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Effectiveness evaluation method for warning radar in jamming environment
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Abstract: Considering the influence of interference, the effectiveness evaluation indexes and
corresponding quantization rules of warning radar are put forward. The weights of indexes are determined
by AHP and entropy weight method. Considering the logical relationship among indexes, the aggregation
method is improved, and index system is established to reflect the equipment efficiency more accurately.
The algorithm of efficiency aggregation based on matrix operation is proposed, which contains the ability
to deal with uncertain information, and the ability to aggregate the efficiency of indexes which restrict
each other. The evaluation results are visualized by cloud model theory, and the concept of the attraction
degree, and the principle of maximum attraction are put forward. The effectiveness of the warning radar
under remote support jamming is analyzed, and good results are obtained. The feasibility of the improved
method is proved. It provides decision basis for performance evaluation of single radar in jamming
environment and performance ranking of multiple radars.
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3) RSB AL PG S5 R = T iR Sy, BARE IRy

(a) %Ele<xi<Ex_,-2, UNW%ITEW,:I;

(b) %xﬁEle(ijPEx/z), BNW?EIWE%%&%?:T,E’JZ‘?&CEEB}ZLJEWI(E“,z)ﬁEﬁ%ﬁ, H;/l(chz)y‘]fﬁﬂ/‘J*/l\E?’ﬁ?
BEHLEL : EN~=Normrad(E.,He);

(c) HHFIF LB 245 R . T, =exp[—(xt. —Ele)z/ZENJZ} . M :exp[—(x,. —Ex)2/2E;l2} ;

(d) Hlflizmin{laﬂrj/ﬂr};

4) EEHED~3), HESHENy, FFIHEWE]E S =sum(y,)/N.

NI 5| E o R AT AR, 0 SR PR A S 3 R R PRI = ERAR A R R R i 2, W B 2 Sk il 2R
AHEE A i T AL JE PN 2 AR B A . ARBE, RN B2 T 2T SR R TN E , PP S
BRI X B VTN = (0 51 B ST o WS | S A A A X A R RS R X = 2 (8] i A B ARk A, i Hooe sk i
L e KSR T B B W AT AR O o (AR R, W E R — D AE S M, AX BN | BN —E ST B
XFTARIW G . FEA BT A VAL S R 2 X BTN 2 R E 2R, IR S RN, 6 PR AG X R T
YERLBE S .

% 3 FARIPAG R

s Table3 Indexes sample values

3 Eﬁ'ﬂﬁﬂf'—ﬁ ﬁ*ﬁ index 1 2 3 4 5 p6 7 8 9 10

A o B A R 0, LR B RS A Geomoh R A
MTBF=50 h, MTTR=5 h,P=20 kW,L=12.4 dB,G=24 dB R
%[22]0 ?ﬂtﬂ'ﬁ?ﬁiﬁi?ﬁﬂﬁ%Rﬁ?ﬁOO km, PJ=1 kw, Uy 77 73 72 76 74 66 75 71 69 67
szzo dB,LJ=10 dB’%@[”O ;I’j—:‘Pd:SO%’Pf:lO’G%{tFT s Ux, 63 73 73 70 70 76 68 73 69 65
MG &L AR TS, X Fo=1 m* 1 Bz, U B4 899079 8889 8T 90 8T 91
T AA Y A B B 0 278 kmee AT AR R SR AU, U 52 o 4 55 5 46 60 5 H =

s A A SR Pa<10% 0 A R T4, B s X AH R B 45
) & BUIE B K72 kmo PRIBL, R A e e B S48 T 40T A9 HR WAL R 48 45 PFA (H.D,,=0.259 0. AR H& I Ath 45 b 19
FERL, AT AR BB AR AR VEAE B 5l . 3 R IE S (A5 10 1020 35 br PEAG B 500 .

Rl A SCHE ST ) RUCRE SR G B VA N AR L Ih I PP AS B AT AR B, T AR BRI GE 0T Uy EAALBET) Us DA R AR B
YERE Uy = A EN A FRE 250 (45.45,5.25,0.55),(71.67,2.95,0.67)F1(80.33,2.76,0.88), X i i) J& PEPEA == 4N &1 4 fr
AN o PV U2 E PR 2 F0ORE O AR DL B S B O R, AT LU B PE A X 4 IR AR 1 RRAE S 8
(57.00,3.67,1.36). 4G 5 TWAGFRE D WRIESEC, AT DS B A5 2 0 B A8 PP = 5] EE Sy
(0.004,0.024,0.997,0.026,0.005) . K4 e KW 51 BB, FEAFAE G FE 48 TR A5 T, iR B 09 TAERBE &b
T RAS o RIS X B R R AL RE PP 25 SR AT TR AL B, R S IR o

MIE 4 FTLLE W, AR S TR AT, B Ik i 2R Re A1 E A7 RE 2 8 T iEm, SBGEIAM
TAERRRR AR, 3X 5 2 BRI o T P45 5 T B0 O 1 LU A 2R RS i foff 48 000 BE 2 00 o7 K5 i 2 0 52 28] 52 ) 2 —
B}y RE, THAAELEA TR TAEREE, BT s SR E, NIREEIR 7RG REEVERE . TPAE Y
SRGARERREA, REFH “HEEERE . alBEBR” MFERE T A ER BN M A
Tl 29 ¢ RIGARALAE R A7 WTRE J), IF 2L T UL BEATIVAN , 20 S PP Al I 72 088 T8 F 8 i 5 a8 19 T VRS iy T it
PERE ) —Fp A 850 2



1= = Ak L = 3 == Soh LB Y g
%5 6 1] FRES=E: EMELTHAETREITME AT E 1013
' ' ! T ' ' ' - uncertainty
10k = central curve
o e . lower curv
Loor 1 e
probability
0.8 | i
:g. 0.75 - é-
4] 5 06} 4
o <
£ g
g 0.50 | B £
04} 1
025 N
02 B
0 0 1 -9 . el
20 100 45 50 55 60 65 70
evaluation results of criteria evaluation value
Fig.4 Evaluation results of criteria Fig.5 Evaluation results of object
P4 HEN 2= PPl 45 R & 5 AR R T AR GE
4 g

BT R K R T8 AR AR Y 82 R A A, M TR I8 TR ALRE I B 2 YR A I 1 M T AR L Y A R

W5 A TAESREE b, ISR e LA SRR RRE A7 AR Tk, NI Bl = B R BRI AR B0 T ik v B 52 el o 9 A
5 P 5 o 4 FL ARSI ) 0 e e S T I RO IA Y AR AL RE BEAT AL , U TR RS R R i AR
U T | R A A TR B a2 S A AR RE SR S Rk o SRTBRIE B LA A0 DAL A G, SR B rp I Y IE 25
ZARERLR Sy VP SR P IMAT 5 LR O o A B 2 BERL A AR OGBS, X IT AR A5 R BEAT T AT AL AL BE, wRAb 1A s
SRS R R A AR, SEBL T R E A R RO, A B AR AR AT A AT E PR A A RUE

R EE

[1] BLANDING W R,KOCH W,NICHEL U. Adaptive phased-array tracking in ECM using negative information[J]. IEEE
Transactions on Aerospace & Electronic Systems, 2009,45(1):152-166.

[2] NOVILLO F,ROMERO-ARGUELLO J,GUERRERO E_ et al. Performance evaluation of radar systems in noise jamming
environments[C]// 2016 IEEE Ecuador Technical Chapters Meeting. Guayaquil,Ecuador:IEEE, 2016.

[3] SHEN Tongyun,DING Jianjiang,DING Yuan,et al. A method of detection performance modeling in jamming condition based
on radar network system[C]// IEEE CIE International Conference on Radar. Chengdu,China:IEEE, 2012:1366-1369.

[4] XIANG Long,DING Jianjiang,LLYU Jinjian. Research on dynamic evaluation of anti-complex blanketing jamming capability
of netted radar system[C]// International Conference on Industrial and Information Systems. Dalian,China:1EEE, 2010:265-268.

[5] QI Zongfeng,HAN Shan,LI Jianxun. Applications of generalized rough set theory in evaluation index system of radar anti-
jamming performance[J]. Journal of Shanghai Jiaotong University(Science), 2016,21(2):151-158.

[6] EEH. —MELREUEHEZA MR RE TRHESH FH R, 2001,23(3):40-42. (WANG Helei. The
comprehensive evaluation model of radar system effectiveness[J]. Systems Engineering & Electronics, 2001,23(3):40-42.)

[7] ZE4E, EWd, . ERE T TEKREEERMAEETA]. B2 RS TR, 2012,12(21):5163-5167. (CAI
Jinhuang, WANG Xiaowei,YE Bo. Detection effectiveness evaluation of search radar under standoff jamming[J]. Science
Technology and Engineering, 2012,12(21):5163-5167.)

[8] GUO Bo,CHEN Jinping. Analysis of MTBF/MTTR for logistics service system[C]// International Conference on Transportation
Engineering. Chengdu,China:[s.n.], 2013:2868-2875.

[9] HUGHES L. The effects of event occurrence and duration on resilience and adaptation in energy systems[J]. Energy, 2015,
84(1):443-454.

[10] WIBOONRAT M. Energy sustainability and management of data center[C]// 2016 World Congress on Sustainable Technologies.
London,UK:IEEE, 2017.

[11] WU Jun,TIAN Xiaogang, TANG Ya,et al. Application of analytic hierarchy process-grey target theory systematic model in
comprehensive evaluation of water environmental quality[J]. Water Environment Research, 2010,82(7):633-41.

[12] CHENG Szupin,WANG Ruyih. Analyzing hazard potential of typhoon damage by applying grey analytic hierarchy process[J].

Natural Hazards, 2004,33(1):77-103.



1014 KMZMESEFEEFR 516 %

[13] fE&EAEE 5. HPMEAS B 7 BB PG k)], RE TR S5 FHOR, 2016,38(10):2317-2323. (TANG
Xin,YANG Jianjun,YAN Cong,et al. Effectiveness evaluation method for HPM weapon’s electronic damage[J]. Systems
Engineering and Electronics, 2016,38(10):2317-2323.)

[14] 25 ARG, Aot AN TR M) dbat-FEpy Tk 4L, 2005. (LI Deyi,DU Wu. Artificial intelligence with
uncertainty[M]. Beijing:National Defence Industry Press, 2005.)

[15] LI Deyi,HAN Jiawei,SHI Xuemei,et al. Knowledge representation and discovery based on linguistic atoms[J]. Knowledge
Based Systems, 1998,10(7):431-440.

[16] LI Deyi,CHEUNG D W,SHI Xuemei,et al. Uncertainty reasoning based on cloud models in controllers[]J]. Computers &
Mathematics with Applications, 1998,35(3):99-123.

[17] LI Deyi,LIU Changyu,GAN Wenyan. A new cognitive model:cloud model[J]. International Journal of Intelligent Systems,
2010,24(3):357-375.

[18] WANG Guoyin,XU Changlin,LI Deyi. Generic normal cloud model[]J]. Information Sciences, 2014(280):1-15.

[19]  BR#eP 2R X, 5T 2B RS ghd Q47 9 PUN S I (D], RBh 258424 5 L 705 B iz, 2014,12(5):721-725.
(CHEN Yanping,LI Min,LIU Heng. Moving object behavior recognition algorithm evaluation based on cloud model[]J].
Journal of Terahertz Science and Electronic Information Technology, 2014,12(5):721-725.)

[20] LI Deyi,DI Kaichang,LI Deren,et al. Mining association rules with linguistic cloud models[]J]. Journal of Software, 2000,
11(2):143-158.

[21] BRZ,ZEE x5 B8, —Fh JCH0 0 M3 m = Bk 1], NIRRT ML R 48, 2015,36(3):544-549. (CHEN Hao,LI
Bing,LIU Changyu,et al. An algorithm of backward cloud without certainty degree[J]. Journal of Chinese Computer Systems,
2015,36(3):544-549.)

[22] HFMFESHE TRAVRRE. ARG M]. dba:ER7 Tk sk, 2005. (China Aviation Radar and Electronic
Equipment Research Institute. Radar system[M]. Beijing:National Defense Industry Press, 2005.)

fEZ® I

BEZ(1963-), %, WEEHEHTTA, # BERME(1992-), J, AFKEWA, TEEEM
2 B, FEBTET ARG A L X PR, TR, EEAT G5 1 R IR XA 2 L G ER
W email:houdeting@tom.com. 1 SR RE AL .

# o FW1976-), F, HRUEmETA,
Tt BIER, EEORTN I N R AR

B f(1992-), &, MEAfEHT A, &
AL OF IR A, B G OT W) hE2 W

% OB99%4-), @, WMEE KW, #
AL OF R A, FEMEG T W O A E S AL B



