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Target detection based on L-band navigation signal for passive radar

WANG Jue, GAO Bo, LI Yingjun
(Xi’an Research Institute of Navigation Technology, Xi’an Shaanxi 710071, China)

Abstraction: Aiming at the threatening of the electronic reconnaissance and the attacking of the
stealth target, the technique of the target detection based on L-band navigation signal is developed for
passive radar. Passive radar has advantages over traditional radar on anti-stealth, survivability,
anti-jamming capability, etc. The feasibility of the target detection is verified by analyzing the
characteristics of the signal. The positioning accuracy of the 3D coordinate for the passive radar is
analyzed based on Geometric Dilution Of Precision(GDOP). Theoretical analysis and simulation results
validate the proposed technique.

Keywords: L-band navigation signal; passive radar; Geometric Dilution Of Precision; 3D coordinate

detection

AR, AN 0 S AL B I TR ] T DR AT R A S RIS TR B o IR R S U R A O AN 2
O A, R, e NHEAEE NS . TREEARGIFALGES, B A R R, v
RRTRE . AT, TR A B I G 1 I T i O

Bl ] 0 R B R B LR T 2, VEARAEE Bt i 4%, ™ H U G TR I8 R AR A A S AR Y IE
WORW ., TRFERRA L BB SWUES FOSCE AR ], 382 0000 5 AR 08000 e 80 [ T A R0 Ok H bR 0 R Ik E
# I FL(Radar Cross Section, RCS), # M R0 B B H bR i) —Fh A 20 TF-Be, X FAREE S H g 8 A 2 X
i 5 0 4 U0 5 B0 b B AR S IR (40 38 95 (Frequency Modulation, FM)HL & {55, Hb 1 807 i 0L #% (Digital
Video Broadcasting-Terrestrial, DVB-T)f5 5 A LB ALE 5 3 L, L BB S AL & JES BHA Xt s S
AT RE ST, BIFE S S WEAA R KA K S3E 45 , AR T I A% w2 B AR R, ] I8 Rt B4 B A i — A
FrERMGE ST, X FE RS MRS HCEREN A EEE X, mH, BT L EESNESIMEHEREERED
W AR B S AR I — R Z DI RE R G0, 456 7 IR IR e iy iy #a 95 .

WA, AT 8 A5 AR 28 28 b7 o A% A0 T LU R R A b Iz R, D R T DX AR A7 sk il s
g LT IR AR S A H X, iz kbRl 52w, fe i B WAr RO E X, Wb ks 2 piae 85 .
U5 B IR R AR, AT ST, AR A KR AT DR A5 B e ) BRI R B, [R] B A  E ES OR AR AR R E X,
TE X PR ZS 28 07 0 A o A e (R R B, T 0 oA T 0t X7 00 ) 8 S 4 ) ) AT o T

TSI BRI, SR, RS ORI B R SR e R R B, S NS A D T A R AT 15 AR
THIF i 25— A0 DU " RE RN FRFRARHMZ M TIREIL RS . %R %R HE 0 w78
Y FSBH#A: 2018-08-16; fEEIHHA: 2018-10-29
EETIR: EEARBF RS T FRES I H (61401526)




552 T IFE.BETLERSMESTESTIARN 217

PRCMEFHL, SHE S, e CHLE) AT 2 34 FM HL &5 5 1 % 5 45 B X R E%&Z@%ﬂLﬁwﬁ
SE I AR 0 58 SO A 5 BRI o I WIPE D T AR B B RN FE TR AL 5 o 33X A I R R S0 8 R R A 9 A
o A M S &S 50~110 MHz L2 55, K. BRES . WX Nz Hir. REIEH, FH FM 4R
SRS, ARG 100 km AME KSR 10 m? (9 B AR AT R EE . R G ok s iT 454 AT FM,DVB-T ., #
P A 5 S5 5R , BRIEE HARECR 7T 38 200 A4, 439 8] B A i T ik 15 m.

1 RS
11 ESHHEAR

XL BB T B AR EAT M o RGeS B 0 AT LA i AR e AR WO, RG] R B B R
B ATLLRR N
2@ fa) =] s@s" (e - 2)e” e (1)
Kbz, f B ERR BARETZE | 28 8004 . R B sR 50T R R Ge X 5 2 AN AHIE AR H BR Y 4 P se
L 9 B S A5 Bm 5 LA 15 Hz Fi1 135 Hz &5 9 i 09 € 5% 3 ) 25 vh & S kb, T2 R 15 Hz i 135 Hz HﬂHFP@
WIHIE S, XG5S LI Bk v CURR L vERE) . F B SEMERE Kk ob o & b U000 Bk wp L I 1 288 Jok o
%m%%%@ o, Lk B S A S kA 45 8
TR RBA
x(t) =1+ my Sin(2wtft — 6) + m, Sin(27f,t — ) (2)
. £1=15 Hz; £5,=135 Hz; my,m, 53 15 Hz Fi
135 Hz IE% 455 i EI s 0 Fl o 435k 15 Hz
M1 135 Hz IE 5% A 4515 5 R0 AH . L I Bt S 0015 55 4 5
IRD AR, HauEE . B 1A LB s
SRR R EO LR R, T LRI, {55 R AH
TV AN, TERDR bR A PRI 4E T 1) b YA Rl AR 32 >
e AH B R, BRI pR B B Ok AR Y TR BT IR B 5 05
R, BT ELA B B PO 5 HERE S0, 38 A R TR Doppler/(10° ) S st g
KRG IG5 .

1.2 MBS 53

BT L P B ST IR S IR A JC IR AR T OO M T Ik i — b, DRI S T A R B 5% S R B L
FAZWAL-FI bR RS 2 Bl 24 U5 BN AR S R I, XU M 77 TR 7 [y A 26 2550 P 6 b 00 B 25y s (3) 45 1

1

amplitude/dB

-0

Fig.1 Ambiguity function of L-band navigation signal
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Fig.5 Variation of the positioning accuracy in x-z plane with the azimuth

[l 5 Wi 7 v 25 AR Ak -z VTR (SRS 0 B 43 A
14 IFHMENST
target and jammer

TSGR T RO, LA DL PR Jamer
X IR S T, Tl LR R R PR 0]
Flbm o [Nt Bt o ik i T 0 W A 2 Fhr
Xea) ATT, LS BisfE—ik, T+
ML R Lk F X 75 5 R FIMILE T4 5 b) X
AT, TS Hbnr e, TIMLRLE

target

navigation transmitter receiver navigation transmitter

%@E ﬁ l?é’it 36 zj% EIJ ﬂg iﬁ“@ :F ﬁt o TZE% ixﬁ XX%’EE’ (a) self screening jamming (b) stand-off jamming recetver
KRG, M LENRGENEFEES #1T Fig.6 Geometry of the jammer and the passive radar system

X s s
ATHCTRR . TR T B BB 75 0 0 TR RIS

2% DR e T HRE T8 3 I 9 R D A B4 R RS 5 S T, T R IL IR A B T R R Sk R MR R i AT
T, AnlE 6(a) s o O T PEHIL YRR X JC TR R A O 2 i B REAT T, A Al 6(b) R o A B D Bl B
N, 2 AR AL R A A TG TR UK Ml TR A A R AR HE R 2 I, AR AR T DU IL 3 R I JEOBUIE 7R s L
W T, e, METAEG R T A, I T SHUE S BT IR & Ik B BT TR RE 1) B0k .

2 it

ARIOTTJE 7T LB AR 5 B R R B AR MPTTE . 20 8 T LB AUE S AR, et BE Al X



220 AMZBMFERFRERFER H17 %

R G RORN R AT T BIE oA AT LB E, SRR L BB SIS S T R JC IR R IR RN BRI ST B AT AT
PE— A M, OO b o 3K 5 R X A G W BRI H AT T e A, AR DGR TR SR 2 R R R, o i o e RO
ROV BB A AR AT A 2RI . e, MRS TIRE AT T o, ATRURBET L B SNE S IF R
PR IR AR | 220 L B3 ) 5 AL B AR B BIEFY AT DU ROH) B 7 s — AL BRI R 8, A el B EHARSRIN | 1%
250 DCERIN | 0T 0 B = A b PRI [ e i (ORI R B

S & Lk

[1] PALMER J E;HARMS H A,SEARLE S J,et al. DVB-T passive radar signal processing[J]. IEEE Transactions on Signal
Processing, 2013,61(8):2116-2126.

[2] LI HW,WANG J. Particle filter for maneuvering target tracking via passive radar measurements with glint noise[J]. IET
Radar Sonar & Navigation, 2012,6(3):180-189.

[3] Eig#E, FAR. TR IR RSB DOA M) BT 515 B2, 2013,35(4):877-881. (WANG Haitao,
WANG Jun. Super-resolution DOA estimation in passive radar based on compressed sensing[J]. Journal of Electronics &
Information Technology, 2013,35(4):877-881.)

[4] DENG Yaqi,WANG Jun,WANG Jue,et al. Cascaded interference suppression method based on sparse representation for
airborne passive radar[J]. IET Radar Sonar & Navigation, 2018,12(1):104-111.

[5] WANG J,WANG J. Joint compressed sensing imaging and phase adjustment via an iterative method for multistatic passive
radar[J]. Frontiers of Information Technology & Electronic Engineering, 2018,19(4):557-568.

[6] WANG J,WANG J,WU Y,et al. Phase adjustment for multistatic passive radar imaging based on image entropy and image
contrast[]J]. International Journal of Remote Sensing, 2016,37(18):4460-4485.

[7] SARA. 2T TOA F1 DOA [ 2 Buh LR A R ER L)), Kbk %% Fl2 5 8 715 8 %R, 2015,13(6):908-912.
(GUO Fucheng. Tracking algorithm of fixed mono-station passive radar using TOA and DOA[J]. Journal of Terahertz
Science & Electronic Information Technology, 2015,13(6):908-912.)

[8] LI W,TAN B,PIECHOCKI R. Passive radar for opportunistic monitoring in e-health applications[J]. IEEE Journal of
Translational Engineering in Health & Medicine, 2018(6):2800210.

[9] GOGINENI S,SETLUR P,RANGASWAMY M,et al. Passive radar detection with noisy reference channel using principal
subspace similarity[J]. IEEE Transactions on Aerospace & Electronic Systems, 2018,54(1):18-36.

[10] BERTHILLOT C,SANTORI A,RABASTE O,et al. BEM reference signal estimation for an airborne passive radar antenna
array[J]. IEEE Transactions on Aerospace & Electronic Systems, 2017,53(6):2833-2845.

[11] BAI Xia,HAN Jiatong,ZHAO Juan. Sparse-based disturbance cancellation approach for passive radar[C]// 2017 Asia—
Pacific Signal and Information Processing Association Annual Summit and Conference. Kuala Lumpur,Malaysia:IEEE,
2018:432-436.

[12]  YONEL B,MASON E,YAZICI B. Deep learning for passive synthetic aperture radar[J]. IEEE Journal of Selected Topics in
Signal Processing, 2018,12(1):90-103.

[13]  YI Jianxin,WAN Xianrong,LLI Deshi,et al. Robust clutter rejection in passive radar via generalized subband cancellation[]].
IEEE Transactions on Aerospace & Electronic Systems, 2018,54(4):1931-1946.

[14] ZHAO Yongsheng,ZHAO Yongjun,ZHAO Chuang. Joint delay-Doppler estimation for passive bistatic radar with
direct-path interference using MCMC method[J]. IET Radar Sonar & Navigation, 2018,12(1):130-136.

[15] CHEN G,WANG J,GUO S,et al. Improved mismatched filtering for ATV-based passive bistatic radar[J]. IET Radar Sonar
& Navigation, 2018,12(6):663-670.

[16] SKOLNIK M. Radar handbook[M]. 3rd ed. New York:McGraw-Hill, 2008.

EE® T :
F  FE(1989-), B, WA KIAETA, H 5 18(1986-), H, %M A, TEIF, &
+, BhBRORSR 5L, BB T I0 N SN R R R i BEREGE T 1] R T IR S AR T
Z 43t . Hik HAr £ I .email:xdwangjue@
163.com. AFE(1963-), &, WL A, KR, +

BLWETE T Il O 7k SR BT




