US009638803B2

a2 United States Patent

Rao et al.

US 9,638,803 B2
May 2, 2017

(10) Patent No.:
45) Date of Patent:

(54) NAVIGATION DATA CONFIGURATION FOR
OPTIMAL TIME TO FIRST FIX

(71) Applicant: Accord Software & Systems Pvt. Ltd.,
Bangalore (IN)
(72) Inventors: Vyasaraj Guru Rao, Bangalore (IN);
Sashidharan Maa, Bangalore (IN);
Ge’rard Lachapelle, Calgary (CA)
(73) Assignee: Accord Software & Systems Pvt. Ltd.,
Bangalore, Karnataka (IN)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 779 days.
(21) Appl. No.: 14/018,443
(22) Filed: Sep. 5, 2013
(65) Prior Publication Data
US 2014/0327575 A1~ Now. 6, 2014
(30) Foreign Application Priority Data
May 6, 2013 (IN) oo 2011/CHE/2013
(51) Imt.CL
GOIS 1924 (2010.01)
GOIS 19/05 (2010.01)
(52) US. CL
CPC .. GO1S 19/05 (2013.01)
(58) Field of Classification Search
CPC ettt GO1S 19/05
USPC ettt 342/357.63
See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

6,473,030 Bl
6,651,000 B2 *

10/2002 McBurney et al.
11/2003 van Diggelen ......... GO1S 19/05
342/352

6,670,915 B1  12/2003 McBurney et al.
6,775,802 B2* 82004 Gaal ........ccccoeees GO1S 19/246
342/357.64
7,786,932 B2 8/2010 Syed et al.
8,009,091 B2 8/2011 Tsai
(Continued)

OTHER PUBLICATIONS

Rao et al., “Proposed LOS Signal Design for IRNSS to Reduce
TTFF in a Single Frequency Receiver”, GNSS Signals 2011, Dec.
8-9, 2011.*

(Continued)

Primary Examiner — Frank ] McGue

(74) Attorney, Agent, or Firm — Ash Tankha; Lipton,
Weinberger & Husick

57 ABSTRACT

A method and a system for reducing time to first fix (TTFF)
in a satellite navigation receiver generate a navigation data
structure including three sub-frames. A first sub-frame and a
second sub-frame accommodate selective ephemeris data.
The third sub-frame accommodates a text message including
almanac data optionally, ionospheric data, coordinated uni-
versal time (UTC) data, textual data optionally, and any
combination thereof. A signal generation system (SGS) in
the system selectively groups the almanac data, the iono-
spheric data, and the UTC data, and selectively transmits the
navigation data with the almanac data or free of the almanac
data in the navigation data structure to the satellite naviga-
tion receiver. The signal generation system also staggers the
navigation data in each sub-frame into a first portion and a
second portion for parallelly transmitting the navigation data
over a first carrier frequency and a second carrier frequency
in reduced time.
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PARAMETER TSN TSF
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IMPROVEMENT
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EXTENSION OF POSSIBLE POSSIBLE

IRNSS
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MODE OF

OPERATION SPS (s) [ RESTRICTED (s) DESCRIPTION

THE TRANSMISSION OF PRIMARY
PARAMETERS IS OPTIMAL FROM
EITHER THE L5 OR S1 PATH FOR A SPS

SINGLE 12 12 USER, WHICH IS THE TTFF OF

RESTRICTED USERS (ASSUMING THE

DATA OF SPS AND RESTRICTED ARE
THE SAME)

THE DATA FROM THE L5/S1 PATHS
EFFECTIVELY ENABLE THE SPS
RECEIVER TO ACHIEVE THE MOST
OPTIMAL TTFF. WITH TOW, THE
RESTRICTED SERVICE ENTERS INTO
MEASUREMENT MODE AND PROVIDES
INSTANTANEOUS POSITIONING (WITH
NAV DATA FROM SPS PATH)

DUAL 6 6

FIG. 15
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1
NAVIGATION DATA CONFIGURATION FOR
OPTIMAL TIME TO FIRST FIX

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the following patent
applications:

1. Non-provisional patent application number 2011/CHE/
2013 titled “Navigation Data Configuration For Optimal
Time To First Fix”, filed in the Indian Patent Office on
May 6, 2013.

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

3. Non-provisional patent application number 4230/CHE/
2011 titled “Satellite Navigation System For Optimal
Time To First Fix Using Code And Carrier Diversity”,
filed on 5 Dec. 2011 in the Indian Patent Office.

The specifications of the above referenced patent appli-
cations are incorporated herein by reference in their entirety.

BACKGROUND

Autonomous regional satellite based navigation systems
have enabled several countries to cover their territorial
footprint and the footprint of their surrounding areas. A
regional satellite based navigation system such as a global
navigation satellite system (GNSS) caters to the needs of
specific users, for example, military personnel for military
applications, and civilian users for civilian applications. For
example, India is planning to deploy an autonomous
regional satellite navigation system, namely, the Indian
regional navigational satellite system (IRNSS), for survey-
ing, telecommunication, transportation, identifying disaster
locations, public safety, etc. The purpose of this navigation
system is to cater to the needs of both standard positioning
service (SPS) users and also to the needs of restricted service
(RES) users. The SPS and the RES modes of service are dual
services supported by any GNSS catering to civilian and
military requirements exclusively. A military signal is gen-
erally acquired in two modes, namely, direct and indirect.
The indirect mode is typically known as SPS assisted. There
is a need for generating navigation data structures that
address the needs of the SPS and RES modes of service.
Specifically, for the RES signal, there is a need for the
navigation data structure to account for the direct mode of
acquisition or the SPS assisted mode. In the SPS assisted
mode, with assistance from time of week (TOW) data, the
jump on to the RES signal is established. The IRNSS will
deploy a satellite constellation comprising seven satellites,
three of which will be in geostationary orbits and four in
geosynchronous orbits. The signals will be transmitted by
the satellites in two frequency bands, namely, L5 frequency
band (1176.45 megahertz (MHz)) and S1 frequency band
(2492.08 MHz). The SPS signal will be modulated by a 1
MHz binary phase shift keying (BPSK) signal, whereas the
PS signal will use a binary offset carrier, BOC (5, 2).

A number of issues need to be addressed while designing
a satellite navigation system, for example, sensitivity
improvements, jamming margins, robustness towards spoof-
ing, multipath related improvements, time to first fix
(TTFF), etc., for ensuring the efficiency and robustness of
the satellite navigation system. Time to first fix (I'TFF) is an
important parameter that needs to be optimized in most
satellite navigation receivers. TTFF is a measure of the time
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taken by a satellite navigation receiver to acquire satellite
signals and navigation data, and output a first position
solution, referred to as a “fix”, from power-on. The TTFF
parameter directly influences the efficiency of position track-
ing by the satellite navigation receiver. The TTFF parameter
has been examined at length and several approaches have
been proposed to reduce this parameter. However, most of
the approaches have concentrated on augmenting the satel-
lite navigation receiver with data aid to the satellite navi-
gation receiver. For an optimal TTFF performance, it is
necessary that the time taken for computing navigation
measurements and collecting subsequent navigation data is
minimal. Typically, methods for reducing TTFF have
focused on reducing the time required to acquire and lock
the navigation signal, assisting the satellite navigation
receiver with navigation data on a separate satellite link, etc.
However, these methods are generally expensive in terms of
deployment costs, complexity of the satellite navigation
receiver, etc.

A typical global navigation satellite system (GNSS) sig-
nal may be characterized by the following equation:

s@=c@O*[+(ODd@)]

where the parameter s(t) refers to an output GNSS signal
at a time instant t, the parameter r(t) refers to a ranging code
at the time instant t, the parameter c(t) refers to a frequency
of operation at the time instant t, and the parameter d(t)
refers to the navigation data transmitted by each satellite.

The navigation data transmitted by each satellite can be
grouped into ephemeris data and almanac data. The ephem-
eris data comprises precise clock and Keplerian parameters,
which are typically updated once every two hours. Typically,
the ephemeris data or ephemerides are transmitted periodi-
cally once every two hours. The almanac data provides a
coarse estimate of a satellite orbit, which is used for satellite
visibility computations. The almanac data also comprises
ionosphere delay estimation coefficients for single fre-
quency users, for example, global positioning system (GPS)
L1 users. The almanac data typically changes once in a day.
The satellite state vectors of a satellite computed using the
ephemeris data are used for estimation of a user position and
velocity.

The satellite navigation receivers of conventional satellite
navigation systems have generally been constrained by the
amount of time taken for collecting the ephemeris data and
the almanac data that constitute the navigation data. The
delay in collecting the navigation data translates to multiple
delays, for example, delays in computing satellite visibility,
delays in estimation of ionosphere delay estimation coeffi-
cients, delays in cross-correlation detection based on the
range estimated using the almanac data and an integrity
check specified by the federal aviation administration (FAA)
for beta-3 civil aviation receivers, etc. Conventional satellite
navigation receivers take a relatively long time, for example,
about 12.5 minutes to collect the almanac data for a single
frequency user. This delays the estimation of the ionosphere
error, which is an important parameter for estimation of the
position of the satellite.

The typical time taken by a user in open sky conditions to
collect ephemeris data and almanac data from the global
positioning system (GPS) and the global navigation satellite
system (GLONASS) is recorded. The ephemeris data col-
lection time in a GLONASS is, for example, about 30
seconds, and the ephemeris data collection time in a GPS is,
for example, about 30 seconds. The almanac data collection
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time in a GLONASS is, for example, about 150 seconds,
while the almanac data collection time in a GPS is, for
example, about 750 seconds.

Furthermore, a conventional satellite navigation system
such as the global positioning system (GPS) transmits the
navigation (NAV) data, for example, as “sub-frames”, while
the GLONASS transmits the NAV data, for example, as
“strings”. In the GPS, Keplerian parameters are transmitted
as a part of the navigation data while in the GLONASS, the
absolute state vectors of a satellite are transmitted. Existing
GPS based systems employ an L1 sub-frame structure, with
the first three sub-frames comprising the ephemeris data and
the last two sub-frames dedicated to the almanac data. Each
sub-frame contains 10 words and each word has 24 navi-
gation data bits and 6 parity bits. The use of 6 parity bits per
word translates to 60 parity bits per sub-frame, effectively
constraining the data bandwidth and delaying the time to
first fix. The data bits are transmitted at 50 bits per second
(bps). Therefore, one complete sub-frame is transmitted in
30 seconds. For every 24 bits, six redundant bits are trans-
mitted. This constrains the time taken for the collection of
the ephemeris data and delays the TTFF.

Furthermore, in each sub-frame, existing words and bits,
for example, telemetry (TLM) data, hand over word (HOW)
data, a sub-frame identifier, etc., need to be transmitted. The
almanac data is transmitted in two sub-frames, for example,
sub-frames 4 and 5. Moreover, the almanac data comprises
ionosphere correction terms and coordinated universal time
(UTC) parameters. Further, in case of current almanac
transmission methods deployed in a GPS, at any given
instant of time, all satellites transmit the same information as
part of sub-frames 4 and 5. The sub-frames 4 and 5 transmit
almanac data for all the 25 pages with each almanac page
comprising the almanac data of a particular satellite. Fur-
thermore, with the current scheme of almanac data trans-
mission, as for example in GPS based systems, it takes about
168 seconds for a seven-satellite satellite navigation system
to collect almanac data. This delays the ionosphere error
computation and thus delays accurate positioning in a sat-
ellite navigation receiver. Moreover, parameters such as
UTC parameters compound the delay and bandwidth over-
head since the UTC parameters need not be transmitted very
frequently for computation of the user’s position.

A navigation (NAV) data structure of the Galileo GNSS
adopts a sub-frame architecture similar to that of a GPS
based system. The navigation data structure uses a 12
sub-frame structure with each sub-frame comprising a series
of pages. Each page comprises a synchronization pattern and
navigation data symbols. Each navigation data symbol com-
prises a navigation data word and tail bits. The navigation
data word comprises a 24-bit cyclic redundancy check
(CRC) code. Further, as in the case of other modern global
navigation satellite systems (GNSSs), the Galileo adopts
half rate forward error correction (FEC) encoding. For the
Galileo GNSS, the integrity bits are added to a packet of
navigation data. However, Galileo uses a navigation data
structure with a larger number of sub-frames and imposes
constraints in terms of memory requirements and an
increased amount of time required for transmitting the
complete navigation data structure.

The GPS L5 satellite navigation system is a global
navigation satellite system that employs navigation data
transmission based on the transmission of text messages at
a predefined rate. Each text message is identified based on
a message identifier (ID). GPS L5 uses a half rate forward
error correction (FEC) encoding scheme with a baud rate of
100 symbols per second (sps). The signal transmitted from
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an L5 satellite is at a power level of, for example, about =157
decibel-watt (ABW). The GPS LS5 satellite navigation system
allows variation of frequency of text message transmission.
However, the GPS L5 system continues to employ a five
sub-frame structure and needs about 30 seconds for com-
plete transmission of all the sub-frames of the navigation
data structure.

Furthermore, the transmission of almanac data in a con-
ventional global navigation satellite system (GNSS), for
example, a GPS based system comprises transmission of the
same almanac data by all satellites in a constellation. For
example, in a seven-satellite constellation employed by the
Indian regional navigational satellite system (IRNSS), each
satellite transmits the same almanac data at each time instant
over a satellite channel. This increases the time overhead in
almanac transmission and increases the almanac data col-
lection time at the satellite navigation receiver, thereby
delaying ionosphere estimation at the satellite navigation
receiver. For example, in the IRNSS, seven almanac pages
need to be transmitted as a part of the third sub-frame. On
using an almanac transmission scheme typically used in a
GPS, it takes about 168 seconds to completely transmit the
almanac data.

The number of physical channels within a receiver is not
a constraint due to improvements in semiconductor technol-
ogy. Several receiver manufacturers have developed receiv-
ers with an excess of 200 channels, which exist concurrently.
In addition, the receivers support all in view global naviga-
tion satellite system (GNSS) satellite signal processing. The
modernized signals of a global positioning system (GPS),
namely, [.2C and LS5, and the proposed signals of Galileo
and Compass navigation systems have a minimum of at least
two frequencies that support civilian applications. In paral-
lel, there exists dedicated access to their military applica-
tions. With an assumption of dual frequency, there is a need
for reducing the TTFF for civilian applications, and more
importantly, for the restricted users.

A study was carried out on a signaling scheme of opera-
tional navigation systems with respect to multiple frequen-
cies of operation. Of the parameters used to compute TTFF,
collection time of ephemeris data (T,,;,) is a major contribu-
tor as T,,, completely depends on the navigation data
structure of a particular constellation and does not depend on
the satellite navigation receiver. As such, the TTFF is
governed by the time required to collect ephemeris data. The
objective is to reduce the T,,, further without increasing the
satellite data rate, the power required for data transmission,
etc., and thus improve TTFF. An increased data rate neces-
sitates more signal transmission power, which is a costly
proposition onboard satellites.

Hence, there is a long felt but unresolved need for a
method and a system that generate a navigation data struc-
ture with a few sub-frames, for example, three sub-frames,
configure the navigation data in these sub-frames to selec-
tively accommodate navigation data, and selectively trans-
mit the generated navigation data structure with the config-
ured navigation data to a satellite navigation receiver in
reduced time to enable faster access to the navigation data
and to reduce the TTFF for civilian users and restricted
users.

SUMMARY OF THE INVENTION

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 summary is not
intended to identify key or essential inventive concepts of
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the claimed subject matter, nor is it intended for determining
the scope of the claimed subject matter.

The method and the system disclosed herein address the
above mentioned needs for generating a navigation data
structure with a few sub-frames, for example, three sub-
frames, configuring navigation data in these sub-frames to
selectively accommodate navigation data, and selectively
transmitting the generated navigation data structure with the
configured navigation data to a satellite navigation receiver
in reduced time to enable faster access to the navigation data
and to reduce time to first fix (TTFF) for civilian users and
restricted users. The method and the system disclosed herein
provide a signal generation system, for example, in each of
multiple satellites of a constellation. The signal generation
system generates a navigation signal comprising a naviga-
tion data structure. The navigation data structure is config-
ured to selectively accommodate navigation data. The navi-
gation data structure disclosed herein comprises a first
sub-frame, a second sub-frame, and a third sub-frame. The
signal generation system configures the first sub-frame and
the second sub-frame to accommodate selective ephemeris
data of the navigation data. The configuration of the first
sub-frame and the second sub-frame reduces time for col-
lecting the ephemeris data by the satellite navigation
receiver. The signal generation system configures the third
sub-frame to accommodate a text message comprising alma-
nac data, ionospheric data, coordinated universal time
(UTC) data, textual data, for example, user defined data, and
any combination thereof. The configuration of the third
sub-frame reduces time for collecting the almanac data, the
ionospheric data, the UTC data, and the textual data by the
satellite navigation receiver.

In an embodiment, the text message in the third sub-frame
of the generated navigation data structure is further config-
ured to accommodate periodic non-positioning information
extracted from the first sub-frame and the second sub-frame.
As used herein, the term ‘“non-positioning information”
refers to information in the navigation data structure that
does not directly contribute to determination of a geographi-
cal position of a user. The periodic non-positioning infor-
mation comprises, for example, telemetry data collected
from the navigation data. Each of the first sub-frame, the
second sub-frame, and the third sub-frame of the generated
navigation data structure comprises, for example, 288 bits of
the navigation data and 6 bits of'tail data. In an embodiment,
the signal generation system appends a synchronization
word to each of the first sub-frame, the second sub-frame,
and the third sub-frame. The signal generation system con-
figures the synchronization word to enable frame synchro-
nization and identification of a sub-frame boundary of each
of the first sub-frame, the second sub-frame, and the third
sub-frame.

The signal generation system selectively groups the alma-
nac data, the ionospheric data, and the coordinated universal
time (UTC) data. For example, the signal generation system
groups the UTC data with the ionospheric data, or the
almanac data with the ionospheric data. In an embodiment,
the signal generation system verifies integrity of the navi-
gation data in the first sub-frame, the second sub-frame, and
the third sub-frame of the generated navigation data struc-
ture for determining accuracy of the navigation data. The
signal generation system selectively transmits the ephemeris
data, the selectively grouped almanac data, ionospheric data,
and UTC data, and the textual data in the generated navi-
gation data structure to the satellite navigation receiver. The
signal generation system alternatively transmits the iono-
spheric data and the UTC data with the almanac data and
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free of the almanac data in the third sub-frame in the
generated navigation data structure to transmit the naviga-
tion data in reduced time, thereby reducing the TTFF in the
satellite navigation receiver. Furthermore, the method and
the system disclosed herein enable each of the satellites of
a constellation to simultaneously and selectively transmit the
selective ephemeris data, the selectively grouped almanac
data, ionospheric data, and UTC data, and the textual data in
the generated navigation data structure to the satellite navi-
gation receiver, thereby allowing the satellite navigation
receiver to collectively receive the selective ephemeris data,
the almanac data, the ionospheric data, the UTC data, and
the textual data in reduced time, thereby further reducing the
TTFF in the satellite navigation receiver.

In an embodiment for reducing TTFF in a satellite navi-
gation receiver in a single frequency of operation, the signal
generation system configures the third sub-frame of the
generated navigation data structure to accommodate a text
message having only the ionospheric data and the coordi-
nated universal time (UTC) data. The configuration of the
third sub-frame reduces time for collecting the ionospheric
data and the UTC data by the satellite navigation receiver. In
an embodiment, the signal generation system determines a
mode of operation for transmitting the navigation data in the
generated navigation data structure. The mode of operation
is, for example, a civilian mode or a restricted mode. The
signal generation system transmits the ephemeris data, the
ionospheric data, and the UTC data free of the almanac data
in the generated navigation data structure to the satellite
navigation receiver in the determined mode of operation,
thereby reducing the TTFF in the satellite navigation
receiver. The ionospheric data and the UTC data are trans-
mitted by one of multiple satellites of a constellation to the
satellite navigation receiver. Furthermore, in this embodi-
ment, the signal generation system alters transmission of the
navigation data after the transmission of the ionospheric data
and the UTC data to further reduce the TTFF in the satellite
navigation receiver.

In the civilian mode of operation, the signal generation
system staggers the navigation data in each of the sub-
frames of the generated navigation data structure into a first
portion and a second portion. In an embodiment, the signal
generation system determines a mode of service, for
example, a civilian mode of service, a restricted mode of
service, etc., for transmitting the staggered navigation data
in the generated navigation data structure. Each of multiple
satellites of a constellation parallelly transmits each of the
sub-frames of the generated navigation data structure com-
prising distinct staggered navigation data over a first carrier
frequency, for example, the L5 frequency, and a second
carrier frequency, for example, the S1 frequency in the
determined mode of service to obtain the navigation data in
reduced time, thereby reducing the TTFF in the satellite
navigation receiver in the civilian mode of operation.

Each of the satellites is configured to transmit distinct
staggered navigation data on each of the first carrier fre-
quency and the second carrier frequency. In the civilian
mode of operation, the signal generation system sequentially
transmits the first portion and the second portion of each of
the sub-frames over the first carrier frequency and the
second carrier frequency in a first mode of service, for
example, the civilian mode of service. The signal generation
system sequentially transmits a complementary of the first
portion and the second portion of each of the sub-frames
over the second carrier frequency and the first carrier fre-
quency in a second mode of service, for example, the
restricted mode of service. The signal generation system






