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Pulsed interference adaptive spatial processing algorithm in GNSS
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Abstract: This paper mainly studies the effective spatial domain suppression algorithm for pulse
interference. Pulse interference is an effective form of interference for Global Navigation Satellite System
(GNSS). Pulsed interference is not a continuous form of interference, which causes dramatic changes in the
covariance matrix, therefore affects the performance of the anti-jamming algorithm. Power Inversion(PI)
and Multiple Signal Classification(MUSIC) algorithms are used as examples to analyze the impact of
pulsed interference on performance of spatial anti-jamming algorithm. Combining PI with the blind
identification of pulse signals, under the premise of blindly identifying the pulse interference period, the
PI algorithm can effectively suppress the pulse interference by taking the number of sampling points of the
cycle as the number of snapshots. For MUSIC, eigenvector corresponding to the smallest eigenvalue is
used as the weight. It is unnecessary to know the parameters such as the pulse period. As long as the point
of high level is calculated in the points of the covariance matrix, the algorithm can effectively suppress
interference.

Keywords: pulsed interference; covariance matrix; Power Inversion; Multiple Signal Classification

23K TR AL R G (GNSS) I b Bk v 0 T8 X M I AR A7 e O . I3, i 45, IR SER . 28k
SR RS AR A, A R LR R B 4% R R E bR, H S S R LA B S AR 2 S b Tt
Jok b R AR T P AR WL — AR R, B R ENEEE S L R LS B R AT B R AT k. T SRR
SrEA Rk Y. Hoh B IR AN B AR 5 19 TSRS35 1 215~1 385 MHz 1 960~1 215 MHz, #B4)r T2 T R
i i T ARSI R X ST P, il GPS R G R FIAREE LS ARBE R TR MY, st TR SATAY H
REFEZ PRSI T B Bkooh T Y R A HL A I AR L B L RIE SR, TR I O R . DR X T
Jok oA IS A O EEPE o H R BOK T B 2 0 O R R A B 45 45 I (Automatic Gain Control,
AGC), ZH R HIRAF S W3S 25, A7 Ik oh T4 B A% 3 2% 728 /N AT 38 20 400 i ik o g 8RR X X AGC
FRy S S0 3 R 2 A3 PR B SR s T, i L R S A R e K L BB R bk ek R, AT — R BRI BR M . AR SC
P2 0 3 Y A B I 1 BE A RO K b . 3 A S R e 3 e R R 1) R B DT AR R S B U IR 1 T
P, HoPBUERRIER A AE RS, M AGC TiF, FE R as WA e T, R A Rl 2
KB 2018-08-17; fEEIAHA: 2019-01-08
YEER . KFKEW994), B, EEm-Lao e, FEHSE A DRSSPI, email:1311913149@qq.com




44 A#EMFEERTFERFER 518 4%

B T4, Spsm Rl B R M BRI B R SR AR . BRI BT T RE ) LA AR G 1 23 ) 43 HERE 14
1 Bk T SMES R maHh

Bkl THEEZA 2 A8, MG S koA, I F 28X 2 A SEGHE S S L m . ik
P R A O
I (t)=Jp(t)v2cos (2aft+6) (1)
A IR E SR s £ kb S S MBI G BRI AL s p(t) S Rk e, Bk b RO T,
G2 Do Rk p(t) BRI S, BT RS R — %wm%ﬁ—m ek, LS

P

me[f——J (2)

XTI RN AL 1 BRI Bk p,, =+/Dsine (xDm), Hitpm g5 mARIGLL, UORFIE SRR SO, TR A
EREAICLNE E3v Wik
I(t)= x/ﬁc(t)cos (2nf t+0) 3)
X AW TR S ?%E"JIJJ%E; fRE S EBINE; o HEIHNL; c(t) HNIEES, WA T, . c(t)
E@iﬁi%%#%ﬂfﬂl‘ﬁﬁﬁﬂ MG, IRmRN .

C

f)=>Cs [f——j 4)
k
BB T4 B B TR AL B 0 i 2 22 ,thqﬁbﬁgy\
YRR I T, K 260 e AR B 20, R o0,
Z=ZZTdJPkasin{Td(n_k SR Afﬂ (5)
m k Tc TP

Hfa e st B, AT 3 A LTI I
1)k b =40 0 J8 30 /N T A5 5 1 D i R (T, < T,)
B LRSS B D RN f ., %’ITL> foode B, FFE T, <T, o EMEET, HEEA —F kol T 001

P
LIETER TN RA m=0,n=k MIGLAER & EMN, JEAHCE M TSR
Z =T,Jp,C, sinc (AfTy) (6)
it B SCEE I AT, FE Bk b TR B Bkl B84 p, =D . BT LIRS A, 2 kool T 4 gh SR A S
diZS OB, MCE R TR R, M5 D=1, Bkoh TP ELL P T3, A TSR &L p,
SRk T, JEK, B T, < T WF, kih 8 ) T, JEACR 2w {5 5 A B8 L.
2) Fk b Y0 W R TS S D (T, > T)

FESLIETE T, Bk T4 00 8 433k 26 #6075 42 AH DG ROy 2545 S8 N lﬂﬁlﬁn— , HRFHTILRER
Z= Z Tdeansinc{ Af+—} T,JC (Z Pn |sinc (T,Af) (7)

SRR J ol T 0B T S R S, HAOC R R YRR R R VF 2R aE R 2 M, T, < T, BB RAT—
GERER, WIS T, <T 0, BKeb TR THMCREL, {5 AR IEMR . IF HXMHILT, &2 exE
5 A R A R R A

3) Tk b0 A5 45 S O RS IR (T, ~ T,)

TEMLAEIE T, Bkl T He i 35 £ 18] B 55 S A5 5 1 4R A1 B 4, P9I 0 A ok o~ 900 1) P A 1 e R e S i A R O
TR . FTRIATE k=n-miE L 2k AR SC AR T AR A SE N, I A S B s i) T RE R



55 13 HKEKEE: GNSS Rk it B &N =HMH &% 45

M
z=y Tnganqnmnc{Tﬁ{%pv—%g——AfJ} (8)

m=-M P c

Wt B A, TTURES KW, ST, BEETT,, THEEBK, B THMEEERTT, <T, MHIE.

S5 L FRER Wk oh T S AT S5 e AR R B T K e R T, B s L D R R AT T B R RE X AN [
ﬂ%ﬁ&;ﬁ FE 4 Ik b PR AT AT R, WZT T PRk it RE 8 A A5 ) ik b A0 . R RS R A =S ke,
[ o817 QUURBE /WA K7 o /NG RE R AT

2 BT T REEZHF IS
2.1 Bk T HE Xt 1 75 2 %6 BE B 52 i
RBCFEFA N AT, A Q MAMES, W Kk MHE TR E S
X, (1) = ie”ﬁk s, (H)+n,(b) 9
e 4 FEHTES s () A B K /I\Iiifnaﬂﬁﬁ;éj%ﬁ MIAHGL2E 5 s() B THAES s n () REE kK ASFETTHY
PMRFE L 3 N BTSSR X () =[x (0, % 0, % (D]
28 BT T B R R B B B Oy R, A )

S
ow=[w,wy,wy L Y pt) = wh X @) B, 7T T R N '
TWa, R SR S AR R AL o A5 w =, W,y ] BN
R B M R = E[ XXM (O] A E R EE L =
B) | |
IR G B T X B 2 R 5 e = | | 1
DL 3% 22 3% (Continuous Wave, CW)ikwi{5S Jy#il, ¥ : ! ! L ! l
K Te. iz D, BHREE LIE 11 oo s e
ME 1 TR EE, TFE U 228 M, 1R By JH 6% e 2 Fig.1 Time domain waveform of pulse interference

o 1 o PRSI
R 2 W G 7 55 ok v A5 S R SR R, O 24 FE R = E[X(t)XH(t)]

AR o AR SCHG MR I 2 84 015 B0 S 96 D7 S8 AT 52 36 0 A Bk b = 0 % 23 SR - P AR 3k 9 B2 i
P57 225 P A X AR AR E M, ARG BT TS E R AR, AT 5T T PSRk R . T T L B R i (P
SR, 5B B T 25 B Y AN RRE X S BT T Rk B R

white Gaussian noise

impulse interference calculation of covariance matrix |—>| spatial anti-jamming algorithm

Fig.2 Simulation experiment

2 (7RSS
2.2 Bk FHI Pl EERNZ IS

2.2.1 BB
PI i 2 1) A 0 2R 85/ ) 7 DU SR A 26w = [w, Wy, wy | o RSB0 T HRALFRS ,  th I T R g

Po = E[[9Of [= E[w"X O X" o ] = w" Rw (10)
PRI, I 03 2 R i 45 P, B /N w (ML A5 20 (10) I B P 8w 1P BT 2 1Y
R''s

Wopt =57 (11)
s R's
A s =[1,0,--,0] MBS, RADPFHER R, 24 R B ECRE I, 50 ek, B M S2BR B op R Bk AR
(5 2R wy, . AR,
w(n+1)=w(n)— g I -ss" |Rw(n) =[I - uPR]w(n) (12)



46 AMZBMFERFRERFR

18 %

Ao TR LYERR A MR P=T—ss" Jy LxL4EA R, X (12)a] LB BT 556 0 R 2%
PR P i sl B, P 7 22 00 5 19 R B i I a0 SR 1 e A R B AR IS8, DT A T T A ek e sk

2.2.2 LSy

S B b7 22 9 TSR A S BRI B, DRI B K 2 B S R B O 25 R A A T, IR XS T Bk o

TIT RO . X Lg T, LRE 2 7%,

1) fkrh e a8 e 13, — R R
RS ECh 186, TRAAFCH 124 BF, SEHR 2R I
K3, EH w, AR 2 AN BE T R Y R .

2) Fkeb TR G 173, —AN AN
SRFE BN 186, PANECH 186 B, i H.4%
UL 4, DL, PREEE T — A 5 0 SR AR
B, BIERMSL, Fke AT

3) BkebFHER S 13, — A
SREESECR 186, PRATIECH 200 B, S5 2%
LE 5,

W S AT AT LUE H, FIR PR
Pk PR, PR BN % BT — A S
KA R, R R U T AR R bk ol R 0 L
SR FE SR 2 B Uk AR A TR AL

3 HENMIBRSRTFHEZX
3.1 BiEM PI ik FHE X

HES 2. 3 WA EIS RISE IR A Hr vl L ik
T P2 3 3 5 e P 2 6 B T B R S )
T AE, i FARS G E . )
() ok op P X B O 22 R sE AN TR, R U
T BRSOy 25 50 B 2Z A E S kb
(280, X H4 A otk i PT B Bk b
TP LB
3.1.1 Btk Ay PT Bk b TP 5300k

PI ARV (0 SC 2 A ST B Oy 22 5
M, SEBR RO RE Or 25 0 R S0 B0k
fTFHAER P LR T3P 5 2 MR 1Y) s B
Mz, HAb Tk T IemAG I, B DL
TR ERE NS 1L PT 33 0 A7 2k b 0 il ik b
oo (H oMt s, WinRENEHE,
ANRESEHII R . W R UM R R R PI
(T RE, A5 e bk b TR A A
PIFE PL Sk Z A0 in— AR R 48, A H ik
YRS 8, SRS LUK b T P G R 3 A5 L
St g, AT PLAE I, Motk A
EEILE 6.

K o6 v, HhiEl R N = A A A0 I R
JTCRERES, mirmgERs . fkop TR desk
5 AR R A R HEA RS kRS

G N0 B8 A% A ) 114 Tk e £ 5 0K e £ 45 64 ) 0 SR

B, aTH TR,

3 Fr A Jk 40 B4 R 5 R BRAA BO BT T PRRCR BRI

0.6 v . v v v .
05} ]
04H ¢ —
£ 03 ]
02 .
0'1_ L L L L 1 1 ]
0 20 40 60 80 100 120 140
1.5 9= Yout
~ 10
2 05
S 0
<05
=10
_15 L 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0

v(10™%)

Fig.3 When the duty ratio is 1/3, the snapshot is 124, the conver-
gence of W, and the algorithm output waveform Yo
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Fig.4 When the duty ratio is 1/3, the snapshot is 186, the conver-
gence of W, and the algorithm output waveform Yo
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Fig.5 When the duty ratio is 1/3, the snapshot is 200, the conver-
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