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Abstract; Dense false-target jamming can reduce the probability of target detection, and produce the
oppressive and deceptive effect on radar target tracking. Aiming at the problem, a technique against dense
false-target jamming based active and passive radars data fusion is proposed. Firstly, the measurement data
from active radar jammed by dense false-target jamming is pre-processed. Then, associated disposal is made
to the pre-processed data and measurement data from passive radar. The associated measurement pairs are
kept, and the equivalent measurements are obtained using the least square method. Finally, target tracking is
carried out by using the equivalent measurements. The technique makes full use of the advantages of active
and passive radars, eliminates the influence of dense false targets, and realizes true-target tracking. The
technique is also applicable to the case of no jamming. Simulation results verify the validity of the proposed
technique.
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FHTFESH BEEESH
U E A PR/ km (0,0,0) fiFAHR/kn (60,0,0)
Bk EH HiE/He 1000 FHEOHEBE#/s 1
BB EEEE/ s 1 WA fifRE/(°) 0.1
BEOHE B 1 MR pARE/(°) 0.1
PPERE/m 100
MR AIRE(°) 0.1
WP MHIRE(°) 0.1

EEHHBRRWEEA AR NMTERTHE
H Hiw, Hbr 1 B9#086 6784 (40 km,50 km,5 km) ,§
FHEERN( -200 m/s, -20 m/s,0 m/s) , H¥: 2 B9#)
WGHrE A (40.8 km,50 km,5 km) , RIFEESH#R 1
. WA BAREET 38 DR T,
ARERT20 s FNENTELREFLEBRBEFERT
. BENESERENEERMKEE A, EE
trafEIEIFR A 8r(r A ESIBERHBKHEE) , M E
S ERRIRAEE A ERERIREER, T HEEXE
WELL0.2 BBEEEN.

MMAZRER T &: S BFRAEBNFRAHRAY
REANZRBE N EEEHNARE, S B H L =16,
PEE—AE(0,1) KRB 4R BEILE r, A )5 R
R(26)HEZRBEAN B I, ESTAY I AZEESSY
WEBSUEEEA.

e_*z ’\'Tf <rs< e_"z ATI
j=0 J! j=0 J:
B BEREEMART ES S TEEMER,
Bl 44 PR s B A 8 R SCH
FRITHRE R B EHK PR « =0.005, ABHRHIHE
fr BRI B ir 100 s,
4.2 (THERSSW
FHBEBERFEUN R HARGHENEERE
BB REIE 2 Fia.

(26)

B2 FERFEMNNE N T E SR E BN EREE
Fig.2 Diagram of active radar’s measurement data

in continuous observation time
ME 2 T EMME S , EFEREEERTHT, X
BREEFENER N E AR R, &R
8, ERLEREEEL BT,

EXEEEBERTRT F N2 EHFERHEN
o4 HERR BE

S 1(:,4)
¢ . ERAMWENNEE_ 5% e
W= T RARNAMER  nx (n-1)72

A E BN (2,4) WERSE, W I(5,4) =1,5
W,I(2,,%) =0,n, K k HZIESHBANERB. B
A EhRAWARE (GES ARG AE) 2508
0.05°,0. 1°F00. 15°, R EF(HE 100 K, AT B EE
FEA R B3 B 220 A0 A R 2T B9 W 7 41 ERR BE, 30
B 3 Fr

k0 3 28 HETH A

s ——FMEES0.15°
20 30 40 50 60 70 80 9% 100

BEWEZ /s

B3 ARERNZFRARET EHTELH
B0 4 YR B
Fig.3 Active radar’s measurement grouping accuracy

rate at different time and angle error

B3R TAXRBNENTAGTERAEAN
HRE, FANARERD, B 44 ERESE.
W ot el 2, B A METR R R, X R,
A BinfEEsid B, Biresid R A ZEH RR,
FEAT BRI EER BREK, ATER Bin
EHEAXRRERE B ES S KA.

EFBFEMARERE 0. 1°4A% , EREFTFH R
FIFESI ik R BB Cheap JPDA FREFFLE" X
T BfRETRERE, N ER 1 ¥ BB
HEMESNBTENEMNETIH, EF0HF BTG
RTEES R, ME AAXRENBER S
7757 Cheap JPDA BRERF TG IRER. BRRE
PR o B h g =4, BRBEABTTAR R P, =
0.998 9, Hin MR P, =0. 98, 4§ FF i K 100
K, A8 Bfn 1 7 « B,y 3,2 B B BT RIR
2(RMSE) ,inE 4 fim. Bin2 MREZRSHIF1
UL AR RS L. AEA TR, E520s,
HTEEBRZAFREBRTIR, Bin1 ®RMSE &
/NIEEFH  TZE E 93 B EIER &, H47 1 #9 RMSE
BTV, B EH I Bin“EiH " A R AR E s B
5, 7E x §iA0 = F07 T _E R RMSE 55T 10 m, 78 y Rl
l{_Ef RMSE #65E F 30 m, J LA, AR HMET
R FRRERSHTERBR B THRERER



FNEF: ETERSTENEMSINEERBRTRER 17

B8
HURBLE S R TR
w5 TR
N 160} ——Fd: 1 7z 8770 [0 RMSE)
o
L=
=
2
=
=
£
g
I

B /s

B4 HinlZE 5.y 8. B A LB TRIRE
Fig.4 RMSE of position in the direction of x,y,and z axis

5 SHRIF

A MERBEGTRRE TETEHIHNEE
BOERL S U THREAR . TS BARERS AR
BESBFEME N FES BRES GBS TP &
WEEATREENE ST E BRAT EHIFEN
BiAREEEB R TREES, RIET X Birf i ER
BRo TARKIBORX E3 BB M AT IES 4,
HHERESEEALE WARE ALK AFRZAEE
frEER ZERBEWKTAX, RTHEE, RAXH
FREEGHELS . TESRBIL TETEWE
BREMSHAEFEEER TREANAAN RE
— B TR A A E.

SEXR

(1] NERIF. 2 TR RERIL[M]. 2 RR. TREBERE, GRiA
M, L B F Tl i R4k, 2014 :346-348. (NERI
F. Introduction to electronic defense systems[ M ].2nd ed.
Translated by ZHANG X H, RAO ] H. Beijing: Publish-
ing House of Electronics Indusiry, 2014 :346-348. )

[2] BERGER S D. Digital radio frequency memory linear
range gate stealer spectrum [ J]. IEEE Transactions on
Aerospace and Electronic Systems, 2003, 39(2) :725-735.

[3] OZDIL O, SERIN M, ISPIR M, et al. Channelizer structure
in DRFM systems for real signals[ C]//IEEE Internation-
al Conference on Signal Processing and Communications
Application, 2013 :1-4.

[4] OLIVIER K, CILLIERS ] E, DU PLESSIS M. Design and
performance of wideband DRFM for radar test and evalua-
tion[ J]. Electronics Letters, 2011, 47( 14) :824-825.

[5] AKHEAR J, Octhopmal ok woded ECEM sebemcs
against repeat radar jammers [ J]. IEEE Transactions on
Aerospace and Electronic Systems, 2009,45 (3 ) : 1218-
1226.

[6] ZHANG ] D,ZHU D Y, ZHANG G. New antivelocity de-

[7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

ception jamming technique using pulses with adaptive ini-
tial phases [ J]. IEEE Transactions on Aerospace and
Electronic Systems, 2013, 49(2) :1290-1300.
TIAN X, TANG B. Spectrum texture features based radar
deception jamming recognition using joint frequency-slow
time processing[ J]. Journal of Computational Information
Systems, 2013,9(13) :5181-5188.
GRECO M, GINI F, FARINA A. Radar detection and clas-
sification of jamming signals belong to a cone class[ J].
IEEE Transactions on Signal Processing, 2008, 56 (5) :
1984-1993.
FUG HEE, AFEHE. NAEEATEANESERE
TSR], P EE FRERARER,2014,9
(3):272276. (LI M Y, CAO Z H, ZHU B Z. The study
of dense false-target jamming to LFM radar[ J]. Journal of
CAEIT, 2014, 9(3) :272-276. )
PR, BB, X, F. RENERRERE S
FTHRER AT ALK AR F 04,2012, 28(3) - 35-
37. (SHEN G M, XIONG C G, LIU Z Y, et al. Noise and
concentrated false targets jamming effect analysis[J].
Aerospace Electronic Warfare, 2012, 28(3) :35-37. )
wE ,BBE, T FELZEEHR T CFAR &
Wima 54 [J]. BACB B AR, 2013,41 (1) : 126-
153. (YANG Y, FENG D J, XIAO S P. Impact analysis
of CFAR detection for dense multiple false targets jam-
ming [ J]. Modern Defence Technology, 2013,41 (1)
126-153. )
g 5T R, AR £ TFRERZONEEBEER
THRBIFE[I]. BEPES5HAR,2013,11(6) :599-
610. (ZHOU C, TANG Z Y, ZHU Z B. A novel method
for countering concentrated false targets jamming based
on sidelobe blanking[ J]. Radar Science and Technolo-
gy, 2013, 11 (6) :599-610. )
RICE IR REH,F AT LFRAHGNLER
BEMEE%RRA TR R[] AT 5EE%¥M,
2014,36(5) :1049-1054. (WU YF, WANGT, WU ] X,
et al. A method to suppress dense repeater jamming for
airborne radar based on generalized sidelobe canceller
[J]- Journal of Electronics & Information Technology,
2014, 36(5) :1049-1054. )
2w, EER, TEE. 5. ZEEFRRTRTA
FIEBREREAT]. &T%8,2007,35(3) :454-
458. (ZHAO Y L, WANG X S, WANG G Y, et al. Track-
ing technique for radar network in the presence of multi-
range-false-target deception jamming[ J]. Acta Electroni-
ca Siniea, 2007, 35(3) :454-458. )
(T#HF32Z W)



32 Bk 5 & #

Bn2E

=1 FEEEZEFATHRG EESRHERLE
Table 1 Comparition of HRG after denoised with
Kalman,FLP and LWT-FLP

Kalman 10 By FLP 10 [y LWT-
BN Cuew  omw  FLPMEM

= 0.008 7 0.000565 0.0019 0.000234
fEREHLIEE((°) -h™2) 0.4670 0.0432 0.1569 0.0124
EERHE/ —  0.214 0.065 0.168

4 FHFRIF

A& A HRG M ARSI R SRE, R il
T —FERI/ NSRS & FLP BREERFE
WE . ZREERR T/ MEERGBEREHNEE
KA RIS B JFLP Bk B 5 T 98 BORS BE 22 19 DAL, B
FIT HRG Zi&E 5 HRRSGAEZN, REBRE IR
B3 &5 3RS T X HRG & i K35 5 1 RESA
B,

SEXR

ROZELLE D M. The hemispherical resonator gyro: from
wineglass to the planets[ J]. Spaceflight Mechanics, 2009
(134) :1-26.

[2] EF. ERBRBIEPRAD LRI FPGA LH[D].
WA/RYR : MR Lol K%, 2009. (WANG Y. Research
on filtering technology of HRG and its implementation
with FPGA[ D]. Harbin; Harbin Institute of Technology,
2009. )

[3] P, BRERIR. 2T/ 05 Al 1) £ P T W 0B 0 O 6 47

FESREMRE L[] ]. R R ARPL2EMR, 2011,

41(5) :978-981. (SHEN C, CHEN X Y. Denoising algo-

(1]

(4]

(5]

(6]

(7]

(8]

rithm for FOG based on wavelet packet transform and FLP
algorithm [ J]. Journal of Southeast University ; Natural Sci-
ence Edition, 2011, 41(5) .978-981. )

SABAT S L, RANGABABU P, KARTHIK K P, et al. Sys-
tem on chip implementation of 1-D wavelet transform based
on denoising of fiber optic gyroscope signal on FPGA
[C]/72011 IEEE Proceedings of the International Confe-
rence on Engineering Solutions, 2011 :1-5.

s, X, 8 KAk, F. BT BB BgER
ERXARBRERAE[I]. PERELEARER,
2014,22(3) :391-395. (GU S S, LIU J Y, ZENG Q H, et
al. Denoising algorithm for HRG based on adaptive time-
frequency peak filtering [ J ]. Journal of Chinese Inertial
Technology, 2014, 22(3) :391-395. )

ALMAWGANI A H M, SALLEH M F M. Unequal Error
Protection ( UEP) image transmission system with Lifting
Wavelet Transform( LWT) based on Reed Solomon(RS)
coded cooperation scheme [ J]. ICICE Transactions on
Communieations, 2011, 94-B(9) :2592-2599.

FRgbk , E R, B, . 2T EREEL
HEMEMS PEMRE SRS [T]. b 5#1m, 2009, 16
(12) :61-64. (DU J Y, HUANG G R, CHENG H B, et al.
Noise processing of MEMS gyro based on improved wave-
let threshold method [ J]. Electronics Optics & Control,
2009, 16(12) :61-64. )

BB IR IR IR 2N BT SR EM R L
EPIFE[D]. PR/RE: R/RE Tk K%,2013. (ZHAO
H B. On error mechanism analysis and error restraint
method for the hemispherical resonator gyroscope [ D ].
Harbin: Harbin Institute of Technology, 2013. )

(EEZF1TR)

[15] #FEW, %ML BAF, £ 4NEEREFEMET
BEHRTRFEI]. B FRBEKRFEER,2014,43
(2):207-211. (ZHAO S S, ZHANG L R, ZHOU Y, et
al. Measurement fusion method against false-target jam-
ming for radar network[ J]. Journal of University of Elec-
tronic Science and Technology of China, 2014,43 (2) .
207-211.)

[16] JHZCHE,Z= 5, BREH. —FFA 3 RGPO THESIH

A A B A LKA 36693 kit

[17]

ERAEREAHT[1]. BT 28, 2007,35(6) : 1165-
1169. (ZHOU W H, LI L, CHEN G H. An effective algo-
rithm for discriminating RGPO with performance analysis
[J]. Acta Electronica Sinica, 2007, 35(6) :1165-1169. )
AR BB, XK, % EREELEEMAIM]. 3
i 363 s B T Tolk R 4k, 2013 : 147-155. (HE Y,
XIU J J, GUAN X, et al. Radar data processing with ap-
plications [ M]. 3rd ed. Beijing: Publishing House of
Electronics Industry, 2013 :147-155. )




