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Design of RF Front-end for High Precision GNSS Receiver
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ABSTRACT

This paper describes the development of RF front - end equipment of a wide band high precision satellite navigation
receiver to be able to receive the currently available GPS navigation signal and the GALILEO navigation signal to be
developed in Europe in the near future. The wide band satellite navigation receiver with high precision performance is
composed of L - band antenna, RF/IF converters for multi - band navigation signals, and high performance baseband
processor. The L - band satellite navigation antenna is able to be received the signals in the range from 1.1 GHz to 1.6
GHz and from the navigation satellite positioned near the horizon. The navigation signal of GALILEO navigation satellite
consists of L1, E5, and E6 band with signal bandwidth more than 20 MHz which is wider than GPS signal. Due to the
wide band navigation signal, the IF frequency and signal processing speed should be increased. The RF/IF converter
has been designed with the single stage downconversion structure, and the IF frequency of 140 MHz has been derived
from considering the maximum signal bandwidth and the sampling frequency of 112 MHz to be used in ADC circuit. The
final output of RF/IF converter is a digital IF signal which is generated from signal processing of the AD converter from
the IF signal. The developed RF front - end has the C/NO performance over 40dB - Hz for the - 130dBm input signal
power and includes the automatic gain control circuits to provide the dynamic range over 40dB.
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. navigation applications. Due to GPS
1. Introduction

GNSS (Global Navigation Satellite Systems)
has already been used and will have an ever
increasing influence on our daily life in the future.
On the other hand, in the upcoming years the
location of mobile phones or PDAs will become by
far the market leader in the area of personal

modernization project by United State and the
GALILEO system which will be available around
2010 by European Space Agency (ESA), the
applications of GNSS services will be
expanded rapidly.

GPS provides the services for public users
and military users, and GALILEO system has a
plan to provide open service and commercial
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service for public users and SOL (Safety of Life)
service and public regulated service (PRS) for
designated users.

The new European satellite navigation system,
named GALILEO, which is now entering the
development and validation phase as well as
planned improvement of the GPS, will further
expand and improve applications for users in
many fields by allowing combined use of such
system in hybrid receivers.

GNSS sensor station is required to monitor
the navigation signals from navigation satellites.
GNSS sensor station is in charge of providing
satellite signals in space observables, both for
navigation and integrity computation. The GNSS
sensor station receives and demodulates the L -
band signals transmitted by each navigation
satellite. GNSS sensor station is composed of
receiver chains, signal processors, meteorological
station, atomic clock and frequency unit, and
monitoring and control unit.

The receiver chain of GNSS sensor station
consists of antenna unit including low noise
preamplifier and receiver unit including RF/IF
conversion block and baseband signal processing
block.

The key performances of the receiver chain
required for GNSS sensor station are high
precision and fast processing time.

The RF front - end block including antenna
unit and RF/IF conversion block affects in the
accuracy performance. The SNR and dynamic
range of the RF front - end are important factors
related to acquisition time and position accuracy.

This paper describes the satellite navigation
signal related to GPS signal and GALILEO signal,
and the structure of the GALILEO/GPS hybrid
receiver for GNSS sensor station and presents
the design and the test results of the RF front -
end block of the receiver chain.

II. Satellite Navigation Signal

A schematic representation of the future
GPS/GALILEO L - band spectrum is shown in
Figure 1. GALILEO Satellites will share the L1
band (1575.42MHz) with GPS. The L1 carrier will
be modulated by a BOC - modulated open
service signal consisting of a data - carrying
component and a data - less component (pilot),
and by a Public Regulated Service (PRS) signal,
using a high - rate BOC(m,n) modulation. In the
E6 band (1278.75 MHz) a BPSK(5) modulated
commercial service data/pilot pair will be available
together with a BOC modulated PRS signal.

The two other carriers (E5A and E5B) are
coherently generated by the satellite. In fact the
satellite will use an 8- QPSK(10) modulation
scheme to coherently generated the E5A and E5B
signals. This E5A/B signal is modulated a carrier
at 1191.795 MHz.

The user can consider the E5A and E5B
signals like two 1/Q multiplexed BPSK(10)
data/pilot signal pairs. The E5B signal has a
center frequency of 1207.14 MHz. The center
frequency of the E5A signal corresponds exactly
to the GPS L5 carrier (1176.45MHz). Also the
modulation of the GALILEO ES5A signal is similar
to the one of GPS L5 signal.
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Figure 1. GALILEO/GPS spectrum [4]

The user can consider the E5A and E5B
signals like two 1/Q multiplexed BPSK(10)
data/pilot signal pairs. The E5B signal has a
center frequency of 1207.14 MHz. The center
frequency of the E5A signal corresponds exactly
to the GPS L5 carrier (1176.45MHz). Also the
modulation of the GALILEO E5A signal is similar
to the one of GPS L5 signal.

As the E5A and E5B signals are coherently
generated, they can be tracked as if it was one
wideband AItBOC signal with two 20.46 MHz
spectral lobes at a spacing of 30 x 1.023 MHz.
The difference with a true BOC is that the two
spectral components (E5A and E5B) are
modulated by different spreading codes [3][4].

GPS L1 signal is generated by BPSK
modulation with the center frequency of 1575.42
MHz. GPS L2 signal has a center frequency of
1227.6 MHz and uses BPSK modulation. GPS L5
signal is a BPSK(10) modulated commercial
service data/pilot pair.

The characteristics of GPS and GALILEO
navigation signals are summarized in Table 1.
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III. Architecture of Hybrid Receiver for GPS/GALILEO Navigation Signals
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Figure 2. Architecture of Hybrid Receiver for GPS/GALILEO Navigation Signal

Many kinds of navigation signals will be
available from GPS and GALILEO satellite in near
future. Users on the earth can select and use
higher quality signals of the received signals when
they have a hybrid receiver for GSP and
GALILEO signals.

Table 1. Summary of Navigation Signals

Signal C'I:?g;e r [\l_/l od BW
M) ye | (MH2)
GPSL1CA 1575.42 BPSK 2
GPSL2C 12276 BPSK 2
GPSL5 1176.45 BPSK 20
GALILEO L1 157542 BOC 25
GALILEOEBA 1176.45 BPSK 2046
GLILEOESB 1207.14 BPSK 20.46
GLILEOE6 1278.75 BOC 41

Figure 2 shows an architecture of hybrid
receiver to be able to process GPS and GALILEO
signals simultaneously.

The receiver consists of antenna unit, RF/IF
converter blocks, and baseband processor blocks.
The antenna unit including low noise amplifier has
a capability of receiving whole navigation signals
in the range from 1.1 GHz to 1.6 GHz. The signals
from the antenna unit are divided to five carrier
signals by using diplexer and power divider and
converted to IF signals through RF/IF converter.
Each IF signal is processed to acquire
measurement data in baseband processor block.
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The diplexer has a role of dividing low L -
band frequency near 1.2 GHz and high L - band
frequency near 1.6 GHz with low loss
characteristics. Because the L1 signal is apart
from the E6 signal as much as 300 MHz, the use
of diplexer is preferred to the use of power divider.
However the signals of E5A, E5B, L2 and L5
assigned near 1.2 GHz should be divided by
using power divider.

The outputs of RF/IF converter are digitized IF
signals and those signals are processed in the
digital channels of the baseband processor.

The RF front - end from antenna to RF/IF
converter is discussed in the following sections.

IV. RF Front - end Design

1. Antenna

Satellite navigation signals are received via
the antenna, which is right - hand circularly
polarized (RHCP) and provides near
hemispherical coverage [1][3].

In our receiver development, the operating
frequency range of antenna is from 1164 MHz to
1610 MHz and the minimum gain at the elevation
angle of 100 is - 3dBi. The target performance of
antenna is summarized in Table 2.

A design results of antenna shows 3.5dBi gain
at the elevation angle of 100, the phase center
variation of 4 mm, and group delay variation of 2.1
ns.

Low noise amplifier in the antenna unit is a
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critical component in the SNR performance of the
navigation receiver. A low noise amplifier which is
commercially available and has performance of
noise figure around 1.5dB and gain of 25 dB will
be used.

Table 2. Summary of Specification for Antenna

Parameters Specification
Operating [LowerL Band (E5&E6)| 1,164~1,300 MHz
Frequency |  UpperLBand(L1) | 1,559~1,610 MHz
Phase Azimuth @ >10 ° <5mm
Center
Variation Elevation @ >10 ° <5mm
(PCV)
atZenith >3dBi
Antenna Minimum @ 10° > - 3dBi
Gain
Roll - off Below 0° >10dB
Vi n
(Cc;;rlgL\“/; gtell?f E%ngngﬁ <18ns
VSWR <2

A design results of antenna shows - 3.5dBi
gain at the elevation angle of 100, the phase
center variation of 4 mm, and group delay
variation of 2.1 ns.

Low noise amplifier in the antenna unit is a
critical component in the SNR performance of the
navigation receiver. A low noise amplifier which is
commercially available and has performance of
noise figure around 1.5dB and gain of 25 dB will
be used.

2. RF/IF Converter

Due to different carrier frequencies, each RF
signal should be down - converted in separate
RF/IF converter block to provide digital IF signal
to baseband signal processor block.

In order to minimize phase and I/Q mismatch
errors, a single stage heterodyne configuration as
shown in Figure 3 has been selected for RF/IF
converter and band - pass sampling technique
has been adapted to use lower sampling
frequency in the IF frequency band [2][3].

The IF frequency of 140 MHz and the
sampling frequency of 112 MHz have been
derived to be used commonly for every navigation
signal considering maximum signal bandwidth of
51 MHz including E5A and E5B.

ADC (Analog to Digital Converter) uses 3 bit
quantization to reduce the SNR degradation to
less than 0.7dB [1][3].

VGA (Variable Gain Amplifier) with the
function of automatic gain control (AGC) is

inserted in the IF block to provide the dynamic
range for input signal level and the instant
blanking function for high level interference signal

[3].
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Figure 4. Measured IF spectrum
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Figure 5. Measured phase noise performance of LO

The image filter is used to suppress mirror
signal and out - of - band interference. The mixer
output signal is filtered by a Surface Acoustic
Wave (SAW) filter to reject residual out - of -
band signal and noise.

RF/IF converter has a gain around 100 dB to
provide the IF signal level appropriate for AD
conversion and the dynamic range of 40 dB.

From the budget analysis from antenna output
to ADC input, the SNR of receiver is shown
around 40 dB Hz for the input signal of - 130
dBm.

RF/IF converter for L1 signal has been
implemented on a board and tested in view of
analog signal and a ADC board has also been
implemented separately.
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The LO signal for MIXER is generated using
PLL circuit with 10 MHz reference oscillator which
is supplied by external input or internal TCXO
component.

Figure 4 shows the measured output spectrum
of IF signal for RF input signal of 1575.42 MHz
and Figure 5 shows the measured phase noise
performance of local oscillator signal.

V. Conclusions

This paper describes the preliminary result for
the development of RF front - end unit of multi
band receiver for GNSS sensor station operating
with GPS and GALILEO navigation signals.

High performance antenna with wideband
characteristics has been designed with a kind of
conical spiral antenna structure.

RF/IF converters for each band signal have
been designed with the almost identical
configuration and the same IF frequency and ADC
circuit, respectively that allow the implementation
of baseband processor to be simplified.

The hybrid receiver to be developed in the
future will be able to be used for the applications
of GALILEO test user receiver, GALILEO/GPS
reference receiver, GALILEO/GPS sensor station,
and high precision geodetic receiver.

ACKNOWLEDGEMENT

This work was supported by the IT R&D
program of MIC/IITA. [2007 - S301 - 01, Develo-
pment of Global Navigation Satellite System
Ground Station and Search And Rescue Beacon
Technologies]

REFERENCES

[1] A.J. Van Dierendonck, Global Positioning
Systems ; Theory and Applications, Vol 1,
American Institute of Aeronautics and
Astronautics, Inc., Washington, 1996

[2] J.B. Tsui, Fundamentals of Global Positioning
System Receivers; A software Approach, John
Wiley & Sons, Inc., New Jersy, 2005

[3] E.D. Kaplan and C.J. Hegarty, Understanding

GPS; Principles and Applications, Artech
House, Inc., 2006
[4] W.D. Wilde, J.M. Sleewaegen, K. Van

Wassenhove, F. Wilms, “A FirstOofOdalkind
GALILEO Receiver Breadboard to
Demonstrate  Tracking  Algorithms  and

Performances,’” Proceedings of ION GPS 2004,

68

September 2004, Long Beach, California, USA

X Xt
% & I (Dong-Pil Chang) 5] 9
19924 29 %‘éﬂ]@ﬂ

19943 29 'E‘EILEH 3}l
Z Z]——‘—?)‘]—J,}. A /\]_
20073 8¥: Ed st
;q x].—w—zsl—J,} Hl—,\]_

A\ h 19943 29~3 A : ETRI

EDEEE

o] A % (Sang-Uk Lee)

19884 2¢

1991d 3€: Auburnt] gl

[e)
9T Al

1994d 3€9: Auburnth &l

BEEET w4
. 199349 39 ~ &@A): EIRI
o SR

914 A 2

<A Fol> Q1 F A A /\Eﬂ





