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ABSTRACT

The GNSS acquisition process will need to
acquire more signals transmitted by many satellite
systems when more satellite systems are developed
and operated. Therefore, the Time to First Fix
(TTFF) of the GNSS receiver becomes a very
important factor. One of the acquisition methods
which are capable of reducing the computation load
is the composite code acquisition method. Two
composite  PRN code acquisition methods are
analyzed in this paper: the multi-C/A code acquisition
method developed by authors and the Beach’s
acquisition method. This paper evaluates both
composite PRN code acquisition methods in terms of
the probability of detection, the probability of correct
acquisition, the mean acquisition time, and the
Speedup factor. A C++ program is developed to
assess the performance of the GPS signal acquisition
under various architectures. The rea GPS
intermediate frequency (IF) signals collected by a
software receiver at the roof of the Department of
Aeronautics and Astronautics building of National
Cheng Kung University are used in this paper. Asa
result, the probabilities of correct acquisition, the
mean acquisition time, and the Speedup factors of
both acquisition methods are estimated and validated
using the collected |IF signal data.

INTRODUCTION

In the future, Global Navigation Satellite
System (GNSS) includes not only the United States’
Global Positioning System (GPS) but also European’s
Galileo, Russian’s Global Navigation Satellite
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System (GLONASS) and Chinese’s Beidou Satellite
Navigation and Positioning system (Kaplan, 1996).
The acquisition process is the dominant factor in the
calculation of the time to first fix (TTFF) (Akopian,
2005; Jan, 2009). Therefore, Jan et a. proposed a
new acquisition approach by generating a composite
code sequence which can acquire satellites Pseudo
Random Noise (PRN) codes of multiple GPS
simultaneously, and the computation load was
reduced greatly, in comparison to the conventional
FFT approach (Jan, 2009). However, the statistical
analysis of this new acquisition method is not fully
studied. Moreover, this paper will further
investigate the performance of this new acquisition
method.

Another composite code acquisition method
proposed by Beach is capable of combining GPS
PRN codes to acquire multiple GPS satellites
simultaneously (Beach, 1989). This acquisition
method can subgtitute a single circuit with the
multiple acquisition circuit to acquire more GPS
satellites. In comparison to the conventional FFT
acquisition approach, Beach’s approach reduces the
processing time of the acquisition process. This
paper analyzes the performance difference between
these two composite PRN code acquisition methods.
In order to evaluate the acquisition performance
difference, the probability of detection (Py) and the
probability of fase aam (P) are important
parameters, and these two parameters are a function
of the detection threshold (Tsui, 2005). When using
the threshold setting, there are numerous
combinations of Py and Pj, (Kaplan, 1996). To
analyze the performance of these two composite PRN
code acquisition methods, this paper calculates the Py
and the Py,. Additionally, this paper defines three
performance factors and they are the probability of
correct acquisition, the mean acquisition time, and
the Speedup factor. Using these three factors the
performance difference between two composite PRN
code acquisition methods can be studied.

Accordingly, this paper is organized as follows:
the composite PRN code acquisition methods will be
introduced in Section II. Section IIl presents the
calculations of the probability of detection and the
probability of false alarm. Section IV defines the
comparison factors used in this paper. Section V
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shows the experiment setup and experiment results,
and discussion of these results is given in this section
aswell. Finally, Section VI presents a summary and
some concluding remarks.

THE COMPOSITE PRN CODE
ACQUISITION METHODS

There are two composite PRN code acquisition
methods discussed in this paper: the multi-C/A code
acquisition method and the Beach’s acquisition
method. The details of these two acquisition
methods are described in the following subsections.

The Multi-C/A Code Acquisition M ethod

The multi-C/A code acquisition method was
developed to improve the TTFF in the cold start stage
of the GPS receivers (Jan, 2009) and uses one
composite GPS C/A code to acquire multiple GPS
satellites in an acquisition process simultaneoudly,
and this composite code is the combination of several
GPS PRN codes. The architecture of the multi-C/A
code acquisition method is shown in Figure 1:

| PRN code Generator |

Ed

Dogil er Shift |

Fig. 1.

Searching Space
The architecture of the multi-C/A code
acquisition method (Jan, 2009).

In this acquisition method, the spreading code
of the local signa replica is substituted by the
composite code. The procedure of the composite
code is to generate the PRN codes and then sum them
together. The remaining procedures of the
multi-C/A code acquisition method are identical to
the conventional FFT acquisition method. This
acquisition method is capable of combining with the
other acquisition methods (Akopian, 2005, Tsui,
2005). Asindicated in (Jan, 2009), if there are two
GPS signals in the incoming signal, two obvious
peaks would be observed in the searching space using
this composite code acquisition method.  This
acquisition method can acquire two GPS satellites at
the same time and therefore reduces the processing
time of the acquisition process. However, Jan et al.
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mentioned the cross-correlation between the
spreading codes and the incoming signal might
increase the noise floor (Jan, 2009). If the noise
floor is increased, the probability of detection of this
acquisition method will be reduced.

The Beach’s Acquisition Method

The Beach’s acquisition method was developed
to acquire four GPS satellites at a single correlation
process (Beach, 1989). This acquisition method
generates a binary composite Gold code sequence
which uses a technique to change the origina
procedure of the Gold code sequence (Beach, 1989).
There are two requirements when using this
acquisition method:

1. High correlation with the multiple wanted signals.
2. Low correlation with any presented interference.

The architecture of the Beach’s acquisition
method is shown in Figure 2:

| I EE S|

Beach’s Algorithm

| Local oscillator
II/ \ll %\\
| Doppler Shift I
Searching Space
Fig. 2. The architecture of the Beach’s acquisition

method (Beach, 1989).

This acquisition method needs to choose three
PRNs, and then derives another PRN number, and
uses the gpecial shift technique to generate the
composite spreading code. Therefore, the fourth
PRN number of the composite PRN code is the
specific one and can’t be nominated (i.e., only the
first three PRNs can be arbitrarily nominated).
After generating the composite PRN code, the
remaining procedures are identical to the
conventional FFT acquisition method. Similar to
the multi-C/A code acquisition method, this
acquisition method reduces the computation load
while  acquiring  multiple GPS  satellites
simultaneously. However, the drawback of this
composite PRN code acquisition method is that it
must choose three PRNs to compose the composite
code.  Therefore, in some cases, the Beach’s
acquisition method might not be able to acquire the



GPS satellite successfully.

THE STEADY-STATE RESPONSE TO
STEERING INPUT

This section presents the calculations of the
probability of detection and the probability of false
alarm for the acquisition methods in this paper.
This paper uses a ssimulated signal to evaluate these
probabilities for the two composite PRN code
acquisition methods. If a linear acquisition method
generates a complex output, the noise in the in-phase
and the quadrature channel will become a Gaussian
distribution.  As a result, the amplitude of the noise
will become a Rayleigh distribution (Lin, 2000) as
shownin (1):

@

where the o7 is the variance of the output noise.
Therefore, the probability of false aarm (P, ) can be
determined by (2):
V,
(o}

where V, is the detection threshold. Rearranging
(2), yields the V,
shownin (3).

2

in teems of P, and o, as

\/t = O-n\/ -2In Pfa (3)
The Equations (1-3) are based on the assumption
mentioned above. To calculate Py, of the two
composite code acquisition methods, we have to
verify whether the noise distribution is Rayleigh
distribution or not. Because these two acquisition
processes produce a cross-correlation interferences
(i.e., the nonlinear process). The Gaussian white
noise is used in the simulated signal to verify the
resulting noise distribution.  If the noise distribution
fits the Rayleigh distribution, then P¢, can be obtained
by the above equations. When the noise variance is
obtained, the Rayleigh distribution can be presented
in the histogram of the output noise amplitude.
Figure 3 indicates the noise amplitude histogram and
the Rayleigh distribution curve of the simulated noise
derived by the multi-C/A code acquisition method.
The top subplot points out the result using the
conventional FFT acquisition method to process one
PRN, and the bottom three subplots show the result
using the composite code to process two, three and
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four PRNs, respectively.

Histogram & Probability Density of Conventional FFT Acquition Method
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Rayleigh distribution curve of the
simulated noise derived by the multi-C/A
code acquisition method with one, two,
three, and four PRNs in the composite
code.

In Figure 3, one can note that the noise amplitude
histogram generated by the multi-C/A code
acquisition method is similar to the ideal Rayleigh
distribution. ~ Similarly, Figure 4 is for the Beach’s
acquisition method. The upper subplot of the Figure
4 indicates the result generated by the conventional
FFT acquisition method, and the bottom subplot is
the result of the Beach’s acquisition method.

Histogram & Probability Density of Conventional FFT Acquition Method
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Fig. 4. The noise amplitude histogram and the

Rayleigh distribution curve created by the
conventional FFT acquisition method (top)
and the Beach’s acquisition method with
three PRNs in the composite code (bottom).

In Fig. 4, the noise amplitude histogram generated by
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the Beach’s acquisition is similar to the ideal
Rayleigh distribution. Therefore, both composite
code acquisition methods are able to apply the Eq.
(1-3) to calculate V,. The simulated signal in this
paper consists of the GPS L1 signals with the
Gaussian noise.  In this case, the simulated signal is
the superposition of a complex Gaussian component
with a signal, and the envelope of this case is a
Ricean distribution (Lin, 2000) which can be written

as.
where A is the amplitude of the input signal, and |y is

modified Bessel function of zero order. Therefore,
the probability of detection (P,) can be determined

by (5):

22+ A?

20',% I

ZA

0 2
(O-n

4

©)

This paper uses numerical method to calculate the
integration of the probability of detection. The Py
and Py, are functions of the detection threshold. By
Eqg. (3), when the single trail of Py, is set, the
threshold can be estimated. After Py, is estimated,
Py can be calculated. In this paper, no more than
one false detection is allowed for every one hundred
searches. For example, if the total outputs are
34,372,800 for one hundred searches, then the
probability of false darm is 1/34,372,800, and the
threshold can be determined to estimate the Ps,

THE PERFORMANCE COMPARISON
FACTORS

This paper defines three performance factors: 1)
the probability of correct acquisition, 2) the mean
acquisition time, and 3) the Speedup factor. Each
factor plays a different role in evaluating the
performance of the acquisition method.  The
probability of correct acquisition represents the
acquisition capability. To calculate the probability
of correct acquisition, the conventional FFT
acquisition method is used to find the satellites that
aways exist of the signal in each trail. Then the
multi-C/A code acquisition method and the Beach’s
acquisition method use the composite codes which
consist of the PRN codes of the satellites which are
found by the conventional FFT acquisition method to
acquire the same signal again to calculate the
probability of finding these satellites in the same
searching space. If all the satellites are acquired
simultaneoudly, we define this acquisition to be a
successful acquisition.  For example, the signal
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length is 500ms, and PRN1, PRN2, and PRN3 always
exist in each acquisition trail of the signal, and then
we use the composite code acquisition method with
PRN1, PRN2, and PRN3 to acquire the same signal
again. A successful acquisition isthat PRN1, PRN2,
and PRN3 are simultaneously acquired in one
acquisition process. If there are 450 successful
acquisitions in 500 acquisition processes, the
probability of correct acquisition is 90%. The mean
acquisition time is the average time of total
acquisition processes using the C++ program
developed in this paper. Therefore, if the mean
acquisition time of the specific acquisition method is
smaller than the conventional FFT acquisition, then
the specific acquisition method reduces the
computation load. The Speedup factor is the ratio of
the mean acquisition time of the conventional FFT
acquisition method and that of the specific
acquisition method. Therefore, the higher Speedup
factor indicates the more saving in the processing
time. Equation (6) defines the Speedup factor.

mean acquisition time of conventional method
mean of acquisition of the specific method

(6)

SIMULATION AND EXPERIMENT
RESULTS

Speedup =

In order to evaluate the probability of detection
and the probability of false alarm, the signal model
used in the simulation test is introduced. The signal
model is shown as the following:

S:AxCxexp(jZﬂ(le + f +9) @)

dopper )

where A is the signa amplitude, C is the spreading
code, fir is the frequency of intermediate frequency
(IF), fq is the Doppler shift, and ¢ is the carrier phase.
We can adjust the signa amplitude to obtain the
desired signal-to-noise ratio (SNR) value, and the
amplitude can be written as:

A=/2n, (10®7) )

where ng is the standard deviation of the noise, dB is
the desired SNR value (Tsui, 2005). This paper
conducts three tests to analyze the Py and the Py, of
the composite code acquisition methods, and there
are 121000 processes in each test. In the first test,
the simulated signal consists of one GPS satellite
signa and the white Gaussian noise. Figure 5(a)
shows the resulting Py of the conventional FFT
acquisition method, the multi-C/A code acquisition
method, and Beach’s acquisition method of the first
test. Asshownin Fig. 5(a), the two composite code



acquisition methods need higher SNR than the
conventional FFT acquisition method to acquire the
GPS signal for the same Py.  Because the composite
code  acquisition methods  generate  the
cross-correlation noise, it is reasonable that the
performance of Py of the conventional method is
better than those two composite code acquisition
methods. In order to investigate the attenuation of
the signal strength caused by the composite code
acquisition methods, Fig. 5(a) is normalized and
zoomed in and it is shown in the right subplot of Fig.
5(a). The range of the zoomed in area is between
98.5% and 100% of the Py. The SNR of the signal
is normalized to be 0dB when the Py of the
conventional FFT acquisition method is 99%.

When the Py is 99% for both the multi-C/A code
acquisition method and the Beach’s acquisition
method, the SNRs of the signal are 2.54dB and
3.61dB, respectively. It means that for the same
simulated signal the sensitivity of the multi-C/A code
acquisition method and that of the Beach’s
acquisition method are less than that of the
conventional FFT method. The difference of SNR
between the multi-C/A code acquisition method and
the Beach’s acquisition method indicates that the
sensitivity of the multi-C/A code acquisition method
is better than that of the Beach’s acquisition approach
at the same Py requirement.  In the second test, the
simulated signal contains two GPS satellite signals
and the white Gaussian noise, and the result of the
second test is shown in Figure 5(b). As shown in
Fig. 5(b), the sengtivity of the multi-C/A code
acquisition method is better than that of Beach’s
approach method for this test. For instance, when
the Py is 99%, there are 2.34dB and 2.93dB signal
SNR differences for using the multi-C/A code
acquisition method and the Beach’s acquisition

(a) first test
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method in comparison to the conventional FFT
method, respectively. In the third test, the simulated
signal contains three GPS satellite signals and the
white Gaussian noise, and the result of the third test
is shown in Figure 5(c). As shown in Fig. 5(c), the
sensitivity of the multi-C/A code acquisition method
is still better than that of the Beach’s approach.
When the Py is 99%, the signal SNR difference is
4.48dB for the multi-C/A code acquisition method
and it is 4.58dB for the Beach’s acquisition method in
comparison to the conventional FFT method. The
SNR difference between the multi-C/A code
acquisition method and the Beach’s acquisition
method is only 0.1dB. Therefore, if there are three
GPS satellites’ signals existed in the simulated
incoming signal, the sensitivities of these two
composite code acquisition methods are very similar
when Py is 99%.

Thereal data used in this paper is collected by a
software defined GPS receiver (Tsui, 2005) at the
roof of the Department of Aeronautics and
Astronautics building of National Cheng Kung
University. The sampling frequency and IF are
16.368MHz and 4.1304MHz, respectively. There
are three signals in the experiment, and their data
length is 500 ms. The date and time of the three
signals are shown below:

Table 1: The date and time of the three signalsused in
the experiment.
[ —_| Sgu1 | Sga2 | Sga3
Date 17 Dec., 2007 18 Dec., 2007 19 Dec., 2007
Time (UTC) 07:25:33 10:58:12 09:08:24

Conventional FFT Acquisition == Multi-C/A Code Acquisition === Beach’s Acquisition

0.8

0.6

0.4

0.2

Probability Density Function

______________________

-15

(b) second test
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(c) third test
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Fig. 5. The P4 of the conventional FFT acquisition
Beach’s acquisition method for three tests.

To investigate the probability of correct acquisition,
we have to use the conventional FFT acquisition
method to acquire the satellites which always exists
in every tral (i.e., the satellites can be acquired in
every millisecond). We then use the two composite
code acquisition methods to re-acquire the same
signal and check whether the acquisition methods can
acquire the satellites simultaneously or not. The
resulting probability of correct acquisition of the
experiment is shown in Figure 6.

In Figure 6, the experimental result of the multi-C/A
code acquisition method for Signal 1 is 71.6%, and it
means there are 358 processes of 500 acquisition
processes which the multi-C/A code acquisition
method is able to acquire three satellites
simultaneously. The performance of the multi-C/A
code acquisition method is better than that of the
Beach’s acquisition approach for all Signals 1, 2 and
3, and the probability of correct acquisition of the
multi-C/A code acquisition method is at least 25%

SNR
method, the multi-C/A code acquisition method, and the

higher than that of the Beach’s acquisition method.
That is, to acquire three satellites simultaneously in
one acquisition process, the multi-C/A code
acquisition method works better.

The processing time of the composite code
acquisition methods needs to be investigated as well.
In this paper, the processing time is defined as the
total time taken by the complete acquisition processes
program, and it is measured by calling the system
clock. All the programs are developed in Microsoft
Visual Studio 2005 C++ on the Windows XP
platform. A desktop computer with Intel® Pentium
D processor (3.0GHz) and 2GB RAM is used in this
paper. The C++ program is also implemented to
evaluate the processing time of the acquisition
processes for the parameter of the Doppler shift bins,
and this parameter is to investigate the size of
searching space. The range of Doppler shift is from
-5000 Hz to 5000 Hz. Then the number of Doppler
shift bins used to evaluate the processing time are 11,
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21, and 41, and the corresponding Doppler shift steps
are 1000 Hz, 500 Hz, and 250 Hz, respectively.
Figure 7 is the experimental result of the mean
acquisition time. In Fig. 7, the conventional FFT
acquisition method takes more processing time than
the other two composite code acquisition methods do.
Consequently, these two composite code acquisition
methods are capable of reducing the computation
load.

To invedtigate the performance of these two
composite code acquisition methods, the Speedup
factors of both methods are calculated, as shown in
Figure 8. In Fig. 8, the Speedup factor of the
Beach’s acquisition method is higher than that of the
multi-C/A code acquisition method. This means
that the Beach’s acquisition method needs less
computational effort than the multi-C/A code
acquisition method to generate the composite code.

91
81
711
61 +
517
a1 7
31 17
21 47
1

Probability(%)

Signal 1 Signal 2

Doppler shift bins

Signal 3

B Multi-C/A code acquisition method

m Beach’s acquisition method

Fig. 6. The probabilities of correct acquisition of

the multi-C/A code acquisition method and
the Beach’s acquisition method.

575
' 25 3.25
94
2.04
8
- 61 35
95
a1 21 11

Doppler shift bins

Time (Sec)

Conventional FFT acquisition method

W Multi-C/A code acquisition method

M Beach's acquisition method

The mean acquisition time of the
conventional FFT acquisition method, the
multi-C/A code acquisition method and the
Beach’s acquisition method.

Fig. 7.
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Sppedup

41

21 11
Doppler shift bins

W Multi-C/A code acquisition method

m Beach's acquisition method

Fig. 8. The Speedup factors of the multi-C/A code
acquisition method and the Beach’s
acquisition method.

Based on these simulation and experiment
results, the multi-C/A code acquisition method
performs better in the probability of detection and the
probability of correct acquisition tests, while the
Beach’s acquisition method has better the mean
acquisition time and the Speedup factor.

CONCLUSIONS

Because there will be more GNSSs available in
the future, the computation load of the acquisition
process will increase as well. The composite code
acquisition method is a solution for solving this
problem. This paper evaluated the probability of
detection and the probability of false alarm for the
multi-C/A code acquisition method and the Beach’s
acquisition method with three different simulated
signals. The probability of correct acquisition, the
mean acquisition time, and the Speedup factor are
aso invegtigated for these two composite code
acquisition methods using three collected GPS
signals in this paper. Based on the experimental
results, the multi-C/A code acquisition method has
better performance in the probability of detection and
the probability of correct acquisition, and the Beach’s
acquisition method reduces more computational load
in comparison to the conventional FFT acquisition
method. The next step of this work is to investigate
the multiple GNSSs composite code acquisition
methods.
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