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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 iniproved 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
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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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The operation of the GPS receiver 120 is known. Briefly, the GPS receiver 120

is used in conjunction with an array of satellite 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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sake of clarity, the various busses are illustrated in
FI G Thadledkediagem 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 ex‘é‘cuted 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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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 milliamperes (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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The AA data is a |ist of s that are
ex pectAewtheo fimgor 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 system 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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Lgeep 18 the current consumption used by either the TCXO 124 or the sleep clock 126,
Teps 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 calculates the above equation using the current
consumption 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



configured to allow 8 segnents to be searched
simultaneously. In this configuration, searching for 8
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will be required to performthe next posjtio f'ié . h
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§8c8Gty ARaRIVARSIBOTCHRD 104l t6 Ubdicespowee cabameptigudhigragain the

using the current consunption value for the TCXO 124 .
‘gystine H0Qeptimiaes tha everaliwowguensemptien hy seleriivelyraciygting either the

unpt i al ue f.o he sleep tinmer 126. The
ig@c{?‘lo?ﬂg?ég‘?sgg?k j![%éto al so considers the GPS search
time #f hidiabnomeaGhs ofecding 120M8s Sibydr sdectitvelydsdtiwateiinenly during

the expected overall power consunption for the next .
pasitian fixest SslectivieragtivaftonTaditesernrighs pRpANCRtst (§E-» the GPS receiver

0 G585 2 3p8 36Ot PECHES B SREI PRz g cont
Kﬂ%suﬁoﬁlcme e} 105 of BlsButtRshs th@bmaweandlthe séléctéd@omponents by the
sel ection processor 130 determ nes that power

CPus102p Otlen imglemenﬂaéonscgftthwczﬁl@l bhycmm/ pleZpaHly@RBAITREXO
126 Kl USRS R0 LR el Sh g R, Wi,
SURSBAURR uR@S dohffngitioh FaREneters 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.



sel ectively deactivates the sleep clock 126 to reduce
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the TCXO 124 reduces the anount of tine required by

the GPS receiver 120 to acquige a sufficient nunber of

satellites. Thus, the overall power consunption is
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system 100 detects activation of the input device 128
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recerver 120.” In step 156, the system stores the
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X tl for the next position fix. As previously
di scudheg), the Ispsterst 10fabptinzZRS cogapicepnsimption [fpr {her fattery 132 by

dependj ng..on. whi.ch. S
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).

Tt 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



time source, the TCXO 124 or the sleep clock 126 of

FIGI, is selected. The selection processor 130 al so
weonsidsos the anount of tine until the next pRSI/UBIIN4/020918

fix. If the time until the next position fix is

relatively short, the time ungertainty is

correspondi ngly short. Thus, if the tinme until the
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12 as 1 n th
: rec?tatlon 1sV\§1tendeci such %rtl 1r?t\ér%nvtvﬂl ‘tt)e éxplicitly 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 one" 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 holds true for the use of



optim zation procedure illustrated in the exanple
flowhart of FIG 2 need not be inplenented. Rather

w0 b@spe4seedure illustrated in FIG 2 may be i npCEO8200€020918
when the system 100 becones idle. The calculation is
performed using the tinme unti] the next fixinstead of
the tinme between fixes discussed above with respect to
dehgitexatadseusedr toefitrodoces vlajr i recitatiguat Inoadditipis even if a specific

foregoi ng descri bed enbodi pents depict djifferent . .

neDYbgb AE AT SERTICET SEEEEEHATON 18X BBRHECEalFdyPtgl Teoitation should
di. flleyrbeen teRbidfel 16 gﬁr&ﬂnaﬁ Nt thelredifediRmer YOG E kIR ©8€ recitation of
RL AN picted architectures are nerely exenplary,
el réditations fthdutnahyr mbdifiersatyphially oheane it dest tyeo recitations, or
I mpl ement ed which achieve the sanme functionality. In a
twomt apretEcitaliaisk, any arrangement of conponents to
achi eve the sane functionality is effectively

"associ ated" such that the desired functionality is
achi eved. Hence, any two conponents herein conbined to
achieve a particular functionality can be seen as
"associ ated with" each other such that the desired
functionality is achieved, irrespective of
architectures or internedial conponents. Likew se, any
two conponents so associ ated can al so be viewed as
bei ng "operably connected", or "operably coupled", to
each other to achieve the desired functionality.

Al t hough the invention has been described and
illustrated with a certain degree of particularity, it
shoul d be understood that the present disclosure has
been made by way of exanple only, and that numnerous
changes-in the conbination and arrangenent of parts
may be resorted to without departing fromthe spirit
and scope of the invention, as hereinafter clained. In
general, terns used herein are generally intended as
"open" ternms. For instance, the term "incl uding"
shoul d be interpreted as "including but not limted
to," the term"includes" should be interpreted as
"includes but is not limted to,” the term "having"
should be interpreted as "having at least", etc.). It
w Il be further understood that if a specific nunber
of an introduced claimrecitation is intended, such an
intent will be explicitly recited in the claim and in
t he absence of such recitation no such intent is
present. For exanple, as an aid to understanding, the
foll owi ng appended cl ains nay contain usage of the

i ntroductory



phrases "at |east one" and "one or nore" to introduce

claimrecitations. However, the use of such phrases
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of a claimrecitation by the indefinite articles "a"

or "an" limts any particul at2cl ai mcontaining such

introduced claimrecitation to inventions containing

Whityis élagnegllish recitation, even when the same claim

i ncludes the introductory phrases "one or nore" or."at, .
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of power consunption and generating a fi [@St time

rebajved signalhangd eifhes the fgier sspondciime Sigpalie letoumus s Resitien of the
act. vat ed: j : lygted second tiner having
‘5“%18%30 lcFﬁeeﬁ%%l? &%}oeﬁir&,lg%%g’u%ngt ion |less than the

firsty k@ytlonqfrofeves o Gekstivaly activasnditipenls ftst og second timer for
second tine signal with a second |evel of accuracy . £ th
Wseswith Hbe position jdeterminatien TeFelveE 40 roptiigH BAWER F%@Eﬁé’d‘r’é‘m of the
activated: a sel iyely activated position
Hg?lgf,srﬁog}gp%%a%rog?%%’l\?ér having a third | evel of power
consunption to receive signals that permt position

determ nation and to use the recejived signals and .
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goslti.on otf t(gﬁ, \94 r%lv%ss devi ce when sel ectively
RIS S eI Y ED) L€ on processor to sel ectively

activate either the first or second tiner for use with
the position determnation receiver to optimze power
B.ons ulix systenodf daim Wivhetebsthe selastiaminsegesssy dgeumnwss: 2,

The s emof clai.m 1 rein,.the btb: : :
det er %,Isftﬁgtt ?Sglﬁ‘la:feéﬁ é{r\;e]liom e goall’ué% ac}epeg%%r_a{tllgg nr:a%eévesrytgt %e;cgrmme a
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e

ection processor determnes:. o ) )
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 the first and
third levels of power consumption with the second and third levels of power

consumption and selectively activates the first or second timer based on the lowest



a first estimated time for the position determ nation
receiver to determne a position of the wreless
waelewsoessusi ng the first timer, and a second esPCTHS®O4/020918

time for the position determ nation receiver to
determ ne a position of the warel ess device using the
second tiner, the selection processor further ) i
poRlee Bbsuinpgion tof hdf positionadmderntinatipnl resdves anfl theosaectively activated
consunption for the first estimated tinme, and the
tgeRfond and third | evel s of power consunption for the
second estimated tinme; the selection processor
selectively activating the first or second tinmer based
HN Wiehsyehcof dbinon windéindbe sele@ma ppowessorcelestivaly aeivates the
during a position _determ nation. 4.. The syst of termined
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,[fi rst and third | evels of power consunption with the

%ond and third levels of power consunption and
sel ectively activates the first or second tinmer based
on the | owest power .consunption of_ the position
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timer. 5. The s of claim 1l wherein the selection
?5’?13’068%%%40?% e%s%élﬁlégqmy activates the second tiner if a
time until the next position determnation is |ess
than a predeternined tinme. 6. The system of fl ai rP 1.
Wher eThe systent pf glalmilrfgher@@ntb? iselgetioql processor selectively activates the

epper atur.econne ryst a e 1
G5 URERT U GRETRAChE PP TRl Tl Yot 08 predotrmined
g@kectively activates the first tinmer if a tine until
the next position determnation is greater than a
predetermned tine. 8 The systemof claim1l wherein

he pasition d rm nat j, Qn.: el . | - S .
br o L ishitdns ¢, Bafh 05 PR 3R byilion BECiRIGY FRNET receives
RERAESHEAD & CpIasllity IfY saellitey dbhioRs} Hiee fselestiorn praweswndselectively

trmer based on a nunber of satellite vehicles detected
iotivetieg thesfitst onsegend Himen hased Py apanbey ol satelitp velirisy detected by

osi ti.on . determ.nation, .9. t r o
B oion P EiiaRiar e e e s EtoR deleinatipn,
devi ce conprising: selectively activated first tiner

means having a first |evel of power consunption | )
9. A system for the optimization of electrical power use 1n 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 level 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.



and generating a first tine signal when selectively
activated; selectively activated second tinmer neans
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f1 v stsgue Big ot s e R VERifin 8 28R S8R0 defBminaiion using
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next PashdrbOsbvite coRstintplioh Bt tH fiftg ahdisecs Rt estithdtédmimes; and
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&{%&h?el ectively activated timer neans. 12. The system

of ¢

aim 11 wherein the selective activati on neans
further

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 until 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.
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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.
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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
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