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An image interference suppression method for zero-IF architecture navigation

receivers

WANG Wenyi', QIAO Mengtian™?
(1. College of Electronic Information and Automation, CAUC, Tianjin 300300, China;
2. China Special Aircraft Research Institute, Jingmen 448000, Hubei, China)

Abstract: To address the image interference issue in zero intermediate frequency (zero—IF) architecture navigation receivers,

this paper proposes a suppression method based on a complex analytic bandpass filter. The proposed method is
used to optimize the parameters of the receiver’s radio frequency (RF) front—end to achieve spectral separation
between the image interference and the navigation signal, followed by the design of a complex analytic bandpass
filter to suppress image interference. First, this paper theoretically demonstrates that in—phase/quadrature—phase
(I/Q) mismatch during quadrature downconversion is the fundamental cause of image interference. Subsequently,
the impact of image interference on system performance is evaluated under the space—time minimum power anti—
jamming algorithm. Based on this analysis, the proposed complex analytic bandpass filter is employed to suppress
image interference, followed by joint processing with the space—time minimum power anti—jamming algorithm.
Simulation and measured results validate that the proposed method effectively enhances the anti—jamming per-

formance of the navigation receiver.
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FRAEEC(13), 25 i 4 F 38 N U8 I 28 5 A5

2025 4F 12 A
T
x(1) = [ru(e) xp(2) -+ wyple) = an(t)
() = (O] (14)
B A i
w:[w“ Wyt Wyt Wy Wy ww] (15)
Ay H ok
y(t) = 0™ (1) (16)

25 I 4 1 33 U IR A R R FE AN ] 1 29 R
N EAT AR o) SR ifp , P ) 23 I e /N D -yt
PLAVEIL T R /N7 22 S TR 5T
P51 TP B Y R i 557, BG4
LAy ] (3 £ AT 29 o 38 e/ MRS i s B 3R 0
[#] 7 225 T 5 — SR IAUE R 1, 15 34 2y s 5%
PRI 23 N e/ NI R G TR R RIA R

min @"R,.w
¢ (17)
s.t. w'h =1
Ry = E[x(0)x"(0) 225 I Z4E F 35 N I8 I a i A
RSB ARSHERE b = [1Q0 - 0" EZH [,

FRAEHLAS B H D SRAT A ) 2k
o R.b
"~ b'R.b

T T2 SRUE S 2 15 M i i 0 D R H 7E
—160 dBW ZEA47, XA M L 2424 =20 dB, T4 D) R
KT AUE T 5 W D) 509, K, g 3 A S
() H AR SR ] R

R.=E[x(1)x"(¢)] =Ry + R+ R = Ru (19)
T, Ry Ry R, S5 B SRR 5 T HE A ) B
ARG

> ST i v LE S IR ABATAE 1/Q SR BT, B AH G
M Ry 5 TIAE 5 LB T IA L AR,
et 2SI e N ARG T R A i R

NOET 0! (20)

38 T e P AUE A E IS, 38 TR ICR Al bt
THehE Ty o How SO0 TG SR APTT P Aab HAE
Bt Dy, 5428 R/ N RS IS E A B 1Y)
WRTIRZ e, n Rl

aICR - P kjut - 2:! (21 )

AP o AT HUAL BB ET B9 TR P
NPLTIE BB B D% P D AR SRS 5 T
FIRFS (R B I)R 5 Py APUT PR BB T2

(18)




543 % 5o

F i, FAARIT: F A AL T B R Ty ik

~19-

BEACHUCEIRG THR AT K TR S0 T AL
DI ST T TR IE LRV EIBU T

3 ZEM&/NIRGTFREETH VQ KEEFT
S

VAl AL BB AR T RGP TR
PEREBTRZMR , USUR 26 3 2 R I [ B A Ao 2,
H A8 B TR — B, T A T A 0 ) A
FIESCIRIG AR 1Q RECIRE , FEF U 5 45
HUFES TR, 285 AT R4 oy
R T Ja ATV T HUAL BE, e 2808 A GNSS BRI
PLTE AR AR BRI o SR TS 2 5 S B Y 23 I e/ NI 36
PO IRRE I EZ R E IR 1 s .

x1 HESH

Tab.1 Simulation parameters

ZHU SR
RERREA R 5 44
SN i GPS L1 {5%
U5 A2 M Hz 1575.42
{7 L/dB -20
T2 A PR e T R T
TP/ MHz 1575.42
THekIn/() 10
SKAFEAT 2/ MHz 20
FEMCHL L) AD9371+ZYNQ7100 224

3.1 1/Q KEEXH T ERERI RN

I T DA R i 22 5 AR S 2 9 O TET 3B 1/Q
BRI TPk e B 2 o 18 4 7R T IR A IR T
FErp 3 FPg BT (1/Q P ANAF 7 MR B2 i 22 L AUA- 72
AL 22 ) i 3 ICR B % A T L (INR , interfer—
ence—to—noise ratio) 251k

80

- o - 1/Q A -
70T —a— il 0.6, ARG o

60 [ —— HINLfR2E 5°, TCIE 2z . ©

50 F /d,“

40 F

30 F
20

10 &~
g

i ICR/AB

0 10 20 30 40 50 60 70 80
i A INR/dB
B4 1/Q KEEXHFHtEaERIRIT
Fig.4 Impact of I/Q mismatch on anti—jamming performance
FEL 4 FTRL: 25 1/Q PR e ICR Fiiha A INR
MR, AT AT 2UAFE 0.6 AR (i 22 |

TCARDI I ZE T, S TCR _BRZ°A 30 dB; 24477E 5°1)
ABAAR 22 TC IR B A 25 15, B th ICR _LBRZ9° 45 dB.
DR 1/Q KRB B B8 T 2 WL XL 5
ity TP X LSR5 4, T B A T T
etk
32 AR VQ KEEE TR T E8E

R T WG54T R T A 25 B AH AN i 25 X i 8 ICR
(RZI , FLAE T R [l 25 1 T far th ICR 19281k o 45
HZHEE 1 3 THIZREE A INR 2 60 dB.
KI5 R TAESEA T U 5T, AS R B i 25 FAR Ao
TRZEFRBE XTI ICR (520, 25 0T, i 25 A
JEFIBER i ICR B3 R, SECEZ Tk,
A EEIL T 58 135 R R o

60 —e— IRPEIR2E LA 0.6, TCATL (2
ssh = ARDLR 22 2 HE 5°, JOHR R i 22
o) 50
=
o=t
O 45F
A
E 40r
35

30 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
X ISE TSI T 3 /%
5 AEVQ KEFRE THHTH AL
Fig.5 Anti—jamming performance under different I/Q mismatch

levels

X FEA IR, H A B R PO RO E
RIDSUR 2B 91 i S 6 04 o 2 4 22 SRR A Al — 1>
o] () Sl T 1/Q RBCETIABHR T, S5 4LT 4
INY YRR, i T IO 8 A L AR
T, 2 T WUR LR 10 25 I fe /N D R T T U5 o ik 2
LRI A, FERGESUTIIERE T I FE I
JEE Db 22 55 MH L 22 B R, AR GE ] TR fE ) Fp 4k
AL, T E R R OHL AR AR S BRER TR R , R T fiE
FECFAUERLIIRER AL

4 ETEMmEERKFNEG TS

BEXT R 1/Q JRBC S DR BB 5 T PE IR, A SR
— B BRI Tr ik B AR A 6 PR B
RG-S T BRE AR, AEA B T R AR R Tk
FELE P 5 (Bl X S AR S LA i i 12 =
BOEAT AL B E . 2 HUE o 5 THUE S BA R
M3 Ja , 2 A SR LA SR A B, AT 1E
SR R 2 — R A AR B, e 8 A 1.Q



—-20-

O R R A 2 R

2025 4 12

P I AR5 I AT RO T 3R T4 5 Ll

SR TS o

Eﬁ‘:ﬂ;?@iffﬁ FPGA iR GNSS FpHpL
" IR Po—— it a5
A2 L | :/ S L1 o o 1 E%ﬁ'ﬂ?
THEST == | PR e s g | | = i
LB TS |
| R (R THA)

_____________

6 JRETHIMFIRTRE

Fig.6 Image interference suppression process

FERCTFFA A FERY B B 1 S Q BE S ALk
BG5S , #— i B a B Ay Mg Ay, 7R
SR B L5 1 RIS R B A5 4, AT T R 52
PPt THEPERE
4.1 ETSHnaimumnEG THmits =

AD936x/AD937x F 51| 2 Hh 451 A A4 S 451 Al T 4 A1
f=35 20~100 MHz (A SGRIEW 98, %0 TEIR R RS
R A5 77 B8 355 N TG 2k LA i R Ak B £ 55 o
AN ISR FCER A 1T i B |, 76 SRR UAL
AU T2 o Fe Tk — Al g AR 3, vl i S
T B AR SR T 5 AU E 5 53

2R E N FR G5 (GPS, global positioning system ) {5
o A TR RS I S A B A S S B
B AT SR RE AR STEOIL AR GPS L1 C/A
55 M), B 1 575.42 MHz, EEH5 5
2.046 MHz, [R]B T-PeA5 540 538 & 4b T GPS FAifs
A SO T8 PN o D ST R AR LS AT i it o A i A 2
WE N 1575.42 MHz, IR 4 GPS il 5 & B
vty [ ASASAL PR (A HC AN 0 MHz, BP S5 5. 48
IEASIRAIAS B35 (5 5 R, 52 1/Q R ECRZ M , 25 7F
ST 00 55— M= B4, e 7 s

oA TR
gt | L
x| st
N [I FASHUR 0 GPS SE 2
- T —
B 0 MHz R SR /IMHz
) 2.046 MHz .

B7 SHRRIRS BRI E N (E S g
Fig.7 Output signal spectrum before RF front—end parameter

optimization

PR UL T SR TS GPS SieE

S A )L, A SCER ST S R T 5
A B E AR fio FRAEIR £, T LR
BEEECRIATRE T RS S SAIRMS S IE3CIR I,
o 7 0 2 2 v A S ) A 288 T A 5 P
(A B ) , RSB GPS UE 5 S5 T P ny s
SrES, UniE 8 B RS HA B I T : AR fip

T fro < fo — ;—Bs,/ﬁ\ﬂiﬂ Jo 9 GPS S5 2ty

AR Bs Sy FUAE G s QRAEMR fo T 1L £ > 2,
H, S SRR S T A A e KR

St T4
CX S/ v
! s
___________ .
l NG I GPS
N oy ]
~(firfin) 0 MHz fifio R

2.046 MHz
B8 SHERImSHMLEERHESHEE
Fig.8 Output signal spectrum after RF front—end parameter
optimization
42 BETEMRTEEERIFORG TG

5SS AI i Ak BES F) £ 1 A KR A Ak B
IR LIS 28 R s DR H AR X A 8y el i ( R
TEIE SO AN AR XK B8 AT ) 10 TG AT %4 il e
B e, ASSCBET T S A A e D 0 2 LA DB R
BEAR T, IHAE FPGA ZYNQ7100 -5 b5 i T 1%
Peas HRE S, BAR LRI .

B, RBCEATHEBALR I N A RL T, B
ABEICIEAE L M Sk, 5 n SR A i B9
{R5 20 1Q W2 A 2055, o IO 1R S5 950 TR ¥
ﬁﬂﬁ'%”iﬁ:lu = [11" Lo ]Mn],Qn = [Ql" an QM”]’:/E\:
Fn=1,2,-,N,

F]2 BT E IR, 5 R S



543 % 5o

F i, FEARIT: F A AL T B R T Ty ik

-21 -

FUSPAR LR, R AT RS LA LR FIR %K
TUEWEAT , JFVE I oK Bk AT BT RS 255 SEBR
TR S ORI, B2 B AR S SES I, (AR DB By
BrEC(BE ) Gl S A R SRR AR | AT e
i 7 LR PRE H o ()

FWI A ) = oL [ H (e 143

B U Y5 hy(y ) o 85 BT R Wy ) BEHEIE
ha(y) FFEVEIE S A BRAC SAAUENE Y P51 h(y), BRI

h(y) =h(y)W(y) y=0,1,--,I-1 (22)
h(y) 5 HE RN H(e)i 2N %5, R
H(e) = meexp(-jwy) (23)

ST 4 XA PR A U 751 h(y) = [R(0)
h(1) == h(I = V)T — WA AR R A 4 f5 745 2
h(y) =h(y)*z(y) (24)
2
A FRR BB E z(y) = | TP
0 y=0,%2,-
LR . mAB RN E S T
h(y) =h(y) +ih(y) =h(y) +jh(y)*z(y)] (25)
$EBS ARGy RS TS 0 BEE
ST T B I % 1S B LS HE 25K €, = real[R ()] HI
HETB AL CZ = image[il(’y)]o Horr, “real[ |” 2R8I HL
SR EREL; “image| 7R P I BUETR R 5L
W6 KR AT Y A S U A 0 SR R BRI

FEOMAZE FPGA Fea e b AR UB B A B sk, DA
SLIEL R T e, AR AR aniE 9 PR w MBHR T

AW S A5 5  FESEHE wy B w43 MR A
u =I'*C, - Q' *C, (26)

y==1,£3,

u,=I'*C, +Q"* C, (27)
IS BT LA A5 A £ B A s
(ESRIAELTR

1%

B9 RETHINGIRER

Fig.9 Flowchart of image interference suppression

5 BT EMNTEEIRKRIRG T MG St%E
I6HIE

R B R AR SC R4 ) L T AR A AT U A
BEAR T AN G I & WA R F R T X LA
I3 LU B —ZS B /NI R ik, S8 A5
THAN 5 25 i e/ N BT A S BT T
Ik R

AT 3 R A5 B UE - S G5 UE P 43 (1 LS
BB S AT IR LA BRI R , AL 45 BB A5 5 A A
SRR o 1F S VR ATAL B A7 5 78 B B o8 s AR T4
WG, 228 i /NPT TR A R b B, B e ik A
GNSS B AL e B ML 5 WAl 3K 5 IR R, O 5
P23 B iR/ N YR TP AL RS AT X AT o 52
D55 R FHBUR £ B2 A 2 [R) 1) B s 9 5
THAFT, T T 5 50 MU S S Ab B
AP TN BS 26 A GNSS F A 2 L 5E i A 4R 5
PRI, [FIRE 5 B — 23 i) e/ N R b TR A B EY SR A 7
XF AT o
51 fAEWIE

U5 BESHOE AN 2 s o 725y T3 s I xf
BHR TP I IR AT IR E . ] 10 X EE T PR
T AR T A PERE . — R — A 25 B i
NIRRT, 7 — A RIS SR T 5 =
B fe /N R BT TS 0 o /10 HRAR T 2B
[FIINR 2514, PIFP 5 i P e i 2 L% H &

#2 FEIRSH

Tab.2 Simulation parameters

e SRS

REWEHY BRI S L

AL GPS L1 5%

SFRUFS OATAR/MHz 1 575.42

TAEEH 8 i TV A2 (W P B AL 75 % 455 (PRN , pseudo-—
random noise code number) A 2.5.6.12.19 .,
20.25.31

T A B 4T TS T

FHRE/ ) 10

AT LE/dB 10~80

MOR B —B T ki, B g T A S 5L
PrTHLrERebEE INR G938 0T R . S5 AINRIA 2]
40 dB J7 , GNSS # AL R MR 25 2 1) LR 4 T4
W, S BOE AR R B A BT ke
b4 S A R it 422 S O U T A ot b e i 0
DIl T8, NI A ZUHE T T R mh T g



-22 - OE RO R 2 2025 4 12
SHF R +FPGA A Hi7

8 N S U IR
B 7f_+f:\\\¥_+_¥/;
i \
S Y
=24 4 v
’\t:‘nlé 3 v
e N
® 2r .
B b -v- T R

oF = BEPLTHLHE “v-- v

10 20 30 40 50 60 70 80 90
i A INR/dB B 12 ENIEIEFE

10 B—5BRATTMRAETHRERER D2
Fig.10 Number of acquired and tracked satellites versus INR:

standalone vs. combined anti—jamming methods
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Fig.11 Output carrier—to—noise density ratio of PRN20 versus INR:

standalone vs. combined anti-jamming methods
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Fig.12 Physical verification platform
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Fig.13  Acquisition and tracking results versus satellite PRN number:

standalone vs. combined anti—jamming methods
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