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A method and a system for detecting cross correlation in a
satellite navigation receiver (SNR) in real tune are provided.
The SNR parallelly receives navigation signals from mul-
tiple satellites via multiple input channels. The SNR extracts
ephemeris data from sub-frames of navigation data of each
of the navigation signals. The SNR compares the ephemeris
data of each navigation signal with the ephemeris data of
another navigation signal. The SNR detects cross correlation
between the navigation signals when the ephemeris data
comparison results in a match and discards the navigation
signal with low signal strength. The SNR also retrieves a
ranging code from the sub-frames of navigation data of each
navigation signal. The SNR compares the ranging code with
a pre-programmed satellite identity code of a corresponding
satellite. The SNR detects cross correlation when the code
comparison results in a mismatch and discards the naviga-
tion signal with the mismatched ranging code.
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CROSS CORRELATION DETECTION IN A
SATELLITE NAVIGATION RECEIVER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of pat-
ent application Ser. No. 14/020,854 titled “Cross Correlation
Detection in A Satellite Navigation Receiver”, filed in the
United States Patent and Trademark Office on Sep. 8, 2013,
which claims the benefit of the following patent applica-
tions.

[0002] 1. Non-provisional patent application number
3050/CHE/2013 titled “Cross Correlation Detection In A
Satellite Navigation Receiver”, filed can Jul. 8, 2013 in the
Indian Patent Office.

[0003] 2. Non-provisional patent application number
4231/CHE/2011 titled “Navigation Data Structure Genera-
tion And Data Transmission For Optimal Time To First Fix”,
filed on Dec. 5, 2011 in the Indian Patent Office.

[0004] 3. Non-provisional patent application number
4230/CHE/2011 titled “Satellite Navigation System For
Optimal Time To First Fix Using Code And Carrier Diver-
sity”, filed on Dec. 5, 2011 in the Indian Patent Office.
[0005] The specifications of the above referenced patent
applications are incorporated herein by reference in their
entirety.

BACKGROUND

[0006] The advent of autonomous regional satellite based
navigation systems has enabled some countries to cover
their territorial footprint and the footprint of their surround-
ing areas. The purpose of a regional satellite based naviga-
tion system, for example, the Indian regional navigational
satellite system (IRNSS), is to cater to the needs of specific
users, for example, military personnel for military applica-
tions using a precision service (PS), and civilian users for
civilian applications using a standard positioning service
(SPS).

[0007] A number of issues need to be addressed in the
design of a satellite navigation system, for example, sensi-
tivity improvements, jamming margins, robustness towards
spoofing, cross correlation detection, multipath related
improvements, time to first fix (I'TFF), etc., for ensuring the
efficiency and robustness of the satellite navigation system.
Cross correlation is a measure of agreement of two signals.
Each satellite of a global positioning system (GPS) transmits
a unique pseudorandom noise (PRN) code that does not
correlate well with the PRN code of another satellite. In a
global navigation satellite system (GNSS) receiver, corre-
lation values are continuously compared against a threshold
above which the GNSS receiver is used for subsequent
operations. For example, measurement validity and tracking
limits are typically compared against a specific carrier to
noise density (C/N,) ratio based on the category of the
receiver. Typically, this threshold is kept as low as possible
to effectively obtain a satellite signal.

[0008] Consider an example where a receiver tracks two
satellites of a global positioning system (GPS) that transmit
two pseudorandom noise (PRN) codes, for example, PRN-1
and PRN-2 respectively. One PRN code signal has a higher
signal strength with respect to the other PRN code signal. In
this example, PRN-1 is assumed at the lowest possible value
and the PRN-2 is assumed at the extreme maximum per-
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missible value within the dynamic range of the receiver. If
the absolute difference in the signal strength for this pair of
satellites exceeds the typical 22 decibel (dB) margin, the
satellite that transmits PRN-1 will not be able to effectively
discriminate itself from the satellite that transmits PRN-2,
and thus the receiver starts to falsely track the satellite that
transmits PRN-2 instead of tracking the satellite that trans-
mits PRN-1. With false lock and navigation data continu-
ously failing the integrity checks, for example, a cyclic
redundancy check (CRC) or a parity check, the satellite
channel is reset and the processing is attempted again.
However, if the navigation data passes the integrity checks
effectively, the satellite that transmits PRN-1 effectively will
be tracking the data of the satellite that transmits PR1-2.
[0009] The individual signals from each satellite as
observed at a user antenna is given, for example, by:

y1 (D=4, 7y (Dd, (@) cos 2n ;1)

¥ (=45 5 (Dd5 (1) cos (2mf;1)

[0010] where A is the received amplitude, r(t) is the
ranging code, d(t) is the navigation data transmitted by
the satellites, and f, is the center frequency of the
transmitted signal. The GNSS satellite antenna design
ensures that the received signals from a user’s local
zenith or horizon are nearly the same to compensate for
range variations. A; and A, vary due to a local phe-
nomenon, for example, when the receiver obtains a
direct and a reflected signal. The differential power
level for a satellite pair exceeding 22 dB results in cross
correlation. Under such a scenario within the receiver,
the cross correlation on y, (t) results in a false tracking
of y,(t) and as a fallout,

& (O)=d; (1)

[0011] To counter the above phenomenon, range differ-
encing is adopted in civil aviation applications, which
assumes the availability of almanac data, position, and time
to detect a cross correlated signal. However, the detection of
the cross correlated signal is not instantaneous, for example,
at the data processing level.

[0012] Hence, there is a long felt but unresolved need for
a method and a system that detect cross correlation within a
frame of navigation data in real time and which obviate the
dependence on almanac data from satellites for real time
applications.

SUMMARY OF THE INVENTION

[0013] This summary is provided to introduce a selection
of concepts in a simplified form that are further disclosed in
the detailed description of the invention. This summer is not
intended to identify key or essential inventive concepts of
the claimed subject matter, nor is it intended for determining
the scope of the claimed subject matter.

[0014] The method and the system disclosed herein
address the above stated needs for detecting cross correla-
tion within a frame of navigation data in real time and
obviating the dependence on almanac data from satellites for
real time applications. The method and the system disclosed
herein detect cross correlation in a satellite navigation
receiver in real time by comparing navigation data of
various satellite signals, also referred to as navigation sig-
nals. In an embodiment, the method and the system dis-
closed herein also detect cross correlation in the satellite
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navigation receiver by comparing ranging codes of the
navigation signals with pre-programmed satellite identity
codes.

[0015] The satellite navigation receiver parallelly receives
multiple navigation signals from multiple satellites via mul-
tiple input channels. Each of the navigation signals com-
prises sub-frames of navigation data. The satellite naviga-
tion receiver is configured to receive navigation data of each
satellite via one of the input channels. The satellite naviga-
tion receiver verifies integrity of the navigation data in the
sub-frames of navigation data for determining accuracy of
the navigation data. The satellite navigation receiver extracts
ephemeris data from the sub-frames of navigation data of
each of the navigation signals. For each input channel, the
satellite navigation receiver stores the extracted ephemeris
data from each of the navigation signals, separately, in a
database. The satellite navigation receiver compares the
extracted ephemeris data of each of the navigation signals
received via one of the input channels with the extracted
ephemeris data of another navigation signal received via
another input channel. The satellite navigation receiver
detects cross correlation between the navigation signals
when the comparison of the extracted ephemeris data of
each of the navigation signals received via one of the input
channels with the extracted ephemeris data of another navi-
gation signal received via another input channel results in a
match. On detection of cross correlation between the navi-
gation signals, the satellite navigation receiver discards the
navigation data of the navigation signals with low signal
strength.

[0016] In an embodiment, after parallelly receiving mul-
tiple navigation signals comprising sub-frames of navigation
data from multiple satellites via multiple input channels, the
satellite navigation receiver retrieves a ranging code from
the sub-frames of navigation data of each of the navigation
signals. The ranging code is unique to each of the satellites.
The satellite navigation receiver compares the retrieved
ranging code associated with each of the navigation signals
with a satellite identity code of a corresponding satellite. The
satellite identity code of each of the satellites is pre-pro-
grammed on the satellite navigation receiver. In this embodi-
ment, the satellite navigation receiver detects cross correla-
tion between the navigation signals when the comparison of
the retrieved ranging code associated with each of the
navigation signals with the satellite identity code of the
corresponding satellite results in a mismatch. The satellite
navigation receiver discards the navigation data of each of
the navigation signals having the ranging code resulting in
the mismatch when compared with the satellite identity code
of the corresponding satellite.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing summary, as well as the following
detailed description of the invention, is better understood
when read conjunction with the appended drawings. For the
purpose of illustrating the invention, exemplary construc-
tions of the invention are shown in the drawings. However,
the invention is not limited to the specific methods and
components disclosed herein.

[0018] FIG. 1 illustrates a method for detecting cross
correlation in a satellite navigation receiver in real time by
comparing ephemeris data of various navigation signals.
[0019] FIG. 2 illustrates an embodiment of the method for
detecting cross correlation in a satellite navigation receiver
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in real time by comparing ranging codes of the navigation
signals with pre-programmed satellite identity codes.
[0020] FIG. 3 exemplarily illustrates a process flow dia-
gram comprising the steps performed by a satellite naviga-
tion receiver for detecting cross correlation between navi-
gation signals.

[0021] FIG. 4 exemplarily illustrates a graphical represen-
tation showing time taken to detect cross correlation using
different methods.

[0022] FIG. 5 exemplarily illustrates a system for detect-
ing cross correlation in a satellite navigation receiver in real
time.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] FIG. 1 illustrates a method for detecting cross
correlation in a satellite navigation receiver in real time by
comparing ephemeris data of various navigation signals.
The method and the system disclosed herein for detecting
cross correlation is implemented by assuming that the cross
correlation detection (CCD) occurs in real time and is
declared within a sub-frame of navigation data. Further-
more, the cross correlation detection disclosed herein is
applicable, for example, in a cold start mode of satellite
navigation receiver operation. In the cold start mode, the
satellite navigation receiver is powered on without any prior
information. The cold start mode takes more time to com-
pute the navigation solution as the satellite navigation
receiver has to search the navigation signals of all the
satellites of a global navigation satellite system (GNSS)
constellation to obtain a signal lock, demodulate the data
bits, and collect the entire navigation data.

[0024] The method and the system disclosed herein detect
cross correlation based on navigation (NAV) data process-
ing. For purposes of illustration, the detailed description is
based on the proposed Indian regional navigational satellite
system (IRNSS); however the scope of the method and the
system disclosed herein is not limited to the IRNSS system
but may be extended to any global navigation satellite
system (GLASS). The IRNSS satellites are distributed as
four geosynchronous satellites, two each in two planes, and
three geostationary satellites. The method and the system
disclosed herein assume that the navigation data from the
satellites are different at any given instant. If the navigation
data from the satellites are similar, the reason for the
similarity is attributed to a local phenomenon in cross
correlation.

[0025] The method disclosed herein detects cross corre-
lation in a satellite navigation receiver in real time by
comparing ephemeris data of various navigation signals.
The ephemeris data comprises, for example, precise clock
and Keplerian parameters that are typically updated, for
example, once every two hours. The satellite navigation
receiver parallely receives 101 multiple navigation signals
from multiple satellites via multiple input channels. Each of
the navigation signals comprises sub-frames of navigation
data. The satellite navigation receiver is configured to
receive navigation data of each satellite via one of the input
channels. The satellite navigation receiver verifies the integ-
rity of the navigation data in the sub-frames of the naviga-
tion data for determining accuracy of the navigation data.
For example, the satellite navigation receiver employs a
cyclic redundancy check (CRC) on the received navigation
data. The satellite navigation receiver compares the CRC
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seed embedded in the navigation data with an expected
check value to detect accidental changes to the navigation
data. The satellite navigation receiver extracts 102 ephem-
eris data from the sub-frames of navigation data of each of
the navigation signals. For each input channel, the satellite
navigation receiver stores the extracted ephemeris data from
each of the navigation signals separately in a database. The
database’is a collection of stored data that is logically related
and that is accessible by one or more users.

[0026] The satellite navigation then compares 103 the
extracted ephemeris data of one navigation signal received
via one input channel with the extracted ephemeris data of
another navigation signal received via another input chan-
nel. The satellite navigation receiver repeats the comparison
process for all the navigation signals. The satellite naviga-
tion receiver detects 104 cross correlation between the
navigation signals when the comparison of the extracted
ephemeris data of one of the navigation signals received via
one input channel with the extracted ephemeris data of
another navigation signal results received via another input
channel results in a match. The navigation data of any two
satellites is not the same with respect to Keplerian and clock
parameters comprising, for example, bias (Af,), drift (Af)),
rate of change of drift (Af,), etc. When a navigation signal
of a satellite is cross correlated and if the navigation data
passes the integrity checks, the navigation data of the weaker
satellite channel will be the same as the navigation data of
the satellite channel with higher signal strength. On detec-
tion of cross correlation between the navigation signals, the
satellite navigation receiver discards the navigation data of
the navigation signals with low signal strength.

[0027] The method disclosed herein is valid for ephemeris
pages. However, this method is not completely applicable to
a global positioning system (GPS) and/or a global, naviga-
tion satellite system (GLONASS) operating at an L1 fre-
quency. This is because sub-frame 4 and sub-frame 5 of the
GPS navigation data structure, which constitutes the satellite
almanac data, are similar for all the satellites in the GPS, and
the strings 6 to 15 of the GLONASS navigation data, which
constitutes the satellite almanac data, are similar for all the
satellites in the GLONASS system. As disclosed in the
co-pending patent, application number 4231/CHE/2011
titled “Navigation Data Structure Generation and Data
Transmission for Optimal Time to First Fix”, in the IRNSS
navigation data structure, the secondary data are distinct
across sub-frames. This distinction ensures that the limita-
tions observed in the GPS and/or the GLONASS operating
at the L1 frequency with respect to cross correlation detec-
tion are not present in the IRNSS.

[0028] FIG. 2 illustrates an embodiment of the method for
detecting cross correlation in a satellite navigation receiver
in real time by comparing ranging codes of the navigation
signals with pre-programmed satellite identity codes. In this
embodiment, the method and the system disclosed herein
detect cross correlation based on satellite vehicle identifi-
cation (SVID). The satellite navigation receiver parallelly
receives 101 multiple navigation signals from multiple sat-
ellites via multiple input channels and verifies the integrity
of the navigation data in the sub-frames of navigation data
as disclosed in the detailed description of FIG. 1. The
satellite navigation receiver retrieves 201 a ranging code
from the sub-frames of navigation data of each of the
navigation signals. The ranging code is, for example, a
pseudo random noise (PRN) code that is unique to each of
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the satellites. FEach satellite transmits a different pseudo
random noise code which allows the navigation signals to be
simultaneously transmitted from several satellites and to be
simultaneously received by the satellite navigation receiver,
with minimal interference from one another.

[0029] The satellite navigation receiver compares 202 the
retrieved ranging code associated with each of the naviga-
tion signals with a satellite identity code of the correspond-
ing satellite. According to the navigation data structure
disclosed in the co-pending patent application number 4231/
CHE/2011 titled “Navigation Data Structure Generation and
Data Transmission for Optimal Time to First Fix”, each page
of the navigation data structure of the Indian regional
navigational satellite system (IRNSS) has a unique satellite
identity, unlike the global positioning system (GPS) oper-
ating at the L1 frequency. The navigation data structure
disclosed in the co-pending patent application number 4231/
CHE/2011 titled “Navigation Data Structure Generation and
Data Transmission, for Optimal Time to First Fix” com-
prises a first sub-frame and a second sub-frame configured
to accommodate selective ephemeris data of the navigation
data, a third sub-frame configured to accommodate first
parameters of almanac data of the navigation data, and a
fourth sub-frame configured to accommodate a text message
comprising second parameters of the almanac data. The first
parameters of the almanac data accommodated in the third
sub-frame of the generated navigation data structure com-
prise, for example, ionosphere coefficients. The second
parameters of the almanac data accommodated in the fourth
sub-frame of the generated navigation data structure com-
prise, for example, coordinated universal time (UTC)
parameters. The text message in the fourth sub-frame further
comprises, for example, periodic non-positioning informa-
tion extracted from the first sub-frame, the second sub-
frame, and the third sub-frame. This navigation data struc-
ture is used to assist staggering messages across satellites as
a part of a secondary navigation data set. The satellite
identity code of each of the satellites is pre-programmed on
the satellite navigation receiver. The satellite navigation
receiver detects 203 cross correlation between the naviga-
tion signals when the comparison of the retrieved ranging
code associated with each of the navigation signals with the
satellite identity code of the corresponding satellite results in
a mismatch. The satellite navigation receiver discards the
navigation data of each of the navigation signals having the
ranging code resulting in the mismatch when compared with
the satellite identity code of the corresponding satellite.

[0030] FIG. 3 exemplarily illustrates a process flow dia-
gram comprising the steps performed by the satellite navi-
gation receiver for detecting cross correlation between navi-
gation signals. The satellite navigation receiver incorporates
a cross correlation detection system 300 as exemplarily
illustrated in FIG. 3. FIG. 3 exemplarily illustrates the
process steps performed by each component of the cross
correlation detection system 300 to detect cross correlation
between the navigation signals. The cross correlation detec-
tion system 300 of the satellite navigation receiver disclosed
herein comprises an analog to digital converter (ADC) 301
operably coupled to a matched filter 302. The matched filter
302 shows that the pseudorandom noise (PRN) code used to
generate a local replica of the ranging code is known to the
satellite navigation receiver on a given satellite channel. For
example, in a satellite navigation receiver with 12 input
channels, all the input channels are programmed with a
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unique PRN identity or PRN code. The analog to digital
converter 301 receives intermediate frequency satellite sig-
nals from global navigation satellite system (GNSS) satel-
lites and converts the analog satellite signals to digital
satellite signals also referred to as navigation signals.

[0031] The matched filter 302 comprises a carrier genera-
tor 3024, a code generator 3025, and adders 302¢ and 3024d.
The code generator 3025 generates one or more operation
service codes, for example, the PRN codes. The carrier
generator 302a generates in-phase (sine) and quadrature
phase (cosine) intermediate frequency (IF) carrier signals
corresponding to one or more of multiple carrier frequen-
cies. The adder 3024 add the sub-frames of navigation data
from the received navigation signals with one or more of the
operation service codes for generating service code modu-
lated navigation data. The adder 302¢ combines the digital
satellite signal with a carrier signal generated by the carrier
generator 302¢ and the internally generated PRN code
generated by the code generator 3025 to generate the modu-
lated navigation data. The cross correlation detection system
300 verifies the integrity of the navigation data and performs
data bit extraction 303 on the modulated navigation data to
extract navigation data bits 304. That is, the cross correlation
detection system 300 extracts ephemeris data after the
integrity checks. The cross correlation detection system 300
stores the navigation data bits 304 separately for each input
channel of the satellite navigation receiver, for example, in
a database, a memory unit, or a storage dev ice (not shown).

[0032] The cross correlation detection system 300 com-
pares 305 the stored navigation data bits 304 comprising
ephemeris data received via each input channel with the
navigation data bits 304 comprising ephemeris data received
via another input channel. The cross correlation detection
system 300 performs N-1 comparisons, where N is the
number of tracking and sub-frame synched channels. If a
match is determined, the cross correlation detection system
300 considers the navigation signal of the input channel with
the lower carrier to noise density (C/N,) as a cross correlated
signal 306. The cross correlated signal 306 is an invalid
signal and the cross correlation detection system 300 dis-
cards 307 the navigation data bits 304 of the navigation
signal with low signal strength. If the comparison 305 results
in a mismatch, that is, if the ephemeris data of one naviga-
tion signal received via one input channel is different from
the ephemeris data of another navigation signal received via
another input channel, then the compared navigation signals
are considered as valid signals 308.

[0033] In an embodiment, post detection of a navigation
signal, the cross correlation detection system 300 performs
Validation and data bit extraction 303 on the navigation data
to extract the navigation data bits 304. Subsequently, the
cross correlation detection system 300 extracts the satellite
vehicle identification (SVID) code or the PRN code 304a
from the navigation data bits 304 and compares 309 the PRN
code 304a with the satellite identity code programmed into
the satellite navigation receiver in accordance with field
programmable gate array (FPGA) standards. The method
disclosed herein ensures the validity of the navigation signal
with respect to cross correlation. If the comparison 309 of
the PRN code 304a with the satellite identity code results in
a mismatch, then the cross correlation detection system 300
considers the corresponding navigation signal to be cross
correlated signal 310 and discards 311 the corresponding
navigation signal. If a match is determined during the
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comparison 309 between the PRN code 304a and the
satellite identity code, then the cross correlation detection
system 300 considers the corresponding navigation signal to
be a valid signal 308.

[0034] The methods to detect cross correlation by the
cross correlation detection system 300 of the satellite navi-
gation receiver as disclosed in the detailed descriptions of
FIG. 1, FIG. 2, and FIG. 3 ensure that integrity with respect
to cross correlation is guaranteed for any navigation signal
that has passed the data level checks. The cross correlation
detection methods disclosed herein provide instantaneous
detection of cross correlation and ensure that when the
navigation data is presented, integrity with respect to cross
correlation is assured. The cross correlation detection meth-
ods disclosed herein do not depend on any satellite naviga-
tion receiver parameters or external inputs. The cross cor-
relation detection occurs prior to measurement formulation
and thus ensures that the system time even with a single
satellite is guaranteed for cross correlation. Measurement
formulation is the construction of pseudoranges required for
position estimation for which the basis is system time. The
cross correlation detection method based on the PRN codes
and/or satellite identity codes disclosed herein does not
depend on two navigation signals, that is, the need for
comparing two navigation signals is precluded and thus the
system time is guaranteed even with one satellite. The cross
correlation detection method disclosed herein precludes the
need for tracking two satellites, demodulating the navigation
data of the two satellites, and comparing the navigation data
of the two satellites. The cross correlation detection methods
disclosed herein detect cross correlation and obviate the
dependence on the almanac data from satellites for any real
time applications.

[0035] FIG. 4 exemplarily illustrates a graphical represen-
tation showing time taken to detect cross correlation using
different methods. To validate the performance of the cross
correlation detection methods disclosed herein, a test setup
comprising a signal generation system also referred to as a
“simulator” and a satellite navigation receiver as disclosed
in the co-pending patent application titled “Navigation Data
Structure Generation and Data Transmission for Optimal
Time to First Fix” is adopted with a few changes. A
simulator input, instead of a radio frequency (RF) signal
from a satellite, is directly fed to the satellite navigation
receiver port. The signal strength on each channel of the
simulator is varied, for example, from about -20 decibels
(dB) to about 20 dB, about an absolute power setting in the
range of, for example about -110 decibel per milliwatt
(dBmW) to about —150 dBmW. This simulator and satellite
navigation receiver setup is used to simulate a cross corre-
lation effect. At the start of the simulation, the power on one
channel is maintained relatively high compared to the other
channels and is then disabled. Two versions of the simulator
software are used: one version of the simulator software for
the IRNSS with navigation data similar to GPS L1 and
another version of the simulator software for carrier diver-
sity as disclosed in the co-pending non-provisional patent
application number 4230/CHE/2011 titled “Satellite Navi-
gation System For Optimal Time To First Fix Using Code
And Carrier Diversity”. The receiver software used in the
co-pending patent application number 4231/CHE/2011
titled “Navigation Data Structure Generation and Data
Transmission for Optimal Time to First Fix” is modified to
incorporate the logic of range differencing.
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[0036] Initially, the channel configured for high power and
two other channels of the simulator are disabled. The
satellite navigation receiver, with the input from the simu-
lator, computes a position within 24 seconds. Subsequently,
the channel configured for high power and the two other
channels are enabled. This channel acquired the navigation
signal and in addition, cross correlation on another channel
is observed. However, the satellite navigation receiver takes
192 seconds post bit synchronization of the first channel to
collect the almanac data after which the range differencing
method is invoked. With the almanac data, the satellite
navigation receiver declares the cross correlated channel
based on range differencing, that is, the difference between
the pseudorange and the estimated range. The trial is con-
ducted on different satellite identity codes by varying power
levels on the simulator. The results of the trial are exem-
plarily illustrated in FIG. 4.

[0037] To demonstrate the performance of the methods
disclosed herein, corresponding receiver software is gener-
ated. For example, a receiver software is generated for
navigation data based comparison for cross correlation
detection disclosed in the detailed description of FIG. 1. In
an embodiment, another receiver software is generated for
satellite vehicle identification (SVID) based comparison for
cross correlation detection disclosed in the detailed descrip-
tion of FIG. 2. An integrity flag is used and logged from the
bit-synchronization of a channel. The simulator is modified
to operate in a carrier diversity mode as disclosed in the
co-pending patent application number 4230/CHE/2011
titled “Satellite Navigation System For Optimal Time To
First fix Using Code And Carrier Diversity”. The test setup
is similar to that of the previous trial disclosed above with
respect to the simulator. The satellite navigation receiver is
run with two versions of receiver software independently—
one version is run with navigation data processing and the
other version is run based on the SVID. Unlike range
differencing, only two satellites are used: one satellite with
high signal strength settings and another satellite with low
signal strength settings, respectively on the simulator. The
results from both the methods disclosed herein demonstrate
that with the NAV data collection and/or the SVID identi-
fication, the cross correlation detection is identified within 6
seconds of tracking exemplarily illustrated in FIG. 4. In
comparison with the existing cross correlation detection
methods, the methods disclosed herein demonstrate an
improved cross correlation detection performance as exem-
plarily illustrated in FIG. 4.

[0038] The disclosed navigation data processing method is
applicable to the GPS and the GLONASS L1 partially. This
is based on the input that ephemeris data sub-frames of the
navigation data structure of the GPS and the GLONASS L1
are different and thus the navigation data processing method
is applicable. The satellite vehicle identification is not pres-
ent in the navigation data structure of the GPS and/or the
GLONASS L1. In addition, a similar scenario arises when
almanac data and/or textual messages are transmitted in the
frequency hands of the emerging GNSS, for example, [.2C
L5, and E1 frequency band of the European satellite navi-
gation system Galileo. By adopting the SVID detection
method, the partial limitation is resolved in the emerging
satellite navigation systems. Partial limitation is the assump-
tion that the almanac data and the textual messages part of
the navigation data are similar across all satellites, which
violates the assumption that the navigation data transmitted

Mar. 29, 2018

by the satellites is distinct across the satellites at any given
instant of time. Thus, the methods disclosed herein, in
combination, can become the defacto standard for civil
aviation applications and, in general, the defacto standard
for any navigation based application.

[0039] FIG. 5 illustrates a system 500 for detecting cross
correlation in a satellite navigation receiver 501 in real time.
The system 500 disclosed herein comprises the cross cor-
relation detection system 300 incorporated in the satellite
navigation receiver 501. The satellite navigation receiver
501 comprises a graphical user interface (GUI) 501/, a
navigation signal reception unit 501aq, a radio frequency
down converter 5015, the cross, correlation detection system
300, and a database 501i. The navigation signal reception
unit 501a parallelly receives multiple navigation signals
from multiple satellites 502a, 505, and 502¢ via multiple
input channels. Each navigation signal comprises sub-
frames of navigation data. The navigation signal reception
unit 501a receives the navigation data of each of the
satellites 502a, 5025, and 502¢ via one input channel. The
radio frequency down converter 5015 converts the received
radio frequency navigation signals to intermediate fre-
quency (IF) signals. The satellite navigation receiver 501
further comprises at least one processor 501¢ and a non-
transitory computer readable storage medium communica-
tively coupled to the processor 501c. The non-transitory
computer readable storage medium is configured to store
modules 5014, 501¢, 501f; and 501g of the cross correlation
detection system 300 of the satellite navigation receiver 501.
The processor 501¢ is configured to execute the modules
501d, 501e, 501f, and 501g of the cross correlation detection
system 300 of the satellite navigation receiver 501.

[0040] The cross correlation detection system 300 com-
prises an analog to digital convener 301, a data extraction
module 5014, a comparison module 501e, a cross correlation
detection module 501/, and an integrity verification module
501g. The modules 501d, 501¢, 501/, and 501g of the cross
correlation detection system 300 constitute the receiver
software disclosed in the detailed description of FIG. 4. The
analog to digital converter 301 converts the intermediate
frequency signals to digital samples. The data extraction
module 5014 extracts ephemeris data from the sub-frames of
navigation data of each navigation signal. The data extrac-
tion module 5014 stores each extracted ephemeris data from
each navigation signal separately in the database 501; for
each input channel. In an embodiment, the database 501; is
all array and/or a memory structure for storing the extracted
ephemeris data from each navigation signal. In another
embodiment, the database 501/ is any storage area or
medium that can be used for storing data. In another
embodiment, the database 501/ can be remotely accessed by
the satellite navigation receiver 501 via a network (not
shown).

[0041] The integrity verification module 501g verifies
integrity of the navigation data in the sub-frames of navi-
gation data for determining accuracy of the navigation data.
The comparison module 501e compares the extracted
ephemeris data of each of the navigation signals received via
one of the input channels with the extracted ephemeris data
of another navigation signal received via another input
channel. The cross correlation detection module 501/ detects
cross correlation between the navigation signals when the
comparison of the extracted ephemeris data of each of the
navigation signals received via one of the input channels
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with the ephemeris data of another navigation signal
received via another input channel results in a match. The
cross correlation detection module 501/ discards the navi-
gation data of the navigation signals with low signal strength
on the detection of the cross correlation between the navi-
gation signals.

[0042] Inanembodiment, the data extraction module 501d
retrieves a ranging code from the sub-frames of navigation
data of each of the navigation signals. The ranging code is
unique to each of the satellites 502a, 5025, and 502c¢. In this
embodiment, the comparison module 501e compares the
retrieved ranging code associated with each of the naviga-
tion signals with a satellite identity code of the correspond-
ing satellite 502a, 5025, or 502¢. The satellite identity code
of each of the satellites 502a, 5025, and 502¢ is pre-
programmed on the satellite navigation receiver 501. The
cross correlation detection module 501/ detects cross corre-
lation between the navigation signals when the comparison
of the retrieved ranging code associated with each of the
navigation signals with the satellite identity code of the
corresponding satellite 502a 50256 or 502¢ results in a
mismatch. The cross correlation detection module 501/
discards the navigation data of each of the navigation signals
having the ranging code resulting in the mismatch when
compared with the satellite identity code of the correspond-
ing satellite 502a, 5025, or 502¢. The processor 501¢ of the
satellite navigation receiver 501 retrieves instructions
defined by the data extraction module 5014, the comparison
module 501e, the cross correlation detection module 501/
and the integrity verification module 501g, and executes the
instructions, thereby performing one or more processes
defined by those instructions.

[0043] The GUI 501/ profiles navigation data measure-
ments, the status of reception of the navigation data, health
measurements of the satellites 502a, 5025, and 502c¢, etc.
The GUI 501/, for example, displays individual satellite
identifiers, acquisition and tracking status with reference to
the collection of the navigation data, the constellation num-
ber, position coordinates of the satellites 502a, 5025, and
502¢, with reference to the earth-centered, earth-fixed
(ECEF) coordinate system, a geographical position of a user,
that is, the latitude, longitude, and, altitude of the user the
time to first fix (TTFF), the geographical position of the user
such as the latitude, longitude, and altitude of the user, etc.
[0044] The foregoing examples have been provided
merely for the purpose of explanation and are in no way to
be construed as limiting of the present invention disclosed
herein. While the invention has been described with refer-
ence to various embodiments, it is understood that the
words, which have been used herein, are words of descrip-
tion and illustration, rather than words of limitation. Further,
although the invention has been described herein with
reference to particular means, materials, and embodiments,
the invention is not intended to be limited to the particulars
disclosed herein; rather, the invention extends to all func-

Mar. 29, 2018

tionally equivalent structures, methods and uses, such as are
within the scope of the appended claims. Those skilled in the
art, having the benefit of the teachings of this specification,
may affect numerous modifications thereto and changes may
be made with out departing from the scope and spirit of the
invention in its aspects.

1. A method for detecting cross correlation in a satellite
navigation receiver in real time, comprising:

providing a system for said detection of said cross cor-

relation in said satellite navigation receiver in real time,

said system comprising:

at least one processor;

a navigation signal reception unit;

a non-transitory computer readable storage medium
communicatively coupled to said at least one pro-
cessor and storing modules of said satellite naviga-
tion receiver, said at least one processor configured
to execute said modules of said satellite navigation
receiver, said modules of said satellite navigation
receiver comprising a data extraction module, a
comparison module, a cross correlation detection
module and an integrity verification module;

receiving navigation signals from a plurality of satellites,

by said navigation signal reception unit, wherein said
navigation signal reception unit comprises a plurality of
input channels, wherein each of said plurality of input
channels receives a navigational signal from one of said
plurality of satellites, and wherein each of said received
navigation signals comprises sub-frames of navigation
data;

retrieving a ranging code from said sub-frames of said

navigation data of'said each of said received navigation

signals, by said data extraction module, wherein said
ranging code is unique to said each of said satellites;
comparing said retrieved ranging code associated with

said each of said received navigation signals with a

satellite identity code of a corresponding one of said

satellites, by said comparison module; and

detecting said cross correlation between said received

navigation signals, by said correlation detection mod-

ule, When said comparison results in a mismatch.

2. The method of claim 1, wherein said satellite identity
code of said each of said satellites is pre-programmed on
said satellite navigation receiver.

3. The method of claim 1, further comprising discarding,
by said cross correlation detection module, said navigation
data of said each of said received navigation signals having
a ranging code resulting in a mismatch when compared with
a satellite identity code of a corresponding one of said
satellites.

4. The method of claim 1, further comprising verifying
integrity of said navigation data in said sub-frames of said
navigation data, by said integrity verification module, for
determining accuracy of said navigation data.
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