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Radar Emitter Target Dynamic Threat Assessment Based on Combining Weighting-TOPSIS Method
ZHANG Yinling' , SHANG Tao' and LI Zhaokun'**

1 School of Telecommunication Engineering, Xidian University,Xi’an 710071, China

2 School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University,Shanghai 200240, China
Abstract Nowadays,index weights determining methods of radar emitter target threat assessment are incomplete and non-dy-
namic. A dynamic and combining weighting assessment method based on analytic hierarchy process(AHP), entropy weight me-
thod and technique for order preference by similarity to ideal solution( TOPSIS) model is proposed. First,an index system which
includes platform attributes and radar attributes is proposed. Second, the threat subordinating degree functions of qualitive and
quantitative attributes are established. Third, attributes are weighted by subjective and objective weights based on AHP and
EWM. Fourth,the Poisson reverse distribution is induced for fusing decision information in multiple times. Finally, the threat as-
sessment is obtained based on TOPSIS model. The simulation results show that, the proposed combining weighting dynamic as-
sessment method is more comprehensive,effective, reasonable and actual compared with purely subjective weighting or objective
weighting and singlee-moment method. It can reflect the multi-target threat ranking well and provide a strong basis for the combat
command decision.

Keywords Radar emitter threat assessment, AHP, Entropy weight method, Combining weighting, Poisson distribution, Dynamic

threat assessment, TOPSIS
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Fig. 1 Radar emitter threat assessment index system
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(0.0027,0.2620,0.0040,
0.0284,0.6798,0.0232)

(0.7151,0.5979,0.3976,
0.0089,0.1611)
(0.5014,0.7270,0.2616,
0.0269,0.1490)
(0.3220,0.8492,0. 1265,
0.0345,0.1451)
(0.2625,0.8906,0.0791,
0.0358,0.1455)
(0.2142,0.9278,0.0384,
0.0365,0.1464)
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Table 8 Combined weight and close degree at 3
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HeNE

TEHEE(T1I—T5)

1

(0.0641,0.3825,0.2504,
0.1596,0.0428,0.1006)
(0.0518,0.3611,0.2102,
0.1328,0.1591,0.0851)
(0.0333,0.3289,0.1500,
0.0926,0.3335,0.0617)
(0.0210,0.3075,0.1098,
0.0659,0.4497,0.0461)
(0.0025,0.2754,0.0496,
0.0257,0.6241,0.0227)

(0.8212,0.5088,0.3739,
0.0070,0.1304)
(0.5960,0.6286,0.2790,
0.0226,0.1300)
(0.3967,0.7774,0.1541,
0.0325,0.1375)
(0.3203,0.8359,0.1045,
0.0347,0.1412)
(0.2511,0.8905,0.0605,
0.0361,0.1444)
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Table 9 Threat assessment with time fusion and different «
a s B

1 (1,0.6570,0.4636,0,0.1656) TI>T2>T3>T5>T4
0.8 (0.7957,1,0.3802,0,0.1749) T2>T1>T3>T5>T4
0.5 (0.4375,1,0.1447,0,0.1391) T2>T1>T3>T5>T4
0.3 (0.3237,1,0.0759,0,0.1313) T2>T1>T5>T3>T4
0 (0.2336,1,0.0238,0.0017,0.1260) T2>T1>T5>T3>T4

6 HRSSMH

S5t H A i 2R 8% Rt D) A T X 1 HE Y R L B o =
1,0. 5,0, % Eu il 57 B 220 F1 22 s Z1 il & Je 08 g s HE e 5 0 L &5
HAngE 10 Fral,

F 10  KN[A o 40A WAL Z B 20 B W 37 £k

Table 10  Threat assessment of combined weighting with different

w1

(0.0518,0.3483,0.2087,
0.1299,0.1728,0.0884)

(0.0334,0.2971,0.1462,
0.0853,0.3679,0.0701)

(0.0212,0.2630,0.1045,
0.0555,0.4979,0.0579)

(0.0028,0.2117,0.0419,
0.0110,0.6930,0.0396)

(0.4390,0.7426,0. 1943,
0.0541,0.1659)

(0.2714,0.8768,0.0935,
0.0394,0.1516)

(0.2220,0.9195,0. 0608,
0.0373,0.1493)

(0.1876,0.9557,0.0321,
0.0368,0.1482)

@ at t1 .tz +t3 and time fusion

Bt %] a= «=0.5 a=0
) T1I>T2>T3> T2>T1>T5> T2>T1>T5>
! T5>T4 T3>Td T4>T3
; T1>T2>T3> T2>T1>T5> T2>T1>T5>
’ T5>T4 T3>T4 T3>T4
) T1>T2>T3> T2>T1>T3> T2>T1>T5>
s T5>T4 T5>T4 T3>T4
TI>T2>T3> T2>T1>T3> T2>T1>T5>
% W 7 B A
puAwe T5>T4 T5>T4 T3>T4
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Fig.5 Threat ranking with independent time and multi-time

fusion when «a=0.5

3) Z2 6 Z0 Fal A VAl B 4 i

HI 28 10 AN 2) v 23 17 T A5, 3 2 vy s 20 0% B8 0 A R
TR T A AN [k 20 1) &5 SRR ). AT L B B R M 2 2 AR T R
iR A A I B 0 L B 25 P8 IR B A L X 2 I 2 B0 E
TR A AT . F T e T A e 220 B R A R R S
XoF B JBE I A R R B R A i Y T e 20 Y B AL
AR, DL a=0. 5 6], I T 4R B RIACE AL G 3 A
B 2 ) R L AR B — LR A HE)Y . T2>T1>T5>T3>T4,
SR WA 5, AT R T ZARE 32 B R B HE T
SER T4 A

GERAE A SCE X IR AR A S PR B A
B = S PPN B 3 A8k AR T A R 4R T ST
AHP 580k 44 AL E TOPSIS 3 25 5 5 6 5 BF A6 7
e, M TR VR R A 0 FE AR R R L BT T T
kR A R B SRR R BRI, SR R U G BT AR AL A
A J P 2 AR, 2R R YA A 43 33T 2 B ] 51 AR, B
F TOPSIS Skt 47 UM HE ) . 0 EL50 UE 43 7 2 B L T 42
RS L5 A 2 R R 3 2 A A AN R 3 & W S, O RE 65

231000038-6



TR, A BT AL A AL TOPSIS 8 51 5 80 25 B 374

2 2ot 20 BB 3 25 IR RO L BRI X 4R SR B A
AT UV A

T b TR D H S 058 45 & TG s o e L9
TEAEATAR 2 5 2040 T3 50 S0M0 B85 FH 0 0 VP A o L 84 1o
L EQ I

2 % X ik [10]

[1] TANG Z L,ZHANG A. Survey of methods and theory for bat-
tlefield threat assessment[]]. Fire Control & Command Con-
trol,2011,36(9) :1617-1620.

[2] WANG W,SHI H Q,WANG L,et al. Aerial target threat as-

[11]

sessment method of warship formation collaborative combat[]].
Modern Defence Technology,2014,42(6) :79-83.

[3] SHIJY,SUNY C,Y T,et al. Battlefield radar target threat as-
sessment based on AHP-TOPSIS[]]. Journal of Ordnance E-
quipment Engineering,2022,43(S2) :29-34.

[4] ZHANG K,LIU P P,KONG W R,et al. Multi-target threat as-
sessment in aircombat based on entropy and VIKOR[C] /2017
Ninth ICACI. Doha,2017.

[5] XUY H,CHENG S Y,.PANG M Y. Dynamic radiator threat as-
sessment based on CRITIC-TOPSIS[]]. Journal of Beijing Uni-

[12]

[13]

[14]

versity of Aeronautics and Astronautics, 2020, 46 (11): 2168-
2175.

[6] ZHANG K,ZHOU D Y. Application of TOPSIS based on entro-
py and GD-AHP in evaluating sequence of air target threat[ ] ].
Journal of System Simulation,2008,20(7) :1661-1664.

[7] NIE X Q,YAN P,WANG B Q,et al. A target threat assessment
method for low-altitude aircraft[ C] // Journal of Physics: Con-
ference Series. 2020.

[8] LUO R N,HUANG S C,ZHAO Y, et,al. Threat Assessment

231000038-7

Method of Low Altitude Slow Small(LLSS) Targets Based on In-
formation Entropy and AHP[J]Entropy,2021,23(10):1292.
YU D,WANG H J,LI B Y et,al. PROMETHEE-Based Multi-
AUV Threat Assessment Method Using Combinational Weights
[J]. Journal of Marine Science and Engineering, 2023,
11(1422) :1422.

ZHANG Y,WANG H W,GUOX T,et al. Emitter Threat Eval-
uating Method Based on GIFSS and TOPSIS[J]. Fire Control &.
Command Control,2018,43(4) ;37-41.

YANG L Z,HU S L,FENG S M. Dynamic Evaluation and Sim-
ulation of Targets Threat Based on Entropy and TOPSIS Meth-
od[J]. Ordnance Industry Automation,2020,39(3) :53-56.

JIN Z,L.IU H L,LIU D W, et al. Analysis and Assessment of
Radar-Countermeasure Target Threaten in Electronic Air-De-
fense Operation[ ] ]. Fire Control & Command Control, 2015,
40(5):108-111.

JIN C,SUN J,WANG Y J,et al. Threat comprehensive assess-
ment for air defense targets based on intuitionistic fuzzy TOPSIS
and variable weight VIKOR[]]. System Engineering and Elec-
tronics,2022,44(1) :172-180.

YAO C C,SU T L,Evaluation Method of Radar Emitter Threat
Based on Fuzzy MAGDMU[JJ. Shipboard Electronic Counter-
measure,2012,35(4) :34-38.

ZHANG Yinling, born in 1993, Ph.D.
Her main research interests include da-

ta fusion and signal processing.



