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(57) ABSTRACT

A method for acquisition of a weak signal from a satellite in
the presence of a strong interfering signal from another sat-
ellite is disclosed. The method encompasses identifying the
auto-correlation peak due to the weak satellite signal from the
cross correlation peaks due to the strong satellite signal. This
invention presents a method and apparatus of acquiring a
weak satellite signal in the presence of a strong interfering
satellite signal in a receiver by two techniques, namely, the
millisecond boundary correlation histogram method, and the
frequency response correlation histogram method. Both the
techniques distinguish between the correlation characteris-
tics for auto-correlation and cross-correlation. The apparatus
presented in the invention implements the methods of weak
satellite signal acquisition in presence of a strong interfering
satellite signal in a pseudorandom noise (PRN) receiver.
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1
WEAK SIGNAL ACQUISITION

BACKGROUND OF THE INVENTION

The invention disclosed herein, in general, relates to a
pseudorandom noise receiver and specifically relates to a
method of differentiating between an auto-correlated weak
signal and a cross-correlated product of weak and strong
signals in a receiver used in global positioning system (GPS).

GPS satellites transmit signals to a universal receiver with
a unique code called the coarse acquisition (C/A) code. The
C/A code belongs to the family of gold code having a code
length of 1023 chips. Signals from the satellites are coded
with gold codes and transmitted at a chip rate of 1.023 MHz,
with a period of 1 millisecond, with the code repeating every
millisecond. Each satellite has a unique code for reception at
the receiver. In correlation techniques, the incoming satellite
signal is multiplied with a locally generated code. For
example, the incoming satellite signal comprises a carrier of
1575.42 MHz, navigation data bits of 50 Hz and a coarse
acquisition (C/A) code of 1.023 MHz.

Consider a case where the incoming signal from the satel-
lite in a GPS receiver comprises a mix of weak and strong
signals and where the weak signal is the desired signal and the
strong signal is non-desired signal. There is a need to accu-
rately differentiate between an auto-correlated weak signal
and a cross-correlated product of weak and strong signals in
a global positioning systems receiver. Interferences from the
undesirable strong signals result in loss of valuable data trans-
mitted from the satellite.

SUMMARY OF THE INVENTION

The proposed invention provides a method and an appara-
tus to detect a weak pseudorandom noise (PRN) signal in the
presence of a strong PRN signal, where the weak signal is
partially masked by the strong signal in a PRN receiver. The
proposed invention uses a special chip-frequency-time mul-
tiplexed (CFT) correlator for identification of the auto-corre-
lation peak due to the weak satellite signal from the cross-
correlation peaks due to the strong satellite signal by
employing two techniques, namely the millisecond boundary
correlation histogram method, and the frequency response
correlation histogram method. The two methods can be used
independently or in parallel to increase the efficiency of the
receiver, so that even if one method fails, the other method
yields the desired results.

The proposed invention uses an apparatus that employs the
above-mentioned techniques for weak signal acquisition is a
PRN ranging GPS receiver. The PRN ranging receiver con-
sists of a radio frequency (RF) front end, a chip-frequency-
time multiplexed (CFT) correlator and individually program-
mable large correlator and an embedded processor. The CFT
correlator provides multiple correlation peaks within the code
chip delay search range, and also allows an increase in the
signal integration period dynamically, thereby enabling weak
signal detection using the aforesaid techniques. This archi-
tecture of the GPS receiver is suitable for a variety of appli-
cations including E-911 and car navigation, for reliable signal
acquisition in indoor and other constrained environments.

Inthe millisecond boundary correlation histogram method,
the strong satellite signal that causes cross correlation is first
identified. The incoming GPS signal is correlated with the
locally generated code for the satellite, corresponding to the
strong signal, and a millisecond boundary correlation histo-
gram plot is drawn. Then, the locally generated code repre-
senting the weak satellite signal is correlated with the incom-
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2

ing GPS signal at the search range code delays and integrated
over an extended period of time, until the auto-correlation
peak and the cross-correlation peaks stand out from the noise.
Subsequently, millisecond boundary correlation histograms
are plotted at each chip delay where auto-correlation or cross-
correlation peaks occur. One plot amongst the multiple his-
tograms has a unique slope characteristic compared to the
remaining histograms. This unique histogram represents the
auto-correlation peak.

In the frequency response correlation histogram method,
the signal with higher signal strength is identified as the
strong satellite signal. A frequency response correlation his-
togram is generated for the strong satellite signal by beating
the local code and the local carrier against the incoming GPS
signal, wherein the local carrier frequency is varied around
the tracking frequency in small steps. Then, the locally gen-
erated code for the weak signal is correlated with the incom-
ing GPS signal at predefined code delays and integrated over
an extended period of time, until the auto-correlation peak
and cross-correlation peaks stand out from the noise. Subse-
quently, the frequency response correlation histogram is gen-
erated for each chip delay in which auto-correlation or cross
correlation peaks occur. One plot amongst the multiple fre-
quency response correlation histograms has a unique charac-
teristic compared to the remaining histograms, which repre-
sents the auto-correlation peak.

This invention allows detection of a weak signal when it is
partially masked by a strong signal and provides an effective
solution for weak signal acquisition even when the weak and
the strong signals arrive at the GPS receiver at the same
Doppler frequency.

The method disclosed herein also searches for progres-
sively weaker and weaker signals by continuous integration
and peak examination, without discarding the prior data,
thereby improving the search efficiency for weak signal
acquisition in the GPS receiver.

Also, in order to set the duration of integration in the
correlation process, the CFT correlator does not require any
knowledge of the approximate signal strength of a pseudo-
random noise (PRN) signal. Hence, the technique of milli-
second boundary correlation histogram method and fre-
quency response correlation histogram method disclosed
herein are not affected by dynamic variations in the signal
strength during signal acquisition at the GPS receiver.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates the block diagram of a pseudorandom
noise receiver (PRN receiver).

FIG. 2 illustrates a block diagram of the chip frequency
timing (CFT) correlator.

FIG. 3A illustrates the millisecond boundary correlation
histogram method for the acquisition of a weak satellite sig-
nal in a GPS receiver in the presence of a strong interfering
satellite signal.

FIG. 3B illustrates an example wherein a strong satellite
signal millisecond boundary correlation histogram is gener-
ated by correlating the locally generated code representing
the strong satellite signal with the incoming GPS signal.

FIG. 3C illustrates an example wherein as a result of
extended correlation integration at predefined chip delays, the
auto-correlation peak due to weak satellite signal and cross-
correlation peaks due to strong satellite signal stand out from
the noise.
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FIG. 3D illustrates an example of millisecond boundary
correlation histogram for navigation data at each chip delay
where auto-correlation and cross-correlation peaks occur in
FIG. 3C.

FIG. 4A illustrates a method of weak satellite signal acqui-
sition in a GPS receiver in the presence of an interfering
strong satellite signal using the frequency response correla-
tion histogram method.

FIG. 4B illustrates an example of the chip frequency shar-
ing methodology in the CFT correlator.

FIG. 4C illustrates an example of a frequency response
correlation histogram generated from the correlation of the
strong satellite signal with the incoming GPS signal, gener-
ated at a high frequency resolution around the tracking fre-
quency FIG. 4D illustrates an example of the frequency
response correlation histogram generated by correlation of a
weak satellite signal with the incoming GPS signal, generated
at a high frequency resolution around the tracking frequency
at each chip delay at which auto-correlation and cross-corre-
lation peaks occur in FIG. 3C.

FIG. 5 illustrates the method of weak satellite signal acqui-
sition in a receiver in the presence of an interfering strong
satellite signal using a combination of the millisecond bound-
ary correlation histogram method and/or the frequency
response correlation histogram method.

DETAILED DESCRIPTION OF THE INVENTION

The method disclosed herein presents a method of acquir-
ing a weak satellite signal in the presence of a strong inter-
fering satellite signal at a GPS receiver, using two techniques,
namely the millisecond boundary correlation histogram
method and the frequency response correlation histogram
method. Both the techniques distinguish between the corre-
lation characteristics of auto-correlation and cross-correla-
tion peaks. A chip-frequency-time multiplexed (CFT) corr-
elator applies the millisecond boundary correlation histogram
and frequency response correlation histogram methods to
distinguish the auto-correlation peak from the cross-correla-
tion peaks.

FIG. 1 illustrates the block diagram of a PRN receiver, such
as a GPS receiver. The GPS receiver 100 consists of a radio
frequency (RF) down converter 101 that down converts the
high frequency RF signal to an intermediate frequency (IF)
signal, rejects the unwanted frequency bands, and provides
sufficient signal amplification. The IF signal is processed in a
chip-frequency-time (CFT) multiplexed correlator 102,
where it is mixed with a locally generated carrier in the carrier
mixer 103, correlated with locally generated code in the cor-
relator 104. The correlation values are integrated for a desired
integration period in the accumulator 105. A post correlation
processor performs extended integration, if required, and
then detects the correlation peak for signal acquisition in the
detector 106. A navigation processor 107 interacts with the
CFT correlator and provides necessary information to per-
form a faster satellite signal search. The navigation processor
107 takes the output of the post-integration detector 106 for
final detection and tracking of the satellite signal.

FIG. 2 illustrates the block diagram of a CFT correlator that
is used for weak satellite signal acquisition in the presence of
an interfering strong satellite signal. The communication con-
troller 201 receives information regarding weak signal satel-
lite identification (ID), Doppler frequency search range and
chip delay search range from the navigation processor 107.
The CFT controller 202 that runs a state machine receives the
information from the communication controller 201 and pro-
grams the chip-frequency-time multiplexed correlator (CFT)
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array 203. The CFT correlator array 203 contains an MxN
carrier mixer 205, correlator and accumulator blocks 207.
The CFT controller programs the MxN local carrier generator
and mixer 205 with the weak signal Doppler frequency search
range and MxN local code generator 206 with the weak signal
code delay search range for simultaneous chip-frequency
search. The MxN accumulator 207 accumulates the correla-
tion values for the desired duration. Further, it is also possible
to runthis MxN correlator array in a time-multiplexed fashion
for a different set of frequency range and code delay range
thereby re-using the hardware more efficiently and enabling
faster search of wider frequency and code delay ranges.

Detection of a weak satellite signal requires the accumu-
lation of correlation values for an extended period of time, for
example, in the order of several seconds. This accumulation is
performed in post correlation processing block 204. Further,
post correlation processing allows the continuous accumula-
tion of correlation values and continuous examination of the
correlation peaks, resulting in accumulation of correlation
values only until the correlation peaks stand out from the
noise floor. In this process, all the prior data is utilized,
thereby avoiding wastage of valuable time and resources.
Multiple correlation peaks are detected in the simultaneous
chip-frequency-time multiplexed search and this information
is communicated to the navigation processor 107 through the
communication controller 201.

At the GPS receiver 100, the GPS signal consists of a
combination of satellite signals from all the visible satellites.
For various reasons including space loss, local obstructions,
etc., some of the satellite signals may be significantly weaker
compared with some other satellite signals in the incoming
signal to the GPS receiver. At the GPS receiver 100, the
pre-known code for the desired satellites are generated and
correlated with the incoming GPS signal. An auto-correlation
occurs when the locally generated code is correlated with the
same code coming from the satellite in the incoming GPS
signal. A cross-correlation occurs when the locally generated
code is correlated with the different codes coming from vari-
ous other satellites in the incoming GPS signal. There are
multiple cross-correlation peaks but only one auto-correla-
tion peak. These cross-correlation peaks hinder the process of
weak auto-correlated signal acquisition. The GPS receiver
100 has to differentiate between an auto-correlated peak of
the desired satellite signal and cross-correlated peaks of an
interfering signal from a different satellite.

Consider two signals transmitted from two different satel-
lites arriving at the GPS receiver 100. The two satellite signals
are coded uniquely and transmitted. Both the satellite signals
arrive at the GPS receiver. Assume that one of them arrives
through the roof and the other through a window at the GPS
receiver. Due to the impact of Doppler shifts, consider the
case where the two satellite signals arrive at the receiver at
comparable Doppler frequencies.

Assume that the satellite signal coming through the roof'is
attenuated, in the order of 20-25 dB and is therefore received
as the weak satellite signal. Assume further that the signal
from the satellite coming through the window is not attenu-
ated and therefore, in comparison, is received as a strong
satellite signal. Since both the strong and the weak satellite
signals have about the same Doppler frequency, the strong
satellite signal interferes with the weak satellite signal during
its acquisition.

Auto-correlation peaks are generated as a result of corre-
lation of the weak satellite signal with the locally generated
code for that satellite, representing the desired satellite signal.
Cross-correlation peaks are generated as a result of correla-
tion of strong satellite signal with the locally generated code






