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Method for optimizing an acquisition of a spread-spectrum

signal from a satellite by a mobile receiver

The present invention relates to a method for optimizing a process
for acquiring a spread-spectrum signal, implemented by a mobiie receiver.
The invention applies, for example, to any navigation signal originating from a
satellite global navigation system of GPS (Global Positioning System),

Galileo type.

The expression “mobile receiver” will be understood here to mean both
the devices (or receivers) exclusively dedicated to satellite positioning, portable
or embedded in a land, sea or air vehicle, and the communication terminals
equipped with a satellite positioning device, such as, for example, cell phones,
or laptop computers or personal digital assistants (PDA), possibly of
communicating type.

in a satellite positioning system using GNSS (Global Navigation
Satellite System) type receivers, the data signals enabling the receiver to
compute its positioning originate from different satellites belonging to a
consteliation of positioning satellites (at least four to determine four unknowns
corresponding to the geographic coordinates x, y, z and time coordinate t of the
receiver).

Sateliite positioning invoives a sequenéing of two steps. The first step,
called acquisition, consists in determining, on the mobile receiver concerned,
the pseudo-random spreading codes which modulate the signals originating
from the satellites belonging to the consteliation and related to a reference time.
The procedure in fact “compares” the signals received from the sateliites to
replicas of signals generated locally by the receiver and resulting from
assumptions concerning the reference time and concerning the pacing
frequency of the satellites, in order to deduce therefrom the pseudo-random
codes which modulate said received signals or, in cther words, to synchronize
the pacing clock of the receiver and its frequency on the clock and the

frequency of each satellite. For this, a search in time-frequency for the energy



10

15

20

25

30

2

of the signal originating from the satellite is performed, this search usually being
carried out by correlation measurements based on pairs of time and frequency
assumptions in order to determine the maximum correlation between the
received signal and the local replica of the receiver.

The second step consists in determining the position of the mobile
receiver on the basis of the acquired codes and navigation data notably
contained in the received signals. This second step may be more specifically
subdivided into three substeps: a substep for determining, from the acquired
pseudo-random codes, the propagation times of the signals between each of
the satellites and the receiver, a substep for determining, from the navigation
data contained in the signals and the propagation times, pseudo-distances
hetween the receiver and each of the sateilites, and a substep for determining
the position of the receiver from the pseudo-distances. An exemplary satellite

positioning system is described in the document US 2006/0115022.

The accuracy of each propagation time, and therefore of each pseudo-
distance, directly determines the accuracy of the position. Now, the accuracy of
each propagation time depends on the quality of the acquisition of the pseudo-
random codes of the corresponding received signal, which is dependent on the
quality of said received signal. Consequently, when at least one of the signals
received from a satellite is of poor quality, which is relatively commenplace,
notably in uneven or crowded environments such as urban areas, the
determined position is usually affected by error. It is even possible to be
momentarily unable to determine the position of the receiver, even though the
signals originating from the other satellites are of good quality.

The receiver has three frequency uncertainties to which is added an
unknown concerning the date leading it to perform the search in time and in
frequency for the energy originating from a satellite. These three frequency
uncertainties are the Doppler effect associated with the mobility of the
satellite, the uncertainty linked to the accuracy of the clock of the receiver,
and the Doppler effect associated with the mobility of the receiver. The

Doppler effect associated with the movement of the satellite can be
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determined in an known manner by using, for example, an assistance server
such as that used in the AGPS (Assisted GPS)-type locating technigues. The
local oscillators of the clocks are increasingly efficient and becoming more
and more stable. The Doppler effect associated with the movement of the
receiver becomes the predominant source of the uncertainties concerning the

location of the correlation peak and therefore of the receiver.

Not taking into account the Doppler effect associated with the
receiver may have a dramatic effect in the case of the acquisition of low
energy signals which require the received signal to be integrated coherently
over a long time period. In practice, the width of the frequency assumption
integration windows being inversely proporticnal to the integration time, the
longer the coherent integration time, the smaller the width of the frequency
assumption integration windows and therefore the greater the number of
frequency assumptions. The time and frequency sweeps then involve a
computation power and data processing time that are very significant for the
receiver and increase the uncertainty concerning the location of the receiver.
in a conventional acqguisition scheme, as described, for example, in the
document US 2006/0012515, the coherent integration is performed generally
on a frequency assumption which remains the same throughout the
integration time, which presupposes that the actual frequency of the received
signal is stable over the integration time. During a iong coherent integration,
the Doppler associated with the movement of the user causes the actual
received frequency to vary during said integration which makes the

integration inoperative if it is performed on a stability assumption.

The aim of the present invention is to remedy this problem by
proposing a method for optimizing an acquisition of a navigation signal
originating from a satellite by a mobile receiver taking into account the
Doppler effect associated with the receiver and making it possible to reduce
the number of frequency assumptions to be explored when searching for the

correlation peak of the signal and to reduce the computation time within the

receiver,
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To this end, the subject of the invention is a method for optimizing an

acquisition of a spread-spectrum signal originating from a satellite by a

mobile receiver, consisting:

in receiving a signal transmitted by at least one fransmitter, the
signal being modulated by a pseudo-random code,

in generating a local replica of the pseudo-random code of the
signal transmitted,

in transmitting a plurality of assumptions relating to the frequency
f; of the signal received at an initial instant t, and to the trend of
this frequency over time up to a final instant {, corresponding to
an integration time, each assumption concerning the trend of the
frequency of the signal between the initial instant and the final
instant being called trend path,

in calculating the correlation functions s(f;, t 1) of all the pairs of

frequency-time assumptions (f;, t),

characterized in that it also consists:

in choosing a first initial frequency assumption f; corresponding fo

the initial instant to,
in acquiring at least one information item concerning the

movement of the receiver, and deducing therefrom, for the initial

by

requency assumption f;, the trend assumptions for the frequency
of the signal over time,

in determining the respective total energy, corresponding to the
maximum of the correlation function, also called correlation peak,
of all the possible trend paths of the frequency of the signal
between the instants t; and t,, the total energy of each possible
trend path being obtained by coherently aggregating correlation
results between the initial t; and final t, instants, the frequency
taking in succession all the frequency values located on the
chosen trend path,

in selecting the trend path whose total energy is the strongest,
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- in choosing in succession all the other possible initial frequency
assumptions and, for each initial frequency assumption, in
selecting the trend path of the frequency of the signal whose total

energy is the strongest,

- in deciding that, out of all the paths selected on each frequency
assumption, the path which has the strongest energy is the most
likely path and corresponds to the real path followed by the

receiver.

Advantageously, the total energy of each possible trend path of the
frequency of the signal is obtained by coherently aggregating the correlation
results between the initial instant t; and final instant t,, the frequency

successively taking all the frequency values located on the chosen path.

Preferably, for each initial frequency assumption, the possible trend
paths of the frequency of the signal are determined by taking into account

information delivered by at least one inertial sensor located in the receiver.

Advantageously, the information delivered by the inertial sensor is
taken into account in an error envelope established on the basis of the

characteristics of the sensor.

Optionally, when the variation of the information delivered by the
sensor, between two measurement instants, is below a predetermined
variation threshold, it is decided that the receiver has not moved between the
two measurement instants and a frequency that is stable during integration is

then assumed.

Other features and advantages of the invention will become clearly
apparent hereinafter in the description given as a purely illustrative and
nonlimiting example, with reference to the appended schematic drawings

which represent.
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- figure 1. an exemplary architecture of a receiver of a giobal
satellite navigation system, according to the invention;

- figure 2: an exemplary frequency-time graph illustrating the
frequency assumptions to be explored during an acquisition over a given
integration time;

- figure 3. an example of the possible paths to be explored for
a given initial frequency assumption f;, according to the invention;

- figure 4. an example of the possible paths for a given initial
frequency assumption fy, taking into account the information delivered by an

inertial sensor, according to the invention.

The architecture represented in figure 1 comprises means 10 for
receiving radiofrequency signals transmitted by a satellite, means 11 for
acquiring received signals to determine the pseudo-random spreading codes
which modulate the signals originating from the satellite, means 12 for
tracking signals making it possible to compensate for the dynamics of the
receiver, means 13 for computing the position of the receiver. Furthermore,
the architecture comprises inertial sensors 14 for delivering, after processing
by processing means 15, information relating to the speed and the attitude of
the receiver relative to the satellite.
to the

The graph of figure 2 has a vertical axis correspandin

o]

frequency assumptions to be explored and a horizontal axis corresponding to
the integration time. The frequency assumptions to be explored lie between a
minimum freguency associated with a minimum Doppler effect and a
maximum frequency associated with a maximum Doppler effect. The time
axis and the frequency axis are respectively subdivided into basic time
durations and into basic frequency bands and each frequency-time pair
corresponds to a particular cell of the mesh of figure 2.

Each frequency assumption has a corresponding receiver-satellites
refative position and a receiver clock offset that are possible at a given
instant. Between two given instants ty and t,, the position of the receiver can

change along a plurality of possible paths. To know the position of the
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receiver at each instant, the invention therefore consists in exploring each
possible path and in computing the energy of the signal for each of these
paths. The path that has the strongest energy is the path followed by the
receiver. At each given frequency f; and at a given instant t corresponding to
an individual cell of the graph of figure 2, the energy of the signal is
computed. For this, the receiver correlates the received signal with a replica
of the pseudo-random code of the satellite that has sent the signal. The
pseudo-random code of the sateliite is known and does not change

throughout the life of the satellite. The result of the correlation at the

frequency fi and at the instant t, is expressed:

ripn= [ o L(zm—/cT r)j} ] 2 g

C

In which r(t) is the signal received by the receiver, cft) is the
spreading code used in the modulation of the received signal, T is the
coherent integration time which usually corresponds to a period of the
spreading code c(t), t is the estimated offset between the received spreading
code and the transmitted spreading code, fc is the frequency of the carrier
(typically 1575.42 MHz for GPS L1C/A), Re is the chip rate of the spreading
code (typically 1.023M chips/s for GPS L1C/A). For example, in the case of a
GPS C/A signal, T is typically equal to 1 ms. However, T could have any
other value.

When alt the basic correlations corresponding to each frequency
assumption have been carried out, the method according to the invention
consists in choosing a first initial frequency assumption f; corresponding to an
initial instant ty, then in choosing a particular trend path for the frequency of
the signal between ty and t, out of all the possible paths and in determining
the total energy of the signal corresponding to this path by aggregating each
item s(f, t ,1) constituting the path. t, corresponds to the final instant of the

search. Figure 3 illustrates all the possible paths based on an initial
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frequency assumption f; at an instant {; to the instant t,. The total energy
corresponding to a chosen path is obtained by coherently aggregating the
correlation results s{fs, tx 1), t successively taking all the values between t;
and t, and f; successively taking all the frequency values located on the
selected path. For example, at the instant t;, the value of the frequency may
have changed to the value f; or f5, or have remained unchanged.

From the same frequency assumption, all the possible paths are then
selected in succession, one after the other, and their respective energy is
computed in a simitar way. Out of all the possible paths, there is only one
single path that allows for a non-destructive recombination of the correlation
results, illustrated by a thick line 3 in figure 3. This path depends, among
other things, on the relative dynamics between the satellite and the receliver.
This path therefore has a corresponding maximum signal energy. The
method according to the invention then consists, for each initial frequency
assumption, in selecting the path whose total energy is the strongest and in
deciding that, out of all the paths selected at each frequency assumption, the
path which has the strongest energy is the most likely path and corresponds
to the real path followed by the receiver.

This method, which requires all the possible paths for each initial
frequency assumption to be explored, is very cumbersome and very lengthy
in terms of processing time. Advantageously, to reduce the number of paths
to be explored for each initial frequency assumption, between the initial and
final instants, the method comprises an intermediate step consisting in using
at least one inertial sensor, for example of MEMS (Micro-Electro-Mechanical
System) type. The inertial sensor is placed, for example, on the receiver and
delivers information relfating to the position of the receiver such as, for
example, the acceleration and/or the angular position of the receiver, and/or
the heading relative to magnetic north, these information items being
delivered for all three directions in space. For this, the inertial sensor may
include a tri-axial accelerometer and/or tri-axial gyroscope and/or a tri-axial
magnetometer. The information delivered by the initial sensor is then

processed by the processing means to obtain the attitude and/or the position
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and/or the speed of the receiver. These data are then transmitted to the
acquisition means in order, during the acquisition phase, to take account of
the successive positions of the receiver given by the inertial sensor and thus
limit the assumptions concerning the frequency trends over time and
therefore the processing time during the acquisition phase. In practice, a
frequency assumption corresponds to an assumption concerning the Doppler
effect and the Doppler effect is proportional to the relative speed between the
user and the satellite. Consequently, the information given by the inertial
sensor is information relating to the trend of the Doppler effect during the
acquisition. This information makes it possible to limit the possibilities of
possible recombinations between the initial and finai instants.

Figure 4 is an example illustrating the possible paths for a given
initial frequency assumption fy, by taking into account the information
delivered by the inertial sensor. The real path 3 corresponding to the
maximum energy of the signal is represented by a thick line, the paths 2 to
be explored because of the uncertainty concerning the information deriving
from the inertial sensor are represented within the error envelope 1 by dotted
lines. In practice, the information delivered by an inertial sensor exhibits an
error margin which increases, notably, with the operating time of the sensor
and the temperature. Since the characteristics of the sensors are given by
the manufacturer, after processing, the error margin concerning the
information delivered by the sensor can be converted into frequency and an
error envelope of the frequency corresponding to a given sensor can be
determined easily from these characteristics.

Thus, as figure 4 shows, the method then consists, when all the
basic correlations corresponding to each frequency assumption have been
carried out, in selecting an initial frequency assumption f; corresponding to
an initial instant {5, in following the path extracted from the information given
by the sensor up to an instant t corresponding to the moment when the data
delivered by the sensor begin to exhibit an error margin, then between the
instant t and the final instant t,, in selecting a path out of all the possible

paths included within the frequency error envelope established previously.



10

15

20

10

Advantageously, the method may also include an option consisting in
carrying out a discrimination of the information given by the sensor when the
latter indicates that the receiver has not moved. The discrimination is carried
out by introducing a movement threshold below which it is decided to follow
the information indicated by the sensor. Thus, in the case where the sensor
indicates that, between two consecutive measurement instants, the receiver
has moved by a distance less than the movement threshold, the method
considers that the receiver, and therefore the frequency, has not moved

during these two measurements.

The method presents the advantages of making it possible to detect
all the energy of the received signal throughout the integration time without
penalizing the processing time and therefore the response time of the
receiver. Furthermore, the receiver gains in sensitivity in its capacity to detect
low energies because the method makes it possible to take into account a

larger number of frequency-time assumptions.

Although the invention has been described in relation to a particular
embodiment, it is obvious that it is in no way limited thereto and that it
includes all the technical eguivalents of the means described as well as their

combinations provided that the latter fall within the context of the invention.
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CLAIMS

1. A method for optimizing an acquisition, by a mobile receiver, of a
spread-spectrum signal originating from a satellite, comprising:
- receiving (10) a signa!l emitted by at least one emitter, the signal

being modulated by a pseudo-random code;
- elaborating a local replica of the pseudo-random code of the

emitted signal;

- emitting a plurality of hypotheses relating to the frequency f; of the
signal received at an initial instant tg and to the evolution of this frequency
over time up to a final instant t, corresponding to an integration time, each
hypothesis of the evolution of the signal frequency between the initial instant
and the final instant being referred to as evolution path;

- calculating the correlation functions s(f;, t 1) of all of the pairs of
frequency-time hypotheses (f, &), t being an instant between t0 and t,,, 7

being the time shift between the received pseudo-random code and the

emitted pseudo-random code;
characterized in that it further comprises:

- acquiring, from at least one inertial sensor (14), information relating
to successive positions of the displacement of the mobiie receiver between
the instants t; and

- deducing, from the successive position information, a Doppler effect
between the mobile receiver and the satellite between the instants f, and t,
and determining an evolution of the frequency f between the instants t; and t,
corresponding to the Doppler effect;

- emitting a first hypothesis of the initial frequency f; relative to the
frequency of the signal received at the initial instant t0, then selecting the
evolution paths of the frequency f; corresponding to the position information
delivered by the inertial sensor (14} and to the evolution hypotheses of the
frequency included in an error envelope (1) established from the
characteristics of the inertial sensor (14),

- determining the respective total energy corresponding to the
maximum of the correlation function, also referred to as correlation peak, of
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all of the evolution paths selected between the instants t; and t,, the total
energy of each selected evolution path being obtained by coherently adding
correlation results between the initial t; and final t, instants, the frequency
successively assuming all of the frequency values that are located on the

selected evolution path;

- confirming the evolution path with the greatest total energy;
- successively selecting all of the other possible initial frequency

hypotheses and, for each initial frequency hypothesis, confirming
the evolution path of the frequency of the signal with the greatest

total energy;
- deciding that, from all of the paths that are confirmed at each

frequency hypothesis, the path with the greatest energy (3) is the
most likely path and corresponds to the actual path that is

followed by the receiver.

2. The method according o claim 1, characterized in that when
the variation of information, between two measurement instants, that is
delivered by the sensor is below a predetermined variation threshold it is
decided that the receiver has not moved between the two measurement
instants and the hypothesis is thus made that the frequency is stable during

the integration.



