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Description

FIELD OF THE INVENTION

[0001] The present invention relates to receivers ca-
pable of acquiring signals from satellites used in satellite
positioning systems (SPS), such as the global positioning
system (GPS).

BACKGROUND OF THE INVENTION

[0002] GPS receivers normally determine their posi-
tion by computing relative times of arrival of signals trans-
mitted simultaneously from a multiplicity of GPS (or
NAVSTAR) satellites. These satellites transmit as part
oftheir message, both satellite positioning data, so-called
"ephemeris," as well as clock timing data. The process
of searching for and acquiring GPS signals, reading the
satellite data for a multiplicity of satellites and computing
the location of the receiver from this data is time consum-
ing, often requiring several minutes. In many cases, this
lengthy processing time is unacceptable and, further-
more, greatly limits battery life in micro-miniaturized port-
able applications. Furthermore, under severe blockage
conditions where increased receive sensitivity is re-
quired, this processing time may increase significantly.

[0003] There aretwo principal functions of GPS receiv-
ing systems: (1) computation of the pseudoranges to the
various GPS satellites, and (2) computation of the posi-
tion of the receiving platform using these pseudoranges
and satellite timing and ephemeris data. The pseudor-
anges are simply the time delays measured between the
received signal from each satellite and a local clock. Al-
ternatively, time delay may be measured between the
transmitted signal from each satellite and a local clock.
Here, the position history of each satellite is used to in-
clude the path delay from the satellite to the sensor. If
the time delay is then multiplied by the speed of light we
get the pseudorange expressed as a distance. It be-
comes a true range when the time of the local clock (or
clock bias) and other small timing errors are ascertained.
For the purposes of the present invention, which is con-
cerned with signal search and acquisition, we use the
preceding definition of pseudorange as the time delay
between a received satellite signal and a local clock. Fur-
thermore, the pseudorange of interest herein is the time
modulo the frame period of the underlying pseudoran-
dom spreading sequence, which for the United States
GPS system C/A code is 1 millisecond. Note that pseu-
dorange should be distinguished from satellite range.
Satellite range is a true distance from a satellite to an
SPS receiver. In some cases the range is expressed in
time units by dividing the range (in meters, for example)
by the speed of light.

[0004] The satellite ephemeris and timing data is ex-
tracted from the GPS signal once it is acquired and
tracked. As stated above, collecting this information nor-
mally takes a relatively long time (30 seconds to several
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minutes) and must be accomplished with a good received
signal level in order to achieve low error rates. This in-
vention is primarily concerned with rapid methods for de-
termining the pseudoranges of in-view satellites, prefer-
ably all in-view satellites.

[0005] Most GPS receivers utilize correlation methods
to compute pseudoranges. These correlation methods
are typically performed in real time, often with hardware
correlators. GPS signals contain high rate repetitive sig-
nals called pseudorandom (PN) sequences. The codes
available for civilian applications are called C/A codes,
and have a binary phase-reversal rate, or "chipping"rate,
of 1.023 MHz and a repetition period of 1023 chips for a
code period of 1 msec. The code sequences belong to
a family known as Gold codes. Each GPS satellite broad-
casts a signal with a unique Gold code.

[0006] Forasignalreceived fromagiven GPS satellite,
following a downconversion process to baseband, a cor-
relation receiver multiplies the received signals by a
stored replica of the appropriate Gold code contained
within its local memory, and then integrates, or lowpass
filters, the product in order to obtain an indication of the
presence of the signal. This process is termed a "corre-
lation" operation. By sequentially adjusting the relative
timing of this stored replica relative to the received signal,
and observing the magnitude of the correlation output,
or an average of a set of successive outputs, the receiver
candetermine the time delay between the received signal
and a local clock. The initial determination of the pres-
ence of such an output is termed "acquisition." Once ac-
quisition occurs, the process enters the "tracking" phase
in which the timing of the local reference is adjusted in
small amounts in order to maintain a high correlation out-
put. The correlation output during the tracking phase may
be viewed as the GPS signal with the pseudorandom
code removed, or, in common terminology, "despread."”
This signal is narrow band, with bandwidth typically com-
mensurate with a 50 bit per second binary phase shift
keyed data signal which is superimposed on the GPS
waveform.

[0007] The correlation acquisition process is very time
consuming, especially if received signals are weak. This
is because a correlator must search for PN frame epoch
in a serial manner over all possible 1023 chip positions
of the PN code. To improve acquisition time, most GPS
receivers utilize a multiplicity of correlators (up to 12 typ-
ically) which allows a parallel search over the possible
epoch positions for a correlation peak.

[0008] An alternative acquisition method, described in
one example of a method in U.S. Patent 5,663,734, pro-
vides higher sensitivity and higher processing speed by
performing a large number of FFT operations together
with special, optional preprocessing and postprocessing
operations. In this method, received data is downcon-
verted to a suitable low frequency intermediate frequen-
cy, digitized and stored in a buffer memory. This data is
then operated upon using, in one example, a program-
mable digital signal processing IC which performs the
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above-mentioned FFT and other operations. In effect,
these operations allow for the parallel implementation of
a large number of correlators (thousands). Furthermore,
since the operations are performed on a single data set,
or "block," they are not subject to the fluctuating signal
levels and changing nature of the signal environment
common to correlator approaches.

[0009] As discussed above, the first task of a GPS re-
ceiver is to determine the time-of arrivals, or pseudor-
anges, of each of the GPS satellites which it can view.
This is done by means of a search process. There are
two major variables that need to be searched over: time
and frequency. As discussed above, the pseudorandom
framing structure of each GPS signal makes it necessary
to search over the 1023 chips of the code to establish an
initial PN frame synchronization. However, in general
there will be a lack of precise knowledge of the carrier
frequency of each GPS signal. Normally, this implies that
a set of carrier frequencies also need to be searched
over. Otherwise, an error in carrier frequency may result
in a lack of a strong correlation output at all possible ep-
och positions. The uncertainty in carrier frequency is due
to three factors: (A) Doppler associated with the satel-
lites, which is less than =4 kHz, (B) Doppler associated
with the receiver platform if it is in motion, which is typi-
cally less than several hundred Hz, and (C) frequency
errors associated with the reference oscillator (L.O.) in
the GPS receiver, which can range from hundreds of Hz
to tens of kilohertz, depending upon the quality of the
oscillator used in the receiver. Normally, search over un-
known carrier is done in increments of frequency, that
are a fraction of the reciprocal of the coherent integration
time of the correlator or matched filter device. This co-
herent integration time is equal to the number of PN
frames that are compared to a locally generated refer-
ence prior to any detection operation. This number is
typically in the range of 1 to 20 PN frames, that is 1 to 20
milliseconds. Coherent integration beyond 20 millisec-
onds is normally inadvisable since the presence of a priori
unknown 50 baud binary phase shift keyed data (the sat-
ellite data message) placed on top of the signal does not
allow coherent processing gain beyond one data bit pe-
riod, or 20 milliseconds. As an example, then, if the re-
ceiver uses a coherent integration time of 2 milliseconds,
then a suitable step across unknown frequency would be
0.5/2 milliseconds, or 250 Hz. If a range of £10 kHz were
to be searched, then a number of steps equal to around
80 would be required.

[0010] In addition to coherent processing, an acquisi-
tion receiver performs incoherent processing. That s, the
output of the coherent correlation process is detected,
with a square-law or linear detector, and then summed
with previous outputs. This permits improved sensitivity.
In fact, to detect GPS with significant blockage, a very
large number of postdetection summations may be re-
quired, as many as 1000 in some cases. There is an
obvious tradeoff then between sensitivity and the number
of postdetection integrations performed. Note that if a
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single correlator is being used to acquire a GPS signal,
then it will dwell for a period of 1 msec X Nyrgq X Npostg
seconds, where N4 are the number of PN frames in-
tegrated coherently and N4 are the number of post-
detections summed. In cases of high blockage this total
integration time can be as much as one second. The
acquisition receiver must typically search over one-half
chip intervals in time over the 1023 chips periods, for a
total of 2046 possible time delays. The example given
before indicated that perhaps 80 different carrier frequen-
cies would have to be searched. Thus there may have
to be 163,680 different time-frequency hypotheses, or
"bins" that may have to be searched to acquire a GPS
signal. A single correlator would then require over
163,680 seconds to perform the search in the example
just cited (1 second dwell per time-frequency bin and 80
frequency bins). Clearly this is impractical.

[0011] Traditional GPS systems trade off sensitivity for
acquisition time. Thus, if a predetection integration time
of 1 millisecond were used and only one postdetection
integration were used, then for the above situation of 80
frequency bins, the total search time would be 163.7 sec-
onds. This is over two minutes. To further reduce acqui-
sition time most GPS receivers use stabilized oscillators
that reduce the search requirements to around +2 kHz
and hence this would reduce the search range by a factor
of 5 relative to the above example. An alternative to re-
ducing acquisition time is to use many parallel correla-
tors, or a matched filter approach, as discussed previ-
ously. However, note that several GPS signals need to
be acquired in order to perform a position fix.

[0012] No matter what acquisition approach is em-
ployed, it is desirable to decrease the search frequency
range and/or the search time range, in order to reduce
the total acquisition time. Many authors have addressed
methods for reducing the search frequency range (see
for example U.S. Patent No. 4,445,118). These normally
revolve around having approximate knowledge of the
Doppler frequencies of the GPS satellites. This can be
gotten by means of an auxiliary source of such informa-
tion, such as a communications link, or it may be obtained
by computing such Doppler frequencies, if the GPS re-
ceiver has an approximate knowledge of time and loca-
tion. Inthe latter case, itis assumed that the GPS receiver
has stored the so-called Almanac data provided by the
GPS satellites themselves. This data provides approxi-
mate satellite position versus time, which is valid for pe-
riods on the order of a month. Even with estimated Dop-
pler, search times which are required to acquire SPS
signals are often still long. Various means may also be
used to reduce the uncertainty of the local frequency ref-
erence. This includes stabilizing this reference via exter-
nal transmissions to the GPS receiver, using special high
stability or calibrated oscillators, etc. It should be noted
that the error due to oscillator instability is common to all
satellite signals. Hence, once the first signal is acquired,
it is usually easy to eliminate the local oscillator as a
primary source of frequency instability:
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[0013] US Patent No. 5,365,450 describes a GPS ar-
rangement in which satellite position data is transmitted
to a remote unit via a communication channel.

[0014] It is desirable, in an SPS receiver, to limit the
search range over PN epoch during initial SPS signal
acquisition, that is, the search over the 1023 possible
chip positions of the received GPS signals. It is noted
that this should be contrasted to the case of re-acquisition
in which the receiver must re-acquire GPS signals after
is has recently (e.g. within several seconds) lost them.
In this case the GPS receiver merely searches a range
of PN epochs within the vicinity of the last determined
PN epoch. Re-acquisition strategies have been part of
the normal operation of GPS receivers almost since the
concept of GPS was first developed.

SUMMARY OF THE INVENTION

[0015] The present invention provides a method and
an apparatuse for reducing the acquisition time of signals
from SPS satellites.

[0016] According to the invention there is provided the
method of claim 1.

[0017] Accordingtotheinventionthereisalso provided
the apparatus of claim 18.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figure 1 shows an example of an SPS receiver
which may be used with the present invention.
Figure 2 shows a pictorial representation of a re-
stricted PN search range according to one example
of the present invention.

Figure 3 shows a flowchart depicting an example of
a method according to the present invention.
Figure 4 shows an example of a wireless cell based
communication system which may be used with the
present invention.

Figure 5 shows an example of a location server
which may be used to provide SPS assistance data
to a mobile SPS receiver.

Figure 6 shows an example of an SPS receiver
which may be used with a location server.

Figure 7 shows an example of a reference GPS re-
ceiver which may be used with the location server
shown in Figure 5.

Figure 8 shows an example of a cell based informa-
tion source which may be used in an embodiment of
the present invention.

Figure 9 is a flowchart depicting another method in
which a location server provides SPS assistance in-
formation.

Figure 10 is a table which depicts alternative meth-
ods of reducing search time according to various ex-
amples: these methods may also be used in combi-
nation.
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DETAILED DESCRIPTION

[0019] The present invention provides a method and
apparatuse for reducing the time to acquire SPS signals
from SPS satellites. The following description and draw-
ings are illustrative of the invention and are not to be
construed as limiting the invention. Numerous specific
details are described to provide a thorough understand-
ing of the present invention. However, in certain instanc-
es, well known or conventional details are not described
in order to not unnecessarily obscure the present inven-
tion in detail.

[0020] Figure 1shows anexample of an SPSreceiver,
such as a GPS receiver, which may be used with the
present invention. The receiver 101 includes an antenna
102 for receiving SPS signals. The SPS signals from the
antenna 102 are provided to a low-noise amplifier 104
which amplifies the signals which are then provided to a
mixer 106 which is clocked by a local oscillator 108. The
mixer 106 produces downconverted SPS signals which
are processed by the intermediate frequency stage 110
and are provided to the correlator system 112. The cor-
relator system 112 is coupled to an SPS navigation com-
puter 114. The SPS navigation computer 114 is typically
controlling the operation of the correlator system 112 and
the local oscillator 108 such that SPS signals are ac-
quired and tracked and the satellite ephemeris data then
read from the SPS signals in order to determine the po-
sition of the SPS receiver. The receiver 101 may be used
in accordance with the presentinvention by, for example,
using an estimated pseudorange to a particular satellite
in order to reduce the time to acquire SPS signals from
that satellite. Typically, such a SPS receiver will include
a communication receiver which receives position aiding
information or time of day information as described be-
low, and this information is provided to the SPS naviga-
tion computer 114 which in turn uses the information in
accordance with the invention to reduce the search time
to acquire SPS signals from SPS satellites. The present
invention may be used in SPS receivers having different
receiver architectures, including for example convention-
al correlator receiver systems, receivers using digital sig-
nal processors with convolution algorithms (e.g. see U.S.
Patent No. 5,663,734), receivers using matched filters
(e.g. see U.S. Patent No. 6,289,041) and receivers using
highly parallel correlation (e.g. see U.S. Patent No.
6,208,291; also see PCT International Publication No.
WO 97/40398, published 30 October 1997).

[0021] Two main approaches are discussed below
which utilize a priori information to reduce time to search
for pseudoranges. In the first approach accurate time of
day information is combined with approximate user and
satellite position information to restrict the range of
search. In the second case only approximate time of day
information is available. Then the range of search for the
first satellite signal is not restricted, but must be searched
in its entirety (over a 1 millisecond PN frame period).
Subsequent pseudorange searches can use the pseu-
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dorange so determined for the first received signal plus
approximate user and satellite positions to restrict their
searchranges. This latter case is discussed in more detail
below followed by the first case.

[0022] Assumethatthe SPSreceiverhasacquired one
SPS signal through conventional techniques, as de-
scribed above. Assume that the SPS receiver has an
approximate knowledge of its location, for example within
10 miles in radius, the time of day, for example to 1 sec-
ond accuracy, and the approximate satellite position vs.
time, such as is provided by the Aimanac. Note that if the
received signal is strong enough, then the time informa-
tion can be obtained from the first received signal within
a period of 6 seconds (one subframe). Approximate po-
sition can be found from a prior fix or from general knowl-
edge of location (e.g. restricting location to a city and its
environment), or from auxiliary information provided to
the receiver, e.g. through a communications link as in
the example described below.

[0023] It is possible to restrict the search ranges by
using the approximate position. The SPS receiver must
acquire 4 SPS signals for a 3 dimensional fixand 3 signals
for a 2 dimensional fix. Assume that the PN epoch is at
time T4, modulo 1 millisecond (the PN code repeats every
1 millisecond). Now assume that a search for a second
satellite signal is proceeding. If the geographical location
of the receiver were known exactly, then its PN epoch
relative to T, would be known to high precision. This is
the case since the remaining sources of error would be
time-of-day and satellite position error. Consider these
two errors. Time-of-day error results in satellite position
errors. The Doppler of the GPS satellites is typically less
than 2700 nsec/sec. Hence, the maximum Doppler dif-
ference between two GPS satellites is less than around
+5.4 microsec/sec. Hence, for a time error of 1 second,
the resulting error between two PN epochs would be £5.4
microseconds, or less than *=6 chips. Consider now the
satellite position error. If this error is less than 2 miles
radially, then the maximum time error associated with
the position errors is that corresponding to the time that
light travels 2 miles, or about 10 microseconds. Thus, in
this example, satellite position error dominates. If we sum
together these two errors we see that a maximum differ-
ential time error of +15.4 microseconds results. This cor-
responds to a range of approximately =15.4 chips and
in many cases much less. Thus, under the above circum-
stances, we can narrow the search range by a factor of
about 1023/(2x15.4)=33.2. Furthermore, by doing the
search in a serpentine manner starting with the expected
PN epoch for the second satellite, one can, on average,
reduce this search time much more. This improved speed
is such that the total search and acquisition time for all
signals from GPS satellites, other than the first satellite,
should not be appreciably more, and often less, than that
for the first satellite. An example of the invention is shown
pictorially in Figure 2.

[0024] Each of the "pulses" 133, 134 and 138 of this
figure represents the time of arrival of the epoch of sat-
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ellite vehicle’s signal (SV). The large vertical lines 131
and 132 represent the PN epochs of the (receiver’s) lo-
cally generated PN signal. The time T, 136 is measured
by the receiver and is based upon the measured time-
of-arrival of the first SV signal relative to reference PN
epoch 131. Once T, is determined the estimated time of
arrival of the second satellite signal can be made. This
is shown as an offset 8T, 137 relative to the measured
time T4. 8Ty IS computed by the formula (R,-R4)/c,
where R, is the estimated range from the estimated re-
ceiver position on earth to the first GPS satellite and R,
is the estimated range from the estimated receiver posi-
tion on earth to the second GPS satellite both using the
estimated time-of-day, and where c is the speed of light.
As discussed above, the estimated GPS satellite posi-
tions, estimated time-of-day and estimated receiver po-
sition are all in error to some extent, with the major error
normally associated with receiver position. The area 135
around the position T4+8T,,,,, represents the uncertainty
in the time-of-arrival of the PN epochs from the second
satellite due to these errors. This is also shown as the
range or region E. As illustrated above, this typically may
be on the order of tens of microseconds. Since only the
region E need be searched for the second SV pseudor-
ange, it is obvious that a great reduction in search time
is achieved, relative to searching for time-of-arrival be-
tween adjacent PN epochs.

[0025] Figure 3 is a flowchart showing the steps in
acquiring the pseudoranges in one example of an effi-
cient manner described above. The processing begins
with the acquisition of the first GPS signal in step 161
and the determination of a pseudorange to the corre-
sponding satellite which is transmitting this first signal.
Once this is done the time-of-day may be obtained by
reading the satellite data message from this signal or by
having such data transmitted from an external source to
the receiver. Alternatively, the receiver may have been
maintaining a good estimate of time of day using an
elapsed time counter. The receiver retrieves in step 163
the approximate user position and satellite position infor-
mation either from stored information gathered in the past
(e.g. almanac data) or via a transmission of such infor-
mation via a communication link (or even manual entry).
From this information the estimated pseudorange (mod-
ulo 1 millisecond periods) is estimated in step 165 and a
bound on the error (e.g. error range) of this estimate is
made in step 167 based upon the errors in the receiver
position, time of day, and quality of the satellite position
information. The receiver then searches in step 169 the
restricted range of possible pseudorange equal to the
estimated pseudorange plus and minus the error range.
Normally ininitial acquisition, the estimated pseudorange
is not based on a previously determined pseudorange
for the particular SPS satellite. This process is normally
repeated for all satellites, in step 171, until they all are
acquired. Note that once three satellite signals are ac-
quired, one can normally compute a two-dimensional po-
sition fix, which will greatly reduce the position error of
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the receiver. This information can then be used to further
reduce the pseudorange search region for subsequent
SV’s.

[0026] The above approach is especially advanta-
geous when the error due to local oscillator instability
does notdominate the acquisition time of the first satellite.
Then, the search time is dominated by the search over
satellite Doppler and, of course, unknown PN epoch.
Thus the approach discussed above can potentially re-
duce acquisition time of all satellites by an amount ap-
proaching M, where M are the number of satellites to be
acquired. Further, the method and apparatuse of the in-
vention may be used with techniques for providing a sta-
ble local oscillator signal which is used to acquire GPS
signals, such as those techniques described in U.S. Pat-
ent No. 5,874,914 and U.S. Patent No. 5,841,396.
[0027] The method described above dramatically re-
duces the time to acquire the second and subsequent
satellite signals, but does not reduce the time to acquire
the first satellite signal. In the example cited above, sub-
sequent GPS signals would be acquired in 1/33 the time
of the first. Hence if the first signal required acquisition
time D, and 6 signals total were to be acquired, then the
total acquisition time would be (1+5/33)D versus 6D if a
straightforward search were performed, a savings of a
factor of 5.21. In many situations much better improve-
ment can be made if the first signal can be acquired more
rapidly. This requires some precise knowledge of abso-
lute time (e.g. less than 100 microsecond error) at the
GPS receiver. This can often be done by means of a time
transfer mechanism. We assume here that the receiver
has approximate knowledge of its position and approxi-
mate satellite position information (satellite Almanac).
[0028] Such atime transfer mechanism is possible by
means of an auxiliary communication link from an outside
source to the GPS receiver. There are a number of in-
stances of this. The first example is the 1S-95 CDMA
spread spectrum cellular telephone standard, which pro-
vides timing information that is accurate to approximately
1 microsecond, plus any propagation delays from the cel-
lular basestation to the cellular telephone and signal
processing delays within the telephone itself. A distance
of 5 miles from the cell site to the telephone, which rep-
resents arelatively long path delay, results in atime delay
of around 26 microseconds. If the GPS receiver assumes
a mean path delay of 13 microseconds, then an error of
+13 microseconds results. It is reasonable to assume
that the worst case time transfer error is such a system
can be kept below around =20 microseconds. Since the
total PN frame duration is 1 millisecond, this reduces the
search time for the first satellite by a factor of 26, if a
standard correlator system were used. Again, using the
previous example we would get a total search time of
approximately D/26 +5D/33 or 0.19D versus 6D with no
restriction in time search, or a savings of a factor of 31.6.
This is approximately 1/6 the search time required if only
absolute time were available.

[0029] Other time-transfer mechanisms may be avail-
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able in specialized cases. A dedicated communication
link may be established to provide timing signals to a
local area. Certain broadcast signals, such as WWV and
its variations, provide timing information, but the accura-
cy of these signals may not be sufficient to allow signifi-
cantreduction in acquisition time. Many additional CODMA
type cellular systems are currently being proposed as
world wide standards and some of these systems may
incorporate time transfer mechanisms.

[0030] In the above description, precision time-of-day
(less than 100 microsecond error, for example) was used
together with approximate position and knowledge of sat-
ellite positions to find the first pseudorange unambigu-
ously. The other pseudoranges are then found via a com-
putation of time offsets from this first pseudorange and
the approximate satellite positions. Of course, it is pos-
sible to treat each pseudorange corresponding to each
received satellite signal separately and hence search for
each pseudorange without reference to the others. This
may incur unneeded search time, however, especially if
the error in absolute time dominates. For example, sup-
pose the absolute time is in error by 50 microseconds
and suppose all other sources of error (e.g. approximate
location error) are 20 microseconds. Then the search for
the first pseudorange requires search over a range of at
least 70 microseconds. If one then searched for the sec-
ond pseudorange independently, it would again require
a search range of over 70 microseconds. However, rel-
ative to the position of the first pseudorange the range
of search for the second would only be 20 microseconds.
Stated another way, the search for the first pseudorange
reduced the search range, relative to a local clock in the
receiver, by the 50 microsecond timing error. Hence, sub-
sequent searches can take advantage of this reduction
in search range.

[0031] Another embodiment of the present invention
uses a server system. Some mobile GPS systems oper-
ate together with a remote server. Typically, the mobile
GPS receiver computes pseudoranges and sends these
to the server for a final computation of position. This setup
allows forincreased receiver sensitivity since the receiver
need not read the GPS satellite data message, a task
that requires fairly high received signal-to-noise ratio. In
this situation communication with the server allows the
server to provide information to the GPS receiver that
help restrict its range of search. U.S. Patent No.
5,663,734 describes a system which includes a server
and a mobile GPS receiver. The flowchart of operation
can proceed just as in Figure 3 except that the server
computes the estimated pseudorange of all SV signals
relative to the first one to be searched. That is, the oper-
ation of the processing blocks 163, 165 and 167 of Figure
3 are performed at the server. This can be done since
the server, assumed to be in proximity to the GPS re-
ceiver or else know its approximate location, knows the
time-of-day, approximate user location and satellite po-
sition information. Hence, the server can send the esti-
mated pseudoranges to the GPS receiver relative to the
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first GPS SV signal to be searched. After the operations
of Figure 3 are complete, the GPS receiver sends time-
tagged pseudoranges to the server, which completes the
position calculation. This latter time-tagging need only
be to an accuracy of about several milliseconds and is
needed to perform the final position calculation accurate-
ly. The time tagging is needed so that the approximate
position of the GPS satellites are known when the pseu-
doranges are measured. Again, this time tagging can be
done using received signals at the GPS receiver, such
as those available on a CDMA cellular network.

[0032] Figure 4 shows an example of a cell based
communication system 10 which includes a plurality of
cell sites, each of which is designed to service a particular
geographical region or location. Examples of such cellu-
lar based or cell based communication systems are well
known in the art, such as the cell based telephone sys-
tems. The cell based communication system 10 includes
two cells 12 and 14, both of which are defined to be within
a cellular service area 11. In addition, the system 10 in-
cludes cells 18 and 20. It will be appreciated that a plu-
rality of other cells with corresponding cell sites and/or
cellular service areas may also be included in the system
10 coupled to one or more cellular switching centers,
such as the cellular switching center 24 and the cellular
switching center 24b.

[0033] Within each cell, such as the cell 12, there is a
wireless cell site, or cellular site, such as cell site 13 which
includes an antenna 13a which is designed to commu-
nicate through a wireless communication medium with a
communication receiver which may be combined with a
mobile GPS receiver such as the receiver 16 shown in
Figure 4. An example of such a combined system having
a GPS receiver and a communication system is shown
in Figure 6 and may include both a GPS antenna 77 and
a communication system antenna 79.

[0034] Each cell site is coupled to a cellular switching
center. In Figure 4, cell sites 13, 15, and 19 are coupled
to switching center 24 through connections 13b, 15b and
19b respectively and cell site 21 is coupled to a different
switching center 24b through connection21b. These con-
nections are typically wire line connections between the
respective cell site and the cellular switching centers 24
and 24b. Each cell site includes an antenna for commu-
nicating with communication systems serviced by the cell
site. In one example, the cell site may be a cellular tele-
phone cell site which communicates with mobile cellular
telephones in the area serviced by the cell site. It will be
appreciated that a communication .system within one
cell, such as receiver 22 shown in cell 4, may in fact
communicate with cell site 19 in cell 18 due to blockage
(or other reasons why cell site 21 cannot communicate
with the receiver 22).

[0035] In a typical embodiment of the present inven-
tion, the mobile GPS receiver 16 includes a cell based
communication system which is integrated with the GPS
receiver such that both the GPS receiver and the com-
munication system are enclosed in the same housing.
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One example of this is a cellular telephone having an
integrated GPS receiver which shares common circuitry
with the cellular telephone transceiver. When this com-
bined system is used for cellular telephone communica-
tions, transmissions occur between the receiver 16 and
the cell site 13. Transmissions from the receiver 16 to
the cell site 13 are then propagated over the connection
13b to the cellular switching center 24 and then to either
another cellular telephone in a cell serviced by the cellular
switching center 24 or through a connection 30 (typically
wired) to another telephone through the land-based tel-
ephone system/network 28. It will be appreciated that the
term wired includes fiber optic and other non wireless
connections such as copper cabling, etc. Transmissions
from the other telephone which is communicating with
the receiver 16 are conveyed from the cellular switching
center 24 through the connection 13b and the cell site
13 back to the receiver 16 in the conventional manner.
[0036] The remote data processing system 26 (which
may be referred to in some embodiments as a GPS serv-
er or a location server) is included in the system 10 and
is in one embodiment used to determine the position of
a mobile GPS receiver (e.g. receiver 16) using GPS sig-
nals received by the GPS receiver. The GPS server 26
may be coupled to the land-based telephone system/net-
work 28 through a connection 27, and it may also be
optionally coupled to the cellular switching center 24
through the connection 25 and also optionally coupled
to center 24b through the connection 25b. It will be ap-
preciated that connections 25 and 27 are typically wired
connections, although they may be wireless. Also shown
as an optional component of the system 10 is a query
terminal 29 which may consist of another computer sys-
tem which is coupled through the network 28 to the GPS
server 26. This query terminal 29 may send a request,
for the position of a particular GPS receiver in one of the
cells, to the GPS server 26 which then initiates a conver-
sation with a particular communication system/GPS re-
ceiver through the cellular switching center in order to
determine the position of the GPS receiver and report
that position back to the query terminal 29. In another
embodiment, a position determination for a GPS receiver
may be initiated by a user of a mobile GPS receiver; for
example, the user of the mobile GPS receiver may press
911 on the integrated cell phone to indicate an emergen-
cy situation at the location of the mobile GPS receiver
and this may initiate a location process in the manner
described herein.

[0037] It should be noted that a cellular based or cell
based communication system is a communication sys-
tem which has more than one transmitter, each of which
serves a different geographical area, which is predefined
atanyinstantintime. Typically, each transmitteris a wire-
less transmitter which serves a cell which has a geo-
graphical radius of less than 20 miles, although the area
covered depends on the particular cellular system. There
are numerous types of cellular communication systems,
such as cellular telephones, PCS (personal communica-
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tion system), SMR (specialized mobile radio), one-way
and two-way pager systems, RAM, ARDIS, and wireless
packet data systems. Typically, the predefined geo-
graphical areas are referred to as cells and a plurality of
cells are grouped together into a cellular service area,
such as the cellular service area 11 shown in Figure 4,
and these pluralities of cells are coupled to one or more
cellular switching centers which provide connections to
land-based telephone systems and/or networks. Service
area are often used for billing purposes. Hence, it may
be the case that cells in more than one service area are
connected to one switching center. For example, in Fig-
ure 4, cells 1 and 2 are in service area 11 and cell 3 is
inservice area 13, butall three are connected to switching
center 24. Alternatively, it is sometimes the case that
cells within one service area are connected to different
switching centers, especially in dense population areas.
In general, a service area is defined as a collection of
cells within close geographical proximity to one another.
Another class of cellular systems that fits the above de-
scription is satellite based, where the cellular basesta-
tions or cell sites are satellites that typically orbit the earth.
Inthese systems, the cell sectors and service areas move
as a function of time. Examples of such systems include
Iridium, Globalstar, Orbcomm, and Odyssey.

[0038] Figure 5 shows an example of a GPS server
50 which may be used as the GPS server 26 in Figure
4. The GPS server 50 of Figure 5 includes a data
processing unit 51 which may be a fault-tolerant digital
computer system. The SPS server 50 also includes a
modem or other communication interface 52 and a mo-
dem or other communication interface 53 and a modem
or other communication interface 54. These communi-
cation interfaces provide connectivity for the exchange
of information to and from the location server shown in
Figure 5 between three different networks, which are
shown as networks 60, 62, and 64. The network 60 in-
cludes the cellular switching center or centers and/or the
land-based phone system switches or the cell sites. Thus
the network 60 may be considered to include the cellular
switching centers 24 and 24b and the land-based tele-
phone system/network 28 and the cellular service area
11 as well as cells 18 and 20. The network 64 may be
considered to include the query terminal 29 of Figure 4,
an example of which is the Public Safety Answering Point
(PSAP) which is typically the control center which an-
swers 911 emergency telephone calls. In the case of the
query terminal 29, this terminal may be used to query the
server 26 in order to obtain a position information from a
designated mobile SPS receiver located in the various
cells of the cell based communication system. In this in-
stance, the location operation is initiated by someone
other than the user of the mobile GPS receiver. In the
case of a 911 telephone call from the mobile GPS receiv-
er which includes a cellular telephone, the location proc-
ess is initiated by the user of the cellular telephone. The
network 62, which represents the GPS reference network
32 of Figure 4, is a network of GPS receivers which are
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GPS reference receivers designed to provide differential
GPS correction information and also to provide GPS sig-
nal data which contains satellite ephemeris data to the
data processing unit. When the server 50 serves a very
large geographical area, a local optional GPS receiver,
such as optional GPS receiver 56, may not be able to
observe all GPS satellites that are in view of mobile SPS
receivers throughout this area. Accordingly, the network
62 collects and provides satellite message data which
contains satellite ephemeris data and provides differen-
tial GPS correction data over a wide area. As shown in
Figure 5, a mass storage device 55 is coupled to the
data processing unit 51. Typically, the mass storage 55
will include storage for software for performing the GPS
position calculations after receiving pseudoranges from
the mobile GPS receivers, such as a receiver 16 of Fig-
ure 4. These pseudoranges are normally received
through the cell site and cellular switching center and the
modem or other interface 53. The mass storage device
55 also includes software, at least in one embodiment,
which is used to receive and use the satellite message
data which contains satellite ephemeris data provided by
the GPS reference network 32 through the modem or
other interface 54. The mass storage device 55 also typ-
ically includes a database which stores cell object infor-
mation, such as cell site identifiers, and corresponding
approximate locations which are typically estimated lo-
cations for a mobile SPS receiver which is in radio com-
munication with a particular cell site. This cell object in-
formation and corresponding locations is a cell based
information source, an example of which is shown in Fig-
ure 8 and is described further below.

[0039] The optional GPS receiver 56 is not necessary
as the GPS reference network 32 of Figure 4 (shown as
network 62 of Figure 5) provides the differential GPS
information as well as providing the raw satellite data
messages from the satellites in view of the various ref-
erence receivers in the GPS reference network. It will be
appreciated that in server assisted modes (where the
server provides assistance data to the mobile SPS re-
ceiver) the satellite message data obtained from the net-
work through the modem or other interface 54 is normally
used in a conventional manner with the pseudoranges
obtained from the mobile GPS receiver in order to com-
pute the position information for the mobile GPS receiver.
The interfaces 52, 53, and 54 may each be a modem or
other suitable communication interface for coupling the
data processing unit to other computer systems in the
case of network 64 and to cellular based communication
systems in the case of network 60 and to transmitting
devices, such as computer systems in the network 62.
Inone embodiment, it will be appreciated that the network
62 includes a dispersed collection of GPS reference re-
ceivers dispersed over a geographical region. The differ-
ential correction GPS information, obtained from a re-
ceiver near the cell site or cellular service area which is
communicating with the mobile GPS receiver through the
cellular based communication system, will provide differ-
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ential GPS correction information which is appropriate
for the approximate location of the mobile GPS receiver.
[0040] Figure 6 shows a generalized combined sys-
temwhich includes a GPS receiver and a communication
system transceiver. In one example, the communication
system transceiver is a cellular telephone (sometimes
also referred communication antenna 79. The GPS re-
ceiver 76 is coupled to the communication transceiver
78 through the connection 80 shown in Figure 6. In one
modc of operation the communication system transceiv-
er 78 receives approximate Doppler and estimated pseu-
doranges information through the antenna 79 and pro-
vides this approximate Doppler and estimated pseudor-
ange information over the link 80 to the GPS receiver 76
which performs the pseudoranges determination by re-
ceiving the GPS signals from the GPS satellites through
the GPS antenna 77. The determined pseudoranges are
then transmitted to a location server, such as the GPS
server shown in Figure 4 through the communication
system transceiver 78. Typically the communication sys-
tem transceiver 78 sends a signal though the antenna
79 to cell site which then transfers this information back
to the GPS server, such as GPS server 26 of Figure 4.
Examples of various embodiments for the system 75 are
known in the art. For example, U.S. Patent 5,663,734
describes an example of a combined GPS receiver and
communication system which utilizes an improved GPS
receiver system. Another example of a combined GPS
and communication system has been described in U.S.
Patent No. 6,002,363. Various different architectures of
GPS receivers may be used with the present invention;
for example, the various examples of the invention may
be used with conventional single or parallel channel cor-
relator SPS receivers, SPS receivers which use digital
signal processors with correlation algorithms (e.g. see
U.S. Patent No. 5,663,734), SPS receivers using
matched filters (e.g. see U.S. Patent No. 6,289,041) and
SPS receivers using high parallel correlation systems
such as those referred to above. The system 75 of Figure
6, as well as numerous alternative communication sys-
tems having SPS receivers, may be employed with the
methods of the present invention to operate with the GPS
reference network or with an SPS server which is not
part of a network (e.g. a server at a cell site with a refer-
ence GPS receiver providing the server with time and
satellite position information). Figure 7 shows one em-
bodiment for a GPS reference station. It will be appreci-
ated that each reference station may be constructed in
this way and coupled to the communication network or
medium. Typically, each GPS reference station, such as
GPS reference station 90 of Figure 7, will include a dual
frequency GPS reference receiver 92 which is coupled
to a GPS antenna 91 which receives GPS signals from
GPS satellites in view of the antenna 91. GPS reference
receivers are well known in the art. The GPS reference
receiver 92 provides at least two types of information as
outputs from the receiver 92. Pseudorange outputs 93
are provided to a processor and network interface 95,
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and these pseudorange outputs are used to compute
pseudorange corrections in the conventional manner for
those satellites in view of the GPS antenna 91. The proc-
essor and network interface 95 may be a conventional
digital computer system which has interfaces for receiv-
ing data from a GPS reference receiver as is well known
in the art. The processor 95 will typically include software
designed to process the pseudorange data to determine
the appropriate pseudorange correction for each satellite
in view of the GPS antenna 91. These pseudorange cor-
rections are then transmitted through the network inter-
face to the communication network or medium 96 to
which other GPS reference stations are also coupled.
The GPS reference receiver 92 also provides a satellite
message data output 94. This data is provided to the
processor and network interface 95 which then transmits
this data onto the communication network 96.

[0041] The satellite message data output 94 is typically
the raw 50 baud navigation binary data encoded in the
actual GPS signals received from each GPS satellite. As
such, the information content includes precision satellite
position equations (called ephemeris equations), approx-
imate satellite position information for all satellites, clock
error models, time-of-day, and other information. This
satellite message data is also referred to as a navigation
message which is broadcast as the 50 bit per second
data stream in the GPS signals from the GPS satellites
and is described in great detail in the GPS ICD-200 doc-
ument. The processor and network interface 95 receives
this satellite message data output 94 and transmits it in
real time or near real time to the communication network
96. This satellite message data is transmitted into the
communication network and is received through the net-
work at various location servers.

[0042] Only certain segments of the satellite message
data may be sent to location servers in order to lower the
bandwidth requirements for the network interfaces and
for the communication network. Also, this data may not
need to be provided continuously. For example, only the
first three frames which contain ephemeris equations
rather than all 5 frames together may be transmitted into
the communication network 96. It will be appreciated that
the location server may use the satellite message data
transmitted from one or more GPS reference receivers
in order to perform a method for measuring time related
to satellite data messages, such as the method described
in U.S. Patent No. 5,812,087. It will be also understood
that the GPS reference receiver 92 decoded the different
GPS signals from the different GPS satellites in view of
the reference receiver 92 in order to provide the binary
data output 94 which contains satellite ephemeris data.
[0043] Figure 8 shows an example of a cell based in-
formation source which may be maintained at a data
processing station such as the GPS server 26 shown in
Figure 4. Alternatively, this information source may be
maintained at a cellular switching center such as the cel-
lular switching center 24 of Figure 4 or at each cell site,
such as cell site 13 shown in Figure 4. Typically, how-
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ever, this information is maintained and routinely updated
at the location server which is coupled to the cellular
switching center. The information source may maintain
the data in various formats, and it will be appreciated that
the format shown in Figure 8 illustrates only one example
of a format. Typically, each estimated location, such as
estimated location 212a, will include a corresponding cell
object such as a cell site location or identification for a
cell site or service area, such as cell site identifier 208a.
The information in the cell based information source 201
may be maintained in a database which includes cell ob-
ject information, such as an identification of cell service
areas or cell sites shown in columns 208 and 210 respec-
tively and alsoinclude corresponding estimated locations
such as the information shown in column 212. It will be
appreciated that each estimated location may be an av-
erage location of the geographical region covered by the
radio signal coverage from a cell site. Other mathematical
representations of the estimated location around the cell
site may be used. It may be useful to use an estimated
location near the cell site (such as estimated location
212a) rather than the location of the cell site particularly
where the cell site’s position may not be representative
of the locations at which mobile SPS receivers can be
found in the particular area in radio coverage of the cell
site.

[0044] The use of the cell based information source
201 will now be described in conjunction with Figure 9.
In this following description, it will be assumed that the
mobile SPS receiver will receive SPS signals and deter-
mine pseudoranges from those signals but will not com-
plete a position solution calculation at the mobile receiv-
er. Rather, the mobile receiver will transmit these pseu-
doranges to a particular cell site with which it is in radio
communication and this cell site will forward the pseu-
doranges to a mobile switching center which will in turn
forward the pseudoranges to a location server, such as
the GPS server 26 of Figure 4.

[0045] The method of Figure 9 begins in step 251 in
which a mobile SPS receiver transmits a request for SPS
assistance information. Typically, this will occur when the
position of the receiver is desired. This may be at the
request of the user of the SPS receiver (e.g. a "911" call
from the user) or at the request of another user remotely
located from the SPS receiver in order to track the SPS
receiver. This assistance information request is forward-
ed through the cell based communication system to the
location server which receives, in step 253, the request
for SPS assistance information. In step 255, the location
server determines the cell site identifier which identifies
the cell site which is communicating with the communi-
cation system of the mobile SPS receiver. The location
server obtains the approximate location for an object in
the cell serviced by the cell site from a cell based infor-
mation source. This may occur by the location server
receiving a cell site identifier or a location for the cell site
which is in wireless communication with a mobile cell
based communication system which is coupled to the
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mobile SPS receiver, such as the receiver shown in Fig-
ure 6. For example, the cell site may forward its identifier
information or may forward its location with the SPS as-
sistance information request from the mobile SPS receiv-
erto the location server. Using either the cell site identifier
or the location of the cell site, the location server performs
a lookup operation in the cell based information source
to obtain the approximate location for an object in the cell
serviced by the cell site. In step 257, the location server
then determines the satellite positions for satellites in
view of an object in the cell. The location server will typ-
ically also determine the time of day and determine, from
the satellite position information and the time of day, es-
timated ranges to satellites in view of an object in the cell.
For example, time of day information may be obtained
from an SPS receiver that is locally connected to the lo-
cation server or from a remote SPS receiver whose time
of day information is communicated to the location server
via a communications link (e.g. a long distance link or
wide area network). These estimated ranges are based
upon the approximate location determined for an object
in the cell; the approximate location is taken to be the
approximate location of the mobile SPS receiver. These
estimated ranges are also based upon the satellite posi-
tions determined for the satellites in view at the time of
day determined by the location server. In step 259, the
server causes the estimated ranges and, optionally, ad-
ditional information including, for example, Doppler for
satellites in view, to be transmitted to the mobile SPS
receiver. In step 261, the mobile SPS receiver receives
estimated ranges and acquires signals from a first satel-
lite and determines afirst pseudorange to the first satellite
and then searches for the next satellites using the esti-
mated pseudoranges to the next satellites. In this man-
ner, the mobile SPS receiver can shorten the search time
which is required to acquire SPS signals from the various
satellites in view by searching in ranges determined by
the estimated pseudoranges to each appropriate satel-
lite. It will be appreciated that the estimated pseudorang-
es may include an estimated pseudorange for the first
satellite and that this estimated pseudorange may or may
not be used in searching for the first satellite’s signals
depending upon its accuracy. Often, the first satellite
which is acquired has the highest signal-to-noise ratio
relative to the other satellites in view.

[0046] It will be appreciated that in other examples the
mobile SPS receiver may determine pseudoranges for
satellites in-view and determine its position (e.g. latitude
and longitude) by obtaining satellite ephemeris data and
calculating its position from the determined pseudorang-
es and the satellite ephemeris data; in this case, a server
may provide to the mobile receiver the satellite
ephemeris data of satellites in view of the server in a
region, such as a cell, but not perform a final position
calculation.

[0047] In yet other examples a location server may be
dedicated to and located at a cell site with a GPS refer-
ence receiver. In this case, each cell site may have its
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own location server and GPS reference receiver which
provides time of day and satellite ephemeris data to the
location server which in turn can use this data to provide
estimated pseudoranges or estimated satellite ranges to
the mobile SPS receiver, or to provide time of day, ap-
proximate location, and satellite position data to the mo-
bile SPS receiver so that it can determine estimated rang-
es in order to reduce the search time to acquire SPS
signals. With a GPS reference receiver at the cell site,
there is typically no need to receive data from a network
of GPS reference receivers as the local GPS reference
receive can determine differential corrections and satel-
lite ephemeris data and time of day from satellites in-view
of the receiver, and the location of the cell site (or some
approximate proxy) may be used as the approximate lo-
cation of the mobile SPS receiver which is in communi-
cation with the cell site. This local server may merely
transmit aiding information (e.g. satellite ephemeris
and/or time of day) to the mobile SPS receiver and let
the mobile SPS receiver determine estimated pseudor-
anges or ranges to reduce the search time to acquire
SPS signals or may determine these estimated pseudor-
anges or estimated ranges and transmit them to the mo-
bile SPS receiver. The mobile SPS receiver may then
determine precision pseudoranges and compute its po-
sition (from the determined pseudoranges and satellite
ephemeris data it received from SPS satellites or from
the location server) or determine precision pseudorang-
es and transmit these determined pseudoranges to the
location server which computes the position of the mobile
SPS receiver.

[0048] Theforegoingisone example and there are var-
ious alternatives. For example, the mobile SPS receiver
could perform all operations itself without assistance from
a remote server. The mobile SPS receiver may be able
to determine its approximate location from a cell site iden-
tifier which is transmitted to the mobile SPS receiver.
Using the cell site identifier, the mobile SPS receiver may
perform a lookup operation in a database maintained in
the mobile SPS receiver to determine an approximate
location and also may obtain almanac information (e.g.
from storage in the receiver from prior SPS signal recep-
tion) or other satellite position information and may obtain
time of day information (e.g. from a cellular transmission
as described above). From the satellite position informa-
tion, time of day, and from the approximate location, the
mobile SPS receiver may determine estimated pseudor-
anges for various satellites in order to shorten the time
required to search for and acquire SPS signals to satel-
lites in view. The SPS receiver may then complete the
position calculation by using the pseudoranges and sat-
ellite ephemeris data, although, alternatively, the SPS
receiver may also transmit the determined pseudoranges
to a location server which then completes the position
calculation.

[0049] In another alternative example, the server may
perform assistance operation by providing approximate
location and/or satellite ephemeris data to the mobile
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SPS receiver which in turn determines its own estimated
pseudoranges. In yet another alternative, the server as-
sist the mobile SPS receiver by providing satellite
ephemeris information, and the mobile unit determines
time and its approximate location from transmissions be-
tween the mobile SPS unit and a cell site and then the
mobile SPS unit determines estimated pseudoranges.
[0050] The main variations on search reduction are
provided in the table of Figure 10. The table discrimi-
nates along its rows 302 and 304 the accuracy of time
and day that may be established at the SPS receiver.
The table discriminates along columns 308, 310 and 312,
the nature of the aiding position information that is gotten
by the SPS receiver. The entries to the table, 322, 324,
326, 330, 332, and 334 show whether or not the first
processed satellite signal’'s search range may be re-
duced. Ininitial search, an unaided SPS receiver search-
es over the PN frame, which for the U.S. GPS system
(C/A code) is a 1-millisecond period. Hence, if time of
day available to the SPS receiver is no better than 1 mil-
lisecond, it must search the entire 1-millisecond range
forthe PN epoch. However, once the first satellite’s signal
is acquired, the search for the other signals may be done
at times relative to the PN epoch found from the first
signal’s search procedure (i.e. the determination of the
first signal’s pseudorange). This was discussed previ-
ously. If more precision time of day is available at the
SPS receiver, then the search range of the first satellite’s
signal may be reduced. In all case the search reduction
requires approximate knowledge of the satellites’ ranges
to the SPS (expressed in either distance or equivalent
time units, using the speed of light).

[0051] Range information may be provided by three
primary methods (314, 316, and 318): (1) providing sat-
ellite ephemeris data, (2) providing satellite almanac data
and (3) providing satellite range data. Here satellite
ephemeris data means a precision mathematical de-
scription of the satellites’ positions versus time, that is
valid for a relatively short period of time, typically less
than two hours. Satellite almanac data is a mathematical
description of the satellites’ positions versus time, that is
valid for a relatively long period of time, typically one
month. By its nature, then the accuracy of satellites’ po-
sitions is much poorer with almanac data (typically sev-
eral kilometer error) relative to ephemeris data (several
meters error) and it degrades with time, until the equa-
tions are updated. Both ephemeris data and almanac
data are transmitted by GPS satellites. The form of this
data s typically coefficients associated with Kepler equa-
tions. However, alternative descriptions are possible
(e.g. spherical harmonic descriptions, etc.). Forexample,
when almanac or ephemeris data are supplied to the SPS
receiver from a remote location server, they may take
any of a number of forms, that may allow reduced com-
putation in the SPS receiver or reduced storage, for ex-
ample. If almanac or ephemeris data are available to the
SPS receiver, then the SPS receiver must know its ap-
proximate location so that the (approximate) satellite
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ranges may be computed at a given time. If accurate time
is available, then the range and time can be used to es-
timate the PN frame epochs and reduce search time even
for the first satellite’s signal to be processed. If only ap-
proximate time (greater than 1 millisecond) is available,
then the signals subsequent to the first signal acquired
can be searched by computing an estimated difference
inranges to the firstand subsequent satellites. Then each
of the PN frame epochs of the subsequent satellites can
be searched in a range that is offset from the PN frame
epoch found for the first (or other processed) signal by
an amount equal to the estimate range difference (ex-
pressed in time units). The third method provides directly
the estimated satellite range equations to the SPS re-
ceiver. These equations, for example polynomial equa-
tions in time or distance, may be provided to the SPS
receiver by a remote server which is located close to the
SPS receiver or which knows approximately the location
of the SPS receiver, and provides appropriate equations
for its location. In this case the SPS receiver does not
need to know its location since the equations provide the
ranges of times to search for each satellite. In effect 326
simply is a direct specification of the ranges of times to
search and 334 is a specification of the ranges of times
to search relative to the received time of a given satellite
signal.

[0052] An advantage of using almanac data is that it
is valid for very long periods of time and hence does not
require transmission from a server very often, or never
if the almanac is occasionally read from the SPS satel-
lites’ transmissions. An advantage of ephemeris data is
that it is more precise and hence reduces search range
to a greater degree than does almanac data. In addition,
ephemeris data transmitted from a server may be used
to compute at the SPS receiver its location, without hav-
ing to read this data from the SPS satellites (which is time
consuming and difficult for weak received signal levels).
Satellite range equations may be used in substitution for
eitheralmanac or ephemeris data but typically is accurate
over relatively short periods of time, or may not be as
compact in size as the other mathematical descriptions
if it is to be valid over long periods of time. Hence each
of the approaches to providing position information has
its benefits and disadvantages that maybe traded off in
different applications.

[0053] Although the method and apparatu of the
present invention have been described with reference to
GPS satellites, it will be appreciated that the teachings
are equally applicable to positioning systems which uti-
lize pseudolites or a combination of satellites and pseu-
dolites. Pseudolites are ground based transmitters which
broadcast a PN code (similar to a GPS signal) modulated
on an L-band carrier signal, generally synchronized with
GPS time. Each transmitter may be assigned a unique
PN code so as to permit identification by a remote re-
ceiver. Pseudolites are useful in situations where GPS
signals from an orbiting satellite might be unavailable,
such as tunnels, mines, buildings or other enclosed ar-
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eas. The term "satellite", as used herein, is intended to
include pseudolite or equivalents of pseudolites, and the
term GPS signals, as used herein, is intended to include
GPS-like signals from pseudolites or equivalents of pseu-
dolites.

[0054] In the preceding discussion the invention has
been described with reference to application upon the
United States Global Positioning Satellite (GPS) system.
It should evident, however, thatthese methods are equal-
ly applicable to similar satellite positioning systems, and
in, particular, the Russian Glonass system. The Glonass
system primarily differs from GPS system in that the
emissions from different satellites are differentiated from
one another by utilizing slightly different carrier frequen-
cies, rather than utilizing different pseudorandom codes.
The term "GPS" used herein includes such alternative
satellite positioning systems, including the Russian Glo-
nass system.

Claims

1. A method for initially acquiring satellite positioning
system, SPS, signals, the method implemented in a
SPS receiver (16,17,22,75,101) and comprising:

determining (161) afirsttime of arrival (133, 138)
of a pseudorandom sequence, PN, epoch of a
first SPS satellite’s signal relative to a reference
PN epoch (131, 132) that is locally generated in
the SPS receiver;

determining (163) an estimated location of said
SPS receiver (16,17,22,75,101);

determining a time of day;

determining a position of said first SPS satellite
and a position of a second SPS satellite by using
said time of day and satellite position informa-
tion;

characterised by

using said estimated location of said SPS re-
ceiver and the determined positions of said first
and second SPS satellites to determine an es-
timated range R4 from said estimated location
of said SPS receiver to said first SPS satellite
and an estimated range R, from said estimated
location of said SPS receiver to said second
SPS satellite;

determining (165) an estimated time of arrival
(134) ofaPN epoch ofthe second SPS satellite’s
signal relative to said reference PN epoch (131,
132) by determining a time offset (8T, o, 137)
relative to said first time of arrival (133, 138),

said time offset (8T, o, 137) being computed by
the expression (R,-R4)/c, where ¢ is the speed
of light;

searching (169) for time of arrival of SPS signals
from said second SPS satellite in asearchrange
(E, 135) around said estimated time of arrival
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(134) of a PN epoch of the second SPS satellite.

A method as in claim 1, wherein said estimated time
of arrival (134) of a PN epoch of the second SPS
satellite’s signal is not based on a previously deter-
mined time of arrival of a PN epoch of the second
SPS satellite’s signal.

A method as in claim 2, wherein said time of day is
an approximate time of day which is accurate to with-
in 10 minutes.

A method as in claim 1, wherein said search range
(E, 135) is based on an error associated with at least
one of said estimated location and said time of day,
said position of said first SPS satellite and said po-
sition of said second SPS satellite.

A method as in claim 1, further comprising:

determining a satellite position of a third SPS
satellite using said time of day and satellite po-
sition information;

using said estimated location and the deter-
mined position of said third satellite to determine
an estimated range R from said SPS receiver
to the third satellite;

determining an estimated time of arrival of a PN
epoch of the third SPS satellite’s signal relative
to said reference PN epoch.

A method as in claim 5, further comprising searching
(169) for SPS signals from said third SPS satellite in
a search range around said estimated time of arrival
of a PN epoch of the third SPS satellite’s signal.

A method as in claim 1, wherein said time of day is
an approximate time of day at said SPS receiver
(16,17,22,75,101) which has an accuracy of better
than 10 minutes and wherein said satellite positions
are determined from an external source which trans-
mits a set of ephemeris data corresponding to a set
of SPS satellites viewable by said SPS receiver
(16,17,22,75,101).

Amethodasinclaim 1, wherein said satellite position
information comprises at least one of (a) a set of
ephemeris data corresponding to a set of SPS sat-
elites viewable by said SPS receiver
(16,17,22,75,101); or (b) a set of Almanac data cor-
responding to said set of SPS satellites viewable by
said SPS receiver (16,17,22,75,101).

A method as in claim 8, wherein said set of
ephemeris datais obtained from a reference network
(62) of SPS receivers.

10. A method as in claim 8, wherein said set of Almanac
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data is obtained from a reference network (62) of
SPS receivers.

A method as in claim 8, wherein said set of
ephemeris data is obtained from an SPS reference
receiver (90) at a cell site (13,15,19,21) which is in
communication  with said SPS receiver
(16,17,22,75,101).

A method as in claim 8, wherein said set of Aimanac
datais obtained from an SPS reference receiver (90)
atacell site (13,15,19,21) which is in communication
with said SPS receiver (16,17,22,75,101).

A method as in claim 8, wherein said set of Aimanac
data is obtained by said SPS receiver
(16,17,22,75,101) from SPS signals from SPS sat-
ellites.

A method as in claim 1, wherein said estimated lo-
cation is obtained from a cell based information
source.

A method as in claim 1 wherein, the time of day in-
formation is determined by one of; the SPS receiver
reading a satellite data message in a signal from the
first SPS satellite, the SPSreceiver using an elapsed
time counter, the SPS receiver receiving a broadcast
WWV signal that provides timing information and the
SPS receiver receiving a communication signal
transmitted by a cell based communication system
and reading the time of day message present with
the cell based communication signal.

A satellite positioning system, SPS, receiver
(16,17,22,75,101) comprising:

an SPS antenna (77,102) which is configured to
receive SPS signals,

processing means (114) coupled to said SPS
antenna (77,102), said processing means (114)
arranged to:

determine a first time of arrival (133,138) of a
pseudorandom sequence, PN, epoch of a first
SPS satellite’s

signal relative to a reference PN epoch (131,
132) that is locally generated in the SPS receiv-
er;

determine a time of day;

determine (163) an estimated location of said
SPS receiver (16, 17, 22, 75, 101);

determine a position of said first SPS satellite
and a position of a second SPS satellite by using
said time of day and satellite position informa-
tion;

characterised by being arranged to:

use said estimated location of said SPS receiver
and the determined positions of said first and
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second SPS satellites to determine an estimat-
ed range R, from said estimated location of said
SPS receiver to the first SPS satellite and an
estimated range R, from said estimated location
of said SPS receiver to the second SPS satellite;
determine an estimated time of arrival (134) of
a PN epoch of the second SPS satellite’s signal
relative to said reference PN epoch (131,132)
by determining a time offset (8T ,,,,, 137) relative
to said first time of arrival (133, 138) , said time
offset (8T,,om, 137) being computed by the ex-
pression (R,-R4)/c, where cis the speed of light;
search (169) for time of arrival of SPS signals
from said second SPS satellite ina searchrange
(E,135) around said estimated time of arrival
(134) of a PN epoch of the second SPS satellite.

An SPS receiver (16,17,22,75,101) as in claim 16,
further comprising a communication system which
is coupled to said processing means (114), wherein
said communication system provides said estimated
location to said processor (114).

An SPS receiver (16,17,22,75,101) as in claim 16,
wherein said estimated time of arrival (134) of a PN
epoch of the second SPS satellite’s signal is not
based on a previously determined time of arrival of
a PN epoch of the second SPS satellite’s signal.

An SPS receiver (16,17,22,75,101) as in claim 16,
wherein said satellite position information is received
from an external source being one of an SPS satellite
or a cell based communication system, and said time
of day is determined from a communication signal in
a cell based communication system.

An SPS receiver (16,17,22,75,101) as in claim 16,
wherein said processing means (114) is further ar-
ranged to:

determine a satellite position of a third SPS sat-
ellite using said time of day and satellite position
information; and

use said estimated location and the determined
position of said third satellite to determine an
estimated range R; from said SPS receiver to
the third satellite;

determine an estimated time of arrival of a PN
epoch of the third SPS satellite’s signal relative
to said reference PN epoch (131, 132).

An SPS receiver (16, 17, 22, 75, 102) as in claim 16,
wherein; the processing means is arranged to obtain
the time of day from one of; reading a satellite data
message in a signal from the first SPS satellite, an
elapsed time counter at the SPS receiver, receiving
a broadcast WWYV signal that provides timing infor-
mation, and receiving a communication signal trans-
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mitted by a cell based communication signal and
reading the time of day message present with the
cell based communication signal.

A computer program adapted to perform the method
of any of claims 1 to 15 when executed by the
processing means of a satellite positioning system,
SPS, receiver.

Patentanspriiche

1.

2.

Ein Verfahren zum anfénglichen Akquirieren von Sa-
telliten-Positionierungssystem- bzw. SPS-Signalen,
wobei das Verfahren in einem SPS-Empfanger (16,
17,22,75,101) implementiertist und Folgendes auf-
weist:

Bestimmen (161) einer ersten Ankunftszeit
(133, 138) einem Pseudo-Zufallssequenz- bzw.
PN-Zeitraum eines Signals eines ersten SPS-
Satelliten relativ zu einem Referenz-PN-Zeit-
raum (131, 132), der lokal in dem SBS-Empfan-
ger generiert wurde;

Bestimmen (163) eines geschatzten Aufent-
haltsorts des SPS-Empfangers (16, 17, 22, 75,
101);

Bestimmen einer Tageszeit;

Bestimmen einer Position des ersten SPS-Sa-
telliten und einer Position eines zweiten SPS-
Satelliten durch Verwendung der Tageszeit und
der Satelliten-Positionsinformation, gekenn-
zeichnet durch Verwenden des geschatzten
Aufenthaltsorts des SPS-Empfangers und

den bestimmten Positionen der ersten und zwei-
ten SPS-Satelliten, um eine geschatzte Entfer-
nung R4 von dem geschéatzten Aufenthaltsort
des SPS-Empféangers zu dem ersten SPS-Sa-
telliten und eine geschétzte Entfernung R, von
dem geschatzten Aufenthaltsort des SPS-Emp-
fangers zu dem zweiten SPS-Satelliten zu be-
stimmen;

Bestimmen (165) einer geschatzten Ankunfts-
zeit (134) eines PN-Zeitraums des Signals des
zweiten SPS-Satelliten, relativ zu dem Refe-
renz-PN-Zeitraum (131, 132) durch Bestimmen
eines Zeitversatzes (8T o, 137), relativ zu der
ersten Ankunftszeit (133, 138), wobei der Zeit-
versatz (8T, 137), berechnet wird durch den
Ausdruck (R,-R)/c, wobei ¢ die Lichtgeschwin-
digkeit ist;

Suchen (169) nach der Ankunftszeit der SPS-
Signale von dem zweiten SPS-Satelliten in ei-
nem Suchbereich (E, 135) um die geschatzte
Ankunftszeit (134) eines PN-Zeitraums des
zweiten SPS-Satelliten herum.

Verfahren nach Anspruch 1, wobei die geschatzte
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Ankunftszeit (134) eines PN-Zeitraums des Signals
des zweiten SPS-Satelliten nicht auf einer vorher be-
stimmten Ankunftszeit eines PN-Zeitraums des Si-
gnals des zweiten SPS-Satelliten basiert.

Verfahren nach Anspruch 2, wobei die Tageszeit ei-
ne nadherungsweise Tageszeit ist, die innerhalb von
10 Minuten akkurat ist.

Verfahren nach Anspruch 1, wobei der Suchbereich
(E, 135) basiert auf einem Fehler, assoziiert mit we-
nigstens einem aus dem Folgenden:

dem geschéatzten Aufenthaltsort und der Tages-
zeit, der Position des ersten SPS-Satelliten und
der Position des zweiten SPS-Satelliten.

Verfahren nach Anspruch 1, das weiterhin Folgen-
des aufweist:

Bestimmen einer Satellitenposition eines dritten
SPS-Satelliten unter Verwendung der Tages-
zeit und der Satelliten-Positionsinformation;
Verwenden des geschatzten Aufenthaltsorts
und der bestimmten Position des dritten Satel-
liten, um eine geschétzte Entfernung R5 von
dem SPS-Empfanger zu dem dritten Satelliten
zu bestimmen;

Bestimmen einer geschétzten Ankunftszeit ei-
nes PN-Zeitraums des Signals des dritten SPS-
Satelliten, relativ zu dem Referenz-PN-Zeit-
raum.

Verfahren nach Anspruch 5, das weiterhin das Su-
chen (169) nach SPS-Signalen von dem dritten SPS-
Satelliten in einem Suchbereich um die geschatzte
Ankunftszeit eines PN-Zeitraums des Signals des
dritten SPS-Satelliten aufweist.

Verfahren nach Anspruch 1, wobei die Tageszeit ei-
ne ndherungsweise Tageszeit bei dem SPS-Emp-
fanger (16, 17, 22, 75, 101) ist, die eine Genauigkeit
besser als 10 Minuten hat und wobei die Satelliten-
positionen bestimmt werden von einer externen
Quelle, die einen Satz von Ephemeride-Daten ent-
sprechend einem Satz von SPS-Satelliten erreich-
bar durch den SPS-Empfénger (16, 17, 22, 75, 101)
sendet.

Verfahren nach Anspruch 1, wobei die Satelliten-Po-
sitionsinformation wenigstens eines aus dem Fol-
genden aufweist:

(a) einen Satz von Ephemeride-Daten entspre-
chend einem Satz von SPS-Satelliten erreich-
bar durch den SPS-Empféanger (16, 17, 22, 75,
101); oder

(b) einen Satz von Almanach-Daten, entspre-
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chend dem Satz von SPS-Satelliten erreichbar
durch den SPS-Empfanger(16,17,22,75,101).

Verfahren nach Anspruch 8, wobei der Satz von Eph-
emeride-Daten erlangt wird von einem Referenz-
netzwerk (62) von SPS-Empfangern.

Verfahren nach Anspruch 8, wobei der Satz von Al-
manach-Daten erlangt wird von einem Referenz-
netzwerk (62) von SPS-Empfangern.

Verfahren nach Anspruch 8, wobei der Satz von Eph-
emeride-Daten erlangt wird von einem SPS-Refe-
renzempfanger (90) bei einem Zellstandort (13, 15,
19, 21), der in Kommunikation mit dem SPS-Emp-
fanger (16, 17, 22, 75, 101) ist.

Verfahren nach Anspruch 8, wobei der Satz von Al-
manach-Daten erlangt wird von einem SPS-Refe-
renzempfanger (90) bei einem Zellstandort (13, 15,
19, 21), der in Kommunikation mit dem SPS-Emp-
fanger (16, 17, 22, 75, 101) ist.

Verfahren nach Anspruch 8, wobei der Satz von Al-
manach-Daten erlangt wird von dem SPS-Empfan-
ger(16,17,22,75,101) von SPS-Signalen von SPS-
Satelliten.

Verfahren nach Anspruch 1, wobei der geschatzte
Aufenthaltsort erlangt wird von einer zellenbasierten
Informationsquelle.

Verfahren nach Anspruch 1, wobei die Tageszeitin-
formation bestimmt wird durch eines aus dem Fol-
genden:

durch den SPS-Empfanger, der eine Satelliten-
Datennachricht in einem Signal von dem ersten
SPS-Satelliten liest, den SPS-Empfanger unter
Verwendung eines Zahlers fur abgelaufene Zeit,
den SPS-Empfénger durch Empfangen eines
Broadcast-WWYV-Signals, das Zeitinformation
vorsieht und durch den SPS-Empfénger durch
Empfangen eines Kommunikationssignals, ge-
sendet durch ein zellenbasiertes Kommunikati-
onssystem und durch Lesen der Tageszeitnach-
richt, die in dem zellenbasierten Kommunikati-
onssignal vorliegt.

Ein Satelliten-Positionierungssystem- bzw. SPS-
Empfanger (16, 17, 22, 75, 101), der Folgendes auf-
weist:

eine SPS-Antenne (77, 102), die konfiguriert ist
zum Empfangen von SPS-Signalen,
Verarbeitungsmittel (114), gekoppelt an die
SPS-Antenne (77, 102),

wobei die Verarbeitungsmitten (114) angeord-
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net sind zum:

Bestimmen einer ersten Ankunftszeit (133, 138)
eines Pseudo-Zufallssequenz- bzw. PN-Zeit-
raums eines Signals eines ersten SPS-Satelli-
ten, relativ zu einem Referenz-PN-Zeitraum
(131, 132), der lokal in dem SPS-Empfanger ge-
neriert wird;

Bestimmen einer Tageszeit;

Bestimmen (163) eines geschatzten Aufent-
haltsorts des SPS-Empfangers (16, 17, 22, 75,
101);

Bestimmen einer Position des ersten SPS-Sa-
telliten und einer Position eines zweiten SPS-
Satelliten durch Verwenden der Tageszeit und
der Satelliten-Positionsinformation; gekenn-
zeichnet dadurch, dass es folgendemallen
angeordnet ist zum:

Verwenden des geschéatzten Aufenthaltsorts
des SPS-Empfangers und der bestimmten Po-
sitionen des ersten und zweiten SPS-Satelliten,
um eine geschétzte Entfernung R4 von dem ge-
schatzten Aufenthaltsort des SPS-Empfangers
zu dem ersten SPS-Satelliten und eine ge-
schatzte Entfernung R, von dem geschéatzten
Aufenthaltsort des SPS-Empfangers zu dem
zweiten SPS-Satelliten zu bestimmen;
Bestimmen einer geschatzten Ankunftszeit
(134) eines PN-Zeitraums des Signals des zwei-
ten SPS-Satelliten relativ zu dem Referenz-PN-
Zeitraum (131, 132) durch Bestimmen eines
Zeitversatzes (8T om, 137),

relativ zu der ersten Ankunftszeit (133, 138), wo-
bei der Zeitversatz (8T ,o,, 137) berechnet wird
durch den Ausdruck (R,-R4)/c, wobei c die Licht-
geschwindigkeit ist;

Suchen (169) nach der Ankunftszeit der SPS-
Signale von dem zweiten SPS-Satelliten in ei-
nem Suchbereich (E, 135) um die geschatzte
Ankunftszeit (134) eines PN-Zeitraums des
zweiten SPS-Satelliten herum.

SPS-Empfanger (16, 17,22,75, 101) nach Anspruch
16, der weiterhin ein Kommunikationssystem auf-
weist, das gekoppelt ist an die Verarbeitungsmittel
(114), wobei das Kommunikationssystem den ge-
schatzten Aufenthaltsort an den Prozessor (114) lie-
fert.

SPS-Empfanger (16, 17,22,75,101) nach Anspruch
16, wobei die geschatzte Ankunftszeit (134) eines
PN-Zeitraums des Signals des zweiten SPS-Satel-
liten nicht auf einer vorher bestimmten Ankunftszeit
eines PN-Zeitraums des Signals des zweiten SPS-
Satelliten basiert.

SPS-Empfanger (16, 17,22,75, 101) nach Anspruch
16, wobei die Satelliten-Positionsinformation emp-
fangen wird von einer externen Quelle, die aus ei-
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nem der Folgenden besteht:

einem SPS-Satelliten oder einem zellenbasier-
ten Kommunikationssystem, und wobei die Ta-
geszeit bestimmt wird von einem Kommunikati-
onssignalin einem zellenbasierten Kommunika-
tionssystem.

. SPS-Empféanger(16,17,22,75, 101) nach Anspruch

16, wobei die Verarbeitungsmittel (114) weiterhin
angeordnet sind zum;
Bestimmen einer Satellitenposition eines dritten
SPS-Satelliten unter Verwendung der Tageszeit und
der Satelliten-Positionsinformation; und Verwenden
des geschatzten Aufenthaltsorts und der bestimm-
ten Position des dritten Satelliten, um eine geschatz-
te Entfernung R von dem SPS-Empfénger zu dem
dritten Satelliten zu bestimmen; Bestimmen einer
geschatzten Ankunftszeit eines PN-Zeitraums des
Signals des dritten SPS-Satelliten, relativ zu dem
Referenz-PN-Zeitraum (131, 132).

SPS-Empfanger (16, 17,22, 75,101) nach Anspruch
16, wobei:

die Verarbeitungsmittel angeordnet sind zum
Erlangen der Tageszeit von einem der Folgen-
den: Lesen einer Satellitendatennachricht in ei-
nem Signal von dem ersten SPS-Satelliten, von
einem Zahler fir abgelaufenen Zeit bei dem
SPS-Empfanger, Empfangen eines Broadcast-
WWEF-Signals, das Zeitinformation vorsieht, und
Empfangen eines Kommunikationssignals, ge-
sendet durch ein zellenbasiertes Kommunikati-
onssignal, und Lesen der Tageszeitnachricht,
die in dem zellenbasierten Kommunikationssi-
gnal vorliegt.

Ein Computer-Programm, angepasst zum Durch-
fihren des Implementierens eines Verfahrens von
einem der Anspriiche 1 bis 15, wenn ausgefihrt
durch die Verarbeitungsmittel von einem Satelliten-
Positionierungssystem- bzw. SPS-Empfanger.

Revendications

Procédé d’acquisition initiale de signaux de systéme
de positionnement de satellites, SPS, le procédé
étant mis en oeuvre dans un récepteur SPS (16, 17,
22,75, 101) et comprenant :

la détermination (161) d’'une premiére heure
d’arrivée (133, 138) d’'une époque de séquence
pseudoaléatoire, PN, d’'un signal d’un premier
satellite SPS par rapport a une époque PN de
référence (131, 132) qui est générée localement
dans le récepteur SPS ;
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la détermination (163) d’'un emplacement esti-
mé dudit récepteur SPS (16, 17, 22, 75, 101) ;
la détermination d’une heure du jour ;

la détermination d’une position dudit premier sa-
tellite SPS et d’'une position d’'un deuxieme sa-
tellite SPS en utilisant ladite heure du jour etdes
informations de position de satellite ;
caractérisé par les opérations consistant a :
utiliser ledit emplacement estimé du récepteur
SPS et les positions déterminées desdits pre-
mier et deuxiéme satellites SPS pour déterminer
une portée estimée R dudit emplacement esti-
mé du récepteur SPS audit premier satellite SPS
et une portée estimée R, dudit emplacement
estimé du récepteur SPS audit deuxiéme satel-
lite SPS ;

déterminer (165) une heure d’arrivée estimée
(134) d’une époque PN du signal du deuxieme
satellite SPS par rapport a ladite époque PN de
référence (131, 132) en déterminant un décala-
ge temporel (8T, 137) par rapport a ladite
premiéere heure d’arrivée (133, 138), ledit déca-
lage temporel (8T, 137) étant calculé au
moyen de I'expression (R,-R4)/c, ou c est la vi-
tesse de la lumiére ;

rechercher (169) I'heure d’arrivée de signaux
SPS provenant du deuxieme satellite SPS dans
une plage de recherche (E, 135) autour de ladite
heure d’arrivée estimée (134) d’'une époque PN
du deuxiéme satellite SPS.

Procédé selon la revendication 1, dans lequel ladite
heure d’arrivée estimée (134) d’une époque PN du
signal du deuxiéme satellite SPS n’est pas basée
sur une heure d’arrivée préalablement déterminée
d’'une époque PN du signal du deuxiéme satellite
SPS.

Procédé selon la revendication 2, dans lequel ladite
heure du jour est une heure approximative qui a une
précision de I'ordre de 10 minutes.

Procédé selon la revendication 1, dans lequel ladite
plage de recherche (E, 135) est basée sur une erreur
associée a au moins un parameétre parmi ledit em-
placement estimé et ladite heure du jour, ladite po-
sition du premier satellite SPS et ladite position du
deuxieme satellite SPS.

Procédé selon la revendication 1, comprenant en
outre les opérations consistant a :

déterminer une position de satellite d’un troisie-
me satellite SPS en utilisant ladite heure du jour
et les informations de position de satellite ;

utiliser ledit emplacement estimé et la position
déterminée dudit troisieme satellite pour déter-
miner une portée estimée R3 dudit récepteur
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SPS au troisiéme satellite ;

déterminer une heure d’arrivée estimée d’une
époque PN du signal du troisieme satellite SPS
par rapport a ladite époque PN de référence.

Procédé selon la revendication 5, comprenant en
outre le fait de rechercher (169) des signaux SPS
provenant dudit troisieme satellite SPS dans une pla-
ge de recherche autour de ladite heure d’arrivée es-
timée d’'une époque PN du signal du troisieme sa-
tellite SPS.

Procédé selon la revendication 1, dans lequel ladite
heure du jour est une heure approximative au niveau
dudit récepteur SPS (16, 17, 22, 75, 101) qui a une
précision supérieure a 10 minutes et dans lequel les-
dites positions de satellites sont déterminées a partir
d’une source extérieure qui transmet un ensemble
de données d’éphémérides correspondant a un en-
semble de satellites SPS visibles par ledit récepteur
SPS (16, 17, 22, 75, 101).

Procédé selon la revendication 1, dans lequel lesdi-
tes informations de position de satellites compren-
nent au moins un ensemble parmi (a) un ensemble
de données d’éphémérides correspondant a un en-
semble de satellites SPS visibles par ledit récepteur
SPS (16, 17, 22, 75, 101) ; et (b) un ensemble de
données d’almanach correspondant audit ensemble
de satellites SPS visibles par ledit récepteur SPS
(16, 17, 22, 75, 101).

Procédé selon la revendication 8, dans lequel ledit
ensemble de données d’éphémérides est obtenu de-
puis un réseau de référence (62) de récepteurs SPS.

Procédé selon la revendication 8, dans lequel ledit
ensemble de données d’almanach est obtenu de-
puis un réseau de référence (62) de récepteurs SPS.

Procédé selon la revendication 8, dans lequel ledit
ensemble de données d’éphémérides est obtenu a
partir d’'un récepteur de référence SPS (90) dans un
site de cellule (13, 15, 19, 21) qui est en communi-
cation avec ledit récepteur SPS (16, 17,22, 75, 101).

Procédé selon la revendication 8, dans lequel ledit
ensemble de données d’almanach est obtenu a par-
tird’un récepteur de référence SPS (90) dans un site
de cellule (13, 15, 19, 21) qui est en communication
avec ledit récepteur SPS (16, 17, 22, 75, 101).

Procédé selon la revendication 8, dans lequel ledit
ensemble de données d’almanach est obtenu par
ledit récepteur SPS (16, 17, 22, 75, 101) a partir de
signaux SPS provenant de satellites SPS.

Procédé selon la revendication 1, dans lequel ledit



15.

16.

33

emplacement estimé est obtenu a partir d’'une sour-
ce d’informations basée sur une cellule.

Procédé selon la revendication 1, dans lequel I'in-
formation d’heure du jour est déterminée par 'un des
événements suivants : le récepteur SPS lit un mes-
sage de données de satellite dans un signal prove-
nant du premier satellite SPS, le récepteur SPS uti-
lise un compteur de temps écoulé, le récepteur SPS
regoit un signal WWYV diffusé qui donne des infor-
mations de minutage et le récepteur SPS regoit un
signal de communication transmis par un systéme
de communication basé sur une cellule et lit le mes-
sage d’heure du jour présent avec le signal de com-
munication basé sur une cellule.

Récepteur de systeme de positionnement de satel-
lites SPS (16, 17, 22, 75, 101) comprenant :

une antenne SPS (77, 102) qui est configurée
pour recevoir des signaux SPS,

un moyen de traitement (114) couplé a ladite
antenne SPS (77, 102), ledit moyen de traite-
ment (114) étant adapté pour :

déterminer une premiere heure d’arrivée (133,
138) d’'une époque de séquence pseudoaléatoi-
re, PN, d’'un signal d’'un premier satellite SPS
par rapport a une époque PN de référence (131,
132) qui est générée localement dans le récep-
teur SPS ;

déterminer une heure du jour ;

déterminer (163) un emplacement estimé dudit
récepteur SPS (16, 17, 22, 75, 101) ;
déterminer une position dudit premier satellite
SPS etune position d’'un deuxiéme satellite SPS
en utilisant ladite heure du jour et des informa-
tions de position de satellite ;

caractérisé en ce qu’il est adapté pour :
utiliser ledit emplacement estimé du récepteur
SPS et les positions déterminées desdits pre-
mier et deuxiéme satellites SPS pour déterminer
une portée estimée R4 dudit emplacement esti-
mé du récepteur SPS au premier satellite SPS
et une portée estimée R, dudit emplacement
estimé du récepteur SPS au deuxiéme satellite
SPS ;

déterminer une heure d’'arrivée estimée (134)
d’'une époque PN du signal du deuxiéme satel-
lite SPS par rapport a ladite époque PN de ré-
férence (131, 132) en déterminant un décalage
temporel (6T, o, 137) par rapport & ladite pre-
miére heure d’arrivée (133, 138), ledit décalage
temporel (8T,,m, 137) étant calculé au moyen
de I'expression (R,-R4)/c, ou ¢ est la vitesse de
la lumiére ;

rechercher (169) I'heure d’arrivée de signaux
SPS provenant du deuxieme satellite SPS dans
une plage de recherche (E, 135) autour de ladite
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34

heure d’arrivée estimée (134) d’'une époque PN
du deuxiéme satellite SPS.

Récepteur SPS (16, 17, 22, 75, 101) selon la reven-
dication 16, comprenant en outre un systéme de
communication qui est couplé audit moyen de trai-
tement (114), dans lequel ledit systéme de commu-
nication fournit ledit emplacement estimé audit pro-
cesseur (114).

Récepteur SPS (16, 17, 22, 75, 101) selon la reven-
dication 16, dans lequel ladite heure d’arrivée esti-
mée (134) d’'une époque PN du signal du deuxiéme
satellite SPS n’est pas basée surune heure d’arrivée
préalablement déterminée d’'une époque PN du si-
gnal du deuxiéme satellite SPS.

Récepteur SPS (16, 17, 22, 75, 101) selon la reven-
dication 16, dans lequel lesdites informations de po-
sition de satellite sont transmises par une source
extérieure qui est soit un satellite SPS, soit un sys-
téme de communication basé sur la cellule, et ladite
heure du jour est déterminée a partir d’'un signal de
communication dans un systéme de communication
basé sur la cellule.

Récepteur SPS (16, 17, 22, 75, 101) selon la reven-
dication 16, dans lequel ledit moyen de traitement
(114) est en outre adapté pour :

déterminer une position de satellite d’'un troisie-
me satellite SPS en utilisant ladite heure du jour
et les informations de position de satellite ; et
utiliser ledit emplacement estimé et la position
déterminée dudit troisieme satellite pour déter-
miner une portée estimée R3 dudit récepteur
SPS au troisiéeme satellite ; déterminer une heu-
re d’arrivée estimée d’une époque PN du signal
du troisiéme satellite SPS par rapport a ladite
époque PN de référence (131, 132).

Récepteur SPS (16, 17, 22, 75, 101) selon la reven-
dication 16, dans lequel le moyen de traitement est
adapté pour obtenir 'heure du jour a partir de 'une
des actions suivantes : lire un message de données
de satellite dans un signal provenant du premier sa-
tellite SPS, utiliser un compteur de temps écoulé
dans le récepteur SPS, recevoir un signal WWYV dif-
fusé qui donne des informations de minutage et re-
cevoir un signal de communication transmis par un
signal de communication basé sur une cellule et lire
le message d’heure du jour présent avec le signal
de communication basé sur une cellule.

Programme d’ordinateur adapté pour exécuter le
procédé de I'une quelconque des revendications 1
a 15, quandil estexécuté par un moyen de traitement
d’'un récepteur de systéme de positionnement de sa-
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