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ABSTRACT

The antenna arrays are known to be effective for GPS anti-jamming and the performance can be improved further if a dual-

polarized antenna array is used. However, when the Minimum Variance Distortionless Response (MVDR) beamformer is

used as a signal processing algorithm for the dual-polarized antenna array, the anti-jamming performance can degrade in the

presence of errors in the steering vector that is a key factor of the MVDR beamformer. Therefore, in this paper, the effect of the

steering vector error on the anti-jamming performance of the dual-polarized antenna array is analyzed by simulations and the

result is compared to that of the single-polarized antenna array.
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AAdsH A) AEl(Global Navigation Satellite System)-& &1t 2]
choFe Hopolld] 913, B D A7 AN F5S o) BEE T
Qlol} (Seo et al. 2007, Kim et al. 2014, Yoon & Lee 2014, Kim
et al. 2017, Park et al. 2017), X|Alo|A]Q] uj Lo 441 A|7| 2

olsto] 2ol Hoksloh= w9t} (Wildemeersch et al. 2014,
Kim & Seo 2017, Lee et al. 2019, Son et al. 2019). o] $J3]] H}
4 SHEUE o] &% AT 7ol FEA A+ 9 Z8E 9l
© 1 (Gupta & Moore 2004, Seo et al. 2011), QFefjLt Hu} thokAd
< 285k oS Hat vl Qe 72 71E O Hut iy Qb
et 7ol Hls] FUeh FElL AR R oF Foul & W A
Y ASE 7 4 e Ao =2 defA Qltt (Fante & Vaccaro
2002, Park et al. 2018).

vl QYL Y 71 o] Als e dar El%
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Fig. 1. Coordinate system for the 4-element dual-polarized antenna array.

2, 0|=Hu} uj A 2tEjLt MVDR €312|E

£ A 5 BAS I8l Fig. 19] 331 2faA| 9
xy-HHof HiXE 442} o]SHI} QHHUE 15t 7t o5
Hu} QU= 2RaAlo] x5 9 yF WFo 2 A H e Hertzian
dipole QFefL} AxtE FA =] o] Qlrkar 7Py gict. o] FHut uid
QFELEe] 441 41 5of| A 8= = M5 HE] AlARS 918 MVDR
& 12]E2 Eq (D} o] TRF T (Park et al. 2018).

minimize w”Rw subject to wHc = 1 (1)

A7|A wis 7HA] HElo] i, R o] ST} uijd Srefute] 7} qk
Elut Axpol 9] &5 23R 4l A ST 324 P oloh
Fig. 19} Zro] Rtz Al A 0 2 QlAlsl= A1 5 9] azimuth angle
9! elevation angle ¢ I H2kal 5F3L GPS A1 5.9 Al Waks
(9= Pgps 0= 0ps)BFL S, GPS AT O] YA (9gps Oes) =
HiE QFEL} 0] 55 12 §-A517] S5 AME-E] = steering W E{Q]
c=Eq. (2)9} Zt} (Park et al. 2018).

Cix Ciy v Cnx Cwyl

[
{G(@cps, e_GPs) . @(V = 45°7 = —90°)} exp[jw, (Fcps, 9~GPS)]
{Gy(@aps, Oaps) « E(y = 45°,1 = —90°)} exp[jw, (Peps, Faps)] (2)
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A7IA (Gapy Bops)’= 4171004 24 GPS A15.9] QAL
12, Gars Bars) B Gy(Gars O (Pepe Ocp)ll THEE 1
7 0|5} Qe Lke] % dipole e} 471] o5 W WS
e = complex radiation field functiono]t} (Kildal 1999). &
SHE(y)E YA A 2] HulE UehE By A1 HE 2 A,
y=45° 2 y=-90°= GPS A15.0] 8|7 URTZ Lrehf= v
#1401, 0, (G Oops ] 1T nl) o] S} okt
Aapol] 415 GPS A15.0] Q40 &2 AL Higko] o5l At
o] =of| 4] 7} 3l Hertzian dipole QFE|L}2] complex radiation
field function (Cox 1983) 2 Eq. (2)<] E(y:45°, n=-90°)+= Eq. (3)
3} ko] m@Ec)
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norE

Gy (@eps é;GPS) = sin Pgps €, — COS gGP~S cos Pgps €9
Gy, (Pgps, Ogps) = — cos Pgps €, — 0S Ogps Sin Pgps €9
E(y = 45°,n7 = —90°) = cos 45° e, +sin45°exp[j(—90°)] eg (3)
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Table 1. Parameters of injected signals.

Direction Polarization Intermediate
(9.0 (ym) () frequency (MHz)
GPS (30,55) (45, -90) 0.2
Jammer 1 (35,60) (46, -89) 1.75
Jammer2  (-105,35) (15, 124) -0.63

01714 e, W e 3xH T 2p3A|9] ¢ I 6 HSF T HE] o]
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Fig. 2. The SINR degradation versus A6 for various values of A@gs. ()
Single-polarized antenna array; (b) Dual-polarized antenna array.
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ASINR(A@gps, AbGps) = SINR(A@gps, Afgps) — SINR(A@gps = 0% Afgps = 0°) (5)
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4. CONCLUSIONS
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