1 METHOD AND APPARATUS FOR POVNER MANAGEMENT IN AN ELECTRONIC DEVICE 5

[ 0001] The present application relates generally to el ectronic devices and
nore particularly relates to a method and el ectroni c device for power
managenent in an electronic device, such as a nulti-function portable

el ectronic device that includes a canera flash or the like. 10 [0002]

El ectroni c devices continue to get smaller! and i ncorporate nore functions.
It is well known to incorporate the functions of a traditional personal

di gital assistant (" PDA" with wireless email capability into_a_singl
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bei ng an exanpl e of such a device. It | ¥EMG% known to incorporate

wirel ess voice functionality, nusic and video players into such devices. 15
I ncreasingly, caneras are being incorporated into such devices. [0003] Wth
integration, so too_conmes increased device co IeX|t%ﬁwPomer mapagenent in
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are needed tamep! fildehze thakdeery use. [0004] However, power nmanagenent in
such devices still needs nuch inprovenent. One parti cul ar vexi ng problem
is the canera flash. Wen the battery is low, or cold, the battery ESR may
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necessity, to satisfy user demands. However, even with a robust rechargeable battery,

20  sophisticated power management techniques are needed to optimize battery use.

[0004] However, power management in such devices still needs much improvement.
One particuiar vexing problem is the camera flash. When the battery is low, or cold, the
battery ESR may be too high to support a camera flash. The camera flash is a high drain
on the bhattery for a long period of time. Hf is not uncommon for a camera flash to draw up

25  to about one ampere (Amp) of power from the battery for up to about eighty milliseconds
(ms). This draw can cause battery “droop”. In such cases the battery droop may be such
to trip battery supervisory circuits, causing the handset to reset or go into sleep mode.

This can be a frustrating experience for the user.

[0005] One approach to try and address this problem is to map known levels of

30  battery capacity and voltage into tables that are associated with events that should occur
at those battery capacity levels. This can be an effective approach for components that
draw relatively small or steady amounts of power. However, for a flash or other high-
intensity component, a large margin of battery reserve is needed as the momentary
conditions of a battery that can withstand such a high-intensity burst can vary.

35  Accordingly this approach is not a satisfactory option for at least some situations.



35 Accordingly this approach is not a satisfactory option for at |east sone
situations. 2 [0005a] US-A-5963255 describes a system and nethod for
managi ng utilization of a battery, particularly in the context of a
digital canera. The canmera is configured to nonitor the voltage |evel of
the canera, and, if the voltage falls below a predeterm ned threshold,

then the power manager configures the canefa into a | ower power consunption
state. 5 The use of multiple power consunption states does not address the

probl em t hat a flash or other high-intensity conponent
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perform ng a pre-function test; the pre-function test based on the function

and selected to consune | ess power than the function and al so selected to
not cause t[0®05c] US-A-4290677 describes an apparatus for checking the operational status of an

electronic strobe unit's battery under load conditions. The intent in this disclosure is to

20  ultimately provide an indicator that provides a visual indication of the charge condition of
the battery. Again, it does not address the problem that can be caused by a flash or
other high-intensity component whereby a large margin of battery reserve may be

needed, and difficult to determine, as the momentary conditions of the battery vary.

25
GENERAL

[0006] An aspect of the present invention preferably provides a method of power
management in an electronic device having a supervisor circuit for disabling all or a
30 portion of functions of the device if a first level of power to the device falls below a

predefined threshold, the method comprising:
receiving a request for a function to be performed by the electronic device;

performing a pre-function test; the pre-function test based on the function and
selected to consume less power than the function and also selected to not cause the

35  level of power to fall below the predefined threshold:



35 level of power to fall below the predefined threshold; 3 determning a
second | evel of power to the device as a consequence of performng the
pre-function test; and, if the second | evel of power neets at |east one
predefined criterion, preventing the device fromperform ng the function
and otherwi se permtting the device to perform5 the function. [0007] The
function can be a camera flash. The flash ®an be activated according to the
function for a period of about eighty mlliseconds and can draw current of
about one anpere. The f]lash can be activated according to the pre-function
test for a period of®®HBBRY & $RFORT I9VESRIROMES trthei deyicasds @ransequance Paw

current of aRedimAgenhapReBetiohledtOMB] 1N conjunction with preventing the
device fromperformng the function, the nethod can generate an out put
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signal, which indi c&tes that there is insufficient power to performthe

function. [ODBSYCeriaMRsHRIMing e fanehon and atherwise Rsraiingie deyicy to perform
rechar gegbl enhdaintesy/, such as lithiumbattery, that is housed within the
el ectronic device. 15 [0010] The first level and the second | evel of power

can be measyo@ay] THkngndAoR can bERIRMePA fiBa. tRid/faehlcha®e achadté@BycoRdRg e,
battery equi val.en&ﬁ series resistance, and batter tenperature. [0011] The
det er mi ni ng "$1XR" 5 & RREOHE! RBRHIEHY ﬁl&ﬁfﬁ?&@ﬂﬁ%{ﬁ%ﬁawwgr@aﬁf@guw%ﬂ?a
after perfeniperg Thefl@tecdnircidtionet @stordidg tb Halptb-flhtiod et fdhaiangd sk ep of
t he nethod can jincl uﬂe measuri.n Lhe,batter | evel once before and once
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canera flash used at |less than full power. 30 The alternative function can
be chosé&h t 00dO0hTerérsaiavhi ard the eetorafiepn e powdradani ke rgesatret using one or more

of battery voltage, battery amperage, battery equivalent series resistance, and battery

iemperature.

[0011] The determining step of the method can include measuring the battery level after

performing the pre-function test.

20 [0012] The determining step of the method can include measuring the battery level once
before and once after performing the pre-function test.

[6012a] The determining step may comprise capturing a time varying profile of one or

more parameters indicative of battery life during the performance of the pre-function test.

[0013] The determining step can include measuring the battery level throughout the
25  performance of the pre-function test.

[0014] The method can further comprising the step of, after preventing the device from
performing the function, permitting the device to perform an alternative function that
consumes less power than the function. If the function is a camera flash used at full
power then the alternative function can be the camera flash used at less than full power.
30  The alternative function can be chosen to consume a third level of power that is greater
than the predetermined threshold and differs from the predetermined threshold by a value
that approaches zero. in other words the third level of power is chosen to maximize the



than the predeterm ned threshold and differs fromthe predeterm ned
threshold by a value that approaches zero. In other words the third |evel
of power is chosen to maxim ze the 4 anmount of power available to the
alternative function, but w thout crossing the predeterm ned threshold.

[ 0015] Anot her aspect preferably provides an el ectronic device conprising a
power supply and a supervisor circuit conhected to the power supply for
disabling all or a portion 5 of functions of the electronic device if a

first level of power fromthe E)gwer sup ﬁ y falls below a predefined
threshol d. THROWY LRI avataRig PEHNARYS Waeiona bRy WestgPsERmiEcted to

the power supgdstedited drédi@lcSupervi sor circuit. The processor is configured
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[0016] The output device can be a camera flash. The flash can be activated according to

20 the function for a period of about eighty milliseconds and draws current of about one
ampere. The flash can be activated according to the pre-function test for a period of about

two milliseconds so as to draw current of about one ampere.

[0017] In conjunction with preventing the electronic device from performing the function,
the processor can be operable to generate an output signal indicating that there is

25  insufficient power to perform the function.

[0018] The power supply can be a rechargeable battery housed within the electronic

device.

[0019] The first level and the second level of power can be measured using one or more
of battery voitage, battery amperage, battery equivalent series resistance, and battery
30 temperature.

[0020] The processor can be configured to measure the battery level after performing the

pre-function test.

[0021] The processor can be configured to measure the battery level once before and



30 tenperature. [0020] The processor can be configured to neasure the
battery level after performng the pre-function test. [0021] The processor
can be configured to neasure the battery | evel once before and 5 once
after performng the pre-function test. [0022] The processor can be
configured to neasure the battery | evel throughout the perfornmance of the
pre-function test. [0022a] The processor ndy be configured to capture a
time varying profile of one or nore 5 paraneters indicative of battery
life during the performance of the pre-function test. [0023] The processor
can be furt H8C® ﬁTPﬂﬁV@HgﬁBepﬁ?%@?“ﬁ?@§%nt|ng the el ectronic device from
perform ng %ggaa ctlon ernlttln t he output device to perform an

alternative egHeTassPT 0 9yred 40 ArReYrettha Raley Iq:vght@fqu(gﬁout[tb@m]

Where the fyrebidandssofehEpdaiactibhasdt. used at full power, the alternative
function 10 can be the canera flash used at |ess than full power. [0025]
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circuit mhl he. d gvice to ent

devi ce. o CNAARTE R ESETE Bl s LR D el b SF R ST Fionb et o
a certaitt thaasbwlheicarﬁ@"amamubewaﬂ lessibanfdarowerwi t h an enbodi ment
preferably perfornms, in response to a request to fire the flash, a
pre-flash t eﬁmzm\,ﬂ'helaltémaﬂ\@l fentiet @ bescHosem ot cdrisumetani@irs lgver ofi peaver thadticui t .
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battery |l evel does not neet the criteria, the full flash is 25 preferably
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t he batter yof a personal digital assistant, wireless email paging and a camera with a flash that is
operated via self-contained power supply in the form of a battery. The device may also
include a supervisor circuit which causes the device to enter sleep mode, or disables the
device, or certain features of the device, if the battery level falls below a certain threshold.
20 A method in accordance with an embodiment preferably performs, in response to a
request to fire the flash, a pre-flash test which is selected so as to not trip the supervisor
circuit. The battery level may be examined as a consequence of performing the pre-flash
test and, if the battery level as so examined meets certain criteria, then the full flash is
either permitted to proceed. [f the battery level does not meet the criteria, the full flash is
25  preferably not permitted to proceed. At this point the flash may not be permitted to flash
altogether, or it can be permitted to flash at a lower brightness level, or flashed in some

other manner so as to consume less power from the battery.

BRIEF DESCRIPTION OF THE DRAWINGS
30

[0027} Embodiments, which are purely exemplary, will now be discussed with reference

to the attached Figures in which:

Figure 1 is a front view of an electronic device in accordance with an embodiment;



BRI EF DESCRI PTI ON OF THE DRAW NGS 30 [0027] Enbodi nents, which are purely
exenplary, will now be discussed with reference to the attached Figures in
which: Figure 1 is a front view of an electronic device in accordance with
an enbodinment; 6 Figure 2 is a rear view of the device of Figure 1; Figure
3 is a block diagram of certain internal cgrrponents of the device of Figure
1; Figure 4 shows a flow chart depicting nmet hod of power managenent in
accordance wth an enbodi rrent 5 Figure 5 shows a flowchart depicting a
met hod of \%_Ae errent accor dart]ge Wi, t h anot her enbodi ment; Figure 6
shows a fl ow'8H§ s ‘f‘?“?’lﬁ g‘erﬂ?f’ﬁ%’ fg“ﬁea?ragl ng power in a canera when a
battery |lev not in a full fl ure 7 exe vol t age
brof 1o of AIGRASAPHR 9<£a"1“|°£§ﬁ“?'5 ﬂ@@a'?ﬁ B e S AT ) Gur 68
shows exenpl voI ta e-f h.tests overlaid on the voltage
orof i1 es of TIYGACTENS At BB SRS ENRSERT & 15058 S

Ref erri ng nowithtam ﬁmgwimeﬂat, a front VI ew of el ectronic device in accordance
with an enbodinent is indicated generally at 30. Device 30 includes a
housi ng 84 tfigure BlsHonarefowacharigaiotitg \d reethod of pewdrananagferenk eydioardandd and

an out put deyj,ce i.n th formof a display 42. In a present enbodinent,
devi ce 30 |S1"(’:1h %Oéheéte é’gg?erft’he functionality of a wreless email paging

device and gt Ghydevieqd0 s nLenashy % L kexbaard. 38 and. . djspl-ay

42 to send Fecerve emal T device
30 is sinpwmﬁbﬂdemﬁna@unpOSemaﬂmnﬁaﬁtanat|on, and that in other

enbodi nents device 30 can 25 include, and typically would include

addi ti onal fﬁlme i’halvs eyerapdni vidtagd erafigsutl sdradteoutvipert a fldgvisessd attlpdivagl y .
Such oth gctionality can include voice tel ephony, nusic player, audio
recordlng, eo player. Thus, other input devices can include m crophones,

and ot her ﬁ]gtp% ﬂswgggwg@rvaggggg RS B flas ¥t's%%e§£d%ﬂ'?h€ geg

equi pped w et oot I val ent hol ogy) whi ch ac
wi rel ess comdefiles ¢fdrigwadh i nput 30 and out put device. In general, it should
be understood that device 30 can include any

15  DESCRIPTION OF PREFERRED EMBODIMENTS

[0028] Referring now to Figure 1, a front view of electronic device in accordance with
an embodiment is indicated generally at 30. Device 30 includes a housing 34 that

20  frames an input device in the form of a keyboard 38 and an output device in the form of a
display 42. In a present embodiment, device 30 includes at least the functionality of a
wireless email paging device and a user of device 30 can interact with keyboard 38 and
display 42 to send and receive email messages. It is to be understood that device 30 is
simplified for purposes of explanation, and that in other embodiments device 30 can

25  include, and typically would include additional functionality and include input and output
devices accordingly. Such other functionality can include voice telephony, music player,
audio recording, video player. Thus, other input devices can include microphones, and
other output devices can include speakers. Device 30 can also be equipped with

h™ (or equivalent technology) which acts as a wireless conduit for such input

Bluetoot
30  and output device. In general, it should be understood that device 30 can include any

combination of functions.

[0029] In a present embodiment, device 30 also includes a camera. Referring now to

Figure 2, a rear view of device 30 is shown. Device 30 thus also includes an additional



conbi nati on of functions. [0029] In a present enbodi nent, device 30 al so

i ncludes a canera. Referring nowto Figure 2, a rear view of device 30 is
shown. Device 30 thus also includes an additional 7 input device in the
formof a canera lens 46 and an additional output device in the formof a
flash 50. Those skilled in the art will recognize that lens 46 is al so
associated with an array of |ight- sensiti¥e transducers such as an array
of charge coupl ed devices (CCD) which actually create an el ectronic S|gnal
of the inmge captured | ens 46. 5 [0030] Referring nowto Figure 3
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[0032] Thos¢hat kbhrezes wirelédsty @rdnevdflal nadoyrkice eaghitatorishabrélidstheMrddss@mail

hi gh- |ntens C nent at can cause significant battery drain. As an
exanpl e, %H\’/”a@gp‘géjew?e be assuned that flash 50 draws about one

anpere o, for abo . illiseco a Si e
i Ctur ! % fﬁ‘ﬁ@‘? el 9 ﬁgi/ﬂdré% HFER el sribGoaN e ReR oPLs 26t cui ¢
70 that is pawiestpedet o tbarcbmpynéiﬁs obdiel/iqes 3G €18 SOsreSeht, DUPIexedPranci rcuit 70
is operable t ni ter 66 an ﬂﬁ nthellf of
bat tory. 66, pERpk SRt Re b o Tyiln HR P ARG S imests CoRpunat e about

3.0 Volts minimum to about 42 Volts maximum. In Figure 3, for simplicity battery 66 is

only shown connected to processor 54, but it will be understood that battery 66 is

20 connected to any component (e.g. the CCD associated lens 46, radio 62, display 42 and
flash 50) within device 30 that needs power to operate.

[0032] Those skilled in the art will now recognize that flash 50 is a high-intensity
component that can cause significant battery drain. As an example, for device 30 it will
be assumed that flash 50 draws about one ampere of power for about eighty milliseconds

25  during a single picture-taking flash.

[0033] Device 30 also includes a supervisor circuit 70 that is connected to battery 66
and processor 54. Supervisor circuit 70 is operable to monitor the life of battery 66 and
depending on the life of battery 66, supervisor circuit 70 can disable various components
that draw power and/or cause device 30 to enter sleep mode and/or turn-off device 30
30  altogether. Supervisor circuit 70 is shown as a separate hardware component within
device 30, but it should be understood that can simply be implemented as a software
process that executes on processor 54. (As a still further alternative to the present
embodiment, supervisor circuit 70 can be implemented as part of a larger analog power-
management integrated circuit, such as the TPS65800 power management integrated



t hat draw power and/or cause device 30 to enter sleep node and/or turn-off
device 30 30 altogether. Supervisor circuit 70 is shown as a separate

har dwar e conponent within device 30, but it should be understood that can
sinply be inplenmented as a software process that executes on processor 54.
(As a still further alternative to the present enbodinent, supervisor
circuit 70 can be inplenented as part of D1 arger anal og power- managenent
integrated circuit, such as the TPS65800 power nmanagenent integrated 8
circuit ("PM.C Ew@'¥ a?sﬁ itrurrents | ncorporated, 12500 Tl Boul evard,
Dal las, Tx SF58hEriiSg prifxag ingiyments incappeies 460X TRRHIevard LAlEe It ned
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ensure t hat data is not Jost in groces or 54 and per si stent storage 58.
10 [0034] SEHBPVISSHF Tt OfR RIS 4RV ‘Pﬁb‘é”hoff/%’ qg@t'lﬁ”&fufﬁk’é et einat

associ at ed Wnbbgrt b@Nerpémdefsnméttérb 6836 ehslire Kt B iDPSEBsIOh pRydRkSdrHARghdidre
present errbodl Tablg gives an exanple of paraneters that can be
associ ated \ﬁeﬁlﬁﬂgﬁ%{?gﬁ %, where battery 66 is a lithiumbattery with the
charact escri bed a e. Table | 15 Paraneters of Superv

G rear t 190" EVER R SRR agl e SO D B PRI EeTs 96T e Wi the

(m |1isecongsgdetingd thrakdlolds Fbi Mﬁp%e%f%%bla&mﬂgaidb@r&%nt 2mBodiméat, trablehpres s

Ent er sl eep _node |, two exenp ters own.
The T irst CaMaRAmPEL AR lAbaRet 520 e Figp g Bt Bay 65 rars pITu PO e of
par anet er s. lifhien set@nditbahe biaravietistegas debtregliclbdve def i nes a certain

vol tage | evel bel ow which an event associated with the event 20 nunber may
be triggered. The third col um, duratiorr,ab[ﬁerfi nes a time period whereby if
t he volligge of battery 66 in ‘ghre S con ol unm {3 Iowthe vol t age

|l evel in"the second col um fof & rCTLﬂ YPSRVIPRM ngit rd colum, then the

event in th&veouNambeol unnVeidde Tiareshold Duration Event
(Volts) (milliseconds}
1 3.4 Volts five ms Disable radio 62
2 3.1 Volts three ms Enter sleep mode
[0035] In Table 1, two exemplary parameters are shown. The first column, event

number, is simply a label for a particular set of parameters. The second column, voltage
threshold, defines a certain voltage level below which an event associated with the event
20 number may be triggered. The third column, duration, defines a time period whereby if
the voltage of battery 66 in the second column falls below the voltage level in the second
column for the duration in the third column, then the event in the fourth column will be

triggered.

[0036] For example, in event number one, if the voltage of battery 66 drops below 3.4
25  Volts for five milliseconds, then supervisor circuit 70 will disable radio 62. Likewise, in
event number two, if the voltage of battery 66 drops below 3.1 volts for three milliseconds,

then supervisor circuit 70 will cause device 30 to enter sleep mode.

[0037] It is to be understood that the parameters in Table | are exemplary. Other
parameters may be included, such as a measurement for equivalent series resistance

30 ("ESR"). Complex formulas may also be associated with each parameter before a



triggered. (0036] For exanple, in event nunber one, if the voltage of
battery 66 drops below 3.4 25 Volts for five mlliseconds, then supervisor
circuit 70 will disable radio 62. Likewi se, in event nunmber two, if the
vol tage of battery 66 drops below 3.1 volts for three mlliseconds, then
supervisor circuit 70 will cause device 30 to enter sleep node. [0037] It
is to be understood that the paraneters i’ Table | are exenpl ary. O her

par anmet ers nay be included, such as a neasurenent for equival ent series
resi stance (é"ESRIZ nglex formul as may al so be associated with each
par amet er bé?%? la eyentis ING9etRdar event is triggered. [0038] Referring now

to Figure 4 tho ower nae nt in an electronic device |S .
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devi ce 30, and or, t hat t hod 20 .cap be varie 0039 nn n at, ste
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ef fect ed when qifierciesies ofiver tre@eieviee 3@NandiptihavinathseYooaed ba&atié@t the user
10 desires to use the flash function in order take a flash picture and

capture an i[()m@d t Begingihg laesiep 260, § RGOt fNEdfuncﬁdir; Blregeidid0 @Gn peded BOahison
test isinitjate sent exanp he pre un

brontl ash t S catins Qrediehl SR irSHRaP b tackVEa B T Mbieu bt SRraiing veer
par anmet ¢0s absisagiengk sioy fladhrfondtion T0 orleel tdkk astash Qictiire dne captuee bhabagehe
pre-fl ash tghs% %@s ég not actually exceed the event thresholds of the
supervi sor ¢ and tri gger one of the wevents in Table I. [0041]

Si nce, accor bl .e t he, vol t e of 66 d

volts for r[r(gdr@ t hang)?e%ut Srtr%q ?% %80%%@0%0 3t s f:fbt'q{i?(ﬁ ?nérﬂr%srenife)gaéwa ﬁ% pre hen
t he dur at i ofurefion test ispr grefflaab hest.e$he sd:tmelai theepreHesanedtts dosenbhsahor ther
Lo L0 " bR TR AR BB 38t 30 ot M i RS omn, o
exanpl el5i t nobantmﬂdilgrexbmd%elevent thmsbﬁlﬁabf thelsupemiser tirasilyotastirigdatonkiof €

flash 50 sg ér{@ {bsh 50 will draw the full one anpere of current from
battery 66, b & 'Phe" same  tine only fire flash for a period of two

m il Secondﬁm(d'c”’ Oté]%e,%%Ebr(aﬂ\gvfgl'rgbile?,sléth% r\]/"(%Pauge o battery 66 drops below 3.1 volis
for more than ten milliseconds device 30 will enter sleep mode, then the duration of the
pre-flash test should be chosen to be much shorter than ten milliseconds so that the pre-

20  flash test will not cause supervisor circuit 70 to cause device 30 to enter sleep mode.
Thus, as an example, it can then be desired to establish a pre-flash test that fires flash 50
so that flash 50 will draw the full one ampere of current from battery 66, but at the same
time only fire flash for a pericd of two milliseconds {(or other period well less than ten
milliseconds), so that the pre-flash test does not exceed the thresholds of supervisor

25  circuit 70.

[0042] According to the above example, at step 220 flash 50 will be fired by
processor 54 for a period of two milliseconds such that one ampere of power is drawn by

flash 50 from battery 66 for a two millisecond period.

[0043] Next, method 200 will advance from step 220 to step 230 at which point the
30 level of battery 66 will be measured. Again, the variables used in measuring battery 66

are not particularly limited, and can include any known measurements used for

measuring battery 66, for example, voltage level, ESR. At step 240, a determination is

made as to whether the level measured at step 230 is below a predetermined threshold.



mlliseconds), so that the pre-flash test does not exceed the threshol ds of
supervisor 25 circuit 70. [0042] According to the above exanple, at step
220 flash 50 will be fired by processor 54 for a period of two

m | liseconds such that one anpere of power is drawn by flash 50 from
battery 66 for a two mllisecond period. [Q043] Next, nethod 200 wl|
advance fromstep 220 to step 230 at whi CHOpoi nt the 30 level of battery
66 will be neasured. Again, the variables used in nmeasuring battery 66 are
not parti cul limted, and.can include any known neasurenents used for
measur i ng bﬁ{’%‘ﬁy 66; 2P 2&%#& ?fevalnﬁfgg@fr ttenpigre! impelgw dipe pregefingd
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wou oper at e, nor ma nd a fl as icture ul, t aken using the
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200 can be i.ed. Figure, 4 sho n_.ex | f such a variati,on in the
Form ot Proliaet”: Bl v PR eR b SHOMN Eop e B b bd Hio G o o
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at ste 304 o of npte is that step 2 is,r ce te
mher o o1 Enagies 418 viler fetha Gt B S ERs e onr Sl B8 e BheloTBsfidie,
230a i s exaBbiednddmeh hgsedft@rthe biesfuabitongestcatdedpe2 3tan atiscOdt ricte IBELE st 240
ex

whet her to pr or, n wth the full canera flash. For le, Lf it

wne det er i RUBES 87 Sl Fasa i dls etFende e RELonre Bl sn s oirbnfad e

predefined andbstep 230eis stegn@3Sad based dn tdy anteetaodattefiniodds ardeas to

exception WH(L,ﬂeP% &Sgeeero?tc)?gdt, with the full camera flash. For example, if it was determined at
20  step 235a that the voltage of battery 66 dropped a predefined amount then step 235a

would advance to step 250a and an exception would be generated.

[0047] As still further variation, a time-varying voltage (and/or amperage and/or other
battery level measurement) profile could be captured during the entire performance of
step 220a. In turn, that profile can be compared with known profiles that predict whether

25  afull duration flash would exceed the threshold parameters of supervisor circuit 70.

[0048] it should be understood that method 200 and/or method 200a and/or variants

thereof can be directly incorporated into supervisor circuit 70.

[0049] It is to be reiterated that the foregoing embodiments are merely exemplary and
variations, combinations and/or subsets of the embodiments discussed herein, and/or

30  other embodiments not expressly discussed herein are contemplated. For example,
while the previous embodiments contemplate that the exception at step 250 or step 250a
would involve not permitting the flash to proceed, in other embodiments other exceptions
could oceur. Figure 6 shows an exemplary set of steps that could be used to implement
step 250 or step 250a. At step 251 the battery level is measured. At step 252, a



[0047] As still further variation, a time-varying voltage (and/or anperage
and/or other battery |evel neasurenent) profile could be captured during
the entire performance of step 220a. In turn, that profile can be conpared
wi th known profiles that predict whether 25 a full duration flash woul d
exceed the threshold paraneters of supervigor circuit 70. [0048] It should
be understood that nmethod 200 and/or nethdd 200a and/or variants thereof
can be directly incorporated into supervisor circuit 70. [0049] It is to be
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set ti ng$s ar earal¢ vbossth tocasrtecheénipeWey amonstiwiightawtdy frbhefiashH0 B0 witkotto not

cause supe{rﬁ)ﬁ]g’r%iﬁrvﬁl:%irtcirgu%7t00 shut down device 30. The exact settings for
e

flash 50 at can be’'chosen so as to maxi m ze the amount of |ight
output fro h i i_ARLQg:.S ' . Ci Iobkn 70 [ It
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20 capture a photograph with satisfactory lighting conditions which does not cause such a

power drain on battery 66 so as to frip supervisor circuit 70.

[0052] It should now also be understood that the means by which steps 230 and 240
of method 200, and steps 215a, 230a and 235a of method 200a, and variations and
combinations of each are not particularly limited. For example, Figure 7 shows two

25  exemplary voitage profiles 300 and 308. Voltage profile 300 is represented in the form of
a graph 304, while voltage profile 308 is represented in the form of a graph 308.

[0053] Voltage profile 300 represents a profile that will cause supervisor circuit 70 to

cause device 30 to enter sleep mode. Voltage profile 300 represents the drop in voltage

of battery 66 from Vg when the ambient temperature is about A °C and flash 50 is used
30  atits full setting, drawing about one ampere of power, over a full time period t of about 80

milliseconds.

[0054] In contrast voltage profile 300 represents a profile that will NOT cause
supervisor circuit 70 to cause device 30 to enter sleep mode. Voltage profile 308
represents the drop in voltage of battery 66 from Vg, when the ambient temperature is



shutter speed and aperture) in conjunction with varying the output from
flash 50 to 20 capture a photograph with satisfactory lighting conditions
whi ch does not cause such a power drain on battery 66 so as to trip
supervisor circuit 70. [0052] It should now al so be understood that the
means by which steps 230 and 240 of nethqgd 200, and steps 215a, 230a and
235a of nethod 200a, and variations and dénbi nati ons of each are not
particularly limted. For exanple, Figure 7 shows tmo 25 exenpl ary vol tage

profiles 300,and, 3 00..is re dinthe formof a
O aph 504, VIR vorra e PR Redani i Pulsbe LalirGertoH re P SPORoGr aph
308. [0053] ovel b &getinps péiiddet S@OonteqIr @ligBtondd. profile that will cause
supervisor circuit 70 to cause device 30 to enter sleep node. Voltage

profile 300 [peffi]leseflhasa Mledrlmpweiamwmlrtoageco@f:zé)mtat m)weseoo BadBY8kar ti when
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about 805 mriebemclbrﬁdear.[0054] In contrast voltage profile 300 represents a
profile that will NOT cause supervisor circuit 70 to cause device 30 to
enter sl eep [oen6] . VcNLtrn&Jeu@pmfuiebéoraﬁBreseetpﬁ@saethel@of hsuctiraspprofiiey 806G age 308,

battery 66 f r anbi.ent t out A C and
flash 50 is uRryg\é%%f% %c?fo%%renét £ g, e T rr@ a%éﬂ:—l;ndoﬂgerg%%ma@e%tf power ,
over a full temperapees AACt Aofaadrage” vBBsion of frsften(stish ap OS] SW(mélcbh@d in
bur poses. of “SRa e ST bl T BurP e Slenenidly frealbd BapiEr aice
necessafl¥|y 30j ma@alat vqr(wﬁl&] beXrerem derscqsr aini Beesscedainee parelsentidbiedngnhenher eof ) ,
such as prof} - 3 [ di f ent Vst
vol t ages of e%%? ﬁ%’ﬁ%o%@ﬂ%ﬁd?%{q‘f‘%ﬁ%ﬂﬁ yé%ﬁltiréc(r?\ G%dqaét%ﬁ/e?%ﬁ Itfg{é%ryﬂu y‘%ﬁ'd! or
"average" vevenbnualty pf af ofites cérspaterdsthpt crfmﬂ)r@em;carﬁm aw)hwammactunng
establ i shed e il stant al.ly identical
opi es of dg\F}%&eQ?& é@ﬁﬁhQQGﬁ?R{ v@?ﬁgg&]ﬂ t yl}ﬁée)g r@’ﬁ'g&ev?nt'@ 5‘9\ cérenp(ojnents

ascer t ai nedlikeniipstdifswitl eoeslindd gwore pswarlthars hihecs. pr Bbfdrasy nc(vBtu:iﬁgurar& abufiiest y
can inchsde e Y. vera al | of
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af f ecti ng t Aé6,sehite.grér 3ekianplies a porrbinstieniengryfie @2t iRtafurictiars test profilsrent s
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pre-funct i operf@stedmnofeviae 30. Thus, for example, when method 200 is performed and step

220 results in battery 66 exhibiting profile 316, then at step 240 it would be determined

20  that the battery level is below the predetermined threshold and so method 200 would

advance from step 240 to step 250. (At this point use of flash 50 may not be permitted,

or the steps in Figure 6 could be performed.) However, when method 200 is performed

and step 220 resulis in battery 66 exhibiting profile 320, then at step 240 it would be

determined that the battery ievel is NOT below a predetermined threshold and so method

25 200 would advance from step 240 to step 260.

[0057] The foregoing represents exemplary embodiments and is not intended to

restrict the scope of the claims attached hereto.



316, while graph 308 includes a pre-function test profile 320. Pre-function
test profiles 316 and 320 are exanples of the actual effect that step 220
or step 220a can have when perforned on device 30. Thus, for exanple, when
met hod 200 is perfornmed and step 220 results in battery 66 exhibiting
profile 316, then at step 240 it would be determ ned 20 that the battery

| evel is below the predeternined threshol d3and so nethod 200 woul d advance
fromstep 240 to step 250. (At this point use of flash 50 may not be
permtted, or the steps in Figure 6 could be performed.) However, when

met hod 200 i<a{@%'forned and step 220 results in battery 66 exhlbltlng
profile 320, then at step 240 it would be determned that the battery

| evel is NOT bel ow a predeterm ned threshold and so met hod 25 200 woul d

advance from st ep - 240ethed st Ry srpnagemstl inaReleSioaissiavise (epriavingss

exenpl ary e%b@@'r'v%@ﬂ&@cuﬂ'@?g) fér d]@ébhh@taﬁ@dﬁ%oh%n dfﬂﬁ%frbr@é oftdaRt gsear Sfirst Reel
clains attached hereto A nmet hod power managenent in an

el ectronPc QEPPWE ie36(d ‘I’%\’iﬂer{ansabei%‘ﬁﬁé’rr%@%ckﬁ‘?d@“"P‘é’iﬂ‘q 5@%’)‘9?‘8?' CAMBEYYng al |

or a portion of fr@ék%h@@%dﬁesﬁ@kgf&’rﬂ:‘ﬂbﬁ% bé parférifeditbyl R¥Pdlectror®d dder to
said device falls bel ow a predefined threshaold, said nmethod ngﬁclgﬁ?fli gg

receiving a requéSorypg 3 Arefidtctigntas sgi Rf@ﬁ‘ﬁ’@fﬁ‘ﬁﬁéﬁ%?a%%ﬂ e

device; perbtRE@EdNg c@nsmn% lfeyélgéwmrua;egé;d fe@dtidn I&h@afs@%tdc% thest cairsakk on
said function and selected to con | ess power than said function and

al so sel ect dEpt ﬂedeh?ftp%é%faﬂ' I'?@’O“’f?@%tl’rqdéf}%?d f@feSHBW/er to fall bel ow said

predefingd thr eshlminkty &esqnaiaidner gowaraoReidlRvek a8fa dPuBgudnee sl d devi ce
as a consequence of perfornm ng said pre-function test; and, if said second

| evel of poREFOWHRY §a'3tp“? B’é@f‘o‘bﬁ’?@t BPedefined criterion, preventing said

devi ce from perf grazidg:coal cévémmnn@ret@éth@é%s@p%@md tMgriGRipebvaatige to
perform said function. %% . The thod of claim1 wherei,n said, funct |on

i's a cameraSPidLENIcEdEM PETOrTING SR 8"‘?5? OrqtagnHISe RABHEINSAIA AGVIFT [P i's
activated aggigrfgdlignt 0 said function for a period of about eighty

mlli seggnds and draws current of about one anpere; 20 and wherein said
flash is activated according to said pre-function test for a period of

about two m i seconsmetitd ARG 1GMdreRtsalf fuABRIMtis @REmMRAPBIS (50).

3. The method of claim 2 wherein said flash (50) is activated according to said
function for a period of about eighty milliseconds and draws current of about one ampere;,
20  and wherein said flash is activated according to said pre-function test for a period of

about two milliseconds and draws current of about one ampere.

4. The method of any one of claims 1 to 3 wherein, in conjunction with preventing
said device from performing said function, generating an output signal from said device

25  (30) indicating that there is insufficient power to perform said function.

5. The method of any one of claims 1 to 4 wherein said power is provided via a

rechargeable battery (66) housed within said electronic device (30).

30 6. The method of claim 5 wherein said first level and said second level of power is
measured using one or more of battery voltage, battery amperage, battery equivalent

series resistance, or battery temperature.

7. The method of any cne of claims 1 to 6 wherein said determining step

35 comprises measuring said battery level before and/or after performing said pre-function



4. The nmethod of any one of clains 1 to 3 wherein, in conjunction with
preventing said device fromperformng said function, generating an out put
signal fromsaid device 25 (30) indicating that there is insufficient

power to performsaid function. 5. The nethod of any one of clains 1 to 4
wherein said power is provided via a rechargeable battery (66) housed
within said electronic device (30). 30 6. 1¥he nethod of claimb5 wherein
said first level and said second | evel of power is neasured using one or
nore of battery voltage, battery anperage, battery equivalent series

resi st ance, '@ apgior Brgughenpbepetipenance of saidrase-HeWion teghy one of claims 1 to
6 wherein said determning step 35 conprises neasuring said battery |evel
before and/or after perform ng said pre-function 14 test and/or throughout
the performance & Teametindeaffamief plging &4a 7 whereihgaigeeleraingto €eR COPPESSi ns 1
to 7 wherei Ras@iifg 48R MO Brotiletdt FHRMP MR E Darmaiibrdliddihtide bf PRteAANMKIdiging
profile of one or nore paraneters indicative of battery life during 5 the
per f or mafce T PerFEMBpes piihe Profinelidttest. The method of any one of clains 1
to 6 wherein said determning step conprises neasuring said battery |evel
once before and once after performng said pre- function test. 10 10. The
nmet hod of any oné- e Fefiadsof Bny @ne of platiet (B wpeTed srid dRleBNdly TeP after
preventing ggh@risvihegs 38 kal RMeRABIQRL8:RA Snd St AR peRSHIThY S4B @reai d
device to performan alternative function that consunes | ess power than
sai d functi &fictiantest  The nethod of claim 10 wherein said function is a
canera fpash (50) used at full power and said alternative function is said
canera flash used at less than full power. 12. The nethod of claim.10
wherein the al t orlRalie/@aHAl FBRONS OkFBEI! fog beARLRIMRIS P8 SIRS| 2T
power that eeerliRLiAEd8AcABNBbmReroaUmg dakeruhétiont pbeV@ihg ehidRRWRE to 20 tO
fall bel ow said predefined threshold. 13. An el ectronic device (30)

conpri si ng: PeHCHbAR At RreUEieN thaf conpenes §ss Peveiipe spiddy"diBAnect ed to
said power supply for disabling all or a 25 portion of functions of said

el ectronic device if a first |evel of power from said power sugO%ILP/ falls
bel ow a1%r edefi né® thsrrasthsd @}‘ claim 10 wherein said function is a camera flash { sed at

full power and said alternative function is said camera flash used at less than full power.

12. The method of claim 10 wherein the alternative function is chosen to
consume a third level of power that is selected so as not to cause the first level of power

20  to fall below said predefined threshold.

13. An electronic device (30) comprising:

a power supply (60);

a supervisor circuit (70) connected to said power supply for disabling all or a

25  portion of functions of said electronic device if a first level of power from said power
supply falls below a predefined threshold,

a processor {54) connected to said power supply and said supervisor circuit; said
processor configured to receive a request via an input device for a function to be
performed by said electronic device;

30 an output device (42, 50) connected to said power supply, said processor, and
said supervisor circuit, said output device configured to perform a function that draws
power from said power supply;

said processor (54) configured to perform a pre-function test; said pre-function
test based on said function and selected to consume less power than said function and

35 also selected to not cause the first level of power to fall below said predefined threshold;



a processor (54) connected to said power supply and said supervisor

circuit; said processor configured to receive a request via an input
device for a function to be perfornmed by said electronic device; 30 an

out put device (42, 50) connected to said power supply, said processor, and
said supervisor circuit, said output device configured to performa
function that draws power from said powerl®supply; said processor (54)
configured to performa pre-function test; said pre-function test based on
said function and selected to consune less power than said function and 35
al so sel ected to S36tPresesser (34 furthes configiiead tedefsoinie a spaear levisePiRnesi d
predefined té@éﬁ%ﬁﬁé’fr@m slaﬁi p@ﬁér@uﬁﬁi??&ﬂ%@% &o‘?@éq&éﬁc& t&ﬁef)er%?FHclr'lg,gé%;ﬁ(?Qretfgnctlon
determ ne a second | evel of power available fromsaid power supply (60) as
a consequend®@stod"herforning said pre-function test; and, said processor

(54) further confdguirecbdsdr (548 fpmkAcSaeand they&lid @écd?@vi@ﬁel B'fa?évﬁeraﬁee@a! east
one predefined criterion, prevent sai d out put device (42, from

per forni g 4eAS80ne piedelinad aerion Resvansipevtritdavieg (43 %) Formpraraseivseid o

per f orm sai duidéBebh@Bthedise Egﬁmﬁﬂn?%tafo%l]tﬁut%\ﬁcé?o 63 rmodai®tAcBnl3 wherein
said output device is a canera . 10 15. The el ectronic device

(30) of claim 14 wherein said processor (54) is configured to activate
said flash (50) aqcprdiietrdfc §é\h<§le faonet Qi i%h@femal@eu@bt@métls aQaBfely

m | liseconds and draws current of about one anpere; d wherein said
processor (82 (3% configured to activate said flash accordl ng to said
pre-funggion test for a period of 15 about two mlliseconds and draws

current of about one anpere. 16. The el ectronic device (30) of any one of
claims 13 to 15 VRef'? flecepic geicuivd Potleiml thwpereiesitd RPcessad (BVS ce from

per form ng %@hﬁbufréw{étdcwate%ﬁ!dd“la@ﬁ%@)%cb&dnrféQst!aﬂLfﬁ#‘&mhQor@@ﬁ@ﬁcﬁitcﬁ adButout put
signal indicating that there is insufficient power to 20 perform said

function. 1?’9h%@'i'@ﬁé?ﬁqscﬂﬁd@rﬂ‘é%Pﬁ'ée'(t:?(ﬁ)ﬂb@#t CARPIES (ﬁndd’I’%ﬁr‘ﬁ‘E sgigl Rrecepgor

wherei n sai gs4eyb&figuRRso AchiREd134i8 eabh gcémh td/se(.@ébe fALRRCew fbhh BeSd o
el ectronic device faor providin The el ectronic device (30)

po
of any 6ne épo‘é,ilt‘éiPr%”’ie\?Of‘SS @’Tdaﬁé'fse‘?%”eé’épfc?b&ub%%g'ﬁpe'@s4) is configured to
nmeasure said first | evel and said second | evel of power

16. The electronic device (30) of any one of claims 13 to 15 wherein, in
conjunction with preventing said device from performing said function, said device is
configured to generate an output signal indicating that there is insufficient power to

20  perform said function.

17. The electronic device (30) of any one of claims 13 to 16 wherein said device

has a rechargeable battery (66) housed within said electronic device for providing power.

25 18. The electronic device (30) of any one of claims 13 to 17 wherein said
processor (54) is configured to measure said first level and said second level of power
using one or more of battery voltage, battery amperage, battery equivalent series

resistance, and battery temperature.

30 19. The electronic device (30} of any of claims 13 to 18 wherein processor (54) is
configured to measure said battery level before and/or after performing said pre-function

test and/or throughout the performance of said pre-function test.

20. The electronic device (30) of any one of claims 13 to 19 wherein said

35  processor (54) is configured to measure said battery level once before and once after



using one or nore of battery voltage, battery anperage, battery equival ent
series resistance, and battery tenperature. 30 19. The el ectronic device
(30) of any of clainms 13 to 18 wherein processor (54) is configured to
measure said battery |level before and/or after perform ng said pre-function
test and/or throughout the performance of said pre-function test. 20. The
el ectroni c device (30) of any one of claif® 13 to 19 wherein said 35
processor (54) is configured to nmeasure said battery | evel once before and
once after 16 performng said pre-function test. 21. The el ectroni c device
of any of cIREMRENING sald wo-fukrdpeiestsai d processor is configured to capture
a time varying profile of one or nore paraneters indicative of 5 battery
life during the perfornmance of the Pre-funqtion test 22. The el ectrognic
devi ce (30) of arf! dhe e@rcirenigidfyca s ey Friaifer!dith 28 Mihgreinpae PEEFSEY) s
further confdoagg@ed {DparAlre®f tirRé OXOMYI NSNS 8 SheSbraRbreQiardmEiRW iRGichtversf
performng said function, permtting said output device (42, 50) to perform
an al t er Rat |Bpdenydife dwitg tbﬁ PeHamanss N fhesPedeictigBiRst t han said function. 23.
The el ectronic device of claim22 wherein said function is a canera flash

used at full power and said alternative function is said canera flash used
at | ess than ful 122 pbaglectranic davicer(30) of gy phelciaiesildde 8ff Whesns2d wher ei n

the al t er natdry@sbemel ] @Rurkiser €oRiduBeY f%daftér%ré\ﬂé?ﬁH@Ea@ euéutrroehclo%\mle f@f power
that is selected so as not to cause the first |evel power to fall bel ow

sai d predef iP§EAMAIRG §3RSYRETODOPeBIIting s tPeF dw%?gw&n?@rte@ﬁe‘m 8P afiernetve

managemgpt ifndbn MR ebhUMds 1H8Yb&Rer thD3aiBAMichEh.a supervisor circuit (70)
for disabling all or a portion of functions of said device if a first

| evel of power to said device falls below a predefined threshold, said
conputer programgar Wé@lecﬁ@rﬂ@ﬁé@té‘@f AaifODPRhEkiIN fadapbRonmed éﬂﬂﬂeﬂ’ﬁh@@h’uéﬂi

program code execut abl e by processor (54) of the electronic dev%ﬁe for
causi ng sai @' thpCwer aad Q%Edﬁ’étﬁ*fr@ v funetionde feldl GMmesnyaghesesratdessi e Wl o 12.
power.
15

24. The electronic device of claim 23 wherein the alternative function is configured
to consume a third level of power that is selected so as not to cause the first level of

power to fall below said predefined threshold.

20 25. A computer program product for power management in an electronic device
(30) having a supervisor circuit (70) for disabling all or a portion of functions of said
device if a first level of power to said device falls below a predefined threshold, said
computer program product comprising a computer readable medium embodying program
code executable by a processor (54) of the electronic device for causing said device to

25  perform the method of any one of claims 1 {0 12.



