
Analysis and Development of Algorithms for Fast Acquisition of

Modern GNSS Signals

Pedro Boto
pedro.boto@ist.utl.pt
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Abstract

The objective of this work is the analysis of various algorithms for the acquisition of GNSS
signals taking in account a future implementation of the best one on the DEIMOS’ GRIP receiver.
In first place a full description of the various methods of search and processing of the signal on
the acquisition phase is made. With this description it is easier to understand the advantages and
disadvantages of all the algorithms presented next. Four acquisition algorithms of the CBOC(6,1,1/11)
are described. After this description three algorithms and a reference are chosen for a full performance
analysis. The chosen algorithms are the Double Block Zero Padding Transition Insensitive, Delay and
Multiply, Dual Sideband with CBOC as BPSK and the reference is a serial search with matched filter.
All the statistic study is made theoretically and with simulated signals. Finally the performance of the
various algorithms is analyzed with a real signal from the receptor.
Keywords: GNSS, Galileo, CBOC, AltBOC, Acquisition, DBZPTI, Delay and Multiply, Dual Sideband

1. Introduction
Galileo is the European global navigation satel-

lite system (GNSS). The main objective of this sys-
tem is to provide a high precision positioning and at
the same time lose the dependency of the Russian
GLONASS and the American GPS. Since it is a
new system, more complex signals will emerge but
at the same time guaranteeing a better position-
ing. The more challenging signals will be present in
bands E1 and E5 of the Galileo system, these are
the AltBOC(15,10) and the CBOC(6,1,1/11).

Given the complexity of the Galileo signals the
receiving systems need to be updated so they can
deal with all this complexity. One of the major chal-
lenges is the acquisition time, because in the past
the codes were shorter (GPS L1 C/A), now they
are much longer (Galileo CBOC(6,1,1/11)) and the
acquisition time has to be the same. So there is a
need to study new acquisition algorithms, reinvent
old ones and invent new ones, so the acquisition of
the new signals can be as quick as the old ones.

The main objective of this paper is to find an
acquisition algorithm that is fast and can be im-
plemented on the Deimos Grip GNSS receptor, [4]
and the full study of another algorithm that can
be considered state-of-art in terms of speed and
performance. Both of these algorithms are aimed
for the Galileo E1 band, more precisely for the
CBOC(6,1,1/11).

The main limitation of the Deimos receiver is the
use of FFT’s, the technique to be implemented can
not use FFT’s and has to keep the use of parallel
correlators to a minimum, so the main objective is
to study an algorithm that is fast despite all the
limitations above.

In the future the Deimos receiver might be able to
implement a technique that uses FFT’s so a refer-
ence was needed for when this time comes. Because
of this fact the second purpose of this thesis is the
full study of a state-of-the art acquisition algorithm.

The main contributions of this paper are the
full study of 4 algorithms (Classical Acquisition,
Delay and Multiply, Double Block Zero Padding
Transition Insensitive and Dual Sideband CBOC
as BPSK) in terms of Mean Acquisition Time
(MAT), probability of detection versus the
carrier-to-noise ratio, Performance with the
use of simulated signals, Performance with
the use of a real signal. Another important con-
tribution is the use of the Delay and Multiply as a
filtering method.

The following paper is structured as follows:
Part 2 describes how the acquisition of GNSS sig-
nals is processed, starting with some basic concepts
to more easily comprehend the acquisition algo-
rithms presented later and the study made on these.
Then there are described the different search strate-
gies used for the acquisition of GNSS signals and the
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different ways that the signal can be processed in
the acquisition process. With the knowledge taken
from the different search strategies a description of
methods to acquire the AltBOC(15,10) is made; In
part 3 there is a full description of all the inno-
vative and traditional acquisition algorithms that
were considered for this work. The traditional al-
gorithms are the Classical Acquisition, Parallel Fre-
quency Space Search and the Parallel Code Phase
search. The others are the Delay and Multiply, the
Double Block Zero Padding Transition Insensitive
and the Dual Sideband CBOC as BPSK; Part 4
presents the full study of all the innovative algo-
rithms comparing them with the reference which
was the Classical Acquisition. The study of these
algorithms consists on a theoretical analysis of their
Mean Acquisition Time and Performance, the per-
formance is based on the computation of proba-
bilities of detection for various carrier-to-noise ra-
tios. After the theoretical analysis, another one
is done this time based of results from simulated
signals, this was made to validate the theoretical
study made before. To finalize a real signal from the
Deimos receiver was provided to all these methods
so we could get a more conclusive study; Finally,
part 6 summarizes the main results of this work
and concludes on the obtained results. Also there
is a recommendation for some future work regarding
these algorithms.

2. GNSS Acquisition Tech-
niques and Concepts

2.1. Basic Concepts
The main objective of the acquisition stage is to

determine coarse values of the carrier frequency in
the presence of Doppler effect and code phase of the
satellite signals to then initialize the tracking stage.
The acquisition is a complex process that takes time
and can be performed in numerous ways. In the
next part of the paper we are going to describe on
what these ways can differ.

2.1.1 Baseband Signal Processing

The received signal after down-conversion can be
represented as:

s(t) =
√
PCD(t− τ)x(t− τ)

× cos (2π(fIF + fD)t) + n(t) (1)

where fIF is the intermediate frequency, D(t − τ)
is the data message and PC is the signal power.

In this signal τ is the code delay, fD is the
Doppler shift and n(t) is the noise present.

Now for the estimation of the Doppler frequency
the GPS receiver employs two reference signals.

These are called the inphase and quadrature refer-
ence signals. The satellite signal shown in equation
1 is multiplied by the inphase and quadrature ref-
erence signals and then a low-pass filters the result,
[9]. In the end there is an inphase and quadrature
signal. This process is referred as carrier wipeoff
because the signal is no longer modulated by the
carrier frequency, the frequency of the resulting sig-
nal is the difference between the true Doppler and
the receiver’s best estimate of Doppler.

After the carrier wipeoff there is the code wipeoff.
The inphase and quadrature signals are both mul-
tiplied by the local replica, x(t− τ̂), so ∆τ = τ − τ̂ ,
being ∆τ the code delay. After the code wipeoff the
signal goes through a correlator and the output is
our decision variable.

2.1.2 Search Space

With two parameters to estimate (Doppler fre-
quency and code delay) , a search space can be
”built”, figure 1.

Figure 1: Search Space for a GPS receiver. Sig-
nal search area covers Doppler frequency, ∆fD and
code phase, ∆τ , [8].

In the search process all code phases and
Doppler frequencies are looked through. In figure
1 each tentative code phase is called a time, code
or phase bin and each tentative frequency shift is
called a Doppler or frequency bin. Together, a code
bin and a Doppler bin compose a cell. Therefore,
two aspects modulate the size of the space search,
the Doppler Frequency and the Code Phase.

2.1.3 Detection and False Alarm Probabil-
ities

In each search space a test statistic is calculated
based on the correlation results, if this test exceeds
a pre-defined threshold Vth the signal is considered
present and a estimate for the code phase and fre-
quency is achieved. This is the detection stage.
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The detection of the signal is a statistical pro-
cess because each cell either contains noise with the
signal absent or noise with the signal present and
each case has its own probability density function
(PDF), figure 2 shows an example.

Figure 2: PDF’s for binary decision, [12].

Each method will have its statistics and they will
be analyzed further in the paper.

2.2. Search Strategies
The acquisition of signals can be decomposed

in two major areas. The first is the search strat-
egy, which depends on how the search on the grid
(figure 1) is made. On the serial search strategy
every cell of the search grid has to be searched. This
is the most basic of the search strategies in terms
of algorithm complexity, but because of this sim-
plicity it is also the slowest of all the acquisition
strategies. In the Parallel search all bins of one
dimension(frequency or code delay) are searched at
the same time. For example, for a determined fre-
quency all the code delay bins are searched at the
same time.

The assisted search is when some information
is known previous to the acquisition process which
allows the search space to be reduced. Doppler
Estimate, sometimes when starting the acquisition
process we have some estimation about the Doppler
Frequency and with this estimate it is possible to
reduce the search grid; Hand-Over, the hand-over
technique is using the information of the acquisi-
tion of a simpler signal to accelerate that of a more
complex one. For example, acquire the Doppler and
code phase from the CBOC(6,1,1/11) and from this
information get the AltBOC(15,10) Doppler and
code phase.

2.3. Signal Correlation Techniques
As said earlier the acquisition of signals can be

decomposed in two major areas, the first is the
search strategy (related to the way the search space

is swept) and now we are going to analyze the sec-
ond major area which is the way that the signal is
processed in the acquisition process (the way the
signal is treated in the correlation process). In the
acquisition process there is always a local replica,
this replica in the matched filter method is ex-
actly the same as the incoming signal. For example,
if the incoming signal is a CBOC(6,1,1/11) the local
replica is also a CBOC(6,1,1/11), and a correlation
between these signals is made. This is the standard
in terms of acquisition and the most basic solution
when performing the acquisition.

The CBOC modulated signal can be seen as
a superposition of two BPSK signals located at the
negative and positive subcarrier frequencies. So by
using one of this bands (Single Sideband) and
shift it in its frequency domain we can treat it as
BPSK signal. If we use both bands (Double Side-
band) and combine them in the end of acquisition,
they give a better performance than just using one.
With the use of just one band there is a loss of 3bB
regarding the use of the two bands, [5].

2.4. Detector algorithms
The role of the detector is to form a decision

statistic based on the received signal samples; this
decision is based on a combination of the correlator
outputs. The correlator outputs and the way they
are combined form the various detector algorithms
present today. Next three algorithms are going to
be described.

2.4.1 Coherent Combining

The coherent combining is a very important al-
gorithm when processing a signal. In fact this
kind of integration provides the best performance
in terms of noise variance reduction. With the in-
crease of a single trial integration time the sensitiv-
ity is also increased, so our best interest is to keep
this value as high as possible, but the coherent in-
tegration time as some limitations. Although this
technique reduces noise, its performance is limited
by the bit transitions provided by secondary codes
and data navigation messages. So in order to avoid
this problem usually the same integration time as
the primary code period is used. Because of the
challenges from the coherent integration time other
integration techniques can be used to improve sen-
sitivity like the non-coherent integration or differ-
entially coherent combining.

2.4.2 Non-coherent Combining

The non-coherent combining does not suffer so
much with bit transitions as the coherent integra-
tion. This technique consists in simply summing
K instances of the output of the basic acquisition
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block. This is called non-coherent combining and
results in better detection for the same signal, be-
cause of its higher sensitivity. The downside of this
technique is the increase in terms of acquisition time
because of the number of summations made. We
need to process the signal as many times as the
necessary K summations.

2.4.3 Differentially Coherent Combining

The Differentially Coherent Combining calcu-
lates the decision statistic using the product of the
coherent correlator output and the complex conju-
gate of the previous coherent correlator output. An
integer number, R, of such products are summed
together and the square magnitude of the result is
taken as the decision statistic.

2.5. Detectors Comparison
With all the expressions deduced in [11], [14]

and [10] we are going to evaluate the sensitivity of
the various detectors in terms of their probabilities
of detection and false alarm. This study is going
to be made for a C/N0 = 33 dBHz, because with
this value the different sensitivities are clearly vis-
ible. The receiver operating characteristics, ROC,
are going to be evaluated for a E1 Galileo signal,
CBOC(6,1,1/11).

By figure 3 the method with the best sensitivity
is the coherent combining over two periods. This is
an expected result, as stated earlier. This method
guarantees the best results, the only downside are
the bit transitions (for figure 3 we are assuming
that there are not any transitions) and because the
Galileo codes have secondary codes this result will
not correspond to reality. So to overcome this nui-
sance there are the non-coherent combining and the
differentially coherent combining, the last method
is theoretically better than the non-coherent com-
bining. Despite being more complex it has a better
sensitivity than the non-coherent, being very close
to the coherent combining over two periods which
is an excellent result.

Another interesting fact from figure 3 is the very
large increase in sensitivity when using two periods
instead of one. For a false alarm probability of 10−3

the difference in terms of probability of detection is
approximately 30 %.

2.6. E5 Hand-over from the E1
It is known that both the E1 signal and the E5

are transmitted from the same satellites and their
dynamic will be the same (same range, range rate
and clock error). So the Doppler dynamics from the
E1 will be the same as the E5 and the start of both
codes is aligned. This alignment is very important
because it allows to acquire the code phase delay of

the E5 signal from the E1.

We know that the start of an E1 code always
corresponds to the start of an E5 code (the opposite
is not always true so this method only works from
the E1 to the E5 and not the contrary) and a delay
of 1

4TE1, 1
2TE1 and 3

4TE1 also corresponds to the
beginning of an E5 code, because the period of the
E1 code, TE1, is 4ms and the period of the E5 code,
TE5, is 1ms. So if the delay of the E1, τE1, is known
the E5 delay, τE5, can also be known by the least
positive remainder of the following division:

τE5 = remainder of
τE1

TE5
(2)

If we have τE1 = 2.5ms the remainder of the di-
vision τE1

TE5
= 0.0025

0.001 is 0.5µs which corresponds ap-
proximately to the delay we want to find.

The downside of this method is the difference be-
tween AltBOC and CBOC modulations. As seen
before the AltBOC signal needs a much higher res-
olution when finding the right code phase, so after
this method it is necessary a small search in the
vicinity of the delay obtained (from the E1 signal)
with the AltBOC signal.

Moreover, the Doppler frequency is obtained by:

fE5
D = fE1

D ×
(
fE5
0

fE1
0

)
(3)

with fE5
0 and fE1

0 as the carrier RF frequency
(1575.42MHz to E1 and 1176.45MHz to E5).

3. Acquisition Algorithms
3.1. Classical Acquisition (Serial

Search with Matched Filter)
The ”classical acquisition” presented in [3] will

be the reference when evaluating the performance
of all the studied methods. For this paper the ref-
erence is the acquisition with coherent combining
because it outperforms the acquisition with nonco-
herent combining.

The algorithm of figure 4 is our reference because
of its simplicity. Because of the complexity of the
Galileo E1 signal the local replica has to be divided
in two codes, one with the Data + Pilot and another
with the Data - Pilot. These two codes are nec-
essary because of the secondary code on the Pilot
signal. Having these two codes is a strategy to elim-
inate the ambiguity that can exist in the secondary
code of the E1 Pilot signal. We know that only
those two equivalent spreading sequences are possi-
ble, [2], so when correlating with both, the equiv-
alent code that maximizes the cross-correlation is
likely to be the correct one. After the coherent com-
bining of both correlators we are in the presence of
the decision variable.
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Figure 3: ROC of the detection algorithms fora C/N0 = 33 dBHz
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Figure 4: Galileo E1 signal acquisition with coherent combining, ”Classical acquisition”

3.2. Double Block Zero Padding Tran-
sition Insensitive (DBZPTI)

One of the methods to be implemented is the
Double Block Zero Padding Transition Insensitive
Improved, presented in [6]. This method is an im-
provement from the one proposed in [7] by the same
authors. The improved one is better in terms of
degradation of the peak in function of the Doppler
frequency.

This acquisition algorithm is explained in detail
in [7] and [6]. Here is going to be briefly explained
in 5 steps:

1. The incoming signal in baseband is split in
2M blocks of equal length with each block
containing N samples. This M is defined by
the Doppler range and the integration time,
M = ∆fD×Tint. After the splitting we are left
with 2M blocks and every two adjacent blocks
are combined to form a larger block containing
2N samples.

2. M blocks (corresponding to the defined Tint) of
local code are generated. Instead of combining
two adjacent blocks, this time, every block is

zero padded, so we still have 2N samples like
the incoming signal.

3. Each combination of 2 blocks of the incoming
signal is circularly correlated with each combi-
nation of blocks of the local code. Because of
the zero padding of the local code blocks only
half of this circular correlation is kept. This
leads to a matrix containing M rows and each
row has N columns. The N points represent
a partial correlation of length Tint/Mms at N
possible delays.

4. The last step is made for all possible delays.
This means we are going to shift the incom-
ing signal by one block and apply the circu-
lar correlation with the local code unchanged.
This step is made M times, for all the incom-
ing signal combination of two blocks. When
this is complete we are left with M matrices
each one corresponding to some N code de-
lays. These matrices are concatenated generat-
ing one matrix of M ×N columns and M rows,
M ×N︸ ︷︷ ︸
Rows

× M︸︷︷︸
Columns

.
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5. The matrix M × N × M generated before is
zero-padded by a value of our choice. Accord-
ing to [6] the best value is ZP = 4M , leading
to a matrix 5M︸︷︷︸

Rows

×N ×M︸ ︷︷ ︸
Columns

. The last step con-

sists of applying an FFT to all columns (every
delay), one by one.

3.3. Dual Sideband, CBOC as BPSK
An interesting method to study and analyze is

the acquisition of a CBOC signal as a BPSK. This
method can be very advantageous, because as seen
before, the maximum code phase step for a BPSK
signal is larger when comparing with the CBOC
(for the same 3 dB loss of power the BPSK delay
is approximately 3 times bigger). This means that
the number of bins to be searched decreases and the
acquisition process is quicker. The downside of this
method is the loss of power when using one or two
bands instead of all the signal and the deterioration
of the correlation function properties.

If we want to transform the CBOC signal into
a BPSK a frequency shift is needed. For this to
happen we have to process only one band or two
bands of the incoming signal. This tecnique is called
Dual Sideband Processing, DSP.

By the power spectral density of the BPSK mod-
ulation, it is clear that the signal power is all con-
centrated in the middle but by the PSD of the
CBOC, the main lobe is not situated in the mid-
dle but in its subcarrier frequencies 1.023 MHz and
-1.023 MHz. So we need to shift these two lobes for
the middle, first the upper lobe and then the lower.
To achieve this we have to multiply the incoming
signal by exp(−j2πfshiftt) for the upper lobe and
exp(j2πfshiftt) for the lower lobe. Now we are in
the presence of two BPSK signals, these two signals
are going to be acquired by a classical acquisition
and in the end a non-coherent combining of both is
going to be performed.

3.4. Delay and Multiply
The advantage of the Delay and Multiply is the

elimination of the Doppler frequency before corre-
lation. This way it is only necessary to search the
code phase bins one time and not for every Doppler
frequency. In the end, when the code delay is found
there is only need for a quick search on the fre-
quency bins of that code delay to determine the
Doppler frequency. The elimination of the Doppler
frequency is accomplished by multiplying the in-
coming signal with a delayed version of itself. The
new signal no longer has a carrier, so it does not
depend on the Doppler frequency. With a single
multiplication the Doppler frequency has been elim-
inated.

With this last multiplication we have gained the

loss of the dependency on the Doppler frequency
but the noise now is squared and obviously the out-
put will pay the price. After the multiplication the
acquisition process is similar to the classical acqui-
sition.

4. Performance Analysis
4.1. Classical acquisition (Serial

Search with Matched Filter)
4.1.1 Theoretical Performance Evaluation

The mean acquisition time is given by:

MATclassical =Total number of bins

× Coherent Integration time × 1

2

In equation 4 when calculating the MAT we
are considering half of the total cells, because we
are interested in the mean time and not the to-
tal time, that is why the 1/2 factor is there.
With an integration time, NTs = 4ms; code step,
0.3456 chips; Doppler Step, 125Hz and frequency
range of ±5KHz:

Total Number of cells = 947200 (4a)

MATClassical ≈ 1894seconds ≈ 32minutes (4b)

To statistically evaluate this method, the equa-
tions presented in [3] are used. These equations
above allow us to evaluate the classical acquisition
in terms of its probability of detection. This prob-
ability of detection is made for different values of
C/N0.

4.1.2 Simulation Results

To validate our theoretical analysis a Matlab
simulation is made based on the diagram of figure
4.

To achieve somewhat reliable numbers 5 ×103 re-
sults were taken and a histogram was plotted for
some values of C/N0. The probability of detection
was simulated for a range of C/N0 between 35 and
45 dBHz and the result is shown in figure 5:

Using figure 5 it is possible to see that for our
reference C/N0 the probability of detection is ap-
proximately 1. Also from figure 5 it is possible to
see that the theoretical values are not very far from
the simulated ones, and with exception of the value
for C/N0 = 35 dBHz, the maximum deviation is
less than 1 %. These are good results because they
validate the theoretical propositions.
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Figure 5: Theoretical and Simulated Performance
of the Classical Acquisition Method for, P cellfa = 1×
10−4

4.2. DBZPTI
4.2.1 Theoretical Performance Evaluation

As this method relies on the parallel search using
FFT’s and is more targeted at software implemen-
tation, the calculation of the MAT cannot be based
on the time it takes to test a single cell (which is
usually the coherent integration time for classical
methods) since the time to test a batch of cells may
not be directly or mostly related with the coher-
ent integration time, being instead related with the
time to perform the FFT computation. This way
the MAT is calculated in terms of computational
time, computing the number of operations and how
much time it takes the cpu to make every operation.
According to [6] for fs = 20.48 MHz without any
coherent combining the time it takes to acquire a
CBOC(6,1,1/11) signal is:

MATDBZPTI ≈ 6seconds (5a)

As seen by the result of equation 5 it is not even
fair to compare this method with the classical ac-
quisition because of the use of FFT’s. In fact we are
comparing 1894 seconds for the classical acquisition
and 6 seconds for the DBZPTI; the DBZPTI is 315
faster. But when comparing with the parallel code
phase search, the authors claim that for the same
results this method is 1.5 faster.

Using the equations presented in [6] and in [2] we
can compute the probabilities of detection and false
alarm. The probability of detection is computed for
a range of C/N0 between 35 and 45 dBHz.

4.2.2 Simulation Results

To validate our theoretical analysis a Matlab
simulation is made. The probability of detection
was simulated for a range of C/N0 between 35 and
45 dBHz and the result is shown in figure 6:

Figure 6: Theoretical and Simulated Performance
of the DBZPTI Acquisition Method for, P cellfa =

1 × 10−4

Just like the classical acquisition the theoretical
results are very near the simulated ones. The max-
imum deviation is of 2 % which brings trust for the
theoretical analysis made.

Also with this figure we see that the DBZPTI
is as reliable as the classical acquisition (but many
times faster).

4.3. Delay and Multiply
4.3.1 Delay and Multiply as a filtering

method

As seen previously the delay and multiply has
a big drawback relatively to its fast MAT which is
the multiplication by a delayed version of the incom-
ing signal. This multiplication introduces a squared
noise component which reduces drastically the per-
formance, as seen in [1].

For a C/N0 = 44 dBHz the peak is not clearly
visible amid the noise, so there is no way that this
method can compete with any of the others, taking
in account that all present a probability of detection
of 1 and the peak amplitude is much stronger than
the noise. Because of these limitations a strategy
was created where this method would be useful.

Despite the fact that the peak is not visible in
the output we now have some information regard-
ing all the code delays searched. In the classical
acquisition method the code delays were searched
from the first to the last delay, but with this in-
formation the first code delay to be searched is the
one with the highest magnitude, the second is the
second with the highest magnitude and so on until
the decision variable from the classical acquisition
exceeds the defined threshold, which means we are
in the presence of the right delay for the correct
Doppler frequency.

With this methodology the delay and multiply is
used just to filter the order in which the code delays
are chosen in the classical acquisition. If the code
delays to be searched before finding the right one
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are few then it is worth using this method.

Incoming
Signal
Baseband

Delay and
Multiply

×

Frequency
Generator

exp(−j2πfdopplert)

Classical
Acquisition

Output

Code Delay

Figure 7: Delay and Multiply as a code delay filter-
ing method

Now we can compute how much time is saved by
using the delay and multiply filtering methodology
described in figure 7.

MATDM =Code Bins × Coherent Integration time

+ Delays searched × Frequency Bins

× Coherent Integration time

(6)

From equation 6 we have the time of the delay
and multiply method plus the time of the classical
acquisition. The delay and multiply takes a fixed
time, for the values we have been using it takes,
4092
0.3456 × 4 × 10−3 ≈ 47 seconds. Now the total
time varies depending on how many code delays are
searched in the classical acquisition. Some simula-
tions are going to be made so we can have an idea
whether this method is worth of not.

4.3.2 Simulation Results

For our reference C/N0, 5×103 tests were made.
All the number of cells searched before finding the
code phase and Doppler frequency were stored and
an histogram was made so we can have a better idea
of how many cells are going to be searched before
finding the real peak.

Using figure 8 we can see that half the time ap-
proximately 2000 cells are searched before finding
the right values, this means by equation 6 a MAT
of 47 seconds+2000×80×4×10−3 = 687 seconds ≈
11.5 minutes. With the previous result we have a
decrease of 1/3 comparing to the classical acquisi-
tion search.

After the delay and multiply filtering the process
is the same as the classical acquisition seen before.

The great advantage of this filtering is the clas-
sical acquisition performance where the time is re-
duced to a third. Regarding the classical acquisi-
tion, when we are considering the mean acquisition
time we are assuming that only half the cells are
searched, so the code phase bins are 5920, the delay
and multiply filtering reaches this number of cells
searched only 12 % of the time for our reference,
C/N0 = 44 dBHz.

Figure 8: Cells searched in function of time with
the Delay and Multiply filtering methodology for a
C/N0 = 44 dBHz

4.4. Dual Sideband, CBOC as BPSK
4.4.1 Theoretical Performance Evaluation

For the calculations of the MAT of this method
we are going to consider that both the upper and
lower sidebands are being correlated at the same
time, so instead of needing two correlators we are
going to use four.

Since we are treating the CBOC(6,1,1/11) as a
BPSK(1) the maximum delay can be 1 chip instead
of 0.3456, so the MAT will be the same as the clas-
sical acquisition but with the difference regarding
the maximum code delay:

Total number of code bins = 4092 (7a)

MATDual = 655 seconds ≈ 11 minutes (7b)

Comparing with the classical acquisition we see a
1/3 reduction; the only thing left is to evaluate its
performance.

The performance of this method can be ap-
proximated by the equations used to evaluate our
reference acquisition, but with a little degradation
(approximately 1dB). This degradation comes from
not using all the band and the code may not be all
aligned. So for our reference C/N0 we still expect
a probability of detection very close to 1.

First we are going to see what the real degrada-
tion is comparing our simulated results and then
evaluate the performance of this method.

4.4.2 Simulation Results

When comparing the classical acquisition the-
oretical performance (already validated) with the
simulated results for the Dual Sideband, CBOC as
BPSK we can see a decrease in performance but not
significant. The mean deviation is of 4 % in terms of
probability of detection, this number corresponds to

8



Figure 9: Classical Acquisition theoretical perfor-
mance with the simulation results for the Dual Side-
band, CBOC as BPSK

approximately a 0.5 dB degradation when compar-
ing with the classical acquisition. So this method
too gives a probability of detection very close to one
for our reference C/N0.

4.5. Results Comparison
When analyzing the different MAT it is possi-

ble to verify that all the methods are quicker than
our reference which can be considered good results
taking into account all the existing limitations:

Method
MAT

(Minutes)
Reduction

Classical
Acquisition

32 -

Delay and
Multiply

11 34 %

Dual
Sideband

11 34%

Table 1: MAT for all the methods

According to table 4.5 both the new methods
guarantee a 34% reduction of acquisition time when
comparing with the reference. But since the MAT
of the delay and multiply varies with the C/N0,
maybe for stronger signals its MAT can be inferior.
For the real signal the result is very good, the ac-
quisition time for the real signal is 3 minutes which
means a 90 % reduction. Only with much further
testing this result can be definitive but it opens a
very interesting door.

Also for all these methods the performance is ex-
actly the same taking into account our C/N0 ref-
erence, so we can just evaluate the algorithms in
terms of their MAT.

It is not fair to place the MAT of the DBZPTI in
table 4.5 because they serve different purposes. So
for a fair comparison the reference for the DBZPTI
is the Parallel Code Phase Search presented in [2]
and [13]. The acquisition times presented are the

total and not mean and are the results presented by
Matlab when acquiring the real signal:

Method
AT

(Seconds)
Reduction

Parallel
Code Phase

Search
12.75 -

DBZPTI 2.2 91 %

Table 2: Acquisition times for the DBZPTI and
Parallel Code Phase Search

5. Conclusions
The main objective of this paper, stated in part

1, was to study one algorithm eligible to acceler-
ate the acquisition process in the DEIMOS GRIP
receiver without major modifications, which means
that the use of FFT’s in the acquisition process was
not possible. From here a full study of the acqui-
sition process was made so this objective could be
accomplished.

The second part of this paper presents a full de-
scription of the acquisition process and all the meth-
ods we could use. From this part the conclusion is
that the acquisition process is a very complex pro-
cess with many variables and with an infinite range
of options in terms of the algorithm design; all op-
tions bringing different results. So from all these
options some choices were made and the study of
the (considered) most promising algorithms is made
on the next part.

Part 4 introduces a description of all the consid-
ered algorithms. There is an FFT based algorithm,
besides the fact that the DBZPTI cannot be im-
plemented in the DEIMOS GRIP receiver without
some major changes. Nevertheless, it is full studied
so it could serve as a reference for the future. From
all the algorithms described this seems to be the
most interesting of them all.

In part 5 the full study of all the algorithms is
carried out, a theoretical study is made in terms
of the mean acquisition time and its probability of
detection for different C/N0. Tests with simulated
signals were applied to all the algorithms to vali-
date the theoretical assumptions. And in the end
the use of a real signal from the DEIMOS GRIP
receiver was applied to all the methods. From this
part we could conclude that: The delay and mul-
tiply by itself is not a good solution due to its low
sensitivity even in the presence of strong signals.
Because of this fact this algorithm was ”recycled”
as a filtering method for the classical acquisition;
The DBZPTI is by far the best method in terms
of speed outperforming all the other ones. It was
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compared with another FFT based method (paral-
lel code phase search) and it is still 12 times faster.
In terms of sensitivity it is very similar to our refer-
ence; The delay and multiply as a filtering method
has the same sensitivity as our reference but the
dual sideband algorithm has also a very similar sen-
sitivity. The difference between both methods re-
garding sensitivity is negligible. With our simulated
signals they both present the same mean acquisition
time, but the delay and multiply MAT is somewhat
variable where the MAT of the dual sideband is
not; so one can say that the dual sideband method
barely outperforms the delay and multiply; With
the use of a real signal the acquisition time of the
delay and multiply filtering method was 3 minutes
whereas the MAT of the Dual Sideband was 11 min-
utes. This is just a single test and the result does
not have much strength but is still a result. So with
this result maybe it was worth trying the delay and
multiply on the receiver and draw some more con-
clusions.

From all the results one can consider the Dual
Sideband method as a more stable candidate (be-
cause the MAT is constant does not vary with the
reduction of the C/N0 and the delay and multiply
is a more unpredictable candidate. Nonetheless the
delay and multiply seems like a method worth try-
ing.

For the future it would be good to explore more
the Delay and Multiply Filtering method presented.
This method was just an idea but taking into ac-
count the results it would be worth to exploit it with
real data and put it to the test. Only with further
testing one can really evaluate the real strength of
this methodology. Also it is a method that is not
deeply analyzed and it would be worth studying, be-
cause without the use the FFT’s it is the only one
that eliminates the frequency dependency making
it really fast.
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