE R
1 AR X

Tablel Scale meaning

quantizer pairwise comparison of importance levels
1 indicates that two elements have equal importance compared to each other
3 the former is slightly more important than the latter
5 the former is significantly more important than the latter
7 the former is more important than the latter
9 the former is extremely important compared to the latter

2,4,6,8 the intermediate value represents the adjacent judgment mentioned above

if the ratio of importance between the former and the latter is a ,.j( =3);

reciprocal . . X
the ratio of importance between the latter and the former is a;,( = 1/3)
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Table2 Radiation source parameters

radiation source PCF/MHz PW/ps PRI/ps D state
a certain airborne early warning radar 435 13.0 300 0.043 3 search
a certain space detection phased array radar 435 4.0 287 0.0139 search
a certain air surveillance radar 2 000 125.0 3600 0.034 7 search
a certain air surveillance radar 1 400 51.2 1230 0.041 6 search

a certain guided phased array radar 5259 20.0 625 0.0320 track

a certain Doppler shipborne fire control radar 9 500 10.0 333 0.030 0 track

IR BT FERE 4 PR EAR A7 A TR R, 4 A TR IO E BT o, AW R A R i 2 50, R R
SREREAT LUHE, AT AT ) ) BT

8 8 8
5 7 3
S 33
PRE 7 3 (29)
7,7
8 5 3
333,
18 5 7 |
3 (8)~(9) IT 45 i A P AL — B I 4 h
1 1.6 1.143 26667
- |0625 100714 1.6667 (30)
0.875 14 1 23333
0375 0.6 04286 1
1 2 (10)~(12) 7] 75 3= AL Hy -
W,=[03478 02174 0.3044 0.1304 ] (31)
20 (12)~20 (14) 7] 153 Z WAL A
W,=[03127 03437 03116 0.032] (32)

IR (23) 115 a,=-0.194 Lo, = 1.174 6, X (24)~25) A1 15 a2 =-0.1979,02=1.1979, & HLQ6)AI1FL4:4
W, WR3P/R. HEMZRERGWEERNE 4R
#3 FIBE MR %

Table3 Membership and threat evaluation

radiation source RF/MHz PW/us PRI/us D threat value threat level
a certain airborne early warning radar 0.2 0.9355 0.980 6 0.25 0.716 2 high threat
a certain space detection phased array radar 0.2 0.980 5 0.981 8 0.25 0.733 1 high threat
a certain air surveillance radar 0.7 0.3755 0.709 7 0.25 0.577 8 general threats
a certain air surveillance radar 0.4 0.744 5 0.8952 0.25 0.680 1 high threat
a certain guided phased array radar 0.7 0.900 5 0.949 9 0.25 0.846 5 the highest threat
a certain Doppler shipborne fire control radar 1 0.950 5 0.977 4 0.25 0.965 3 the highest threat

i A X LG IR 2 R S SRR B R BE AT SR AT, T I ROE A 2 R 4 S A M S TR £ SR AT
AR UL, BRERIR S B A R T BORAS, Rk RO T R IR U A OR TRV RS . YU EWE K
A7 U A5 AT R, PR R S A R S A, B il R A AT R R R OO, U R R S A

=

2
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B, A EA PPN SR O d R A, AU T LR R A A O R A

K4 ST EUZ UL A BB A7 T

Table4 Threat level evaluation table based on subjective hierarchy process

radiation source hierarchy threat value threat level
a certain airborne early warning radar 0.604 0 general threats
a certain space detection phased array radar 0.6142 general threats
a certain air surveillance radar 0.573 7 general threats
a certain air surveillance radar 0.606 1 general threats
a certain guided phased array radar 0.761 0 high threat
a certain Doppler shipborne fire control radar 0.884 6 the highest threat
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