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Zero bias anti-jamming filter design in non-ideal channel

FAN Guangteng, NI Shaojie, TANG Xiaomei, CHEN Huaming, SUN Guangfu

(College of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract : There is non-zero bias for the receiver due to the anti-jamming filter in non-ideal channel. Furthermore, since the tap weights of the

adaptive transversal filter varies based on jamming pattern, the bias will also vary. This problem of code tracking bias has been a significant hurdle

to achieving interference suppression capabilities in precision global navigation satellite system applications. Aiming at this problem, using the

symmetrical characteristic of non-ideal analog receiver channel, a new technique called zero bias anti-jamming filter was presented. The proposed

method could be easy implement in engineering. Theoretical analysis and simulative results show that the proposed method is capable of reducing

the bias to less than 0.2 ns, which is significantly smaller than the traditional adaptive anti-jamming filter.
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include adaptive anti-jamming filter

B 1 5 S s (o) FRIEAN -
s(t) =AD(t)c(1) ™" (1)
FLrp A g Beaff (5 S WL 5 D (o) 98 ) 1) 208 15
KL HISEAG AR 1 bit {56 A BEAT I, AT LA 220
BEIRTE B s e (o) 3 3t i s, i 58 75
Jo PR 5 1) Z2 5 WG 5 0 R BB AR DL o
1 T w0 (0) R BOE N -
w(t) =w; (1) +j - w, (1) (2)

Horrw, (o) Flw, (1) S H AR 7 X By 3833 55 i
TN, BT,

SRR S MU OB TR =R -3/, &ir 2/ i
RT3 V0 5 4 AR 300 0 IR 8 P TR 0 o

TESZBRIL I, A RGERRE € T — & YA
T B8, 1 SEAMAAE AN T R GRS, A
UEBR , 280 B RAE TG B 2R B Al I, ST I A
fETHIERE , TR 4 16 00 T 2 AR 8, HAE
R DEP AT by (1) H0E B BRAT RO VR AT, FLAs B i
AN -

1 |fl<b/T,

i) = {O other 3)

h(e) AU T HMCHE A5 SR IE I A £33 8K
A, AT HLI ARy«
H(f) =A(f)exp[jp(f) ] (4)
FCr A CH) A () J 53] DAy 20 90 A 11 8 450 ) )7 01
HHAER . o

R R AL X
() = -5 P (5)

LT B A R B #5 A
7 D WL 7y 15 f o MR B o 2
FAGLUEERS LT $() = - 2nfr,

AR IR BH ) HET #5 AC) =1,
UGS A5 5 s (o) 3o 4 HE A0 98582 O
(=) BUBRT €60 ] LA AR, BEOLT 5
A5

SRR 1, R R R AL 1 0
SRR 5 WL T 28 00 719 15 A
LSRRG, BRI T, 26 M A 2 9
52l I TR B

OSSR L1 A1 01, 2531 BARL {3205 69
ey
17 = [ sné (1) A - explpflr =, (011

(6)

ANFEIB B AR g I E 2 s, B 2 ]
S, 2ok AR U8 0% 4 S 1) DG 1 B AR TR AR
PRV IHAE A I AR SR PR R AR o (R 2 SR AR
GIEUE P AR T, AHOC U e A T W AR, N PR R
POy 798
1.2 FHIMFGE I EZE T

I SCHRL4 ] Al 0, TRl g B i RO e
XA, A Ry SR, 2 HA H, ., () o TR
Tk T WA 8 R 255 AR A DG RS



52 J 2 A TR (R T O T ) e i S 125
1 x1073
8
0.9
0.8 ) /
B o7 m r
% 0.6 ; P i N
® il AN 7T NE
g (0] | S (L (00 A SR E 0 / \
g 0.4 5 , \,\\/4{ }\//
1 03 o i N
m ! : Z N
) O é - ] i
A | —— BRI N\, —— =04
Elpgt|—— 221 BHARMRIE DB A8 Fe R K TR % R 00 | B R K=0.6
5 / e UEEEEARIRREER | N | ERSE =08

-1 -0.8 -0.6 -04 -02 . 0 02 04 06 08 1
B2 N[ B B A A DG
Fig.2  Correlation function in different stages
Vosu(7) = [ s D H (DAY =
expiji2mflr —7,(f) ] Hdf
Ao oK FAH T R A s S A 1285, T A R
O
y(e) =Rely, j(7+d/2)] -Rely, j.(7-d/2)]
(8)
YR A ST 38 AL T A R A e A5
’)’(5) =0, HIA:

b

[ sine (N, (NAsin|2nfL e - 7, ()] sinnfid)df = 0

(9)
e b<1, KT & FHERITHFMW—Frizl,

b

Jibsinc2 (N H,_am (A sin[ZqTng (f) Isin( mfd) df

&= b
2 [ fine? (1, (1A cos{ 2, (1) Jsin( ) of
(10)

F 5 (10) 1 0 B (85 30 8 T4 40
AR 0 WEASIORY L7 X, T G T4 40 4
BB L 515 510 A0 T (3 4 AT
e, S FHRHE AL, BT e 2 10 B
T 2 2 Al W T 2 S50 2 4 2 2
B, ELAFXE T HRBUREPE B AET: AR A6
YA B S, 5 0 5 2 9 5 2% 51
w0 3 PR

P 3 bR AR ST 0. 2 AV i
A ATV 124 3, 2 P —
BRI, HCHLY

(0 =x (1) (1)
S S fl B AR, () B3

-1 -08 06 -04 -02 0 02 04 06 08 1
L R

3 IR T B BB 5
Fig.3 Bias-value vs jamming frequency in different x
se T, H—AE T s h 0. 1. &l 3 Al i,
I A 5 2l W R 5 W 7 AR O O, WS R

R, B B i AR

2 iESAMER ST R R R i T

FEST AT 35 Z 0, T 50 XA UL 3 U
APRFE AT 204 o AR SEBR AR D05 1
AR 2 AR 3 A9 A5, (RSO — s
PRAUEEIE A phaly W R (e) 52 pRE . A7 0 T Y
it R 1 A (o) Sy 52 eR R, W A D B A5 5 R A —
Tl B e T e 3 1E S 0E M L JG k3 A A e
R ik B, R TR AU R, N
Rt R A PERE RO K , AN TRAD R g B
ERRGRE RS 2 h(e) S R RO, 5 LA HL i
ARy H(f) = A(f) expljd(f) ], R SHE JA(f)
Dy R, AR b (f) 2 BRI X o (f) 2R
A AR A AR TE R 7, (F) R R A A
SEPRARERARHIE A, W5 SRR s S o S5 X A
R SRR A T i L, L PR AR B T
PR TR ey IR B — Pl 1B R . 5 1
AF IER AL T T A AR SR T I Y
R IAMETT 15 o

AE I 08 e 25 i 3 05 e )
I A M DB A SR T B o T I A 3 0 e 4 10
A7 B AT AR I i (B Al . BEAE A A DR
IR s A0 M) 7 5 D0 H00 ) 308 90 A ) S AR T ]
4 FiR

XA Sk A 1) 8 IR, B 4 Sk 1 0 s A A
b PN B {5 5 22 5 3 24 10 28 38 24 n 75 51 2 B 2%
Yo HISCHRTA ] al 0, XU il 3K A 1] 208 90 45 1) R
R



<126 - B BE K 2= 2 i

5538 &

Hy_junl)
Tz
\ 1
3 0 5 !
Heowl) FHA SR AL
PEATIRAT M
T
1
—b 0 l; 4

K4 BAERAMZIENG S
AL A0 A A VL ) O R
Fig.4 Ideal magnitude response of adaptive filter
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Fig.5 Structure of zero bias adaptive anti-jamming filter
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