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Repeater embattling altitude analysis and optimization in decoying
system for GNSS

HUANG Sen, CHEN Shuxin, LIU Zhuowei, CHEN Kun
(Information and Navigation College, Air Force Engineering University, Xi” an 710077, P.R. China)

Abstract: In the decoying system for global navigation satellite system ( GNSS), because of poor real-time system re-
sponse, the deviation in area mapping is inevitable. For reducing the deviation, the mapping performance is analyzed from
the perspective of repeaters embattling altitude optimization. Firstly, 2-norm of false-to-actual position displacement varia-
tion is adopted as evaluation index, and the objective function is built. Secondly, it is concluded that there is negative cor-
relation between repeaters’ altitude and mapping deviation. Finally, the conclusion is proved by a mapping simulation of re-

ceiver’ s trajectory and neighborhood and it provides a theoretical basis for the optimization of the mapping deviation.
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Fig.1 Schematic diagram of GNSS decoying system
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Fig.2 Spatial relations among satellite, repeater and receiver
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Tab.1 Location of satellites, receiver and false position

S1 9393.9 9393.9 23 010
S2 11 505 19 928 13 285
S3 9 393.9 16 271 18 788
S4 13 285 13 285 18 788
BN, 2992.9 2 095.7 5218
AR S 2992.9 2 095.7 5218

BERIAR SO AR BILE AL SR A e T, B

R AR Rl X R G T R . BT
FE G R A — AR AR B A I 3 25 8] (20 ~ 80 km) |
A E A =120,40,60 km Ay S ARUE , FEXT R
M)A (B4 50 6.883 8x107*,1.688 7x107°,2.689 0x
1077, JUR 4555 S 2 (0 A s 431y
x, =, + A(x; —x,)
¥ =y Ay -y, (15)
2 =z, + Az —z,)
31 FE—:EshHBRBER

B 4 ) ek AT B 58 M 0T 5 A5 5 St T
P, LB H AR LS S 4k 2Lz 3, Hzaz sl 200 4~k
FERL RFEEIFR R 1 s, RAE S

{x = 0.3sin(z) + 2 992.9

y = 0.4t + 2 095.7 (16)
z=5218
HAEAS R M B2 b SRS A R M B
ST 3 PR .

O FIHPE
5220 O MMBARHLZER=20 km)
A g fBUSHE(R=40 km) |, 38

O B I (=60 km)

2985
X/km

B3 KIS HIERE R
Fig.3 Mapping of receiver trajectory
3w, FLSE G AR B Sl L ) 7P 5%
AR (| AX'-AX ||, TP 4 FiR.

4

=

-2

B2 /og10

-4 O h=20km
6l A h=40 km
i O =60 km
_gh . . i
0 50 100 150 200

fifE] /s
E4 BEXmMEBRIUBTLRES

Fig.4 Displacement variation between false

and actual position
AT AR B LA R S8 .
1) 24 H R LIz Wizt 25 ) i 2 8 R I, R ik



- 234 - R ME AL R 2 o R AARREERR)

530 %

A 14328 Bl AU T T G 1 LS A 1) s S L, H 2 A
(BN U300 i 22 A 5 25 e AEBOR I R B
(14 RS A5 A S LS

) FEMFLESHHIE T, HAR LR B 5 H
TR A 22 i S e R A A A O, 3 b (H
/N S o 2 FRBOA
3.2 {FEZ:EXAMBEBEER

A7 FL— P A I i 2 2 0 1 B SR e — Bk
R A 3, 171 50 Sk e S 15 0 DSR2 I P ok o 4R
FERL 1=100 I, B BROL AR B2 R CEAR D d = 10
km ARV N IZRAE IR 20 52 51 R 4B, Al 5
PR o TED H— R ZAF T, X [R]— 052 5 R Y 45T
FEAN TR L IAG [ v S5 b R RS R (RS F 11 48 Js
AT TOE, AP 6 & 7 s Horp, R ARG 40 0K
5 R TEAR_ LB L, RO B, 1
WS A DR P T

2140 -
2130

2
Y/km 2120 2980 X/km

BS HEEXA4PE
Fig.5 Neighborhood of actual position

B 6 h=20 km R~ AIERIE
Fig.6 Neighborhood of false position when A is 20 km
Forf B h=20 km B 00T B ARSI IR
AEBRILAE , Byt h=60 km [ B0 Wb 485 H
LU AR, (H A R AN a4k A1)
SFECABIIH - KRR AN [ e S 408 3 fr) PR A 2R AT 22
RS A (17) PR B IS HE (B 45
BRPARZ R R E K, A /IME K, BT 1, B

SRR AT, IR 7 55 R AR B = h R
e 8 fis .
Ko \/Axf + Ay + Az

(17)

\/ Axl + Ayl + AZ

T

2 140 S3.. - N - 29953 0003 005
2130 s \29852990
Ykm 2120298070 .

B 7 h=60 km iR ARSI
Fig.7 Neighborhood of false position when A is 60 km

1.6
O Kow
I O K.
1.2
1.0
X
0.8
0.6
0.4
0.2 v . . ’ .
0 20 40 60 80 100 120

h/km

8 BIEFESRAFSEXR
Fig.8 Scaling factor versus to the altitude of receivers
DiF—rf 3 LRGSO T A BN T U05% 2 B,
x2 HIEFARE
Tab.2 Typical values of scaling factor

RSN
h/km K K.
20 1.269 1 0.529 1
40 1.091 8 0.821 2
60 1.054 5 0.891 0

Ty FLA] RIS B8

D) £ AL 2z s e AT RYARI, SB35
TARZ BRI Ja 227 AL B A e A B g B b iR
Ko o Ko BT 1, PHRBIIEPBAR L

2) (eI S 18] A, ANTEFE R A A1 [ i BE b iy
e, HARBIE ALK A7 A, JOik Ik 3 — 2

4 HRiE

ARSCHRYE GNSS Z2 3l 5% A 5 i 22 Gt J5U L, (5%
R IS SR T B D o o7 . OB S I P 22 1) IO P 7 S5t



55 2 3] E

&, 5 : GNSS 15l 28 GE e S A WA [ 0 BE 20 A

- 235 -

I TR S A v R AR GE R PR RE AR
FHE) T T HA B g P LA AL B PERE R 2598 . e
Hb 5 EAE R - A i 2 23 6] A, 32 2% 90 1Y) SR 48
SRATAE TG S I, DAL, S B RHE L A £ 5¢
S O ) SRR 2% 2R T 20 iR DR SIS ) ] AL
RICIIEEIR N GNSS Wi 2 G0k oA (9 A B S {16 2
B

Sk

(1]

(2]

(3]

(4]

[5]

[6]

[7]

[8]

PSTAKI M L, HUMPHREYS T E.GNSS Spoofing and De-
tection[ J ].Proceedings of the IEEE,2016,104(6) :1-13.
M, 8 F A, R, TR KR KIS T
GPS Tt & %[ J]. &5 54k ,2005,33(6) : 1036-1038.
YANG Jingshu,ZENG Fangling, SHENG hu, et al. A Jam-
ming System Through Section Mapping for GPS Navigation
[ J].Acta Electronica Sinica,2005,33(6) :1036-1038.
R, Mg, B, F AR AL R T
et ik [J]. 2R 5 5 4k B KA 58,2011, 35
(1):64-68.

ZHANG Song, YANG Jingshu, PAN Gaofeng, et al. The
time-delay algorithmic in GPS area-mapping deceiving u-
nites battlefield navigation integrative system|[ J]. Journal
of Anhui University: Natural Science Edition, 2011, 35
(1):64-68.

% AT, X RGPS 2 K X k36 B 3E 5 AT 5 4L
R[T].E R MRl K5 540 B KA SR, 2017,29(1)
56-61.

SHI Mi, CHEN Shuxin, LIU Zhuowei. Analysis and opti-
mizing of time-delay in GPS repeater deception[ J]. Jour-
nal of Chongqing University of Posts and Telecommunica-
tions: Natural Science Edition, 2017, 29(1) :56-61.

WA A, 85 R AT GPS K B ak 44 4 % v )
F o5 Ar[J]. AR K ,2008,36(5) :52-56.

TIAN Dongsheng, ZENG Fangling, YANG Jingshu. In-
fluence factor analyzing for GPS area mapping scale[ J].
Modern Defence Technology, 2008,36(5) :52-56.
R, G AR, F. S EE REH A I GPS 55
e R AT [T ] R EF £ ,2013,35(1) : 1-5.

ZHANG Song, MIAO Miao, HOU Shuai, et al. A Study
on the Performance Between Multi-transmitters and Single
Transmitter GPS Inducing System [ J ]. Modern Radar,
2013,35(1) :1-5.

B & A, R AR TR, F.GPS 4K 3k X TR 36 F
Z k[ 1].904R%F 1%,2015,37(3) :75-79.

YAN Zhanjie, WU Dewei, HE Jing, et al. Deployment
Method of Jammer in GPS Repeater Deception Jamming
[J]. Mordern Radar, 2015,37(3) :75-79.

B 25 A2 935 GPS/INS IR A H A& 3k A [ T].40

[9]

[10]

[11]

[12]

[13]

M, F T 42,2016,36(1) :8-10.

ZHOU Kunfang, REN Zhuoyi. Application of Modular
Technology of Tightly-coupled GPS/INS[J]. Ship Elec-
tronic Engineering, 2016, 36(1) .8-10.

LR A2 K, A R.GPS/INS 5 B ik E fe e A4
WEFALRGA )] M 48R ,2016(3) :10-14.

MA Hongyang, CHENG Pengfei, HUANG Huadong. Re-
search on the Complete Integrated GPS/INS Navigation
System of Position, Velocity and Attitude[ J]. Bulletin of
Surveying and Mapping, 2016(3) :10-14.

1k A, R B4, 0k, 5 .GPS 358tk 3h X T et A
oM. ZF TAERFFIR: B KA TR, 2013, 14
(4) :67-70.

YAN Zhanjie, WU Dewei, LIU haibo, et al. Analysis of
Time-delay in GPS Repeater Deception Jamming [ ] ].
Journal of Air Force Engineering University: Natural Sci-
ence Edition, 2013, 14(4) :67-70.

PLAdn, IR AMA T ik B H R ey st Ar R [T]. 0
FEHOK,2015,34(8) . 111-113.

RUAN Dongru, ZHANG Mo. Research on Improving Stars
Selecting Algorithm of Combination Positioning[ J]. Meas-
urement & Control Technology, 2015, 34(8) :111-113.
KA. GPS i 4 T 4L B By 3 F- AL — IR AL 7T AT HEAF R
[D].4fe. & -F 145 1%,2011.

ZHANG Song. A study of feasibility in GPS area-mapping
deceiving unites battlefield navigation integrative system
[D]. Hefei: Electronic Engineering College, 2011.
EHA WL TN CATEEA AN FRZELHT]
By #+4,2009,30(2) :20-24.

WANG Yankui. An Analysis on Application Prospects
and Development of Near-Space Vehicles [ J]. National
Defense Science & Technology, 2009, 30(2) :20-24.

EEREN:

H  &(1993-), B, 3T R EAL AL AR
RAE,ZEZRFLEFMAHREZESHAK

R . E-mail ; sun_study@ foxmail.com,,

AT (1965—) , F , 34, £ £ 505, £

A 2R (1989—), B, REF L LREAFA,
MR A, 2R FFMATRELLH
RAFI

M 3(1989—), B, v Fiz At L AF
RAE, ZZNFFHAZ 5T LR,
(RiE. % §)





