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array of satellites whose positions in orbit are known. The satellites transmit timing
signals that are detected by a GPS receiver. If the GPS receiver can detect signals from

several satellite vehicles (SVs), it is possible to accurately determine the position of the

- GPS receiver.
In many applications, the GPS receiver is a battery-powered, hand-held device.I
In such devices, it is desirable to minimize power consumption to conserve battery
power. In some applications, the GPS receiver is placed in a “sleep” mode to reduce
power consumption. However, the longer a GPS receiver is in a sleep mode, the longer
it may take to acquire a sufficient number of SVs and determine an accurate position fix.
Thus, there is a need for an improved apparatus and method that will reduce
power consumption in a position determination device, while providing the desired level

of position determination accuracy.

SUMMARY

In an exemplary embodiment, a system for optimizing electrical power use has a
selectively activated first timer having a first level of power consumption and generating
a first time signal with a first level of accuracy when selectively activated. A selectively
activated second timer has a second level of power consumption less than the first level
of power consumption and generates a second time signal with a second level of
accuracy less than the first level of accuracy when it is selectively activated. A

selectively activated position determination receiver has a third level of power



selectively activated position determ nation receiver has a third | evel of
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DETAILED DESCRIPTION
A typical GPS receiver contains an accurate time base. The relative speed with
which the position of the GPS receiver may be determined is dependent, in part, on the
accuracy of the time base. The disadvantage of a highly accurate time base is that it
| generally consumes more power than other timers within the GPS receiver. As will be
discussed in detail below, the present disclosure is directed to techniques for selecting a
clock source for the GPS receiver based on a variety of factors. Although references
herein will be made to a “GPS receiver”, the principles described herein apply generally-
to any position determination system. In addition to the US Global Positioning
System(GPS), for example, other systems include the Russian Glosnass System, the
planned European Galileo System, or any other Satellite Positioning System (SPS).
A position determination device, such as a GPS receiver is embodied in a
system 100 illustrated in FIG. 1. The system 100 includes a central processing unit
(CPU) 102, which controls operation of the system. The CPU 102 is intended to
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orbit audio communications, between the system 100 and a remote location. The

transmitter 108 ‘and receiver 110 may be combined into-a transceiver 112. An
antenna 114 is coupled to the transceiver 112. The transmitter 108, receiver 110 and
antenna 114 operate in known manner. '

The system 100 also comprises a position determination device receiver 120,
such as the GPS receiver shown. The GPS receiver 120 is coupled to a GPS antenna 122
in a conventional manner. The antenna 114 and GPS antenna 122 may be implemented
separately or integrated into a single antenna using conventional technology.

The operation of the GPS receiver 120 is known. Briefly, the GPS receiver 120
is used in conjunction with an array of sateilite vehicles (SVs) whose positions in orbit
are known with a high degree of accuracy. The SVs transmit timing data. The GPS
receiver 120 detects the timing data from a plurality of satellites and uses the data to
determine the latitude, longitude, and altitude of the GPS receiver. The GPS receiver
can determine the position with a high degree of accuracy if a sufficient number of SVs
are detected.

An accurate time signal used by the GPS receiver generally reduces the amount
of time needed to acquire the timing signals from the SVs. The system 100 includes a
temperature-compensated crystal oscillator (TCXO) 124 to provide an accurate time

base for the GPS receiver 120. However, the power supply requirements for the GPS
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much as possible he vari ous conponents descri ‘Tntercohnected
by a bus sysalegrinclude power regulation circuitry (not shown). In an automobile, or other location

where external power is available, power consumption may not be an issue. However, in
many applications, the sole power supply for the system 100 is the battery 132. In such
instances, it may be desirable to minimize power consumption as much as possible.

The various components described above are interconnected by a bus system
134. The bus system 134 may include a data bus, power bus, control bus, and the like.
However, for the sake of clarity, the various busses are illustrated in FIG. 1 as the bus
system 134,

The block diagram of FIG. 1 is intended to illustrate the system 100 at a
functional level. Thus, some functional blocks or portions thereof may be implemented
by a set of software instructions stored in the memory 104 and exécuted by the CPU
102. For example, the selection processor 130 may be implemented by program steps
stored in the memory 104 and executed by the CPU 102. However, the selection
processor 130 is illustrated in the functional block diagram of FIG. 1 because it
performs a separate function.

The system 100 includes an accurate time source in the TCXO 124 and a low
power sleep clock 126. If the sleep clock 126 is used instead of the TCXO 124, time
uncertainty grows more rapidly. This may result in a longer subsequent GPS session to

make an accurate position determination. This longer GPS session consumes more
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require a longer period of operation of the GPS receiver 120 to perform a position fix.

Alternatively, use of the more accurate but higher powered TCXO 124 increases power
consumption by the clock circuit, but may result in a lower position fix time and thus
shorter activation period of the GPS receiver 120. The option that minimizes current
consumption is selected.

The selection processor 130 (which may, for instance, be implemented by the
CPU 102), selectively activates either the TCXO 124 or the sleep clock 126. The .
selection processor 130 takes a number of factors into account in estimating current
consumption. These include estimates of current consumption for the GPS receiver 120,
the TCXO 124 and the sleep clock 126. In addition, the selection processor 130 takes
into account the time between position fixes and an estimated duration for the GPS
position determination.

The first three quantities may be pre-programmed into the system and stored, for
example, in the memory 104. Current consumption in a typical GPS receiver (e.g., the
GPS receiver 120) is approximately 120 nﬁ]]jamperes (mA). Current consumption in a
typical temperature compensation crystal oscillator (e.g., the TCXO 124) is
approximately 27 mA. The current consumption for a typical timer (e.g., the sleep clock

126) is approximately 2.75 mA. These current consumptions, of course, are merely
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position fix and a “low mode”. The GPS receiver 120 will initially operate in the high mode in an
attempt to detect all SVs listed in the AA data. The GPS receiver does a subsequent
search in the low mode to detect signals from the SVs listed in the AA data that were
not detected in the high mode. As known, a high mode search takes much less time than

searching in the low mode. Accordingly, the system 100 utilizes the number of SVs and

the AA data as well as the number of SVs that were searched in the low mode in order
to estimate the GPS search duration for the next subsequent position fix.

Another factor considered by the system 100 in estimating the GPS search time
is the size of the search windows. Window size is based on time uncertainty and
position uncertainty of the GPS receiver 120, and is independent of the number of
satellite vehicles in the AA data and of the number of satellite vehicles detected in low
mode.. In an exemplary embodiment, the systemn 100 assumes that the time and position
uncertainties are the same with respect to each of the SVs. Accordingly, for purposes of
estimating GPS search time, the system 100 assumes that the same window size is used
for each SV.

As an example of the estimation of GPS search time, a component of the GPS
receiver 120 searches for timing signals from the SV in segments of approximately 32

chips. If a window size is assumed to be 100 chips, it will be necessary to search for
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The system 100 analyzes the various results for the present search and estimates
a GPS search duration for the next search using uncertainty characteristics, such as those
described above, as well as the time between position fixes. For instance, in general, the
system 100 determines the GPS search time estimate and estimates current consumption
using the following:

Lot = Tix * Lteep + Teps * Igps,

‘ where i is the total current consumption, Tgy is the time between position fixes,
Lyieep is the current consumption used by either. the TCXO 124 or the sleep clock 126,
Tgps is the estimated GPS time that will be required to perform the next position fix
using the TCXO 124 or using the sleep clock 126 as the clock source in between
position fixes and Iy, is the current consumption of the GPS receiver 120,

The selection processor 130 caleulates the above equation using the current
consumpﬁon value for the TCXO 124 and calculates the same equation using the current
consumption value for the sleep timer 126. The selection processor 130 also considers
the GPS search time utilizing each of the time sources to determine the expected overall
power consumption for the next position fix using the TCXO 124 along with the GPS
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In addition, the GPS receiver 120 is also selectively activated only during
position fixes. Selective activation ‘of these various components (e.g., the GPS receiver
120, the TCXO 124 and the sleep clock 126) may be readily performed using control
lines from the CPU 102 or instructions transmitted to the selected components by the
CPU 102, Other implementations of the control circuitry are readily apparent.

The operation of the system is illustrated in the flowchart of FIG.2, where, at a
start 150, the current consumption parameters for the GPS receiver 120, the TCXO 124
and the sleep clock 126 have all been preprogrammed into the system 100. At step 152,
the time between position fixes is entered into the system 100. The time between fixes
may be set by application software or initiated by a user using, for example, the input
device 128 of FIG. 1. If the system 100 detects activation of the input device 128 to
initiate a position fix, the system 100 may calculate an average time between position
fixes and utilize that data in step 152.

At step 154, the system 100 initiates a position fix by activating the GPS receiver
120. In step 156, the system stores the position fix data acquired by the GPS receiver
120 and may further display the position data on the display (not shown). In step 158 the
GPS receiver 120 is deactivated.



8 receiver 120 and use of the sleep clock 126 wth the GPS receiver.

Wi chever result produces the |Iowest value for Im is selected. For
exanple, if the selection processor 130 determ nes that power consunption
i's better apdbik@RdgyLy utilizing the TCXO 124, the syst tively
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initiates a position fix by activating the GPS receiver
separate calculation using the sleep clock 126. As described above, the system -100

selects the clock source that provides the least overall current consumption.

In step 164, the system 100 deactivates the clock that will not be used and, in
decision 166, the system determines whether it is time for the next position fix. If it is
not time for the next position fix, the result of decision 166 is NO and the system returns
to decision 166. If it is time for the next position fix, the result of decision 166 is YES.
In that case, the system 100 returns to step 154 and initiates a position fix.

Thus, the system 100 optimizes current consumption for the battery 132 by
selectively activating circuit components only when necessary and by estimating current
consumption utilizing alternative clock sources (e.g. the TXCO 124 and the sleep clock
126 of FIG. 1).

It should be noted that other portions of the system 100 may also use the TCXO
124. For example, the TCXO 124 may be used in the operation of the transceiver 112
(see FIG. 1). If the TCXO 124 is active for other such operations, then the TCXO can be
used as the clock source for use with the GPS receiver 120, as well. In that event, the
optimization procedure illustrated in the example flowchart of FIG. 2 need not be
implemented. Rather, the procedure illustrated in FIG. 2 may be implemented when the
system 100 becomes idle. The calculation is performed using the time until the next fix



120. In step 156, the systemstores the position fix data acquired by the
GPS receiver 120 and may further display the position data on the display
(not shown). In step 158 the GPS receiver 120 is deactivated. WO
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parts may be resorted to without departing from the spirit and scope of the invention, as
hereinafter claimed.

In general, terms used herein are generally intended as “open™ terms. For
instance, the term “including” should be interpreted as “including but not limited to,”
the term “includes™ should be interpreted as “includes but is not limited to,” the term
“having” should be interpreted as “having at least”, etc.).

It will be further understood that if a specific number of an introduced claim

(

, recitation is intended, such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory
phrases "at least on¢" and "one or more" to introduce claim recitations. However, the
use of such phrases should not be construed to imply that the introduction of a claim
recitation by the indefinite articles "a" or "an" limits any particular claim containing
such introduced claim recitation to inventions containing only one such recitation, even
when the same claim includes the introductory phrases "one or more" or "at least one"
and indefinite articles such as "a" or "an" (e.g., “a” and/or “an” should typically be

interpreted to mean “at least one” or “one or more”); the same bolds true for the use of



126 of FIG 1). It should be noted that other portions of the system 100
may al so use the TCXO 124. For exanple, the TCXO 124 nmay be used in the
operation of the transceiver 112 (see FIG 1). If the TCXO 124 is active
for other wHGhsRgGHAL1 ons, then the TCXO can be wused as the clock source
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optim zation procedure illustrated in gge exanpl e flowhart of FIG 2 need
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i mpl enent edwator oterershitadigas) he same functionality. In a conceptual sense,
any arrangenent of conponents to achieve the sanme functionality is
effectively "associated" such that the desired functionality is achieved.
Hence, any two conponents herein conbined to achieve a particular
functionality can be seen as "associated with" each other such that the
desired functionality is achieved, irrespective of architectures or

i nt ennedi al conponents. Likew se, any two conponents so associ ated can al so
be viewed as being "operably connected", or "operably coupled', to each
other to achieve the desired functionality. Although the invention has
been described and illustrated with a certain degree of particularity, it
shoul d be understood that the present disclosure has been nade by way of
exanpl e only, and that nunerous changes in the conbination and arrangenent
of parts may be resorted to without departing fromthe spirit and scope of
the invention, as hereinafter clainmed. In general, terns used herein are
generally intended as "open" terns. For instance, the term"including"
should be interpreted as "including but not limted to,"




the term"includes"” should be interpreted as "includes but is not limted
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consunpti on an I'rst” I'eve power consunpti on and generating
a secdrdgotitior daegriadtion redeiver seomimize pwedr condungtion bfithe wiedasst han the first
| evel of accuracy when selectively activated; a selectively activated
posi t FYRMYBEH T4 EPon receiver having a third | evel of power consunption
to receive signals that permt position determ nation and to use the
recei ved signals

2. The system of claim | wherein the position determination receiver is a global positioning

system (GPS) receiver.

3. The system of claim | wherein the selection processor determines:

a first estimated time for the position determination receiver to determine a position of
the wireless device using the first timer, and

a second estimated time for the position determination receiver to determine a position of
the wireless device using the second timer,

the selection processor further calculating:

the first and third levels of power consumption for the first estimated time, and

the second and third levels of power consumption for the second estimated time;

the selection processor selectively activating the first or second timer based on which

calculation indicates less power consumption during a position determination.

4, The system of claim 1 wherein the selection processor compares an estimate of the first

and third levels of power consumption during a time between position fixes with an estimate of



and either the first or second tinme signal to determne a position of the
w rel ess device when selectively activated; and a sel ection processor to
selectively activate either the first or second tinmer for use with the
position determ nation receiver to optim ze power consunption of the

wi rel ess comunication device. 2. The systemof claim1l wherein the
position determ nation receiver is al¥lobal positioning system (GPS)
receiver. 3. The systemof claim| wherein the selection processor

determnes: a first estimated time for the position determ nation receiver
to detheseropd and Hirdilevelspfpower epnsyinptigndysing e tirae betvieen position; fixes and ner, and
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selectively activated tinmer. 5. The systemof claiml| wherein the selection
processor selectively activates the second timer if atime until the next
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processor selectively activates the first tinmer if a time until the next
position determ nation is greater than a predeterm ned tinme. 8. The system
of cl & m | TRastempfckmJoxhsreip thepositiondpigtmigationugesiver recedes sigadls §pgnal s

frOM 4 plurality of satellite vehicles, the selection processor selectively activating the first or second

timer based on a number of satellite vehicles detected by the position determination receiver in a

previous position determination.

9. A system for the optimization of electrical power use in a wireless device comprising:

selectively activated first timer means having a first level of power consumption and
generating a first time signal when selectively activated;

selectively activated second timer means having a second ievel of power consumption
less than the first level of power consumption and generating a second time signal when
selectively activated;

selectively activated position determination means having a third level of power
consumption to receive signals that permit position determination to determine a position of the
wireless device using the received signals and either the first or second time signal when
selectively activated; and

selective activation means for selectively activating either the first or second timer means
for use with the position determination means to thereby optimize power consumption in the

wireless device.



a plurality of satellite vehicles, the selection processor selectively
activating the first or second tiner based on a nunber of satellite
vehi cl es detected by the position determ nation receiver in a previous
position determ nation. 9. A systemfor the optimzation of electrical
power use in a wreless device conprising: selectively activated first
timer nmeans having a first level of Pbower consunption and generating a
first tinme signal when selectively activated; selectively activated second
ti mer neans having a second | evel of power consunption |ess than the first
| evel of power consunption and generating a second tine signal when
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est i matlbcbnsumeriesd gowebe dering @ poditien geosgiminationof t he wirel ess device using the
second timer, the selective activation nmeans further calculating a first

| evel of power consunption for the first estinated tine and a second |evel
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means: Cal Cul'ates a first estimated tinme for obtaining a next position
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time for obtaining a next position determ nation using the second tiner
meansSeCehiyRS RSB er consunption for the first and second estimated tines;

and compares power consumption for the first and second estimated times; and

selectively activates the first or second timer based on the lowest power consumption of

the position determination means and the selectively activated timer means.

12.  The system of claim 11 wherein the selective activation means further determines an
estimate time until a subsequent position determination and selectively activates the first or
second timer means based on a determination of lowest power consumption untii the completion

of the subsequent position determination.

13.  The system of claim 9 wherein the first timer means comprises a temperature-

compensated crystal oscillator.

14.  The system of claim 9 wherein the selectively activated position determination means
receives signals from a plurality of satellite vehicles when activated, the selective activation
means activating either the first or the second timer based on a number of satellite vehicles

detected in a previous position determination.



selectively activates the first or second timer based on the | owest power
consunption of the position determ nation nmeans and the sel ectively
activated tinmer neans. 12. The systemof claiml | wherein the selective
activation neans further determnes an estimate tinme until a subsequent
position determ nation and selectively activates the first or second tiner
means based on a deternination of | owd8t power consunption until the
conpletion of the subsequent position determ nation. 13. The system of
claim9 _wherein the first tinmer neans copprises a tenperature- conpensated
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of satellite vehi _cI es en activate e selective activatlon
act i vappwer consumntionheach igengrating respectiveadirst anid iseconkd diseecsignalsawiturespacting a

satel i vehi cl detected in a previous position determ nation. 15 15.
A systggﬁ?ﬁ'é(fse(g%?(r%v?f ﬂ%aCSBW’ use in a wreless comruni cati on devi ce,

conpri si ng: a bbdisdn dietmietion GedelveBioSreceRhmOSA¥hNGfrbRTRBE! Saltefidi drfatesond a
first and second | evels of power consunption, each generating respective a

first HAE sEvabwyregitodeteimynan posijiemofithe wirelessdevige; gndr st and second | evel s of
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either said first or a second tinme signal source to~determne’a position
of t heeitharshid isst devdid sgconthtima signble ¢d sadhpeittinadesomitatdoe nebiver widptimizet he
first or second tjne_.signal, source for. providing either said first or said
second PPYVREFCETHIRR 08 qﬁeg&'?ﬂesaﬁgmuaﬁaﬁgf)@vﬂﬁenati on receiver to optinize
power consunption of the wirel ess communication device. 16. A systemfor
optim zing power use in a wireless comunication device, conprising: a
posi ti df debesysemdes eptimigingipower use in apdteless eamypuricdiealdevice.comprisingr a first

or a second Smacﬁegerh{iﬂmioﬁ ir%:@iver e t&rﬁe 9%&2’% ﬁié@feitﬁerpé;ﬁlis{ &rgqnse%ndt he

wirel ess delPee a séelectron process I'vel'y ‘enabl’e€ el't her
sai d f iensbledaimssignhl sarcond detemingiagpeaition 96the Gerdlads devive;dad ei t her said first
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determ nation device conprising:
receiver to optimize power consumption of the wireless communication device.

17. A method for optimizing electrical power use in a wireless position determination device
comprising:

estimating a first position fix time to determine the position of the wireless position
determination device using a first timer,;

estimating a second position fix time to determine the position of the wireless position
determination device using a second timer;

determining power consumption for a position fix using the first timer;

determining power consumption for a position fix using the second timer; and

selectively activating either the first timer or the second timer for use with the position

determination device based on the determinations of power consumption.

18.  The method of claim 17 wherein the first timer has a greater accuracy than the second

timer and the first timer has a greater power consumption than the second timer.



estimating a first position fix tine to determ ne the position of the

W reless position determnation device using a first timer; estimating a
second position fix time to determne the position of the wirel ess position
determ nation device using a second tiner; determ ning power consunption
for a position fix using the first timer; determ ning power consunption
for a position fix using the second tigrer; and selectively activating
either the first tinmer or the second tinmer for use with the position

determ nati on device based on the determ nations of power consunption. 18.
The method Bre re¢thodefichaimhier whavein iseleqtivieltactivating either the §rsb Himer oibe sacaed t han

the seg i i I . ion than
the scuings pisbd 1efh Aor i Slpebkd B IS ekt GBMEeRNSIoR HRSERS, 7
activating either the first timer or the second tinmer is based at |east in
part on. an expecte ipme yntjl a next subsequent position fix occurs. 20.
The. nefthod Bhe Tarkq el i herein A it e e G SR A e Sy ¢ han
the segRehnd ihd st @hék Hal @ ghdate? holver Wnshiftion BIORE SEcoR@ Whfer SRIGIRIdIPN than
the second timer and selectively activating selectively activates the
secondactivating sefectéygheadtiovates theseeonditimer ifeexpected tmpveigubnnext pasequeoh fix is

| ess t an. 2 fﬁ(rie eeg rm nee% %i ne. gl'e The nmethod of claim 19 wherein the
first RPmEr 'R} gﬁﬁ%ﬁtpére EIEWF‘& lg'than the second timer and the first

timer has a greater power consunption than the second tinmer and selectively
activating sel ectivelx_activates the first timer if expected tinme until the
G
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second timer and t as a greater power consunption than the
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timer #'.f . ex‘gfct dti rr&tunti |,.t he next subsequent position fix is greater
than al bPEi L AR CIqtyIneddimery o "ot hod of claim 17 wherein a position
fix is determ ned by receiving signals froma plurality of satellite
vehicles, and selectively activating either the first or second tiner is
based & | Higgnethed pfalaimol whereintles fitst tigen has pigreatey apgusacydhandthesicesd i n a
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in awreless position determ nation device

activating selectively activates the second timer if expected time until the next subsequent

position fix is greater than a predetermined time.

23.  The method of claim 17 wherein a position fix is determined by receiving signals from a
plurality of satellite vehicles, and selectively activating either the first or second timer is based at

least in part on a number of satellite vehicles detected in a previous position fix.



conprising: determning a first power consunption for a position fix using
a first timer; determning a second power consunption for a position fix
using a second tinmer; and selectively activating either said first tinmer
or said second tinmer for use with the position determ nation device based
on the first and second power consunption determinations to optim ze

el ectrical power in said wirel ess position determ nation device. 25. A

met hod for optim zing electrical power use in a wireless position

determ nation device conprising: estimating first and second position fix
times to determne the positi on of the wireless position determ' nation
device sin t fi power
consunpltﬂl onﬂf%eﬁﬁogﬁtﬁdbé/t nf"szingpom fcql)%&ﬁ?@ge ncfln‘?féaﬁsﬂb%r&uﬁognd%econ Je%lce
consunpdrhmisifgor said second position fix; and selectively acti vat| ng ei t her
the first tinmer or the second tinmer for use wth the position
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det er m nat i itginifing QREdRL HEwE Ehbirhith (BPHFSsittHTi (i Ghobhd fhES ngPOST L1 On

det erm nati on
selectively activating either said first timer or said second timer for use with the position

determination device based on the first and second power consumption determinations to

optimize electrical power in said wireless position determination device.

25. A method for optimizing electrical power use in a wireless position determination device
comprising:

estimating first and second position fix times to determine the position of the wireless
position determination device using respective first and second timers;

determining a first power consumption for said first position fix;

determining a second power consumption for said second position fix; and

selectively activating either the first timer or the second timer for use with the position
determination device based on the first and second power consumption determinations to

optimize electrical power use in said wireless position determination device.



