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METHOD AND APPARATUS FOR A GLOBAL NAVIGATION
SATELLITE SYSTEM RECEIVER COUPLED TO A
HOST COMPUTER SYSTEM

FIELD OF THE INVENTION

[0001] The present invention pertains in general to global navigation satellite system
(GNSS) receivers such as Global Positioning System (GPS) receivers, and in particular to
GNSS receivers which can be coupled to a host computer system to provide mutual

functional support.

BACKGROUND

[0002] Global navigation satellite systems (GNSS) such as the global positioning
system (GPS) are widely used to obtain accurate location information based on the
observation of satellite signals. This location information can be used directly for
navigation or provided to other devices such as computers or communication terminals to

provide enhanced functionality.

[0003] A particular challenge upon start-up of a GPS receiver is obtaining a first
position fix in a timely manner. This challenge stems from the fact that, given a relatively
unknown position, highly accurate time information is required by the GPS receiver in
order to locate and interpret satellite signals in a timely manner. In particular, accurate
timing information may be required to accurately predict and/or interpret almanac,
ephemeris, and navigation signal data and associated signal delays therein indicative of
satellite range. However, it is currently not feasible to provide a local clock which can
maintain sufficient accuracy for this purpose, particularly between successive activations of

the GPS receiver.

[0004] United States Patent No. 5,893,044 discloses an apparatus for improving the
acquisition time of GPS signals including a GPS receiver and a real-time clock circuit. The
GPS recetver receives GPS signals including a precision time reference signal for providing
a position based upon the location of the GPS receiver. The GPS receiver also includes an
internal time base derived from the precision time reference signal. The real-time clock

circuit is coupled to the GPS receiver for receiving a first time reference signal from the
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GPS receiver when the precise time reference signal of the GPS signal is available and for
providing a second time reference signal to the GPS receiver when the precision time
reference signal of the GPS signal is not available thereby allowing a fast acquisition time

of GPS signals when the GPS signals are temporarily interrupted or not yet available.

[0005]  United States Patent Application Publication No. US 2007/0268180 discloses a
generic navigation satellite system signal receiver having a fast time to first fix by
calibrating a low power always-on real time clock (RTC). The receiver includes an RTC
calibrator having a fraction calculator and a time expander. Before the receiver is powered
off, the fraction calculator uses the fine resolution of a GNSS time signal for determining a
time fraction for RTC time. When the receiver is powered back on, the time expander
uses an estimate of RTC time drift during the time that GNSS receiver had power off and
the time fraction for calibrating and increasing the resolution of the RTC time for an RTC
time tick. A signal navigation processor uses the calibrated RTC time for assisting a first
fix with code phase search, integration time periods, resolution of epoch integer and/or

location-in-space of GPS satellites.

[0006] A problem with the above solutions is that they require a dedicated local clock.
However, it may not be feasible for some GNSS or GPS-enabled devices to incorporate
such a clock. For example, GPS adapters and GPS-enabled wireless adapters for use with
a host computer system may not incorporate a dedicated local clock due to constraints

such as cost, power, and space.

[0007]  Another method for obtaining an accurate time signal for a position fix
operation is to obtain the time signal from a terrestrial network, for example a wireless
network. For example, United States Patent No. 7,236,883 discloses an aided GPS
subsystem within a wireless device, the wireless device receiving an external clock signal
which is forwarded to the GPS subsystem. However, reliance on an external network can
increase cost and complexity of the device, and is subject to network service availability

which may not exist in remote locations.

[0008]  Therefore, there is a need for a new method and apparatus for a global

navigation satellite system receiver coupled to a host computer system.
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SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a global navigation satellite
system receiver apparatus configured for operative coupling to a host computer system,
the global navigation satellite system receiver apparatus comprising: a navigation interface
module configured to receive a host time signal from the host computer system during a
navigation operation, the navigation interface module further configured to provide a
navigation time signal based on at least the host time signal during said navigation
operation; and a satellite signal receiver module configured to use the navigation time
signal to facilitate determination of a global time signal through reception of satellite
signals during said navigation operation; wherein the global time signal is provided to the
navigation interface module during an update operation, the navigation interface module
configured to use at least the global time signal to configure one or more adjustments
during said update operation, said one or more adjustments configured to facilitate future

navigation operations.

[0010] In accordance with an aspect of the present invention, there is provided a
method of operating a global navigation satellite system receiver apparatus operatively
coupled to a host computer system, the method comprising: performing a navigation
operation, the navigation operation comprising: providing a navigation time signal based
on at least a host time signal from the host computer; using the navigation time signal to
perform a satellite signal reception operation; and determining a global time signal at least
in part based on information obtained from the satellite signal reception operation; and
using at least the global time signal to perform one or more adjustments to facilitate future

navigation operations.

[0011] In accordance with an aspect of the present invention, there is provided a global
navigation satellite system (GNSS) enabled system comprising: a host computer module
operatively coupled to a host real time clock, the host real time clock configured to
provide a host time signal; and a global navigation satellite system receiver apparatus
operatively coupled to the host computer module, the global navigation satellite system
receiver apparatus comprising: a navigation interface module configured to receive the
host time signal during a navigation operation, the navigation interface module further
configured to provide a navigation time signal based on at least the host time signal during

said navigation operation; and a satellite signal receiver module configured to use the
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navigation time signal to facilitate determination of a global time signal through reception
of satellite signals during said navigation operation; wherein the global time signal is
provided to the navigation interface module during an update operation, the navigation
interface configured to use at least the global time signal to configure one or more
adjustments during said update operation, said one or more adjustments configured to

facilitate future navigation operations.

BRIEF DESCRIPTION OF THE FIGURES

[0012] Figure 1 illustrates a GNSS receiver apparatus according to an embodiment of

the present invention.

[0013] Figure 2 illustrates a GNSS-enabled system according to another embodiment of

the present invention.

[0014] Figure 3 illustrates a method for operating a GNSS receiver apparatus according

to an embodiment of the present invention.

[0015] Figure 4 illustrates an apparatus including a GNSS receiver coupled to a host

computer system according to an embodiment of the present invention.

[0016] Figure 5 illustrates the timing sequence of operations according to an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0017] The term “global navigation satellite system,” or GNSS, refers to a generic
satellite or pseudolite assisted navigation system in which electronic receivers can
determine their location with specified accuracy using line-of-sight radio signals
transmitted by satellites. Determination of and/or synchronization with time as perceived
by the satellites is also possible in this manner. Existing GNSS systems with global
availability include GPS (global positioning system) and the partially operational

GLONASS. GNSS systems can also have regional availability, such as China’s Beidou
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system and India’s IRNSS system. Future GNSS systems include the European Galileo

system and Beidou-2 as well as other possible systems or combinations of various systems.

[0018] The term “time signal” refers to a time-varying signal defined over a time
interval, such as a radio or electrical signal, which is indicative of the passage of time
according to a prespecified format, such as coordinated universal time (UTC), GPS time,
temps atomique international (TAI), local time, or Greenwich mean time (GMT). Two
time signals are considered substantially synchronized within a time interval if they are
substantially simultaneously indicative of the same passage of time within the time interval

according to the same time format.

[0019]  The term “real time clock,” or RTC, refers to an electronic timekeeping device
which can be used to provide a time signal substantially indicative of current time
according to a prespecified format, such as coordinated universal time (UTC), GPS time,
temps atomique international (TAI), local time, or Greenwich mean time (GMT). For a
free-running RTC, the time signal may not be exactly indicative of the relevant current
time, but may be considered to be indicative of said time with a predetermined accuracy
and/or precision, which may vary in time due to accumulated clock inaccuracies, power
events, temperature variations, component variations, clock adjustment events, or the like.
A typical RTC, for example as found in a personal computer, can include a crystal

oscillator circuit, one or more counters, and one or more power sources.

[0020]  As used herein, the term “about” refers to a 5% variation from the nominal
value. It is to be understood that such a variation is always included in a given value

provided herein, whether or not it is specifically referred to.

[0021]  Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.

[0022] The present invention provides a global navigation satellite system (GNSS)
receiver apparatus, for example a GPS adaptor or GPS-enabled wireless adapter, which is
configured for operative coupling to a host computer system. The host computer system
provides a host time signal, for example from a host real time clock, which is supplied for
use by the GNSS receiver apparatus. The GNSS receiver apparatus comprises a

navigation interface module, which is configured to receive the host time signal during a
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navigation operation, as required for spatial and/or temporal navigation purposes. The
navigation interface module is further configured to provide a navigation time signal based
on at least the host time signal during the navigation operation. For example, the
navigation time signal can be substantially a replica of the host time signal, or an adjusted
version of the host time signal configured to reduce timing inaccuracies based on
information about the host real time clock accuracy or inaccuracy, clock drift, clock skew,

etc.

[0023] The GNSS receiver apparatus further comprises a satellite signal receiver
module which is configured to use the navigation time signal to facilitate determination of
a global time signal through reception of satellite signals during the navigation operation.
The navigation time signal can represent an « priori time measurement, whereas the global
time signal can represent a time measurement substantially synchronized to time as kept by
the satellites. The global time signal acquired during the navigation operation is provided
to the navigation interface module during an update operation, in order that the global time
signal may be used to configure one or more adjustments directly or indirectly relevant to
the navigation time signal. These adjustments are configured to facilitate future navigation
operations, for example by facilitating substantial synchronicity between the navigation
time signal and the global time signal. This can aid, for example in facilitating speed
and/or efficiency of future navigation operations. For example, the adjustments can
comprise providing an update signal to the host computer, in order that the host real time
clock can be adjusted to substantially synchronize the host time signal and the global time
signal during the update operation. As another example, the adjustments can comprise
adjusting a manner in which the navigation time signal is provided based on at least the
host time signal, for example by adjusting parameters or schema used to derive the
navigation time signal from the host time signal, such as parameters relevant to the host
real time clock accuracy, drift, etc. A host computer module can also be provided, for
example within the host computer system, which can be configured to facilitate one or

more adjustments during the update operation.
Host Computer System

[0024]  The host computer system to which the GNSS receiver apparatus is coupled can
be a personal computer such as a laptop computer, portable or semi-portable desktop

computer, or other computing device such as a PDA (personal digital assistant),
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automobile computer, cellular telephone, or the like.

[0025]  The host computer system includes a host real time clock. This clock can be
configured to supply aspects of the computer system with a time signal indicative of time
as kept by the host clock for various purposes. For example, the clock can supply a time
signal to software modules, operating systems, or hardware modules such as network
interface cards. The time signal is also provided to the GNSS receiver apparatus through a
computer interface such as a USB™, FIREWIRE"™, Bluetooth™, IEEE 802.11, IEEE
802.15.4, ZigBee™, PC Card™, PCMCIA™, ExpressCard™, or other standard or non-

standard wired or wireless interface.

[0026] In an embodiment, hardware or software means can be provided in the host
computer for adjusting the host real time clock in response to one or more events. For
example, the operating system may be capable of initiating adjustment of the host real time
clock automatically or according to the input of a user. A network interface card may also
be capable of initiating adjustment of the host real time clock in response to a signal from
the network. Furthermore, the GNSS receiver apparatus may provide a signal which

initiates or facilitates adjustment of the host real time clock.

[0027]  In an embodiment, if the host real time clock can be adjusted in response to a
signal from more than one origin, the host time signal provided to the GNSS receiver
apparatus may not be guaranteed accurate, even within prespecified tolerance limits. For
example, if another hardware or software application adjusts the host real time clock, the
host real time clock may become substantially useless for the purposes of operating the

GNSS receiver apparatus until the clock is corrected.

[0028] In an embodiment of the present invention, in order to correct the above-
mentioned problem of the host real time clock being adjustable from multiple sources, the
present invention provides for a clock gateway module configured to reduce the impact of
multiple applications adjusting the host clock. For this purpose, the clock gateway module
can manage one or more adjustments of the host real time clock, for example as initiated
due to embodiments of the present invention, or due to other sources such as concurrently
running hardware or software applications on the host computer system or peripherals

thereof.

[0029]  In an embodiment, a hardware or software module can act as a clock gateway
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module for incoming communication addressing the host real time clock. Operations
intended to adjust the clock can be logged by the clock gateway module, such that changes
detrimental to operation of the GNSS receiver apparatus can be detected. In addition,
cumulative amounts by which the host real time clock is to be adjusted can be recorded
5 and tracked for different applications by the clock gateway module, thereby allowing the
host time signal to be corrected such that it can be used effectively by the GNSS receiver

apparatus.

[0030] In an embodiment, the clock gateway module can be configured to provide a
selected application specific host time signal to each different hardware or software
10 module requiring a host time signal. In particular, the host time signal can be sent to the
clock gateway module, which adjusts the host time signal according to an adjustment
contained in memory for each application specific host time signal. The application
specific host time signals are then made available to the appropriate modules as a
replacement to the original host time signal. Signals intended to adjust the host real time
15 clock originating from the different hardware or software modules may not directly adjust,
for example, timekeeping means such as hardware or software counters operatively
coupled to an oscillator circuit, but may instead adjust the adjustment contained in memory
associated with the clock gateway module for a selected application specific host time
signal.  Alternatively, the clock gateway module can contain separate adjustable
20 timekeeping means such as hardware or software counters for different application specific
host time signals. In this manner, the host real time clock as seen by the GNSS receiver
apparatus can remain substantially unaffected except for example by adjustments which are
logged and recorded by the clock gateway module, as described previously, to allow for
host time signal correction. As such, the application specific host time signals are
25  substantially independent of each other, in the sense that each can be provided and

adjusted independently without affecting the others.

[0031] In an embodiment, the clock gateway module can provide corrections to the
host real time clock, for example to increase accuracy of the host time signal as seen by the
GNSS  receiver apparatus.  For example, clock drift measurements, clock skew
30  measurements, temperature variation measurements, and the like, can be used to provide
corrections to the host real time clock or the host time signal in order to more accurately
align the host time signal as seen by the GNSS receiver apparatus with the global time

signal, both during and between uses thereof. In this manner, the host time signal can be

8
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made more accurate, thereby improving operation of the GNSS receiver apparatus.

[0032] In an embodiment, corrections provided by the clock gateway module can be
facilitated by measuring one or more aspects of the host time signal, such as differences
between the host time signal and the global time signal. These aspects of the host time
signal can be measured by periodically comparing the host time signal to a reference signal
such as the global time signal, and measuring errors or inaccuracies, or linear or nonlinear
trends thereof, in the host time signal by linear or nonlinear interpolation, regression
analysis, least squares, recursive least squares, filtering such as Kalman filtering, extended
Kalman filtering, particle filtering, recursive Bayesian estimation, or other methods as
would be understood by a worker skilled in the art. The measured errors or inaccuracies
or trends thereof can then be used to adjust the host time signal to increase the accuracy
thereof, or they can be used to provide correction factors when using the host time signal,
for example during acquisition of satellite signals. For example, linear or nonlinear
feedback control methods such as PID control or linear-quadratic regulator control can be
used for this purpose. For example, if the host real time clock were measured as running
fast by 2 ms per second (for example at a substantially constant nominal temperature), and
it has been determined that the host real time clock has not been adjusted for 60 seconds,
then the host real time clock can be adjusted back by 120 ms to compensate for clock drift
(for example by rewriting the clock memory or direct manipulation of the real time clock
circuit or shift registers). Alternatively in this example, the host time acquisition module or
satellite system receiver module can be configured to incorporate a delay of 120 ms into
the host time signal when using or transmitting same. As another example, fixed delays,
such as delays related to clock skew, can be compensated by advancing the host real time
clock such that the host time signal does not exhibit a delay when it is received at the
GNSS. That is, if there is substantial delay in propagating the host time signal, the host
real time clock can be set to provide an accurate time measurement at the GNSS receiver

apparatus, as opposed to in the host computer system.
GNSS Receiver Apparatus

[0033] The GNSS receiver apparatus is an electronic device for use with the host
computer system, and is configured to receive and interpret satellite signals in order to
derive information such as a location fix and a global time signal indicative of time as kept

by the GNSS according to a prespecified format. The GNSS receiver apparatus can also
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have further functionality, such as wireless communication functionality or other
functionality as would be understood by a worker skilled in the art. The GNSS receiver
apparatus can be operatively coupled to the host computer system using an interface such
as USB™, FIREWIRE"™, Bluetooth™, IEEE 802.11, IEEE 802.15.4, ZigBee™, PC
Card™, PCMCIA™, ExpressCardm, or other standard or non-standard interface. The
operative coupling facilitates access to the host time signal by the GNSS receiver
apparatus during a navigation operation, which can be used to facilitate satellite signal
reception. The global time signal obtained by the GNSS receiver apparatus is used to
configure one or more adjustments configured to facilitate future navigation operations, as

described herein.

[0034] In various embodiments of the present invention, the GNSS receiver apparatus
can comprise various electronics components, for example as known in the art, configured
to facilitate operation of the GNSS receiver apparatus. For example, the GNSS receiver
apparatus can comprise a processor such as a CPU, volatile or non-volatile memory, logic
circuits, communication devices, integrated circuits such as ASICs and FPGAs, and radio

signal reception, amplification, demodulation and decoding devices.

[0035] In an embodiment, facilitating the navigation operation comprises facilitating
substantial synchronicity between the navigation time signal and the global time signal.
For example, aspects of the host computer system, host real time clock or navigation
interface module can be adjusted so that when the navigation time signal is provided for
the satellite signal reception operation, efforts have been made to make it an accurate
representation of the global time signal. Generally speaking, a more accurate navigation
time signal can expedite the satellite signal reception operation. Other methods of
facilitating future navigation operations would be understood by a worker skilled in the

art.

[0036] In an embodiment, the operative coupling can facilitate other operations such as
powering of the GNSS receiver apparatus by the host computer system, and/or transfer of
location data from the GNSS receiver apparatus to the host computer system for use by

applications residing thereon.

[0037] The GNSS receiver apparatus according to embodiments of the present
invention can include: an interface for coupling with the host computer system; a

navigation interface module; and a satellite signal receiver module, for example as

10
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described herein. In an embodiment, the navigation interface module also comprises a time

signal adjustment module.

[0038] In embodiments of the present invention, the navigation interface module is
configured to receive a host time signal from the host computer system during a navigation
operation. For example, the host computer system can route a signal representative of the
host time signal to the interface with the GNSS receiver apparatus during the navigation
operation, either periodically or in response to a request such as generated by the GNSS
receiver apparatus. The signal representative of the host time signal can be transmitted in
accordance with the standards for the interface between the host computer system and the

GNSS receiver apparatus.

[0039] In embodiments of the present invention, the navigation interface module is
further configured to provide a navigation time signal based on at least the host time
signal.  For example, the navigation time signal can be a substantial replica of the host
time signal if the host time signal is considered accurate, or it can be an adjusted version of
the host time signal configured to reduce timing inaccuracies based on information about
the host real time clock accuracy, drift, skew, clock adjustment events, etc. The
navigation interface module can further be configured to provide the navigation time signal

in a format usable by the satellite signal receiver module.

[0040] The satellite signal receiver module is operatively coupled to the navigation
interface module, and is configured to use the navigation time signal to facilitate
determination of a global time signal through reception of satellite signals during the

navigation operation.

[0041] Typically, as is known in the art, a GNSS receiver determines a global time
signal, along with information indicative of current geographic location, through processes
such as trilateration, multilateration, triangulation, or the like. For example a GNSS
receiver, such as a GPS receiver, can determine the global time signal and location by
obtaining a collection of pseudorange measurements. Each pseudorange measurement is
obtained by correlating a locally generated pseudorandom code sequence with a
corresponding (for example, substantially identical but time shifted) pseudorandom code
sequence transmitted by a selected satellite.  Generation of the locally generated
pseudorandom code sequence begins at a predetermined time according to the navigation

time signal. Transmission of the pseudorandom code sequence transmitted by the selected

11
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satellite begins at predetermined times according to the global time signal. By time shifting
the locally generated pseudorandom code sequence and observing the resulting correlation
with the pseudorandom code sequence received from the satellite, the GNSS receiver can
measure the propagation delay of the signal from the satellite, assuming that the navigation
time signal is synchronized to the global time signal. Multiplying this propagation delay by
the speed of light yields a pseudorange measurement, indicative of the distance between
the GNSS receiver and the satellite assuming the navigation time signal matches the global

time signal.

[0042] In addition to obtaining spatial positioning measurements, the GNSS receiver
can also obtain timing information. For example, if the GNSS receiver obtains four or
more pseudorange measurements to different satellites, not only can the three-dimensional
coordinates of the GNSS receiver be determined by trilateration using transmitted
information about the satellite’s positions and the pseudorange measurements, but the
global time signal can also be accurately obtained through satellite measurements. This is
typically performed by using the fourth pseudorange measurement to determine a time
signal which, if substituted for the navigation time signal, would cause all psuedorange
measurements to substantially agree. This time signal is taken as the global time signal.
This is possible since the beginnings of the pseudorandom code sequences transmitted by
each satellite are synchronized. Additional pseudorange measurements can be used to
refine position and/or timing measurements, using estimation techniques as known in the
art. In this case, measurements of the spatial position and/or global time signal are
typically taken as measurements which best fit, according to some predetermined criteria,

the received satellite signal information.

[0043] In an embodiment, the satellite signal receiver module is configured to determine
the global time signal by determining a pseudorange to four or more satellites, then
determining the global time signal by selecting from a range of possible global time signals,
such that using the selected time signal as the navigation or global time signal would result
in a substantially consistent set of pseudorange measurements giving a single location

measurement with a predetermined degree of accuracy and precision.

[0044] In an embodiment, the satellite signal receiver module can use the navigation
time signal to facilitate determination of a global time signal by using the navigation time

signal to determine which satellites are currently visible and to prioritize a search for

12
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signals from said satellites. For example, only a portion of GNSS satellites such as GPS
satellites are visible from a given position at a given time. Furthermore, the most accurate
information can be obtained from those satellites which are neither too directly overhead
nor too close to the horizon. Therefore, given an approximate location and accurate time
information from the navigation time signal, a GNSS satellite signal receiver module can
predict which satellite signals may be available, and prioritize a search for said signals

based on expected accuracy of information, expected availability of signals, and the like.

[0045] In an embodiment, the satellite signal receiver module can use the navigation
time signal to facilitate determination of a global time signal by using the navigation time
signal as an initial estimate of the global time signal to initialize a signal receiving
operation. For example, in determining a pseudorange measurement, a GNSS receiver
such as a GPS receiver performs a time shifting operation on the locally generated
pseudorandom code sequence to correlate it with a corresponding received pseudorandom
code sequence. The duration of the time shifting operation can be significantly shortened
if the navigation time signal is substantially synchronized with the global time signal, since
an accurate initial estimate for the required time shift producing the desired correlation can

be provided, thereby reducing the search range for this operation.

[0046] In an embodiment, if the navigation time signal is sufficiently synchronized with
the global time signal, only three pseudorange measurements may be required in order to
obtain an accurate position fix, for example through trilateration. However, additional
pseudorange measurements can still be performed for various purposes, for example

performing an update operation.

[0047]  In an embodiment, knowledge of some elements of position, for example height
above sea level, can also reduce the number of pseudorange measurements required in
order to obtain an accurate position or time fix. Such information can also be used to
reduce time taken for the navigation operation, for example by facilitating selection of

satellite signals or influencing timing of locally generated pseudorandom code sequences.

[0048]  After its acquisition, the determined global time signal is used to configure one
or more adjustments, configured to facilitate future navigation operations. For example,
future navigation operations, either immediately following the current operation or
following an intervening time interval, can be facilitated by providing an accurate
navigation time signal, or by using the global time signal to otherwise facilitate or expedite
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future navigation operations. The one or more adjustments can be configured or

performed to facilitate such provisions.

[0049] In an embodiment, the navigation interface module is configured to determine
one or more differences between the host time signal and the global time signal, by
comparing observations of the global time signal with observations of the host time signal.
Based on one or more such comparisons, a time derivation procedure can be established
which derives the navigation time signal from the host time signal in a manner which is
expected to improve accuracy of the navigation time signal, for example to facilitate
substantial synchronicity between the navigation time signal and the global time signal.
For example, the time derivation procedure can be used to compensate for accumulated
clock inaccuracies due for example to clock drift, offsets such as due to clock skew, power

events, temperature variations, component variations, clock adjustment events, or the like.

[0050] For example, in an embodiment of the present invention, determined differences
between the host time signal and the global time signal can be represented by a polynomial

equation:
h(t) =a, +at+at” +at’ +... (1)

where r represents time according to the global time signal, /i(z) represents time
according to the host time signal, and «a,.q,.a,.qa,,... are parameters determined through
one or more comparisons between the observed host time signal and the observed global
time signal. For example, g, can represent a constant offset between host time signal and
the global time signal, such as related to clock skew between the host real time clock and
the GNSS, whereas ¢, can represent a constant drift factor of the host time signal relative
to the global time signal. Higher order terms can be used to model more complex clock
inaccuracies, although it is understood that typically A(f) is an increasing function. The
host time signal and the global time signal can be considered substantially synchronized if
h(t) =t. Other representations, for example using other periodic, transcendental, analytic,
non-analytic, or other functions, look-up tables, frequency domain or other transform-

domain representations, or the like, can be used as an alternative to the polynomial

equation (1).
[0051] In an embodiment, differences between the host time signal and the global time
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signal can be measured by periodically comparing the host time signal to a reference signal
such as the global time signal, and measuring errors or inaccuracies in the host time signal
by linear or nonlinear interpolation, regression analysis, least squares, recursive least
squares, filtering such as Kalman or particle filtering, or other methods as would be
understood by a worker skilled in the art. For example, the parameters of Expression (1)
can be measured by multiple comparisons and applications of such filtering or estimation

techniques.

[0052] In an embodiment, the navigation interface module comprises a time signal
adjustment module configured to derive the navigation time signal from the host time
signal, according to the currently specified and parameterized time derivation procedure.
For example, the navigation interface module can model differences between the host time
signal and the global time signal according to the representation of Expression (1), with
parameters a,,d,,d,.d,,... determined as discussed above. For h(t) an increasing
function, a time derivation procedure typically amounts to evaluating the inverse i '(s) at
specified values of s which represent the host time signal. That is, if according to the
host time signal the time at an instant is given by value s, then the time derivation
procedure determines a corresponding value ¢ which satisfies hi(r) =s. A worker skilled
in the art would understand the various techniques for efficiently determining or
approximately evaluating such a corresponding value. A discrete or continuous sequence
of values derived in such a manner comprise the navigation time signal, which can be

£

considered a substantially “corrected” time signal in this embodiment of the present

vention.

[0053] In an embodiment, the navigation interface module is configured to provide the
host computer system or host computer module with an update signal during an update
operation. For example, the navigation interface update module of the GNSS receiver
apparatus can route an update signal indicative of the global time signal or other relevant
timing information through an interface to the host computer system during the update
operation, either periodically or in response to a request such as generated by the GNSS
receiver apparatus or the host computer system. The update signal can be representative
of the global time signal or measurements dependent thereon and is typically transmitted in
accordance with the standards for the interface between the host computer system and the

GNSS receiver apparatus. The update signal is useful for configuring one or more
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adjustments to facilitate synchronicity between the navigation time signal and the global
time signal. For example, the update signal can be used to facilitate adjustment of the host
real time clock such that the host time signal (upon which the navigation time signal can be
based) is substantially synchronized with the global time signal, or is otherwise adjusted,
for example to provide a host time signal or navigation time signal useful for future
navigation operations. Other aspects related to the host real time clock on board the host

computer system can also be adjusted.
Host Computer Module

[0054] In an embodiment, the present invention provides for a host computer module,
for example including hardware or software operating on or with the host computer
system, the host computer module being configured to interface with the host real time
clock and with the navigation interface module. The host computer module provides for

enhanced interaction between the host computer system and the GNSS receiver apparatus.

[0055]  In an embodiment, the host computer module is configured to interface with the
host real time clock to substantially synchronize the host time signal thereof with the
global time signal. For this purpose, the host computer module can be configured to
receive a signal representative of the global time signal from the navigation interface
module, through the interface between the host computer system and the GNSS receiver

apparatus.

[0056] In an embodiment, the host computer module is configured to adjust the host
real time clock, either directly or through a clock gateway module. For example, the host
computer module can be configured to access a memory location or hardware or software
counter indicative of the current state of the host real time clock, and update the memory
location or counter in a manner that updates the host real time clock such that the host
time signal is substantially synchronized with the global time signal, as provided to the host
computer module by the host time update module. In a further embodiment, the host
computer module first reads the current state of the host real time clock in order to

facilitate or record the update process.

[0057] In an embodiment, updating of the host real time clock takes a measurable
variable or fixed amount of time to complete, thereby possibly rendering the signal

indicative of the global time signal outdated by the time the memory location or counter
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update is performed. For this purpose, the host computer module can be configured to
correct for any delays by advancing the value to be written into the memory location or
counter by an amount selected to compensate for the variable or fixed delay. In the case
of variable delay, factors determining the variation in a predetermined fashion can be

measured to determine the amount of variable delay.

[0058] The modules, systems, and other components of the present invention, for
example the host real time clock, host time acquisition module, satellite signal receiver
module, host time update module, host computer module, and the like, can be provided,
coupled, or integrated in a variety of ways. For example, modules, systems or components
can include dedicated hardware (for example electronics components), shared hardware
between two or more modules, systems or components, or a combination of dedicated and
shared hardware. Modules, systems or components can also include dedicated software or
firmware, shared software or firmware between two or more modules, systems or
components, or a combination of dedicated and shared software or firmware. Furthermore,
the software or firmware can be executed by dedicated processing devices, shared
processing devices between two or more modules, systems or components, or a
combination of dedicated and shared processing devices to provide the desired
functionality of the present invention. All or a portion of the functionality of the modules,
systems, and components can optionally be managed by one or more operating systems,
hardware systems, communication network controllers, or other systems as would be

understood by a worker skilled in the art.

[0059] For example, referring to Figure 2, in an embodiment, the host computer
module 260, host real time clock 270, timekeeping module 280, gateway module 275 and
data interface port 214 on the host computer system 250 can optionally share some
hardware resources, such as a host system central processing unit (CPU) and power
supply, while also each having dedicated hardware resources, such as clock circuitry and
data interface circuitry. As another example, the host real time clock 270 and network
interface port 214 can also have substantially separate firmware for operation thereof,
while also being supported by common firmware such as a BIOS. As yet another example,
each of the host computer module 260, host real time clock 270, timekeeping module 280,
gateway module 275 and data interface port 214 can operate in accordance with the
present invention using a combination of dedicated modular software units (for example
drivers) within a larger software system such as an operating system. Other computer
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architectures would be understood by a worker skilled in the art.

[0060] Continuing with reference to Figure 2, in an embodiment, the navigation
interface module, 120, satellite signal receiver module 130, time signal adjustment module
140, and data interface port 110 of the receiver apparatus 100 can optionally share some
hardware, software and firmware resources either with each other or with the host
computer system 250. For example, the receiver apparatus 100 can include a common
processor used by multiple modules, or the satellite signal receiver module may use a
dedicated processor. Instructions for software or firmware can reside on the receiver
apparatus 100 (in dedicated or shared memory), the host computer system 250, or a
combination thereof. For example, the host computer system 250 can transmit software
agents to the receiver apparatus 100 to execute some functions thereon, as is known in the
art. Updates to software or firmware of the various modules of the receiver apparatus 100
can optionally be initiated by sending information from the host computer system 250.
Modules of the receiver apparatus 100 can also optionally use processing devices on board
the host computer system 250. Furthermore, portions of the navigation interface module
120 can be closely coupled with portions of the satellite signal receiver module 130, in
order to facilitate transmission and manipulation of the navigation time signal 125. Other
variations of configuration of modules, systems or components of the present invention

would be understood by a worker skilled in the art.

[0061] The invention will now be described with reference to specific examples. It will
be understood that the following examples are intended to describe embodiments of the

invention and are not intended to limit the invention in any way.

EXAMPLES
EXAMPLE 1:

[0062] Figure 1 illustrates a GNSS receiver apparatus 100 such as a plug-in GPS
receiver card for coupling with a host computer system such as a laptop, PDA, automobile
computer, cell phone, etc. according to an embodiment of the present invention. The
receiver apparatus 100 is configured to receive a host time signal 105 from the host
computer system through a data interface port 110. The data intertace port 110 can also

pass other signals related to operation of the GNSS receiver apparatus 100, such as
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position information, as well as power and ground lines from the host computer system.
During a navigation operation, the host time signal 105 from the host computer system is
supplied to a navigation interface module 120, which is configured to receive the host time
signal. The navigation interface module 120 can also perform tasks such as requesting the
host time signal 105 from the host computer system, supplying a navigation time signal
125 to the satellite signal receiver module 130, deriving the navigation time signal based
on at least the host time signal, receiving a global time signal 135 from the satellite signal

receiver module 130, and supplying an update signal 145 to the host computer system.

[0063] Continuing with reference to Figure 1, during the navigation operation the
satellite signal receiver module 130 is configured to receive satellite signals 132, for
example from GPS satellites, and interpret these signals in order to determine both position
information and a global time signal, for example according to standard GPS operations as
would be readily understood by a worker skilled in the art. The global time signal is
indicative of time kept by mutually synchronized clocks aboard the GPS satellites. The
satellite signal receiver module 130 is configured such that a navigation time signal, when
substantially synchronized with the global time signal, can reduce the time taken by the
satellite signal receiver module 130 to determine the global time signal. For example, an
accurate navigation time signal can lead to accurate positioning information of the
satellites and an accurate prediction of the phase or start time of pseudorandom signals

transmitted by GPS satellites.

[0064] Continuing with reference to Figure 1, the satellite signal receiver module 130 is
configured to supply the global time signal 135, acquired during the navigation operation,
to the navigation interface module 120 during an update operation. The navigation
interface module is configured to use at least the global time signal to configure one or
more adjustments during the update operation. These one or more adjustments are
configured to facilitate future navigation operations, for example by facilitating substantial

synchronicity between the navigation time signal and the global time signal.

[0065] In an embodiment, the navigation interface module 120 is configured to use the
global time signal to configure one or more adjustments, configured to facilitate future
navigation operations, for example by facilitating substantial synchronicity between the
navigation time signal and the global time signal. In a further embodiment, this is

performed with the aid of an optional time signal adjustment module 140.
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[0066] In an embodiment, the navigation interface module 120 is configured to supply
an update signal 145 to the host computer system through the data interface port 110. For
example, the update signal 145 can be indicative of the global time signal 135. The update
signal 145 is then used to adjust the host real time clock in order to substantially
synchronize the host time signal 105 and the global time signal 145. In this manner, the
host time signal 105 supplied to the GNSS receiver apparatus 100 in future acquisition

operations is made more accurate for use in future satellite signal reception operations.
EXAMPLE 2:

[0067] Figure 2 illustrates a GNSS-enabled system including a GNSS receiver
apparatus 100 such as a plug-in GPS receiver card coupled to a host computer system 250
such as a laptop, PDA, automobile computer, cell phone, etc. according to an embodiment
of the present invention. The receiver apparatus 100 is configured to receive a host time
signal 105 from the host computer system 250 through a data interface port 110, which
receives the signal from the host computer system 250 through a data link 212 connecting
the data interface port 110 to a corresponding data interface port 214 on the host
computer system 250. The data interface port 110 can also pass other signals related to
operation of the GNSS receiver apparatus 100, such as position information, as well as
power and ground lines from the host computer system 250. Other operations of the

GNSS receiver apparatus 100 are as described in Example 1.

[0068] Continuing with reference to Figure 2, in an embodiment, the navigation
interface module 120 is configured to supply an update signal 145 to the host computer
system 250 through the data interface port 110. For example, the update signal 145 can be
indicative of the global time signal 135. The update signal passes through the data
interface port 110, through a data link 212, and through a corresponding data interface
port 214 of the host computer system 250. A host computer module 260 receives the
update signal 145 and is configured to adjust the host real time clock 270 to substantially
synchronize the host time signal and the global time signal 245 during the update
operation. In embodiments of the present example, the host real time clock 270 can
include a gateway module 275 and a timekeeping module 280. The timekeeping module
280 can include a hardware circuit, such as a crystal oscillator coupled to a series of ripple
counters, as would be understood by a worker skilled in the art. The gateway module can

include an interface to the timekeeping module 280, and can optionally perform as a
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separate interface for different hardware or software systems adjusting the host real time
clock, such that adjustments from systems other than the GNSS receiver apparatus and
host computer module do not substantially impact the synchronization of the host time

signal to the global time signal as seen by the GNSS receiver apparatus.
EXAMPLE 3:

[0069] Figure 3 illustrates a method for operating a GNSS receiver apparatus according
to an embodiment of the present invention. In an initial step 310, the GNSS receiver
apparatus acquires a host time signal from the host computer system. The host time signal
can be acquired by sending a request to the host computer system, or by periodically or
continuously reading a signal transmitted by the host computer system indicative of the
host time signal. In the next step 320, the GNSS receiver apparatus provides a navigation
time signal based on at least the host time signal. For example, the navigation time signal
can be a substantial replica of the host time signal if the host time signal is considered
accurate, or it can be an adjusted version of the host time signal configured to reduce
timing inaccuracies based on information about the host real time clock accuracy, drift,
etc. In the next step 330, the GNSS receiver apparatus configures a satellite signal
reception operation using the navigation time signal. The navigation time signal is used to
reduce the time taken by the satellite signal reception operation, as discussed previously.
In the next step, 340, the satellite signal reception operation is executed by the GNSS
receiver apparatus, for example by observing and correlating locally generated and time
shifted pseudorandom sequences based on the host time signal with corresponding
pseudorandom sequences received from the satellites to determine a position fix and timing
information from the satellites. In the next step 350, the timing information determined in
step 330 is used to recover a global time signal, indicative of a global time kept by the
satellites. In step 360, the global time signal is used to configure one or more adjustments
based on at least the global time signal, the one or more adjustments configured to
facilitate future navigation operations. For example, future navigation operations can be
facilitated by facilitating substantial synchronicity between the navigation time signal and
the global time signal. For example, the one or more adjustments can include adjusting the
host real time clock of the host computer system to substantially synchronize the host time
signal and the global time signal, and providing the navigation time signal based
substantially on the host time signal. As another example, the one or more adjustments
can include adjusting parameters of a time signal adjustment operation by which the
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navigation time signal is derived from the host time signal based on prior collected
information about the host time signal and corrective measures which can be taken
thereupon to improve time signal accuracy. For example, clock skew, clock drift,
extraneous clock adjustments, or other sources of time signal inaccuracy can be monitored

and corrective measures can be taken.
EXAMPLE 4:

[0070]  Figure 4 illustrates a GNSS-enabled system including a plug-in card type GNSS
receiver apparatus 100 operatively coupled to a host computer laptop system 250
according to an embodiment of the present invention. The plug-in connection can be a
PCMCIA™ connection, CardBus™ connection, PC Card™ connection, E)q)ressCardT‘\/1
connection, USB™ connection, FIREWIRE™ connection, or other plug-in connection as
would be understood by a worker skilled in the art. The GNSS receiver apparatus 100
observes signals from satellites 470 to facilitate determination of a global time signal. It
will be apparent to a worker skilled in the art that other connectivity configurations
between host computer system and GNSS receiver apparatus are possible. For example, a
wired connection comprising a USB™ or FIREWIRE™ or other cable can be used, as can
wireless connections such as facilitated by Bluetooth™, IEEE 802.11, ZigBeem, IEEE
802.15.4, and the like. Moreover, the host computer system is not limited to a laptop, but
can be any computer system or PDA, cellular phone, or other electronic device capable of

providing a real time clock signal, as would be understood by a worker skilled in the art.
EXAMPLE §:

[0071] Figure 5 illustrates the timing sequence of signals between the host computer
system 250, navigation interface module 120 and satellite signal receiver module 130

according to an embodiment of the present invention.
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[0072]  As illustrated in Figure 5, during a navigation operation 520, a host time signal
105 is provided by the host computer system 250 to the navigation interface module 120.
The navigation interface module 120 then provides a navigation time signal 125 to the
satellite signal receiver module 130 based on the host time signal. This can involve
processing of the host time signal 105. The satellite signal receiver module 130 then uses
the navigation time signal 125 to facilitate determination of a global time signal 135, via

reception of satellite signals.

[0073]  As further illustrated in Figure 5, during an update operation 540, the global
time signal 135 is provided by the satellite signal receiver module 130 to the navigation
interface module 120. The global time signal 135 may be used to configure one or more
adjustments at the navigation interface module 120. Optionally, an update signal 145 can
be provided from the navigation interface module 120 to the host computer system 250,
the update signal facilitating one or more adjustments of modules of the host computer

system 250.

[0074] It will be appreciated that, although specific embodiments of the invention have
been described herein for purposes of illustration, various modifications may be made
without departing from the spirit and scope of the invention. In particular, it is within the
scope of the invention to provide a computer program product or program element, or a
program storage or memory device such as a solid or fluid transmission medium, magnetic
or optical wire, tape or disc, or the like, for storing signals readable by a machine, for
controlling the operation of a computer according to the method of the invention and/or to

structure some or all of its components in accordance with the system of the invention.

[0075] For example, in embodiments of the present invention, all or portions of the host
computer module, clock gateway module, and/or timekeeping module can be provided by
configuring components of a general purpose computer using a computer program product
or software, for example provided to operate with hardware such as the GNSS receiver

apparatus.

[0076] In addition, while portions of the above discuss the invention as it can be
implemented using a generic OS and/or generic hardware, it is within the scope of the
present invention that the method, apparatus and computer program product of the
invention can equally be implemented to operate using a non-generic OS and/or can use
non-generic hardware.
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[0077] Further, each step of the method may be executed on any general computer, such
as a personal computer, server or the like and pursuant to one or more, or a part of one or
more, program elements, modules or objects generated from any programming language,
such as C++, Java, PV1, or the like. In addition, each step, or a file or object or the like
implementing each said step, may be executed by special purpose hardware or a circuit

module designed for that purpose.

[0078] It is clear that the described embodiments of the invention are exemplary and
can be varied in many ways. Such variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such variations, as would be obvious in the art,

are intended to be included within the scope of the following claims.

24



WO 2010/031167 PCT/CA2009/001292

WE CLAIM:

1. A global navigation satellite system receiver apparatus configured for operative
coupling to a host computer system, the global navigation satellite system receiver
5 apparatus comprising:

a) a navigation interface module configured to receive a host time signal from
the host computer system during a navigation operation, the navigation
interface module further configured to provide a navigation time signal
based on at least the host time signal during said navigation operation; and

10 b) a satellite signal receiver module configured to use the navigation time
signal to facilitate determination of a global time signal through reception of
satellite signals during said navigation operation;

wherein the global time signal is provided to the navigation interface module during

an update operation, the navigation interface module configured to use at least the

15 global time signal to configure one or more adjustments during said update
operation, said one or more adjustments configured to facilitate future navigation

operations.

2. The apparatus of claim 1, wherein the host time signal is provided by a host real
time clock of the host computer system.
20
3. The apparatus of claim 2, wherein the one or more adjustments during the update

operation include an adjustment of the host real time clock.

4. The apparatus of claim 2, further comprising a clock gateway module of the host
25 real time clock, the clock gateway module configured to manage one or more
adjustments to the host real time clock, the one or more adjustments provided by

one or more sources.

5. The apparatus of claim 4, wherein the clock gateway module is further configured
30 to provide one or more application specific host time signals, wherein each
application specific host time signal is independent.

6. The apparatus of claim 1, wherein the navigation interface module further
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comprises a time signal adjustment module, the time signal adjustment module
configured to derive the navigation time signal from the host time signal based on a

parameterized time derivation procedure.

5 T The apparatus of claim 6, wherein the one or more adjustments configured during
the update operation include an adjustment to the one or more parameters of the

parameterized time derivation procedure.

8. The apparatus of claim 1, the apparatus further comprising a host computer module
10 of the host computer system, the host computer module configured to facilitate the

one or more adjustments during the update operation.

9. The apparatus of claim 1, wherein the one or more adjustments during the update
operation are configured to facilitate synchronicity between the navigation time

15 signal and the global time signal.

10. The apparatus of claim 1, wherein the navigation time signal is generated at least in
part based on information about the host real time clock, said information selected
from the group comprising: clock accuracy, clock drift, clock skew, power events,

20 temperature variation, component variation, and clock adjustment events.

11. A method of operating a global navigation satellite system receiver apparatus
operatively coupled to a host computer system, the method comprising:
a) performing a navigation operation, the navigation operation comprising:
25 1) providing a navigation time signal based on at least a host time
signal from the host computer;
i) using the navigation time signal to perform a satellite signal

reception operation; and

i1) determining a global time signal at least in part based on information
30 obtained from the satellite signal reception operation; and
b) using at least the global time signal to perform one or more adjustments to

facilitate future navigation operations.

12. The method of claim 11, wherein the host time signal is provided by a host real
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14.

15.

16.

17.

18.

19.

20.

time clock of the host computer system.

The method of claim 12, wherein the one or more adjustments include an

adjustment of the host real time clock.

The method of claim 12, wherein the host real time clock services one or more
auxiliary applications and wherein the method further comprising the step of:
providing an application specific host time signal for each of the one or more
auxiliary applications, wherein each application specific host time signal is

independent of the host time signal.

The method of claim 11, wherein the navigation time signal is derived from the

host time signal based on a parameterized time derivation procedure.

The method of claim 15, wherein the one or more adjustments performed to
facilitate future navigation operations include an adjustment to the one or more

parameters of the parameterized time derivation procedure.

The method of claim 11, wherein the one or more adjustments performed to
facilitate future navigation operations facilitate synchronicity between the

navigation time signal and the global time signal.

The method of claim 11, wherein providing the navigation time signal further
comprises modifying the host time signal according to a modification schema,
wherein the one or more adjustments include an adjustment to the modification

schema.

The method of claim 18, wherein the modification schema is based at least in part
on information selected from the group comprising: clock accuracy, clock drift,
clock skew, power events, temperature variation, component variation, and clock

adjustment events.

A global navigation satellite system (GNSS) enabled system comprising:

a) a host computer module operatively coupled to a host real time clock, the
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host real time clock configured to provide a host time signal; and

a global navigation satellite system receiver apparatus operatively coupled

to the host computer module, the global navigation satellite system receiver

apparatus comprising:

1) a navigation interface module configured to receive the host time
signal during a navigation operation, the navigation interface
module further configured to provide a navigation time signal based
on at least the host time signal during said navigation operation; and

i) a satellite signal receiver module configured to use the navigation
time signal to facilitate determination of a global time signal through
reception of satellite signals during said navigation operation;

wherein the global time signal is provided to the navigation interface

module during an update operation, the navigation interface configured to
use at least the global time signal to configure one or more adjustments
during said update operation, said one or more adjustments configured to

facilitate future navigation operations.
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