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1. New Satellite Navigation Signals

2005 was a landmark year for GNSS: the first satellite transmitting the new GPS L2C signal
was launched in September and the prototype GIOVE-A satellite was launched in December,
transmitting Galileo signals for the first time. Not long before that, in December 2004,
Glonass also started transmitting on a new frequency. This article describes “in their own
words” the experience of two UNSW PhD students who have succeeded in acquiring the GPS
L2C signal and the Galileo L1 signal from GIOVE-A satellite using the UNSW developed
“Namuru” receiver.

“Namuru” means “to see the way” in the Eora language of the original inhabitants of the
Sydney basin. It is said that when the Eora first saw a compass used for navigation they called
it “Namuru”. The Namuru GPS Version 1 receiver was developed by Peter Mumford and
Kevin Parkinson of the School of Surveying and Spatial Information Systems at UNSW, in
collaboration with NICTA. The receiver is open-source and exploits the reconfigurability of a
field-programmable gate array (FPGA) to implement all the digital functionality. For details
of this project see http://www.dynamics.co.nz/gpsreceiver. The receiver was designed to use
the GPS L1 signal, so it did not cover the full bandwidth of the Galileo E1 open service (OS)
signal, and was tuned to a different carrier frequency than the L2C. These were some of the
problems the students had to over come.

The term “acquisition” refers to comparing the received satellite signal with a locally
generated replica of the desired signal, to find a match between the two. This process is often
referred to as “correlation”, as the replica is multiplied by the incoming signal on a sample-
by-sample basis and “integrated” (i.e. observed) for a period of time. Different replica delays
are trialled until a match is detected, where the integrated signal exceeds a threshold, or the
correlation process detects a peak. A match between the received satellite signal and the local
replica indicates the presence and starting position of the desired code in the received satellite
data. This process can take some time, because the received satellite signals are weak, and
cannot be detected above the thermal noise floor (i.e. looking at the spectrum in the right
frequency area would see nothing but “noise”).

2. Sana: Acquiring GPS L2C

The L2C signal is a modernized GPS signal, broadcast by the new generation of satellites
designated Block IIR-M (because they were modified from Block IIR to transmit both L2C
and the new military M-code). Currently three of these satellites (PRN-17, PRN-31 and PRN-
12) have been declared operational by the Air Force Space Command at Schriever Air Force
Base, Colorado.



The L2C signal has been designed such that it can be acquired in weak signal environments
such as inside buildings, in tree-lined roads and any other areas where the line-of-sight signal
is obstructed. It can also better serve the increasing population of “dual-frequency” civil
users, where a GPS receiver can use the two frequencies to eliminate the ionospheric error
and more quickly resolve carrier phase ambiguities. This leads to improved positioning
accuracy and quicker operation. A compact message format and a “dataless” channel are other
advantages of this new signal. With all these features L2C is likely to be widely used.
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Figure 1 L2C Signal Acquisition Setup

As a new PhD student, | was given the task of acquiring this new L2C signal in the Satellite
Navigation And Positioning (SNAP) laboratory, UNSW. Figure 1 illustrates the setup used
for the signal acquisition experiments. The RF signal received by the antenna is fed into the
upconverter, which translates the incoming L2-band (centred at 1227.6 MHz) into L1 band
(centred at 1575.42 MHz). This new L1 band signal is then input to the “Namuru”. The RF
signal is now processed by the “Namuru” to generate samples of the received satellite signal.
These samples are stored in a memory module on the receiver and then transferred to the
computer through a serial port connection, as shown in the figure above. In the computer,
signal acquisition is performed using software developed in the Matlab language.

The L2C signal consists of two separate codes known as L2 CM (civil moderate) and L2 CL
(civil long). The CM code has a period of 20 milliseconds and contains 10230 chips (a chip is
a bit of the spreading code — but it is not called “bit” because in reality it carries no
information). The CL code has a period of 1.5 seconds and has 767250 chips. Each of the two
codes is running at a speed of 511.5 kcps (kilo chips per second). The two codes are
multiplexed together on a chip-by-chip basis and this combined code has a speed of 1.023
Mcps, as shown in Figure 2. This combined code modulates the navigation data and L2
carrier (1227.6 MHz.) to generate the L2C signal.
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Figure 2 The L2C Code Structure

This new signal structure requires a different approach to acquisition than the L1 signal. In
our approach, one period (20-ms) of replica code, containing the CM chips while CL chips
are replaced by zeros, is generated. This replica code is used to search the received satellite
data for a match. Once the match is found, the original CL chips are inserted in place of the
zeros to improve the strength of the acquired signal.

Several of the problems faced during this task are described below.

e Generation of the correct replica code required a new modulo-2 shift register design as
described in the IS-GPS-200D (the Interface Specification for the air satellite-receiver
interface).

e Testing of the L2 upconverter board (shown in Figure 1) to verify its final output took
some time. Each component in the L2 upconverter module was tested individually.
We found that our oscillator was noisy and thought this may have been preventing us
from acquiring the signal (eventually success was achieved despite the noisy
oscillator). This local oscillator board on the L2 upconverter must be synchronized
with the “Namuru” clock in order for later measurements to be made, so a separate,
less noisy oscillator may allow the signal to be acquired but a pseudorange could not
readily be measured.

e In the “acquisition” process, initially only 1 millisecond of replica code was used and
the results indicated a good match. Results for 2-ms or more, however, were worse
instead of getting better. The reason for this mismatch was investigated and found to
be related to how data was acquired by the FPGA receiver.

o Finally the Doppler search range and resolution that I originally used were insufficient
for the task. These I adjusted and finally generated the correct L2C acquisition results,
as shown in Figure 3.

The acquisition algorithm was verified by applying the same algorithms to data collected
from a NordNav GPS receiver, which has a different sampling rate and intermediate
frequency. The desired acquisition results were obtained for all of the three operational
satellites carrying the new L2C signal: PRN-17, PRN-31 and PRN-12.

It was interesting and challenging work. At times it became hard and very frustrating, but
finally solving difficult problems can be exciting. Afterwards it gives a good sense of
achievement to have obtained the desired result. I am now in a position to implement the
remainder of an L2C receiver and perhaps obtain an “all-L2C” position fix.
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Figure 3 L2C signal acquisition result with 20-milliseconds of code — satellite 17

3. Jinghui: Acquiring GIOVE-A (Galileo) L1

Acquiring the GIOVE-A signal presented a different set of problems. First, the codes that
describe the signal have not been published (the codes for the “final” satellites have been
published however!). Thanks to the curiosity, effort and expertise of Prof. Oliver
Montenbruck of the German Space Operations Centre and Prof. Mark Psiaki of Cornell
University, the GIOVE-A PRN codes have been finally “cracked” and were published on the
web. This is a light in the dark ocean for many researchers (like myself), who are eager to test
their Galileo receiver with real satellite data. There are other versions of the Galileo PRN
codes on the internet; however, according to the satellite tracking experiments carried out
from the SNAP lab between October 2006 and February 2007, the E1 PRN code from Cornell
group’s web site gives the best results.

Another critical factor impacting on the success of the GIOVE-A acquisition is the signal
structure determination. The E1 signal structure of GIOVE-A is almost the same as the
published interface control document (ICD). There are two separate codes applied in
“opposing” phases on the same carrier as the GPS L1. Each code chip does not have a
constant value however — a “1” has a “high-low” rather than a constant high, and a “0” is
“low-high”. This is called binary-offset-carrier (BOC) and causes the Galileo signal to have
twice the bandwidth of the GPS signal, and a more complex autocorrelation function
(discussed later). The only difference between the GIOVE signal and the ICD that has been
revealed by the Cornell group’s research is the number of chips in the primary code in the C
channel. It is actually 8184 chips rather than 4092 chips, which is expected to be the code
length for future Galileo satellites (according to the ICD). Moreover, the published PRN



codes for the future Galileo satellite will be different from those for this test satellite, although
the signals on GIOVE-A are designed with the aim of fully representing the Galileo signals in
terms of frequency, modulation, chip rates and data rates.

The Galileo signal is designed to use longer codes than L1, for several reasons but including
the ability to receive weak signals when strong signals are present. The size of hardware
memory, the computational effort required for acquisition and acceptable time to first fix in
low cost GNSS receiver are also issues that need to be considered. Most of the current GNSS
receiver platforms for GPS are using a narrow band (2M Hz) frontend, which will cut off
almost half of the frequency information from the Galileo signal’s two main lobes. In order to
design a practical GPS/Galileo combined receiver requires finding the minimum resource
usage as well as a method for shorter code matching in the acquisition procedure. In this
Galileo signal-testing project, the narrow band frontend GPS receiver (the “Namuru”) is the
test platform. RF raw data were captured using both the Namuru and the Nordnav R30
software receiver. We then applied our Galileo acquisition software on a PC.

In order to test the acquisition performance using the narrow bandwidth frontend GPS
receiver, several experiments were carried out: 1) simulate using Matlab, 2) process raw data
from wider frontend receiver (Nordnav R30), 3) process raw data from narrow band frontend
Namuru receiver.
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Figure 4 Simulation result of GIOVE-A autocorrelation result of narrow bandwidth frontend RF data
(Blue) has been round off and showing higher overshoot at the tails compared to ideal result (Pink)

Figure 4 shows that a narrow band frontend distorts the signal but still leaves a strong peak,
meaning it is possible to acquire the Galileo signal. Ideally, the distance between the two
secondary autocorrelation peaks is 1 chip or about 16 samples for a sampling rate of
16.367MHz (the Nordnav sampling frequency). A sharper filter edge will result in further loss
of higher frequencies, which will cause higher overshoot beside these peaks, and increase the






