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ABSTRACT 

A global positioning receiver unit utilizes a temperature com 
pensated oscillator and a unit controller. The temperature 
compensated oscillator generates a clock signal, and the unit 
controller is configured to track GPS time based on the clock 
signal while the receiver unit is in a sleep state. The unit 
controller is further configured to perform a position fix based 
on a satellite signal and the GPS time tracked by the unit 
controller. 
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GLOBAL POSITONINGAPPARATUS AND 
METHOD FORUSINGATEMPERATURE 

COMPENSATED OSCILLATOR TO 
PERFORMIA POSITION FX 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Continuation of U.S. patent 
application Ser. No. 1 1/470,210, filed Sep. 5, 2006, U.S. Pat. 
No. 7,317,418, which is a Continuation of Ser. No. 10/263, 
333, filed Oct. 2, 2002, which claims the benefit of U.S. 
Provisional Application No. 60/326,898, filed Oct. 2, 2001, 
the contents of which are incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to the Global 
Positioning System (GPS) and, in particular, to a global posi 
tioning apparatus and method for using a temperature com 
pensated oscillator to track GPS time during a sleep state and 
for performingaposition fix based on a satellite signal and the 
tracked GPS time. 
0004 2. Related Art 
0005. The Global Positioning System (GPS) is currently a 
collection of twenty-four earth-orbiting satellites. Each of the 
GPS satellites travels in a precise orbit about 11,000 miles 
above the earth's surface. A GPS receiver locks onto at least 
three of the satellites to determine its precise location. Each 
satellite transmits a signal modulated with a unique pseudo 
noise (PN) code. Each PN code is a sequence of 1023 chips 
that are repeated every millisecond (ms) consistent with a 
chip rate of 1.023 megahertz (MHz). Each satellite transmits 
at the same frequency. For civil applications, the frequency is 
known as L1 and is 1575.42 MHZ. The GPS receiver receives 
a signal that is a mixture of the transmissions of the satellites 
that are visible to the receiver. The receiver detects the trans 
mission of a particular satellite by correlating the received 
signal with shifted versions of the PN code for that satellite. If 
the level of correlation is sufficiently high so that there is a 
peak in the level of correlation achieved for a particular shift 
and PN code, the receiver detects the transmission of the 
satellite corresponding to the particular PN code. The receiver 
then uses the shifted PN code to achieve synchronization with 
Subsequent transmissions from the satellite. 
0006 GPS employs a unique time keeping system. GPS 
time is kept in terms of seconds and weeks since Jan. 6, 1980. 
There are 604.800 seconds per week. Therefore, GPS time is 
stated in terms of a time of week (TOW) and a week number. 
TOW ranges from 0 to 604800, corresponding to the number 
of seconds in a week. The week number started with week 
Zero on Jan. 6, 1980 and is currently in excess of one thousand 
weeks. The TOW can have a fractional part, particularly when 
oscillators provide a resolution of 42.76s" of a second (oscil 
lation frequency of 32 kiloHertz, or kHz) or when the GPS 
time is computed from range measurements relative to a 
specific clock epoch, and can have accuracy on the order of a 
few tens of nanoseconds. GPS time is fundamental to the GPS 
system. 
0007. During the initial determination of position of the 
GPS receiver unit, a “cold start process is initiated whereby 
the GPS receiver unit searches for all satellites over a wide 
range of possible frequencies since the GPS receiver unit 
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begins the acquisition process without knowledge of GPS 
time, GPS position or ephemeris data for the GPS satellite 
orbits. In some situations, almanac data is also unknown for 
the GPS satellites. Eventually, after many seconds, at least 
four satellite signals are acquired. The satellites PN encoded 
signals identify each of the satellites, and each satellite trans 
mits precise orbital information (orbital location as a function 
of GPS time) for that satellite, known as ephemeris data. 
0008 If some information is known prior to acquisition, 
the time to acquire sufficient information from the GPS sat 
ellites for navigation can be reduced. For example, a "warm 
start process may be used if almanac data, approximate GPS 
time and approximate receiver position allow approximate 
satellite locations and Doppler shifts to be calculated. A "hot 
start process may be used if the ephemeris data, approximate 
GPS time and approximate receiver position are known so 
that approximate satellite locations and Doppler shifts can be 
calculated, whereby the time to collectephemeris data can be 
avoided. However, a complete six-second Sub-frame of data 
from at least one satellite is normally required in order to 
establish time with Sufficient accuracy to compute a naviga 
tion Solution (position). 
0009. The GPS receiver unit determines its distance from 
each satellite by determining the code phase of the transmis 
sion from each satellite. The code phase (CP) is the delay, in 
terms of chips or fractions of chips that a satellite transmis 
sion experiences as it travels the approximately 11,000 mile 
distance from the satellite to the receiver unit. At each satel 
lite, the time of transmission of each PN chip is controlled to 
within a few nanoseconds. Consequently, knowledge of pre 
cise GPS time allows the GPS receiver unit to know exactly 
which chip of a satellite's waveform is being transmitted at 
any given time. If the arrival of a given chip at a receiver unit 
is measured relative to a local timing epoch, such as the T20, 
then the propagation time of that chip from the satellite to the 
GPS receiver unit can be measured as accurately as GCPS 
time at that T20 epoch is known. If the propagation times 
from each of four satellites are measured relative to the same 
T20 epoch, then the GPS receiver unit can solve for the 
location of the receiver in three-dimensional space, along 
with the error in the value of GPS time at the reference T20. 

(0010. The GPS receiver unit precisely determines the dis 
tance to the satellite by multiplying the time delay by the 
velocity of the transmission from the satellite. The GPS 
receiver unit also knows the precise orbits of each of the 
satellites. Updates of the locations of the satellites are trans 
mitted to the receiver by each of the satellites. This is accom 
plished by modulating a low frequency (50 HZ) data signal 
onto the PN code transmission from the satellite. The data 
signal encodes the time-dependent positional information for 
the satellite and amy time errors in its on-board clock in the 
ephemeris data sub-frames. Precise time of each satellite's 
transmission is given in each six-second data Sub-frame rela 
tive to a reference chip at the start of the next sub-frame. 
0011. The receiver unit uses the estimated range from a 
satellite to define a sphere around the satellite upon which the 
receiver unit must belocated. The radius of the sphere is equal 
to the range to the satellite the receiver unit has determined 
from the code phase. The receiver performs this process for at 
least three satellites. The receiver derives its precise location 
from the points of intersection among the at least three 
spheres it has defined. Measurements from three satellites are 
sufficient if the receiver unit knows the altitude at its location. 
When the altitude is unknown, measurements from four sat 
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ellites are required so that altitude can also be determined, 
along with latitude, longitude and the error in the local clock 
measurement epoch (e.g., GPS time at the T20 epoch). 
0012. The detection of the signals from each satellite can 
be accomplished in accordance with a GPS signal detector 
that is disclosed in, for example, but not limited to, U.S. patent 
application entitled “Signal Detector Employing Coherent 
Integration.” having Ser. No. 09/281,566, filed on Mar. 30, 
1999, which is incorporated herein by reference. A signal 
detector as disclosed therein may use a correlation mecha 
nism, for example, a matched filter, and a coherent integration 
scheme in which to detect the appropriate satellite signals. 
0013. Once the satellite signals are detected, the low fre 
quency 50 Hz, data that is modulated onto the PN code signal 
received from the satellite is decoded to determine the precise 
location of the GPS receiver unit. In the past, this location 
determination process often required several seconds to com 
plete. Unfortunately, these conventional Schemes typically 
run continually, thus consuming valuable processor 
resources, particularly a limited power source, if the GPS 
receiver unit is portable. Portable GPS receiver units may be 
designed Such that selected components may be shut off, or 
powered down, during periods when the user is not querying 
the GPS receiver unit for location information. When the user 
(or an automated process) queries the GPS receiver unit, the 
GPS receiver unit reactivates the powered down components 
and reacquires satellite data to determine the current location. 
If the user has not significantly moved, and/or if the shut down 
period has been sufficiently short, it may be possible to reac 
quire the previous satellite signals and have nearly immediate 
correlation of the code phase data (rather than the several 
seconds to minutes associated with the hot, warn or cold start 
procedures). Nearly immediate correlation of the code phase 
data saves several seconds, thereby saving a substantial 
amount of the limited power source available in a portable 
GPS receiver unit. 

0014. However, such reacquisition of the satellite signals 
with nearly immediate correlation of the code phase data 
requires precise time keeping during the period that the 
receiver is off. More particularly, the GPS oscillator and 
timing system normally must maintain accuracy of the Vari 
ous clocking signals in the GPS receiver unit to better than 0.5 
milliseconds (ms) to avoid losing track of which PN code 
period within the overall GPS signal structure the receiver 
expects to receive at reacquisition. This 0.5 mS criterion cor 
responds to one half of a 1 mS code period. In addition, 
movement of the GPS receiver unit introduces error that may 
be equated to timing of the PN code signals. If the accuracy of 
the clocking signals plus the error introduced by movement of 
the GPS receiver unit can be maintained to within approxi 
mately +0.5 ms of the incoming PN code signals, the time 
consuming and power consuming process of determining 
location using the hot, warm or cold start procedures may be 
avoided because the GPS receiver unit matching filters can 
immediately lock onto the four previously acquired satellite 
PN code signals and know which PN code period of the signal 
structure has been acquired. Otherwise, the hot, warm or cold 
start procedures must be used, depending on the prior infor 
mation (e.g., almanac, ephemeris, GPS time, receiver posi 
tion) that has been preserved while the receiver was off. 
0015 Typically, a conventional real time clock (RTC) cir 
cuit may be used to maintain rough GPS time while the rest of 
the GPS circuitry is off. Typical RTC circuits may maintain 
accuracy of a few seconds over extended periods. Such accu 
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racy is adequate for hot and warm starts. However, the accu 
racy of a conventional real time clock degrades rapidly due to 
poor stability and temperature characteristics of typical low 
cost, low power RTC circuits. Therefore, even after a very 
brief time, a cold start is often required. 
0016 Maintaining accuracy of the various clocking sig 
nals in the GPS receiver unit to within +0.5 ms (one half of a 
1 ms code period) is not possible with a conventional GPS 
oscillator and timing system if the oscillator is powered down 
between navigation updates. However, since the GPS oscil 
lator and the associated timing system consume significant 
power, powering down these components is very desirable in 
a portable GPS receiver unit to conserve power resources. 
0017. Therefore, it is desirable to have a power saving 
scheme for powering down a GPS receiver unit and for 
enabling the GPS receiver unit to precisely maintain GPS 
time during the power down period such that new immediate 
collection of code phase data is possible Subsequent to the 
power down process. In particular, it is desirable to power 
down the GPS oscillator and the associated clocking circuitry 
while preserving accurate clocking information Such that 
approximately +0.5 ms accuracy is maintained over the 
power down period. 

SUMMARY OF THE INVENTION 

0018 Generally, the present invention pertains to a global 
positioning receiver unit and method for utilizing a tempera 
ture compensated oscillator to track GPS time during a sleep 
state and for performing a position fix based on a satellite 
signal and the tracked GPS time. 
0019. A global positioning receiver unit in accordance 
with an exemplary embodiment of the present invention uses 
a temperature compensated oscillator and a unit controller. 
The temperature compensated oscillator generates a clock 
signal, and the unit controller is configured to track GPS time 
based on the clock signal while the receiver unit is in a sleep 
state. The unit controller is further configured to perform a 
position fix based on a satellite signal and the GPS time 
tracked by the unit controller. 
0020. A method for use with a global positioning receiver 
unit in accordance with an exemplary embodiment of the 
present invention can be broadly conceptualized by the fol 
lowing steps: generating a clock signal via a temperature 
compensated oscillator; tracking GPS time based on the clock 
signal while the receiver unit is in a sleep state; acquiring a 
satellite signal; and performing a position fix based on the 
satellite signal and the GPS time tracked in the tracking step. 
0021 Various features and advantages of the present 
invention will become apparent to one skilled in the art upon 
examination of the following detailed description, when read 
in conjunction with the accompanying drawings. It is 
intended that all Such features and advantages be included 
herein within the scope of the present invention and protected 
by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The invention can be better understood with refer 
ence to the following drawings. The elements of the drawings 
are not necessarily to scale relative to each other, emphasis 
instead being placed upon clearly illustrating the principles of 
the invention. Furthermore, like reference numerals designate 
corresponding parts throughout the several views. 



US 2008/019 1938 A1 

0023 FIG. 1 is a block diagram illustrating a global posi 
tioning system (GPS). 
0024 FIG. 2 is a block diagram illustrating an exemplary 
embodiment of a GPS receiver unit. 
0025 FIG.3 is a block diagram illustrating a conventional 
GPS receiver unit that utilizes a temperature compensated 
oscillator to track GPS time. 
0026 FIG. 4 is an exemplary awakening process imple 
mented by a GPS receiver unit, such as is depicted in FIG. 3. 
0027 FIG. 5 is an exemplary process implemented by a 
GPS receiver unit, such as is depicted in FIG. 3, while oper 
ating in a tracking mode. 

DETAILED DESCRIPTION 

0028 FIG. 1 depicts a global positioning system (GPS) 20 
having a plurality of GPS satellites 22 and a GPS receiver 
apparatus or unit 23. Each of the satellites 22 orbits the Earth 
and continuously transmits signals that may be received by an 
antenna 27 of the receiver unit 24. The receiver unit 23 is 
configured to analyze data received from at least three of the 
orbiting satellites 22 and to employ triangulation techniques, 
based on the information included in the received signals, to 
discover the unit's position or location. 
0029 FIG. 2 depicts a conventional GPS receiver unit 24. 
The receiver unit 24 comprises a receiver 42 and a unit con 
troller 45. Both the receiver 42 and the unit controller 45 are 
powered via a main power Source 47. Such as a battery, for 
example, and the receiver 42 is clocked by a temperature 
compensated oscillator 48. The oscillator 48 compensates for 
temperature changes such that the frequency of the oscillator 
48 remains Substantially constant over a wide temperature 
range. As an example, the temperature compensated oscilla 
tor 48 may be a Rakon IT5305ETCXO, which runs precisely 
at 24.5535 megaHertz (MHz) with a drift of 1 part-per-mil 
lion (PPM) over temperature. 
0030 A GPS clocking signal 51 derived via the output of 
the oscillator 48 is provided to the unit controller 45 to pro 
vide synchronization between the unit controller 45 and the 
receiver 42. Note that the unit controller 45 and the receiver 
42 may each be implemented via an integrated circuit (IC) 
chip. In this regard, each of the components of the unit con 
troller 45 may reside within a single IC chip (not shown), and 
each of the components of the receiver 42 may reside in a 
different IC chip (not shown). 
0031. The receiver 42 is configured to receive a GPS sat 

ellite signal and to demodulate the received signal. The 
receiver 42 performs an analog-to-digital (A/D) conversion 
on the demodulated signal and provides the digital data 
defined by such signal to the unit controller 45 via a two-bit 
signal 49, although other numbers of bits may be employed in 
other examples. The unit controller 45 then processes the 
digital signal received from the receiver 42 to determine the 
position of the receiver unit 24. 
0032. In this regard, the satellite signal comprises infor 
mation, referred to as ephemeris data, indicative of orbital 
positions of satellites 22 (FIG. 1). The ephemeris data is a 
function of GPS time, and the ephemeris data transmitted by 
each satellite 22 is normally updated every hour. Each frame 
of ephemeris data is correlated with time data indicative of the 
GPS time at which the correlated frame was transmitted from 
the transmitting satellite 22. A position manager 52 of the unit 
controller 45 may lock onto the incoming demodulated Sat 
ellite signal and collect, from the satellite signal, a sufficient 
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amount of time data and ephemeris data to determine the 
positions of satellites 22 that are in view of the unit 24. 
0033 Moreover, the incoming satellite signal also com 
prises PN code that may be used by the position manager 52 
to determine the transmission delays between the satellites 22 
and the receiver unit 24. Based on these delays, the position 
manager 52 can determine the distance between the receiver 
unit 24 and the satellites 22 via well-known techniques. After 
determining the position and range of at least three satellites 
22, the position manager 52 may employ triangulation tech 
niques to determine the receiver unit's GPS position. This 
position may then be displayed via a display 55 of the GPS 
receiver unit 24. Note that the position manager 52 may be 
implemented in hardware, Software, or any combination 
thereof. 

0034. Once the ephemeris data is collected by the position 
manager 52, the position manager 52 may store the ephemeris 
data, thereby eliminating the need of the position manager 52 
to collect the ephemeris data from the incoming satellite 
signal. Moreover, the stored ephemeris data, rather than the 
ephemeris data being received by the unit 24, may be used to 
perform a position fix (i.e., to determine the current location 
or position of the GPS receiver unit 24). In this regard, the 
stored ephemeris data may be used to determine the position 
of the satellites 22 based on the timing information extracted 
from the incoming satellite signal. In some embodiments, it 
can take approximately eighteen to thirty-six seconds to 
acquire all of the ephemeris data of an incoming GPS satellite 
signal and less than ten seconds to acquire the time data of the 
incoming GPS satellite signal. Thus, by storing and reusing 
the ephemeris data, it is possible to significantly reduce the 
amount of time required to perform a position fix. 
0035. Furthermore, if the GPS receiver unit 24 is capable 
of precisely tracking GPS time, the amount of time required 
to perform a position fix can be further reduced. In this regard, 
precisely tracking GPS time eliminates the need to acquire 
time data from the satellite signal being processed by the 
position manager 52, thereby avoiding the overhead associ 
ated with obtaining timing information from the incoming 
satellite signal. Indeed, if Sufficient time data and ephemeris 
data are already known by the position manager 52, the posi 
tion manager 52 can perform a position fix once the manager 
52 acquires the satellite signal. Thus, there is no need for the 
position manager 52 to wait until the time data and the ephem 
eris data are extracted from the incoming satellite signal 
before performing the position fix, thereby reducing the 
amount of time required to perform the position fix. More 
over, the unit controller 45 may be configured to precisely 
track GPS time based on the output of a real time clock (RTC) 
75 time so that the unit 24 may perform a position fix without 
waiting for time data to be extracted from the satellite signal 
being processed by the unit 24. 
0036) However, if the GPS time tracked by the unit 24 is to 
be used to perform a position fix in lieu of the time data of the 
incoming satellite signal, it is desirable for the GPS time to be 
tracked to an accuracy of about 0.25 ms of the incoming PN 
code signals. Note that the 0.25 ms threshold assumes that 
inaccuracy due to movement of the unit 24 will be less than 
0.25 ms, thereby resulting in an overall inaccuracy no greater 
than about 0.5 ms. In some instances, the accuracy of the GPS 
time, as tracked by the position manager 52, may degrade 
beyond 0.25 ms, and, in Such instances, the position manager 
52 is configured to perform a position fix based on time data 
extracted from the incoming satellite signal. Thus, in Such 
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instances, the position manager 52 waits for the time data to 
be extracted from the incoming satellite signal before per 
forming the position fix. 
0037. As shown by FIG. 2, the clock signal output by the 
real time clock 75 is passed through a plurality of counters 77 
that divide the frequency of the clock signal into units of time 
tracked by the unit controller 45. For example, one of the 
counters 77 divides the frequency of its input clock signal 
such that its output indicates GPS seconds, and another of the 
counters 77 divides the frequency of its input clock signal 
such that its output indicates GPS weeks. 
0038. It is generally desirable for the unit 24 to continue 
tracking GPS time even when the unit 24 is transitioned to a 
sleep state. Indeed, by precisely tracking GPS time during a 
sleep state, it is possible to perform a position fix when the 
unit 24 is later powered up without waiting for the position 
manager 52 to extract time data from the incoming satellite 
signal. Therefore, the time from power up to the first subse 
quent position fix can be significantly reduced if the GPS time 
tracked by the unit controller 45 is sufficient for performing 
the position fix within acceptable margins (e.g., has an accu 
racy better than approximately 0.25 ms). 
0039 Moreover, the components of the unit 24 that track 
GPS time are electrically coupled to a backup power source 
83, which powers such components when the unit 24 is in a 
sleep state or is “sleeping.” Note that when the unit 24 tran 
sitions out of the sleep state or, in other words, transitions to 
an active state, the main power source 47 powers the compo 
nents of the receiver unit 24. However, when the unit 24 
transitions to a sleep state, the main power source 47 is 
switched off, and the backup power source 83 provides power 
to select components. In particular, the backup power Source 
83 provides power to at least the components used for track 
ing GPS time. In this regard, the backup power source 83 
provides backup power to at least the real time clock 75, 
counters 77, and power control logic 88, which will be 
described in more detail below. Note that the components of 
the unit controller 45 powered by the backup power source 83 
shall be collectively referred to hereafter as “backup power 
(BP) components 92.” 
0040. The backup power source 83 may comprise a low 
voltage battery, such as a Panasonic CR24773V battery, and 
to increase the life of the backup power source 83, the real 
time clock 75 may be a low power oscillator having a crystal, 
such as a Fox Electronics NC 15 series 32768 Hz crystal, that 
oscillates at a frequency lower than the frequency of the 
temperature compensated oscillator 48. Indeed, in one 
embodiment, the real time clock 75 draws about 1 microwatt 
(SW) of power and may oscillate at 32768 Hz, whereas the 
temperature compensated oscillator 48 draws about 5 milli 
watts (mW) of power and oscillates at 24.5535 MHz. Note 
that an example of a low power RTC stand-alone device is the 
Dallas Semiconductor DS 17285, which operates at about 1.5 
uW. An integrated RTC oscillator can have similar power 
consumption. 
0041. However, the low power real time clock 75 may be 
subject to drift as the temperature of the clock 75 changes. In 
particular, the temperature of the electronic components, 
including that of the real time clock 75 of the receiver unit 24, 
tends to drastically decrease for the first few minutes after the 
unit 24 transitions to a sleep state, causing significant drift in 
the real time clock 75. As the real time clock 75 drifts, the 
accuracy of the GPS time being tracked by the position man 
ager 52 decreases. Indeed, for one implementation according 
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to the configuration shown by FIG. 2, it has been shown that 
after about three minutes from the time that the unit 24 tran 
sitions to a sleep state, the accuracy of the GPS time tracked 
by the position manager 75 degrades to less than 0.25 ms 
accuracy. For Such an implementation, if the duration of the 
sleep state is less than approximately three minutes, the posi 
tion manager 52 (after transition to an active state) performs 
a first position fix based on the GPS time maintained by the 
unit controller 45. However, if the duration of the sleep state 
is greater than approximately three minutes, the position 
manager 52, before performing the first position fix, acquires 
time data from the incoming satellite signal and uses this time 
data, in lieu of the GPS time maintained by the position 
manager 52, to perform the first position fix. As a result, the 
position manager 52 waits for time data to be extracted from 
the incoming satellite signal before performing the first posi 
tion fix, thereby lengthening the time between power up and 
the first position fix. 
0042. Note that it is possible for the receiver unit 24 to 
operate in a tracking mode whereby the receiver unit 24 
automatically and periodically performs a position fix and 
stores data indicative of each of the position fixes. This data 
may be used to define or show a route of a person or vehicle 
carrying the receiver unit 24. To conserve power, it is gener 
ally desirable for the unit 24 to transition to a sleep state 
between Successive position fixes. The transitioning of the 
unit 24 into and out of sleep states may be controlled by power 
control logic 88. 
0043. In this regard, after a position fix is performed, the 
power control logic 88 initiates a sleep state or, in other 
words, puts the unit 24 to sleep in order to conserve power 
before the next position fix. To enable the unit 24 to perform 
the next position fix without having to acquire time data from 
the incoming satellite signal, the power control logic 88 
causes the unit 24 to wake-up (i.e., transition to an active 
state) before the drift of the real time clock 75 causes the 
accuracy of the GPS time being tracked by the unit controller 
45 to fall below a specified threshold (e.g., +0.25 ms). In the 
embodiment described above where such a threshold is 
passed after about three minutes, the power control logic 88 
awakens the unit 24 or, in other words, transitions the unit 24 
to an active state prior to expiration of approximately three 
minutes from initiation of the current sleep state. 
0044 Upon power-up, the position manager 52 performs a 
position fix and stores data indicative of this fix. Note that 
Such a position fix may be performed without acquiring time 
data from the incoming satellite signal as the accuracy of the 
GPS time tracked by the unit controller 45 should be within 
acceptable margins. After performing the position fix, the 
power control logic 88 again puts the unit 24 to sleep, and the 
aforedescribed process is repeated. Note that it is possible for 
the duty cycle of the unit 24 to be longer than three minutes. 
However, in such an embodiment, the accuracy of the GPS 
time being maintained by the unit controller 45 may fall 
below an acceptable level, as previously described. Thus, for 
a duty cycle longer than three minutes, the position manager 
52 acquires time data from the incoming satellite signal, 
resulting in a longer active state duration. 
0045. Note that increasing the length of time that the unit 
24 can accurately maintain GPS time while in a sleep state can 
help to increase the life of the main power source 47. More 
particularly, in Such an embodiment, the duration of sleep 
states can be lengthened without requiring the position man 
ager 52 to extract time data from the incoming satellite signal. 
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As a result, position fixes may be performed less frequently 
and with short active state durations, thereby decreasing the 
power consumed from the main power source 47. 
0046 FIG.3 depicts a GPS receiver unit 124 in accordance 
with an exemplary embodiment of the present invention. The 
unit 124, similar to the receiver unit 24 described above, 
acquires an incoming satellite signal and extracts data pro 
vided by at least three satellites 22 to perform position fixes. 
0047. As shown by comparing FIGS. 2 and 3, the GPS 
receiver unit 124 of FIG.3 may be similar in design to the 
conventional GPS receiver unit 24 of FIG. 2. Indeed, the GPS 
receiver unit 124 of FIG. 3 comprises a receiver 42 and a 
position manager 52 configured identical to the receiver 42 
and position manager 52 of the conventional GPS receiver 
unit 24. Further, the unit controller 145 of FIG. 3 may be 
similar to the unit controller 45 of FIG. 2. However, the unit 
controller 145 of FIG. 3 preferably allows for a longer sleep 
state duration before requiring that the position manager 52 
use, for a position fix, time data acquired from the incoming 
satellite signal in lieu of time data maintained by the unit 124. 
0048. In this regard, the time data maintained by the 
receiver unit 124 of FIG.3 preferably remains precisely accu 
rate for longer periods than the time data maintained by the 
receiver unit 24 of FIG. 2 due to the fact that the clock signal 
utilized to track GPS time remains precisely accurate for a 
longer sleep state duration. In this regard, rather than employ 
ing a low power real time clock 75 for generating a clock 
signal from which GPS time is to be based, the unit 124 
preferably uses the clock signal of the temperature compen 
sated oscillator 48 to maintain GPS time. More specifically, 
the clock signal from the oscillator 48 is preferably passed 
through a counter 131 that divides the frequency of the clock 
signal. In a preferred embodiment, the counter 131 divides the 
frequency of the clock signal Such that the clock signal output 
from the counter 131 equals or is close to the frequency of the 
clock signal generated by the real time clock 75 of the receiver 
unit 24 depicted in FIG. 2 (i.e., 32768 Hz). As a result, the 
configuration of the components of the unit controller 145 
need not be substantially changed from the configuration of 
the components of the controller 45 of FIG. 2. Indeed, it is 
possible to implement the unit controller 145 via the same IC 
chip used to implement the conventional controller 45. 
0049 Since the oscillator 48 is temperature compensated, 
the drift associated with the clock signal provided to counters 
77 in FIG.3 upon an initiation of a sleep state is significantly 
less pronounced than the drift associated with the clock signal 
provided to counters 77 in FIG. 2. Therefore, after initiation 
of a sleep state, the accuracy of the GPS time data maintained 
by the position manager 52 in the embodiment depicted by 
FIG.3 remains within acceptable margins for a longer period 
of time than the accuracy of the GPS time data maintained by 
the controller 45 of FIG. 2. Indeed, it has been shown that, for 
an exemplary implementation according to the embodiment 
depicted by FIG. 3, the accuracy of the time data maintained 
by the unit controller 145 remains within about 0.25 ms 
accuracy for at least nine minutes, which is approximately 
three times longer than the duration of Such accuracy 
described above for the GPS receiver unit 24 depicted by FIG. 
2. Note that a different duration is possible depending on the 
overall configuration of the unit 124. However, for the pur 
poses of illustration, assume that the accuracy of the time data 
maintained by the unit controller 145 remains within about 
0.25 ms for nine minutes during a sleep state. Also assume 
that control logic 188 of the unit controller 145, therefore, 
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uses nine minutes as a threshold for determining whether to 
use time data maintained by the unit 124 to perform a position 
fix and/or whether to initiate a transition to an active state, as 
will be described in more detail hereinafter. 

0050 Moreover, if a user invokes a transition from a sleep 
state to an active state within a time period when the accuracy 
of the unit's time data is within acceptable margins (e.g., Such 
that the duration of the sleep state is less than nine minutes in 
the aforedescribed embodiment), the position manager 52 is 
preferably configured to perform a position fix without wait 
ing for time data to be extracted from the incoming satellite 
signal. However, if a user invokes a transition from a sleep 
state to an active state within a time period when the accuracy 
of the unit's time data may be outside of acceptable margins 
(e.g., Such that the duration of the sleep state is greater than 
nine minutes in the above mentioned embodiment), the posi 
tion manager 52 is preferably configured to perform a posi 
tion fix utilizing GPS timing information extracted from the 
incoming satellite signal. 
0051 FIG. 4 depicts a flow chart describing an exemplary 
operation of the GPS receiver unit 124 when a user awakens 
the unit 124 from a sleep state. Note that the unit 124, whether 
awake or asleep, continues to track GPS time via the clock 
signal generated by the temperature compensated clock 48 
and the counters 77 and 131. When awake or, in other words, 
in an active state, the main power Source 47 preferably pro 
vides power to all of the other components shown by FIG. 3, 
except of course backup power source 83. When asleep, the 
main power source 47 is preferably switched off, and the 
backup power source 83 provides power to the clock 48, 
counter 131, and to the BP components 92. 
0052. When the GPS receiver unit 124 transitions to a 
sleep state, the position manager 52 preferably stores the GPS 
time, as indicated by the counters 77. When the GPS unit 124 
is awakened, the position manager 52 preferably subtracts the 
current GPS time, as indicated by the counters 77, from the 
previously stored GPS time to determine the duration of the 
sleep state. This elapsed time is compared to a threshold in 
block 215 of FIG. 4. The threshold value preferably corre 
sponds to an amount of time equal to or less than the period, 
which is nine minutes in the instant example, that GPS time is 
precisely maintained by the unit 124 within 0.25 ms during a 
sleep state. Note that other margins may be employed in other 
examples. 
0053. If the elapsed time exceeds the threshold, the posi 
tion manager 52 preferably acquires the incoming satellite 
signal and extracts time data from the incoming satellite 
signal before performing a position fix, as shown by blocks 
221 and 224 of FIG. 4. However, if the elapsed time is less 
than the threshold, the position manager 52 performs the 
position fix in block 224 based on the GPS time indicated by 
the counters 77 and, in particular, without waiting for extrac 
tion of time data from the incoming satellite signal. After a 
position fix is performed in block 224, the awakening process 
is complete, and the GPS receiver unit 124 may be operated in 
any desirable manner. For example, a user may request addi 
tional position fixes as desired, or the user may manually 
invoke a power-down placing the unit 124 back into a sleep 
State. 

0054 When the unit 124 is operating in a tracking mode, 
power control logic 188 controls the state of the unit 124 and 
periodically invokes position fixes, similar to the power con 
trol logic 88 of FIG. 2. Note that the power control logic 188 
can be implemented in hardware, Software, or a combination 
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thereof. In addition, the power control logic 188 can lengthen 
the duty cycle of the unit 124, as compared to the duty cycle 
of the unit 24 of FIG. 2, since precise accuracy of GPS time is 
maintained for longer sleep state durations. In other words, 
the power control logic 188 can wait a longer amount of time, 
after a transition to a sleep state, before awakening the unit 24 
and invoking a position fix. For example, in the above 
described embodiment, the power control logic 188 can 
awaken the unit 124 and invoke a position fix after approxi 
mately a nine minute sleep state without requiring the posi 
tion manager 52 to acquire time data from the incoming 
satellite signal for the next position fix. As a result, fewer 
position fixes may be performed. 
0055 FIG.5 depicts a flow chart describing an exemplary 
operation of the receiver unit 124 when operating in the 
tracking mode. Once the unit 124 is transitioned to a sleep 
state, the power control logic 188 begins tracking, based on 
the output of counters 77, the duration of the sleep state. Once 
the elapsed time or duration of the sleep state reaches a 
threshold (e.g., nine minutes in the instant example), the 
power control logic 188 awakens the unit 124 from the sleep 
state thereby invoking a position fix, as shown by blocks 
242-244. Note that in performing this position fix, it is not 
necessary for the position manager 52 to wait for extraction of 
time data from the incoming satellite signal and may instead 
perform the position fix utilizing the OPS time indicated by 
the counters 77, thereby decreasing the amount of time 
required to perform the position fix. Upon performance of the 
position fix, the power control logic 188 may automatically 
invoke a transition of the receiver unit 124 back into a sleep 
state, as shown by block 247. 
0056. Note that, for the aforedescribed exemplary pro 
cesses shown in FIGS. 4 and 5, it is assumed that valid 
ephemeris data for performing position fixes is stored within 
the receiver unit 124. If the GPS receiver unit 124 is not 
storing sufficient ephemeris data for performing a position 
fix, then the position manager 124 preferably waits until Such 
ephemeris data is extracted from the incoming satellite signal 
before performing the position fix. As previously noted, the 
duration required to extract time data from an incoming GPS 
satellite signal is normally less than the duration required to 
extractephemeris data. Therefore, if the position manager 52 
is to extract ephemeris data before performing a position fix, 
the position manager 52 may utilize time data extracted from 
the incoming satellite signal rather than the time data main 
tained by the unit 124 to perform the position fix without 
adversely impacting the performance of the unit 124. In addi 
tion, the position manager 52 may utilize the extracted time 
data to recalibrate the GPS time maintained by the unit con 
troller 45. 

0057. It should also be noted that the temperature compen 
sated oscillator 48 may draw more power than the real time 
clock 75 of the conventional unit 24. Thus, utilizing the tem 
perature compensated oscillator 48 may increase the power 
burden of the unit 24 during a sleep state. However, the power 
savings associated with increasing the amount of time that the 
unit 124 may remain in the sleep state while precisely main 
taining GPS time may outweigh Such costs. 
0058. Furthermore, the present invention has been 
described above as using a main power source 47 to provide 
power to components of the GPS receiver unit 24 during an 
active state and as utilizing a backup power source 83 to 
provide power to select components during a sleep state. 
However, other methodologies for providing power to the 
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components of the receiver unit 24 are possible. For example, 
a single power Source (e.g., main power source 47) may be 
configured to provide power during both active and sleep 
states. In this regard, the single power source may provide 
power to the various components of the unit 24 during the 
active state, and, during sleep states, the single power Source 
may be used only to power selected ones of the components 
(e.g., components that enable the tracking of GPS time, as 
described above). Various other techniques of selectively pro 
viding power to various components, depending on the State 
of the unit 24, are possible in other embodiments. 
0059. In addition, it should be emphasized that the above 
described embodiments of the present invention, particularly, 
any "preferred embodiments, are merely possible examples 
of implementations, merely set forth for a clear understanding 
of the principles of the invention. Many variations and modi 
fications may be made to the above-described embodiment(s) 
of the invention without departing substantially from the 
spirit and principles of the invention. All Such modifications 
and variations are intended to be included herein within the 
Scope of this disclosure and the present invention and pro 
tected by the following claims. 

1. A global positioning receiver unit for use in a global 
positioning system (GPS), comprising: 

a temperature compensated oscillator configured to gener 
ate a clock signal; and 

a unit controller configured to track GPS time based on the 
clock signal while the receiver unit is in a sleep state, the 
unit controller further configured to perform a position 
fix based on a satellite signal and the GPS time tracked 
by the unit controller. 

2. The global positioning receiver unit of claim 1, further 
comprising: 

a first power source for powering the unit controller during 
an active state; and a second power source for powering 
a portion of the unit controller during the sleep state, 
wherein the unit controller portion is configured to track 
the GPS time, 

3. The global positioning receiver unit of claim 1, wherein 
the unit controller is configured to determine a value indica 
tive of an amount of time elapsed between a transition of the 
receiver unit to the sleep state and a transition of the receiver 
unit to an active state, the unit controller further configured to 
perform a comparison between the value and a threshold 
value. 

4. The global positioning receiver unit of claim3, wherein 
the unit controller is configured to initiate the transition of the 
receiver unit to the active state based on the comparison. 

5. The global positioning receiver unit of claim 1, further 
comprising a counter configured to receive the clock signal 
and to output the clock signal at a reduced frequency, the 
counter further configured to transmit the clock signal, at the 
reduced frequency, to the unit controller. 

6. A global positioning receiver unit for use in a global 
positioning system (GPS), comprising: 

temperature compensated means for generating a clock 
signal; 

means for tracking GPS time based on the clock signal 
while the receiver unit is in a sleep state; 

means for transitioning the receiver unit from the sleep 
state to an active state; 

means for acquiring a satellite signal; and 
means for performing a position fix based on the satellite 

signal and the tracking means. 
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7. (canceled) 
8. (canceled) 
9. A global positioning method, comprising: 
generating a clock signal via a temperature compensated 

oscillator within a global positioning receiver unit; 
tracking global positioning system (OPS) time based on 

the clock signal while the receiver unit is in a sleep state; 
acquiring a satellite signal; and 
performing a position fix based on the satellite signal and 

the GPS time tacked in the tracking step. 
10. The global positioning method of claim 9, further com 

prising adjusting a frequency of the clock signal. 
11. The global positioning method of claim 9, further com 

pr1S1ng: 
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determining a value indicative of an amount of time 
elapsed between a transition of the receiver unit to the 
sleep state and a transition of the receiver unit to an 
active state; and 

performing a comparison between the value and a thresh 
old value. 

12. The global positioning method of claim 11, wherein the 
acquiring is performed in response to the comparison. 

13. The global positioning method of claim 11, further 
comprising the initiating the transition of the receiver unit to 
the active state based on the comparison. 

14. (canceled) 
15. (canceled) 


