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A two-stage anti-jamming and multipath mitigation method

in GNSS receivers using antenna array

GUAN Gangqiang, YONG Ling, NIE Junwei, WANG Feixue
(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Array processing is widely used to achieve anti-jamming and multipath mitigation in GNSS ( Global Navigation Satillite System )

receivers for its ability to provide spatial resolution. According to different influences of interference and multipath signals to the signal processing in

GNSS receivers, a two-stage anti-jamming and multipath mitigation structure divided by the correlation integrator was proposed. In the first stage,

before despreading the space-time covariance matrix was estimated and anti-jamming was realized by using the subspace projection technique with

the assumption that the interference power was bigger than the sum of GNSS signal and noise. In the second stage, spatial smoothing was used for

multipath decoherence, and then a beamformer based on GSC ( Generalized Sidelobe Cancellation) method with householder transform was

implemented for multipath mitigation. Theoretical analysis and simulation results show that the proposed method can effectively suppress the strong

interference and can significantly reduce the multipath signal effects on code measurement of GNSS receiver.
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Fig.1 Block diagram of two-stage process for anti-jamming and multipath mitigation using antenna arrays

FEEEHTT IS S E oo = A
TR e RV AT S A 1 2830 22 R A D B A
PLAHLAG T, PRI AN 7 A ) 3015 AH G AR O3
JIT R FE 8 A e T R 7 TR 280005 22 At 32 34 5 2 1K

FT e xS, HAHKRR ) BN HAE 5 2

BAF S M BEREPiR . FEYIRES IR &t
LT PAL AR B J5 , 212105 SR N
FHESAUN R ZE N FZR R, M Hb T226
TR E A EAE 5 10 4 AU, S
(B2 B b7 2 00 B SR Bk Y, AR R AT IR
TEIE S E Al 4 5 DR MG S AT T S B 2 2 m
PEREME P S . b T RS S I
A B S A FH 25 )1 38 A A TR R X 97 s
ARG st P 7 22 FE R AT BRI, FE A T X
=237 ( Generalized Sidelobe Cancellation, GSC)
Ji BRI RTS8 2 A2 S o, B 23 3R s o) 22
AW B AH DA T SEAH AL BRTFR O R AR (37 152
Z2 FNBP AR 1R 22 S5t 2 AR O At A iSO RN 2308 A=
I, PAAERE X SRS 5 1 BRER

TES 2 T I Z AR08 T ARG 51 RSN

PR IR A

x(t) =As(¢) +Bj(t) +n(s) (1)
Hip:A =[ag,a,,,a,] HFWAES 0T 0 5E
@;B = I:il s “.’iKJ ﬁﬂ??fﬁ%%%?‘rfﬂ%ﬁf@,
a,s(0) 535 FAUE 5 15 % A RO 5
i,j(0) 700 0 TR 5 1Y 18] 2% a5 R RO 5
n(t) FEE R 0 5220 o f i 2 v 307 1 g

75D, K 35 2R T E A5

R FE SRR P 7 2 0
R =AE[ss" A" + BE[jj" 1B" +&°T (2)
HepEC- ), )" SRl B iy s &
BREAT T AL, — 0L T, UL
KL T B THAF 5 Y Ram KT i 5 #0)
SRS Th 2 BB 2 WSO s Dy 26 6 B 32 4

THAF & MR 18, AT DLRaR Ry
R, ~BE\{jj"|B" + oI (3)

2 TitkbE

Xt 9 R AR MR D 7 22 30 M A T R AL
ok, A
Ay

A

sz[ul""’”M] . [ul""’uM]H

AM

(4)
Hor, A (G =1, oo, M) S 30 B3 07 22 R R ) R ALE
O HWRE A, =A== > A, ==y, =
o u, SRR A, PR ARFIE R B, 5 LK AR
FEAEARDGT I B R AIE [ 2 5K 00 25 ) T4 a8
[ U, , M = K A~ /NRFAEAE T R Y A 1] 2 5 s 1Y)
TS G T T3 0] Uy, TH523 [ F e 5
a3 (B H R IE AR5 [A] B

{Ung, =0

(5)
UuU' +UU, =1



3 ]

SRS, 55  RIREG A I B 51 R AL AT T S A4 7577 17

1M H AP 725 [0 5 T4 5 1T 10 < 5 sk iy 1

25 [ Ay [f) — -5 (], W P 5 8] 5 /N (9 R ik D0

VAR S TR = o o R e L1 e R

[,

U, =spanii,, iy} =spaniu, - u;l (6)

Uy =spaniug,, - ,u,} (7)

108 3 87 A 1) R R R ARSI O i [ W 7 1 [

B i T 550 & AT DA IR BO0W il . @
WP 3 [R] A B L B

Py=Yuu' =1- Zuju;' (8)

W22 35 TR BRI 14 R O s AL 35 I s
W B B A S, B a9 s R il R
INA

y(1) =Pyx(1) (9)

3 ZEMEFA

3.1 ZEFF

23 A1 BOARAE R i AR AL B — A RO07
5 B R A RIS 700 p DN AT,
HATFHER B m WA M=m+p-17, %
]S B AR AR B 31 LA S AU S BN 24245
SRART R H B, AR T X 23 75 RT3 i
ERSENRLR S YV IR A R LR 1
Ja BT 2R MR A F N R, T T R A R
I /2 —E R R AT, TRl 25 B 2 A2 15 5 A
PERNER — G072 R BET THUAL BEXT 7 220
MR 5, X T A - T A 18 T A

D+K+1<p<M-D-K (10)
MR E EA
D+§+1$p$M—D—K (11)

S [)V- J FRCE D7 ZE B D 251 B P 7
FERAE R, /I

14
R, =LYR, (12)
’ P =

Hrp R S @ ST BEEER Y 7 2556 1
3.2 X F Householder T GSC & 124
SR GSC 4544 1 22 42 41 il 4k 2R 1) B B AR A
SR KRS H FEEINNIRY 5B R RN
TR AN SR b S P A ) DG JC U I g R IR
ELAF Skl 1 J0 2 ZLmm B, I HA IR B A o5
Mt i 212455, T SCBOR B Ok i 2800 BH %€
HREfE AV & 2 5 S g Gl R A EE
I ZARE S B A G , R 28 ) BH ZE AR 4 S5 1Y
{55 EAT 1305 o7 0, DTG 4 b S i v 5 B8

MEzEfES, FTHHENEAGFES TRE
Bt

HAE T 10 KA ay a] IR IESATH ol
AR R (o7 R A2 B e A A5 21, A e v 2
I, WA BHLZEHE R B (ARG X ) SCo5 A 4
MrEsE B A 2 X HEEZ MWL m, &9k H
Householder 75 4 f 4 £ BHL FE 40 [ , 12 J5 15 1 1l 2
fi 1 M P 198 [v] BN 7 SR (B 20 A, BT PR
WS Z AR MR RE T o A B AR 5 195 ) Ok
¥4 3 A9 Householder [a] 5K

v=a,+|a,l,e (13)
Hrr,e=[1,0,--,0]" Hyrpfiim i, la,ll, A5 0m
R 5%, 3T Householder [if] & 4 & )
Householder 45 [4 K
2vp"!

H =1-=— (14)
vy

Householder 4 [ 24 52 I 40 X0 Fk 1) B HE % , HLAE
B0 R R R LT R AL N, R R FRIZ R
EARAEN L Householder 4[4 H g M-1
FT1E R B ZER 5 B, UL Ba, =0, H BB" =1, [ it
DA Ty 0k 8 1 BHL 28 46 5 BE 98 58 42 BH 28 BAL15
5, FLA S s (8] R

B 1E w IR S D A 3 S5 /N 5% 0 AR
i ) AR ARG, H H AR R BCH

J(w) =[a,-B"w]"R [a,-B"w] (15)

Ho R, =E[y(0)y ()" I NEY TGS % TR
BRI IT 2. Dy T R SR Rk A SC AR T B
R AERAAAUE R SR i R R, Gt =
6] -3 Ja B 7 220 0 R AR, SR T (w) X w 1Y
A

V. =8]8(7:>= (BR B")w -BR a, (16)
AFREV, NERGAUE R & AN
w,,=(BR B") 'BR a, (17)

W17 A LR 45 0 DA (2 o 2
B IIE i, — e TR FEIG A 2 9 P13
A S 1 B, P R
I 5% T I 4T W e 900 1 75
B

win+1) =w(n) —3u ¥y, (18)

Herw(n) ,w(n + 1) FHFHE UK &
Voo NHHTHT B BE R i M AP KR4 4
R RIS
B AT ARAL8) A
w(n+1) =(I-uBR B")w(n) +uBR a,
(19)



- 18- e PN

537 &

N PRUERAE SR WAL, A4 PR 1 2

1
O<pu<—— 20
By (20)

Hor AL R BR B (R AR
Gogah SRR 2 52 IR AR R S % A
z(t) =[a, -B"w,, 1"y (1) (21)

4 {FEWIE

ARTTLAH M =15 4 m oo #E d k0.5
AR I I8 A ) 350 50 LR R A R 9 % R Ak R
SEFIPT TP 242 0 4 1 BB HE AT 07 ELIRAIE , B
SRR BN 7, 5 B i v 2 B T A R 2
TR 22 A M R A BAR N R R . 17 B
PR BT R 225 T R GPS L2 4 A5
BPSK 3 {5 5, {5 %5 S 4503 % 2 1268. 52MHz,
e % oy 48. 160MHz , SR A 3 65MHz, B
WA RN 3, Phidi% 5k 10. 23MHz, 1iij i J§
PR 9ol 21. 6TMHz, % B3 S5 5 hid R
U1 HAR DGR, O B A A 2 R B R T A 1Y
SWifE T A28, HSES A/ AEREN
0°, 21 b % 7 oy 50dBHz, AN [R5 H.37 5% F T4k
MERSH B RIINZE 1L 2 PR,

1 AEBEFETHFHRSHLE

Tab.1 Jamming parameters setting for different scenarios
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Tab.2 Multipath parameters setting for different scenarios
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Fig.3  Anti-jamming weight pattern for scenario II
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