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Design of a Vehicle-Mounted GPS Antenna for Accurate Positioning
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ABSTRACT

The capability of accurate positioning and tracking is necessary to implement an unmanned autonomous driving system. The
moving-baseline GPS Technique is a promising candidate to mitigate positioning errors of conventional GPS system. It provides
accurate positioning data based on the phase difference between received signals from multiple GPS antennas mounted on the same
platform. In this paper, we propose a dual-band dual-circularly-polarized antenna suitable for the moving-baseline GPS. The proposed
antenna operates at GPS L1 and L2 bands, and fed by the side of the antenna instead of the bottom. The antenna is firstly designed
by calculating theoretical values of key parameters, and then optimized by means of 3D full-wave simulation software. Simulation and
measurement results show that the optimized antenna offers 6.1% and 3.7% bandwidth at L1 and L2, respectively, with axial ratio
bandwidth of more than 1%. The size of the antenna is 73mmx73mmx6.4mm, which is small and low-profile.
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Fig. 1 Antenna installation for moving baseline DGPS
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Fig. 4 Antenna ground size effect on gain

9% 4 gAwe 2] Lol e che o5
Wels HolFErh Likel 6ommollAl 8mmz=E F 713
of mel %S L1 o]5E dAT e wol: W,

74ehe Q1% 4= gk HAHY AV]+ ®

54| (fron-to-back ratio)oll & &k
ot A&l A Lakel F7ksel wet A%
FAF o] 57 F7beba, L>7T0mm ¥ 7 k)
Al o] 5H]7}F 10dB o)/l HIAth ol2fd o]
Qrelvte] HAW AVl ® 1oA
L=73mm=z ZAsAt. o= L2 4
b 029 Al dEstE FAE, At
Jgt gHE G F gl ol
Apey Fel o] HA|WHol F F

Y3 T2YS HolFh

o 2

0

T

oy R
(o3

o
=2

o
i ¥
o 2
iaor)
I

N

N

V. oLt M= B! £H



A AL 5998 o]THY GPS eIy A7

N

(@) A= e

(a) Fabricated antenna

(b) 44 Ul ey
(b) Antenna in chamber

T8 5 MZHE o Ltoll CHEF ALE

Fig. 5. Pictures of fabricated antenna

29 6@st (HE kL dAARSIDT 989
3 FWARS Ak ABAIART vad A
ot Fol HAME g welo® mFo] ol AE
dold AAse noz @ <

AR &e BEF 5 Atk ZAgtel L1 2 129 34
A |

(3 mlo
2>
it

=
g9 Aoz wwdh =

6.196(1.554-1.615GHz) ¢} 3.7%(1.216-1.261 GHz) °]t}.
AR<-3dB e Z& L13} L2 ZFolA oF 1%e]t}
a9 7E StEU A AR o159 ZAFe]
oh L13} L2 tidell A zhzt 234 dBic9} 1.28 dBice
2 a7 4ellA BelAE AEARY FAES &

% gnh

golalA 44" & e olF o A Qe A
Ate AN A Re ol AT} S4B Qe
U A% B3 9 B ojs) A& gl
sS4 i 25 A% F4Y 2 &% TgE
A9 A E olga AFAN 2 o) FFA SHL B

A =

Huv |22 L2 A5 tiefe] 02000l sjdaty, =
o] 0026\ FZom o xmule TxZ zky)
T AlokE ohelbE 12-14 W9le] F& FHd n
&g Fem = olF ¥ GNSS ot Tdo
;ﬁl

S, [cE]

= Simulation

T 1z 13 14 15 16 17
Frequency [GHz]

(a) HEAMAIG=(S11)
(a) Reflection coefficient

(a) ¥98AT} FH(AR)
(b) Axial ratio

O 6. CHEILE STt AR S 2kt AlZo] Mt
Fig. 6. Measured and simulation data of S11 and AR
25
204
@ 1.54

1.0

RH Gain (s

0.5+

0o T T T T T T T T T T T
1100 1150 1200 1250 12300 1350 1400 1450 1500 1560 16800 1650 1700
Frequency (MEE)

a8 7. oY f¥EL ol EHY

Fig. 7. Measured RHCP gain

149



JKIECS, vol. 11, no. 2, 145-150, 2016

2 = Rl AEAS
A8 YA o)F vhgoR ALn ek

AgdolR AZgst & ARG AT, ¥ orE
% olgajel Awe DGPS A29E TR o
R A BER R DEER L

A g,

aAtel 2
PR NBEE FERERY AvE 4
R T X B I A

(15TLRP-B101406-01)¢] A ¥oz a5l

References

[1] P. Misra and P. Enge, Global Positioning

System, Signals, Measurements, and Performance,

2nd Ed.. Lincoln, MA: Ganga-Jamuna Press,

2010.

C. Basnayake, G. Lachapelle, and J. Bancroft.

“Relative  positioning for vehicle-to-vehicle

communications  enabled  vehicle safety

applications.” ITS World Congress, OR, USA,

Oct., 2011.

[3] H. Seo, S. Jeong, M. Oh, and D. Park, “A
Study on DGPS Framework and Performance
Evaluation for High-Accurate Localization based
on GPS/AG of the Korea Institute of
Electronic Communication Sciences, vol. 9, no. 8,
2011, pp. 927-938.

[4] D. Mozar and S. Muffy, “A dual-band
circularly polarized aperture-coupled stacked
microstrip antenna for global positioning
satellite,” IEEE Trans. Antennas Propagat., vol.
45, no. 11, Nov., 1997, pp. 1618-1625.

[5] X. Sun, Z. Zhang, and Z. Feng, “Dual-band
circularly polarized stacked annular-ring patch
antenna for GPS application,” IEEE Antenna
Wirel. Propag. Lett., vol. 10, 2011, pp. 49-52.

[6] Y. Zhang, X. Li, L. Yang, and S. Gong,

—
N
—

150

“Dual-band circularly polarized antenna with
low wide-angle axial-ratio for tri-band GPS
applications,” Prog. Electromagn. Res., vol. 32,
2012, pp. 167-179.

[7]1 Y. Park, “Characteristics of Circularly Polarized
Antenna,” ] of the Korea Institute of Electronic
Communication Sciences, vol. 5, no. 6, 2010, pp.
563-567.

[8] G. Hsieh, M. Chen, and K  Wong,
“Single-feed dual-band circularly polarised
microstrip antenna,” Electron. Lett., vol. 34,
no. 12, 1998, pp. 1170-1171.

[9] C. A. Balanis, Antenna Theory Analysis and
Design, 3rd Ed. Hoboken, John Wiley, 2005.
[10] K. L. Wong, C. C. Huang, and W. S. Chen,
“Printed ring slot antenna for circular
polarization,” IEEE Trans. Antennas Propagat.,

vol. 50, no. 1, 2002, pp. 75-77.

XN 274

LE(Nu Pham)

20141 spro] e S A
HEA E24(F3h

20140 ~ @A Aeeriedista A7) w3t

3} A A}aA

¥ FAIE-ok:  Electromagnetic  analysis, antenna
design.

X X 2d(Jae-Young Chung)

20029 A A7)Eskat
ZH(@FAh

20071 e-sto] e RS A17]
J LAt 9@
T 20109 este] e Tt 2]

DAFE T 4@
2012 ~&dA AEFHsr|edEgn H7A R FE
7} g
# Aok

design.

Electromagnetic analysis, antenna





