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A Negative Time-delay Correction Method for
Repeater Deception Jamming Signal

WANG Haiyang, YAO Zhicheng, FAN Zhiliang, ZHENG Tang

( Department of Control Engineering, The Second Artillery Engineering University,,Xi'an 710025, China)

Abstract ; For the problem that negative time—delay for repeater signal is required sometimes in repeater
deception jamming of satellite navigation and realizing negative time—delay is impossible in engineering,
adding time—delay correction to all repeater signal channels for compensation is put forward as a solution.
Firstly ,according to the preset false position and time—delay algorithm of repeater signal , repeater time—de-
lay of each satellite signal channel is calculated. Secondly,on the basis of minimization principle of receiver
clock —offset,,an optimal time—delay correction is selected to add into all repeater signal channels. Theoreti-
cal analysis and simulation results indicate that the solution has no effect on positioning results of receiver,
and therefore eliminates the limit of negative time—delay to repeater deception jamming.
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Fig. 1 Principle of repeater deception jamming
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Table 2 Time-delay requirement of repeater signal
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Fig. 2 Time—delay requirement of repeater signal after correction
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Table 3 Position deviation between new virtual point and original
virtual point after time—delay correction for all signal channels
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Table 4 Position deviation between new virtual point and original
virtual point after time—delay correction for single signal channel
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Fig. 3 Difference between time—delay correction and clock—offset

A 3 AT A1, 6 N IE BHE 1E 8 19 Bh 25 5 e )
1B 1F i 25 (B AR S 2 | AT DL 22 il 25 B B IF
[F25 284k

4.2 F 4.3 i BA R bl LIS B LN
MR

(1) R A7 38 38 e A7 5 64T AR ) 42 B O
S, FEMSCHLAAR A 3] AR I 0L 5 D R A0 A o7
FEARAE | 3% R WITE 5% e XY 140 o R 67 Sk i 5
SKEYIEOLT AT 38 % BT A 8 B 5 AR T RHE IE
R B 7 AE I

(2) I B IF B /)N T 0 SE B R oK Y B K 48 %F



555

g RS, VS R A — X A s T 5 0 U I R 1

55113

(B, BRARTE R A i B mI AT Y (EAE Y E S L
JETCHE B , N MG SE I IE f A /D T G0 I
SRYJMERI IR ARAL R, TE L 22 23 B SE I
T AR () AR50, By e A AR B, IR
S ARG T A A AL THE PR SR AR 0 I 12 1 17 e
AMESEI, B (8) s .

5 H#RiE

AR SCHE T8 S KO Ve A A S B, B 3
TSI HE IR AL L B R S AR S Hh B HE
IR OL, 32 1 T S8 — BN AE B4 I 2 1 ik 2k
J7 % I S LR (i SR T AT 0 L, i
TITEBIATATE B UESS RR W Gt — UGS N SE IR A
SR i B 45 R  ER R L 22 5
SERMEIE R RPN, O T G 25 1 R L
SN, SBT3 W 42 A R B S P48 L £
AT T B AR/ MEEI AR SCA RIS T TR A
B R Y I A G I M DT iR AT TR IF
GIER RSN AT R g L N EP R D v Y i o<1
BARSIBUAAT — e MERE | J5 2200 5 B3k — 20 T g 52
BRAIFST

S E Lk

(1] BB, ThHR RRERL. DB B LTE GPS HallbLREk
PP ] RIREAR ,2000,49(7) :39-42.
ZHAO Xiaodong, MA Xu, QU Wenke. Application of
Power Inversion Arithmetic in Anti—interference Design of
GPS Receiver Antenma[ J]. Telecommunication Engineer-
ing,2009,49(7) :39-42. (in Chinese)

[2] Rit¥%. GPS LT THLEABIFE[D]. WK
IREETRERF,2009:5-10.

SONG Hongtao. Research on Technologies of GPS Re-
ceiver Anti —jamming [ D ]. Harbin: Harbin Engineering
University ,2009 :5-10. (in Chinese)

[3] LI H,ZHENG X. Method of jamming C/A code GPS re-
ceiver[ J ]. Journal of Beijing Institute of Technology,
2002,1(11) :276-279.

[4] LYIDIR B, OAKAZANC Y. Jamming of GPS receivers
[ C]//Proceedings of the IEEE 12th Signal Processing
and Communications Applications Conference. Kusadasi,
Turkey : IEEE ,2004 . 747-750.

[5] SOUMEKH M. SAR-ECCM using phase—perturbed LFM
chirp Signals and DRFM Repeat Jammer Penalization

o

Iy

[J]. IEEETransactions on Aerospace and Electronic Sys-
tems 2006 ,42 (1) :191-205.

[6] Az, 5, E3CH, 5. IFaEfh GPS TR T @i
PR SR AT[T]. T RHE,2007 (2) :21-25.
SHI Rong, YI Xiang, WANG Wensong, et al. Analysis on

the Location Control Principle of Time Delay Pseudo GPS
Satellites Jamming|[ J]. Electronic Warfare ,2007(2) ;21 -
25. (in Chinese)

(7] Wbl sl mmeds. RO R THE GPS Byl s
P E (1], KIS REER,2007(11) :111-113.
YANG Bo, YUAN Jianping, YUE Xiaokui. Analysis and
Simulation of GPS Jamming using Pseudolites [ J ]. Fire
Control and Command Control, 2007 (11 ). 111 - 113.
(in Chinese)

[8] Ak, Mahlkoe, T, 5. GPS Mo THt R HaT5T 5
PRI, KI5, 2009,34(6) :115-118.
WANG Wei, TAO Yerong, WANG Guoyu, et al. Study and
simulation of GPS deception jamming[ J ]. Fire Control and
Command Control ,2009,34(6) :115-118. (in Chinese)

(9] K&, Wl i i, 45, i I Sl — IR R gt h

VRO I ISR [ )], LRIOR 274 A AR, 2011,
35(1) :64-68.
ZHANG Song, YANG Jingshu, PAN Gaofeng, etc al. The
Time—delay Algorithmic in GPS Area—mapping Deceiving
unites Battlefield Navigation Integrative System[ ] ]. Jour-
nal of Anhui University ( Natural Science Edition) ,2011,
35(1) :64-68. (in Chinese)

[10]  FEEAS, RAEM, XHER, 55, GPS % A XS T4y

SEHT[T]. 2 TR R A4 AR, 2013,
14(4) .67-70.
YAN Zhanjie, WU Dewei, LIU Haibo, et al. Analysis of
Time—delay in GPS Repeater Deception Jamming[ J ].
Journal of Air Force Engineering University ( Natural Sci-
ence Edition) ,2013,14(4) :67-70. (in Chinese)

fEZ '

FilgEF(1992—) 5 WTE R P B+
WHFEAE , EE AT T 10 g TR RS SR
PR,

WANG Haiyang was born in Xinyang,

Henan Province,in 1992. He is now a graduate
student. His research concerns satellite naviga-
tion and navigation countermeasure.

Email ; haiyang_ wxdh@ 163. com

WRAER(1975—) , 5, W AR BN, 24, £ ZAT5ET7 1)
N TR SIS ST AR

YAO Zhicheng was born in Shaoyang, Hunan Province, in
1975. He is now a professor. His research concerns satellite
navigation and navigation countermeasure.

SERER (1983—) 5 VLA N PRI, 3220 5005 )
N TR SIS SRR 5

FAN Zhiliang was born in Quzhou, Zhejiang Province, in
1983. He is now a lecturer. His research concerns satellite navi-
gation and navigation countermeasure.

B2 (1989—) B WAL, RS, T
FEIT 1) LR SIS SRR

ZHENG Tang was born in Jingmen, Hubei Province,in 1989.
He is currently working toward the Ph. D. degree. His research

concerns satellite navigation and navigation countermeasure.

. 1259 -





