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The Invention Relates to a Fixed Multi-beam Forming Anti-
jamming Method for Satellite Navigation Receiver

MA Yan-xiu'» MA Zhong-zhi', LI Xiao-dong' . YANG Shu-hua®

(1. Beijing Research Institute of Telemetry. Beijing 100076, China;
2. Second Military Representative Office in Beijing, Rocket Force Equipment Department, Beijing 100076, China)

Abstract: The anti-jamming performance of adaptive beamforming is strongly affected by prior in-
formation, amplitude and phase error of channel and so on. Thus, the implementation of engineer-
ing application is complex and the robustness is poor. In order to solve this problem, this paper
proposes a fixed multi-beam forming anti-jamming method for satellite navigation receiver. This
method divides the signal space into multiple subspaces, which are selected by optimal allocation
strategy to achieve fixed beam pointing. And correspondingly. an independent satellite acquisition
tracking channel group is configured after each beam. and then the satellites are selected and loca-
ted in all spatial diversity according to the highest signal to noise ratio criterion. The method does
not require prior information assistance, and forms an acceptance gain for the satellite signal while
suppressing the interference signal, and has the advantages of strong robustness and easier engi-
neering implementation. Finally, the effectiveness of the method is verified by computer simula-
tion.

Key words: Satellite navigation receiver; Anti-jamming; Array signal processing; Beamforming

175 B H#9:2019-10-08; 81T B #1:2019-11-06
TEE RN AT (1995-) , & i+, FEMNFE DR SFHHC TP m 5 . E-mail: mayx0114@163. com



— bt TL AL A B MAOHL 182 22 e RO T4 O ik 105

23k T B &3 il & 4 (Global Navigation
Satellite System, GNSS)TEZZ Tl . B H =l
B TR BTz . SR, T GNSS {75 3
Ik Hb R R TN A 2 E o0 s IR B 32 B 45
AT ER BT, T BB S 5
AR 05 M LU T B 5 K B BRI, L 28 T ik A A R B
ERY, XA T AR S T A S A
JH AR i) — S BT R

F R K 2 B 1) o — A AL GNSS 411 4
FERE . R A ) SR A ) [ S N R Rk
FE LR rh A3 80 ) . B N % TE AT
fuf S 9 45 550 Bly . wT3E b B A I R O [R] R 4R B T
(AR 7E T 38 5 1] 98 B 2% B T 2 B i 2R, {H
FCAEA ) T 48 1 [R) B o BB X TR {F 5 AT A ROk
oA SBPRG S — R Y BE i UM
BOB R H . Mg bk ) j, gk — 25 48 T S H2 0k
PLESHT T A RE 775 F 8 0 I RO U R R T 9 T
WEAR PR —ADFEZEFFR 05, @& R TE
JEAALBE S 78 T4 J5 19 JE iU B4 38 3 o 7E 53 vk
it TR 1] R 2 RO AR ) TR AR SOk 1) Y
o 8 g U R, E AR T 0 R R e TLRLE A
Fo, NTXF TR AR S 3 AT A B . Ak, BAA
F 3 0 U AR B Y e Y 2 8 S L HL
e TR S e A N AN T AR SR AF A1 2 ),
BEALAE L 1) B A K £ | SR A G A5 A 1 7 £ A0 08 TE
M AH 5% 22 5 Bk R 4R 1) R C L 51 T T P 1 AR
RS0 2) RT3 38 3 I AH R 25 AR I S A P
X b A PR 1 B SR B R W 2 TR B RN 5 3)
WAL S TRk S5 e E B B EIEAR.
SCHRL7 153 A 1 B 74 300 T8 0 K 5 2 6 ) 35 N I8 SR
T FA) P BB S WD i H I AH 5% 22 1] B0 AN BB X
TRAR S T7 )l TP B TR R A T A TR
I, (Signal to Interference plus Noise power Ratio,
SINR) T [ 55 ] B, 5 S8 TR 5 i v X0 i Al 13 22
HEATRIE . SCHRL10 R T —Fh A T H S TR AR
SR R AR 5 AL Y T i HEAT R A 15 225 B L BLAF
TEARE FERT R TR AT S0Pk 25 (9 [R) 8, SCHR[11 ]
P2 T — b T O R B B T A R BT Y R R R
ZERE T ik AR DT BN T R LW IT 1 24 R 2
FJ ] AN [ BE S 72 v 9 s 8 80 R AR M PR IE . S
BRCI2 DA SCRRCI3 48 1 7 B ARE iy bt T4 07

AR IHR T A TR 5 B0 908 5 A2 R M B
BEAE TN 2 F A K T EAR S 2 S A LA
ST YU PRI e 5 B L 1% I8 T7 1R AN RE DU T AL
PeA Pt TR RE . SCRRL 14 ]8T —Fh B
SR B 2 PR T P07 15  H R W HRIE B o B
R DG TR B 23 (] 23 W2 T 3K

X S RO JCTE TR S B A A Y )
ARSCHR T — i %E 22 0] R TR SR 2R
PUTIRTE e il 7 TR SEBAM B 1 B A B D%
R () 93 T 7 58 R T2 0 08 A A5 SR W, - 2o 7 FL
Rt AT TYERESRIE . 207k 0 e s B B, e
e PEAT S 2% B R AR 22 05 2 Al AE T 0 IR 8 PR JE
WA BA ST PR ar B PSR 5 T 1 H
SR . ASCEARIN T E N B LR S RL
W 19 S 17 4 TR W T P 15 5 AL L SR 5 X AR SC Iy
2t 0 18 5 AR BT LT R AT PR B B d
Ja AT 5 B TS AR S I8

1 BEMNERERRTH

ZE— M BEoTh) RE M, ok A 141
BAES s MJ AEAMFHFIREST, O =
Ty 2, = J) LA A 205 A R R 1, D) 19 471 432
A5 X () alER R

X =S +J) +N@)

J
=a.s()+ Da,j,t) N (1
p=1

K S J @) RN 43510 M 4 TLA
FWE 5. TR AT 5 1A B 75 {5 5 sa, =
Larsassersan ] HTRES IR E, SHTAE
MO EESRBE T WAL P e, =
e ot (m =1,2,+ M) ,z,, NE m FFoiEWng T
BAF S 52 % Moo i TR 5 5 1Y AH X i 4E 5 [
Hoa, BTRGESFERE., RIER/NIT2ZTTRE
i 7 (Minimum Variance Distortionless Response,
MVDRO#EN, = (2) Bir 7 o 6 TR A 5 07 1) 3 i
ZYRN TCRALAHD)  HLAEAS R 51 A9 i 1 2 3 /)

min wiR, w
" (2)
sot. whla, =1

Hy h A& B H 3 15, i 75 MVDR i 0 9 B A
BUE R & X (3) fF

R .a.

WMVDR = iy 1 (3)
a.R..a,

w =ELXWOX O] IR S



106 ALE £ 5 20204 1 A
(P J7 22 50 oA RR Y, e TR, R R 2 A

Hy 3 C3) AT R 3 o i TR R ) Ok A Y, AT
TEA ] D8 A [] B 12 A 1o 322 T8 A2 ) R, X T A

FHAT B WA s 73 591 i 1) A [6] 1 TR A 5, LY
B 3 AT BT AR A A A 1 TR

A 551 WAL | R
2k A/D STET: N N
1
4 L | SR R
) i it |
’ TR i e
v AT
36 2
N s55M )i N
%> [am i VDR VRS, [ ki
M ERIEIES
PEEN INSIE T4 Bl
B BENEREAEHENREE

Fig. 1 The structure of adaptive beamforming algorithm
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Fig. 2 Structure of fixed multi-beam forming algorithm
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Tab. 1 Statistical results of beam width after pitch angle section

s/ 6dBIEARPRTERE /(D 3dB HAFPA L/ (D)
20 42 61
30 46 67
40 52 76
50 63 91
60 81 119
70 122 187
80 319 360
90 360 360

R2 AEAFTEALEREESRITER

Tab. 2 Statistical results of beam width after yaw angle section

M/ ) 6dBIZRIRTERE /() 3dB IR TR/ ()
20 0~53 0~64
30 0~59 0~68
40 0~69 0~74
50 9~73 0~82
60 32~81 3~90
70 47~90 33~90
80 58~90 48~90
90 69~90 60~90
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Fig. 7 Flowchart of choosing high quality satellite
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Tab. 3 Settings of satellite and jamming simulation

PRES A/ O Ji /) (SNR/JNRin) /dB
10 76 322 —20
04 69 94 —20
23 62 102 —20
20 38 60 —20
05 18 61 —20
26 14 191 —20
29 10 322 —20
16 7 315 —20
07 2 35 —20

T4k 1 35 80 70
T4 2 25 180 70
T4 3 45 300 70
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