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(57) ABSTRACT

This invention is directed to a method for estimating and
compensating for multipath errors in a pseudorandom noise
ranging receiver. The method exploits the asymmetry of the
correlation function and proportionately relates it to the
magnitude of multipath error. In a pseudorandom noise
ranging receiver, the correlation function is obtained by
generating the local pseudorandom noise sequences at dif-
ferent programmed non-uniform phases resulting in non-
uniformly spaced correlators. Numerically controlled oscil-
lators, code generators and shift registers are programmed to
determine the correlation values at non-uniformly distrib-
uted points on a correlation function. Curve fitting is under-
taken to determine the code phase at which the correlation
function peaks. A proportionality constant is applied to the
measure of asymmetry of the correlation function to deter-
mine the multipath error in the pseudorandom noise signal.
A filter is used to detect and eliminate outliers.
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ASYMMETRY TECHNIQUE FOR MULTIPATH
MITIGATION IN PSEUDORANDOM NOISE
RANGING RECEIVER

TECHNICAL FIELD

[0001] This invention relates, in general, to a pseudoran-
dom noise (PRN) ranging receiver and in particular to
multipath error reduction in a pseudorandom noise (PRN)
ranging receiver.

BACKGROUND ART

[0002] APRN receiver such as a global positioning system
receiver (GPS receiver) receives a PRN signal from a
satellite to conduct range measurement. However, the GPS
receiver receives both direct signals from the satellite as well
as several multipath signals as a result of undesired reflec-
tions. The signal path of a reflected signal is longer than the
signal path of a direct signal from the satellite. Such a
reflected signal with a longer transmission path takes addi-
tional time to reach the receiver. Reflected signals also
undergo attenuation and changes in polarization. These
multiple signals, with varying phase and magnitude, result in
a composite signal that does not accurately represent the true
characteristics of the code and carrier phase of the direct
signal.

[0003] The accuracy of the range measurements con-
ducted by a GPS receiver depends upon the accuracy of
alignment of the incoming direct signal from the satellite
with the locally generated PRN signal of the GPS receiver.
Multipath signals affect the accuracy of the estimated range.
The combination of the direct signal and the multipath
signals creates a composite signal. The receiver tracking
loops align the locally generated code and carrier to the
composite signal instead of the direct signal. The inaccuracy
that results causes multipath errors in the range measure-
ment conducted by the GPS receiver. The multipath errors
manifest itself as a shift in the peak of the correlation
function computed by the GPS receiver.

[0004] The PRN range, information is used to estimate the
position, velocity and time of the user in a GPS system. The
range information is derived from the satellite signals in the
GPS Receiver. The incoming GPS signals undergo signifi-
cant processing in the receiver for recovery of the GPS
signal, differentiating it from the thermal noise. Current
multipath mitigation solutions comprising signal processing
algorithms in conjunction with suitable hardware are dis-
cussed below.

[0005] The methods of reducing multipath effects in a
PRN ranging receiver can be broadly classified under
antenna focused solutions, receiver hardware solutions, and
signal and data processing solutions.

[0006] The antenna-based mitigation technique improves
antenna gain pattern to counter the effects of multipath. This
method includes the use of special antennas, spatial pro-
cessing with multi-antenna arrays, antenna location strate-
gies and long-term signal observation to infer multipath
parameters, facilitated by changing reflection geometry.

[0007] Another approach uses a correlator with a fraction
of code chip spacing and a large RF bandwidth. C/A codes
are equally spaced with respect to the center correlator.
Further, after the acquisition of a satellite, the correlators’
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spacing is static. Conventionally, the correlators are equally
spaced with respect to each other. This approach is an
effective solution for long delay multipath mitigation. It is
the basis for the majority of the current high accuracy GPS
receivers. However, this approach still does not eliminate a
significant part of residual multipath errors.

[0008] Another approach involves the estimation of the
slope of the two sides of the auto-correlation function in
order to detect the auto-correlation peak. However, even this
approach does not eliminate a significant part of residual
multipath errors.

[0009] Another approach utilizes multiple narrowly-
spaced correlators, generally in the order of ten or more
correlators to estimate the entire correlation function. The
method thereafter estimates various multipath parameters
and computes the amount of multipath errors. However, this
technique is most effective only when the physical multipath
environment in which the antenna is located matches closely
with the model used by the estimator in the receiver. Further,
it requires very complex hardware to accomplish multipath
mitigation.

[0010] Another approach of multipath mitigation uses a
discriminator, wherein the discriminator is the difference of
slopes of two sets of narrow correlators spaced at d chip and
2d chip spacing. This technique shows very good long delay
multipath mitigation performance. It is not particularly
effective for short delay multipath signals.

[0011] Yet another approach of multipath mitigation uses
a cubic curve fit discriminant to determine the correlation
function peak and a multipath indicator function to estimate
the multipath error. However, this approach requires cali-
bration of each GPS unit to characterize the RF front-end
response. Further, it is most effective for reflected signals
that have delays between 0.15Tc and 0.85Tc, where Tc
represents the C/A (coarse acquisition) code chip width.

[0012] Several other researchers have devised methods to
counter multipath effects using measurement data and other
information generated by the receiver. These techniques and
approaches are outside the scope of this invention.

[0013] In summary, the market requires a low cost mul-
tipath mitigation solution that accurately determines multi-
path errors, utilizing minimal hardware and requiring mini-
mal calibration.

DISCLOSURE OF THE INVENTION

[0014] The present invention is an improved PRN range
measurement method and apparatus that utilizes the asym-
metry of the correlation function resulting from multipath
signals to determine the measurement range error. The
present invention optionally uses an estimation or filtering
technique, and an outlier detector to improve the accuracy
and reliability of the estimation.

[0015] One embodiment of the invention is a PRN ranging
Global Positioning System receiver apparatus, consisting of
a wideband radio frequency (RF) front end, multiple parallel
programmable phased correlators and a digital signal pro-
cessor (DSP) for faster acquisition. The apparatus provides
improved measurement accuracy and reliability by employ-
ing the asymmetry technique of multipath. This architecture
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is suitable for a variety of applications requiring faster
acquisition and provides better accuracy at lower hardware
cost.

[0016] Another embodiment of the invention employs a
phased correlator for each satellite tracking channel in the
multi-channel GPS receiver. The GPS receiver consists of
multiple numerically controlled oscillators (NCO) to trigger
the locally generated pseudorandom noise sequence, such as
coarse acquisition (C/A) code at a desired and program-
mable phase thereby obtaining the fractional correlation
values near the correlation peak and its vicinity at non-
uniform spacing. The fractional correlation values are pro-
cessed in a digital signal processor (DSP) in the frequency
domain. The DSP provides exceptional performance in
frequency domain processing. The DSP also permits faster
correlation peak searching in the frequency domain thereby
reducing time-to-first-fix (TTFF).

[0017] One advantage of the invention is the use of low
cost programmable logic array embodying the glue logic in
the circuit. The use of a digital signal processing architecture
ensures a low cost multipath mitigation solution using
minimal hardware.

[0018] Another advantage of the present invention is that
the programmable feature of the correlator block provides
the flexibility to sample values at different points on corr-
elator function curve to provide an accurate estimation of the
correlation function.

[0019] Another advantage of the present invention is that
it requires minimal calibration. It does not require calibra-
tion of each GPS receiver employing the same RF band-
width.

[0020] Another advantage of the present invention is its
robustness in mitigating the corruption of correlation values
due to low signal strength, or, in the presence of external
interferences.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a block diagram of a pseudorandom noise
ranging receiver comprising a radio frequency down con-
verter, correlator and DSP.

[0022] FIG. 2 illustrates a method to generate non-uniform
phased coarse acquisition (C/A) code sequences

[0023] FIG. 3 illustrates another method to generate non-
uniformly phased C/A code sequences

[0024] FIG. 4 is a graphical representation of multipath
errors due to short delay in-phase multipath signals.

[0025] FIG. 5: is a graphical representation of multipath
errors due to short delay in-phase multipath signals.

[0026] FIG. 6 is a graphical representation of multipath
errors due to short delay out-of-phase multipath signals.

[0027] FIG. 7 is a graphical representation of multipath
errors due to short delay out-of-phase multipath signals.

[0028] FIG. 8 is a graphical representation of multipath
errors due to long delay in-phase multipath signals.

[0029] FIG. 9 is a graphical representation of multipath
errors due to long delay in-phase multipath signals.
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[0030] FIG. 10 is a graphical representation of multipath
errors due to long delay out-of-phase multipath signals.

[0031] FIG. 11 is a graphical representation of multipath
errors due to long delay out-of-phase multipath signals.

[0032] FIG. 12 is a flowchart illustrating the asymmetry
technique used for multipath mitigation.

[0033] FIG. 13 is a graphical illustration of asymmetry in
correlation function due to in-phase multipath signal with
reflection coefflicient=0.5, multipath delay=half chip and RF
bandwidth of 8 MHz

[0034] FIG. 14 is a graphical illustration of in correlation
function due to out-of-phase multipath signal with reflection
coeflicient=0.5, multipath delay=half chip and RF band-
width of 8 MHz.

[0035] FIG. 15 is a graphical illustration of multipath
mitigation depicting actual, estimated and residual errors for
a RF bandwidth of 8 MHz.

[0036] FIG. 16 is a graphical illustration of multipath
mitigation depicting actual, estimated and residual errors for
a RF bandwidth of 16 MHz.

[0037] FIG. 17 is a graphical illustration of multipath error
envelopes.

MODES OF CARRYING OUT THE INVENTION
AND DETAILED DESCRIPTION

[0038] FIG. 1 illustrates a block diagram of a pseudoran-
dom noise ranging receiver system 100. The components of
a pseudorandom noise ranging receiver system 100 include
aradio frequency (RF) down converter 101, a programmable
phased correlator 102, and a base band processor 107. The
RF down converter 101 receives the satellite band pass
signal and converts it into a base band signal. The program-
mable phased correlator 102 is connected to and in com-
munication with the RF down converter 101. The generated
base band signal is the input to the phased correlator 102.
The programmable phased correlator 102 performs frac-
tional correlation near the correlation peak at non-uniform
spacing and programmable for the intermediate frequency
signals generated from the RF down converter 101. The
main functional blocks in a phased correlator block 102 are
the numerically controlled oscillator (NCO) 103, accumu-
lators 104, sample clock 105 and pseudorandom noise
sequence generator, such as coarse acquisition (C/A) code
generator (106).

[0039] The processed signal from the phased correlator is
transferred to the base band processor 107. The base band
processor 107 is either a digital signal processor (DSP) or
advanced risk machine (ARM of ARM Inc.). The base band
processor 107 determines the correlation peak of the frac-
tional correlation values generated by the correlators in the
frequency domain.

[0040] The method of estimating the multipath error of
pseudorandom noise signal in a pseudorandom noise rang-
ing receiver includes numerous steps. Firstly, determine
correlation values at non-uniformly distributed points on a
correlation function. Each set of correlation values has a
different phase with respect to the previous set of correlation
values. Fit the curve for the upper portion of the correlation
function by polynomial interpolation. Determine the differ-


















