HANDHELD ELECTRONI C DEVI CE AND CAMERA PROVI DI NG FLASH COMPENSATI ON OF

| MAGES, AND ASSOCI ATED METHOD BACKGROUND Fi el d [0001] The di scl osed and

cl ai med concept relates generally to handhel d el ectronic devices and, nore
particularly, to a handhel d el ectronic device and canera that provide

et nod. - Descr NP EHECIRGMESET I BISh cARAmR ANTIEE" 1T Gl
el ectroni ¢ ¢PASEECOVMPENSATIORGFEVESGES, ANDhASSOUIAGIED METHODI c devi ces
i nclude, for instance, personal data assistants (PDAs), handheld

conputers, two-way pagers, cellular telephones, and the Iike. Many handhel d

el ectronic devices also feat ureBWdIgd}R@gggﬁmmm cation capability,

al t hough many such handhel d el ces are stand-al one devices
t hat arReliuncti onal w thout conmunication with other devices. [0003] Sone
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processor systemthat are nanufactured and sold as a nodul ar unlt That
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| mge sl nalt d program st ored and executed on the processor
systemM&géﬁthe i mage in various ways. For instance, the

I mege m 9[@00%]3 NREESELE pbPoLRMABNITH R toRc deRIded k% 1SV EEhipIE Ffsutlhe
canmera | ens uch shortcon1n%s m ght include the reflective and

diffr aétandzlaelcégké@@rgc @evicefeing for |1mﬁ@ephmrsoq9bd@iﬂr@sqs$t@tﬁ@ (PoAg), dendheld edges
of the g rﬁﬁfe?séntgﬂ% %Sggeﬂ ulE ¢ on%&”%(cﬂavgr'ﬁk’neg ) Rﬁﬁﬁeﬂﬁ{dﬁ%ﬁ' i:l&tﬁée feéﬁ“ lve

for thelr S€és, suc anera co WwWever

Wi t houtdekrices tabdol Gouturd wheess coypivhedativn hapakitityy althobpimhed, abel ihaydiedd

det ect ht,  and_ often is_of limted usefulness in J|owlight conditigons.

Si nce &l Q?g'ﬁﬁltcad@f"ll% re yigpd-along dsvices e are Gmetignal aithout gommumeatiop itk
spectr ymagLoss, @ region of illumnation, an enbedded program executed on
a processor systemof a canmera and enploylng conpensation paraneters
tailored fi@o03fe Sm&neahmﬂhelﬂaaladtmnm déviees ,andi dtiey uiecaronicl devives earplgy sdait e

unpr edi ct abl e ge pr.ocessin esults. Such unpre abl e. i e
pr oces&ﬁw&r%se@%ﬁnﬁscaart@(ef phqtpgDh Bt arf el Hergs e feroRinedaficrs 4k et y

of cangh@efds 5@ 119' c (ﬁe éeda&efaorréﬂsgtar b8P Satd @t pRYcEssBP 3§t that tard hus

woul d be desi bl e a nodul ar
manufactured and sold as a modular unit. That is, the sensor receives light through the

camera lens and provides an image signal to an embedded program stored and executed on
the processor system in order to process the image in various ways. For instance, the image
might be processed to compensate for various shortcomings of the camera lens. Such
shortcomings might include the reflective and diffractive aspects of the camera lens that
become pronounced at the edges of the camera lens.

[0004] While such cameras have been generally effective for their intended purposes,
such cameras have not come however, been without limitation. A camera typically has only
a limited ability to detect light and often is of limited usefulness in low light conditions.
Since a camera flash typically produces light of varying intensity and spectrum across a
region of illumination, an embedded program executed on a processor system of a camera
and employing compensation parameters tailored for use of a camera alone, i.e., without a
flash, can produce unpredictable image processing results. Such unpredictable image
processing results are further made unpredictable due to the wide variety of camera flash and

flash lens configurations that are possible. It thus would be desirable to enable a modular
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1 canmera, such as would be incorporated into a handhel d el ectronic devi ce,
to be nore usable in lowlight conditions. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0005] A full understanding of the disclosed and cl ai ned concept
can be obtained fromthe follow ng Description when read in conjunction
wWth t h Cc anyln [ | r

el evat | %% %ﬂgw ug(%tggien{r‘% %teﬁ' Az w%h}?qgghélﬁ %85%“?6&1;"81 @e@e &Opegltg:sgglredance
with t ielosh ight esmditiensd cl ai med concept upon which is perforned an i nproved
met hod i n accordance W|th the di scl osed and_cl ai ned concept [0007] Fig. 2
is a schematic depi cti2RIE; DERERIBRON QF BHERANINGE j ce of Fig. 1;

[ 0008] Fi I s A2 @E[rgerf‘ Egdance
with the q%l% I osegﬁpnlg(m#t%ﬁ?dne ngﬁ:g&?ﬁt@ at can be inco porat e(?%l nto the
handhelfidmethe dblicwing Ditseriptimnofhenmiead uﬂconjitﬁmﬁén]l witthghe dcdompanygiop dnawings inop

pl an wg{v of a flash of the camera apparatus of Fig. 3; [0010] Fig. 5is a
secti oMW i ew as t aken along line 5-5 of Fig. 4; [0011]] Fig. 6 is a

schemati c gh@yy OFian @&%@Maﬁeﬁ@%ev@fofraﬁex&ﬁﬁﬁﬁahmemaét&%ﬁc dé:vh& 3
and an exerrpl ary set of scal ar conpensation paraneters configured

conpeninaeoniance withéhedigelasedfand daiged|coneapt apomowhichtis perfomadd| an mn)raVQﬁarrer a
| ens ti w of, an _exenpl ary sensor of the
canerak}fgw r’ﬁtaﬁ‘g)r%ﬁ‘nceﬁ“@tﬁgﬁlﬁﬁﬁ eéﬁanélxc egrcﬁ %egi( of scal ar conpensation
par amet er 50607 | Gug, eds h ocleainie dspicRoRBf the hatdhetd dbatoni®devideTatigviar i ati ons
attributable to a canera lens and a flash Iens in conbination; [0013] Fi g.

8 is a scHeMREli cFig dvisarschematie denisliqn ebm sanergrapppatus dpwceordpisgr it gheof

1o At o S OO BB S ply o0,

conpensa e an
|l ens; F@014] Fig. 9 Is a chart depicting an exenplary conpensation curve

conprlsed of a lurality of |ine segnent 5 . 10 is an_exenpl ar
fl owchart [890% pﬁrg ﬁdﬁaaty e&wﬁpmwegrl%?f&)ﬂa%%f?]f @@F%WWI% %‘8 S
embodi mentpogfort Ny lisich aaknander n8idReR afcARESRISS PR AO16] Fig. 11 is an

exenpl ary har a portion of an |rrp ove accordance with
anot her erfbodi]me fig. &fis tatsehethatod ciswd)famcbmet@ﬂarpdensonoéﬂte.camera apparatus of

Fig. 3 and an exemplary set of scalar compensation parameters configured to compensate an

image signal for signal variations attributable to a camera lens;

[0012] Fig. 7 is a schematic view of an exemplary sensor of the camera apparatus of
Fig. 3 and an exemplary set of scalar compensation parameters configured to compensate an
image signal for signal variations attributable to a camera lens and a flash lens in
combination;

f0013] Fig. 8 is a schematic view of an exemplary sensor of the camera apparatus of
Fig. 3 and an exemplary set of scalar compensation parameters configured to compensate an
image signal for signal variations attributable to a flash lens;

[0014] Fig. 9 is a chart depicting an exemplary compensation curve comprised of a
plurality of line segments;

[0015] Fig. 10 is an exemplary flowchart of a portion of an improved method in
accordance with one embodiment of the disclosed and claimed concept; and

[0016] Fig. 11 is an exemplary flowchart of a portion of an improved method in
accordance with another embodiment of the disclosed and claimed concept.

[0017] Similar numerals refer to similar parts throughout the specification.



[0017] Simlar numerals refer to simlar parts throughout the
specification. 2 DESCRIPTION [0018] An inproved handhel d el ectronic
device 4 in accordance with the disclosed and cl ai med concept is indicated
generally in Fig. 1 and is depicted schenmatically in Fig. 2. The inproved
handhel d el ectronic device 4 conprises a housing 6 upon which are di sposed
an i nput apparatus 8, an output apparatus 12, and a processor apparatus 16.

The input apparatus 8 provides iDRESCRIRTION processor apparatus 16. The
processor a fﬁf}lrat us. 16 provides oqutput signals to the output apparatus 12.

[0019] Thd09iRiut Aspisrayedkshandbelgiplearonioadgdsmd dn ageadence with dhe diselesed 4.
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navi gati qnal and other input to the processor qaﬂggarat us 16,L£ngqch .

addi t | BRATPY IRPAFAFUNS & QHIRYL PRPHAWS di% S0F HRTYESIOR SPRAFARRY SRTgU 1 to
provi S\E%;ga}r&ﬁé g gMdes iﬁt}&ht@%esg%o%%sbpr&pbé}ﬁbﬁ S16. TPk B2 esdbr APphrkfl§ 16 |

t hunb 24 serve as Tnput nenbers which are actuatable to provide input
t 0o t heppvides ostput sigpals tt the obput Fparaiweld| ary out put  apparatus 12 conpri ses

Per e h voUPOIT ndPg deomt BPefisy 8 PSR 20 ardich e Feeb sy Bifhy "
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the display 32, and other inputs such as selection inputs. Still other
exenpl areyedchmgtuatablebier prowisiel inpuiniel the @receswu dpparesi 16 v Ehelitaph speela24is)| us

pen for _.maki ng ne | nput ct.i n. ch- S iV ' a

di spl a{/?t%taglr?eﬁ)u p55|p‘%i|‘|1% Sv1ggﬁ§+a§r ‘IuisdgF5 ?1 egu]tnﬁgénggorge aﬁ 1%?%3%‘#15 ggﬁalrgt@%ri/q, nzimedr face
(GUI) , abditiondtis angsidiasRoaatle dire@tichoskthefarfone28 barihal ¥ mbeide otErdnsiayi ce
4, an so _on. Exanples of other output devices would include a

t ouch- Skdhsastselestion uypptey, Therkexs dp gnd fhesteumbwigel 2dosepye asippgtmpembers wvigh ar y
MOUSe Qfe Eétﬁ&ﬁﬁf@' !ﬁaigfbﬁ% gd b |ty @19@’_8&%%@%@%@? 1% 3y Qz?emoérlﬁxsi ob gﬁ” des

vari ous types o I nput tance, a nouse al |
coul d appapatusl&2 penipgsks iaalisplay 3put s in both vertical and horizontal

Gl ect L ONSOIEN TSSBeEL 1P bl et an 32, nLeh conaLocihihats Lagtd b
oot eI eI, OB AR ol T,
be any refleetedr bynorovementaof arduedoy o theydieplay 32, and other inputs such as selection
inputs. Still other exemplary input members would include a touch-sensitive display, a stylus
pen for making menu input selections on a touch-sensitive display displaying menu options
and/or soft buttons of a graphical user interface (GUI), hard buttons disposed on a case of the
handheld electronic device 4, an so on. Examples of other output devices would include a
touch-sensitive display, an audio speaker, and so on.
[0021] An exemplary mouse or trackball would likely advantageously be of a type
that provides various types of navigational inputs. For instance, a mouse or trackball could
provide navigational inputs in both vertical and horizontal directions with respect to the
display 32, which can facilitate input by the user.
[0022] The processor apparatus 16 comprises a processor 36 and a memory 40. The
processor 36 may be, for example and without limitation, a microprocessor (pP) that
interfaces with the memory 40. The memory 40 can be any one or more of a variety of types

of internal and/or external storage media such as, without limitation, RAM, ROM,
EPROM(s), EEPROM(s), FLASH, and the like that provide a storage register for data storage
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of internal and/or external storage nedia such as, without limtation, RAM
ROM EPROMs), EEPROM s), FLASH, and the |ike that provide a storage
register for data storage 3 such as in the fashion of an internal storage
area of a conputer, and can be volatile nmenory or nonvol atile nmenory. The
menory 4Q has stered therein a,nunber.  of ' t o e bl e
on the SB e s%? ?assgl.onﬁge %ﬁ%@%aﬁj’ﬁ%ﬁﬁeﬁfﬁ% 0{*%35 Ijtlal prarééé(lil 8%%33%%“ eeég%#wand
vari at iopasn¥d1etle Mensdidl The efidionyravdistis)stdred theein zafumbgu afitédtines Hachatdiag a
quantity of one. [0023] The input apparatus, 8 conprises a canera 1gl,ppar at us
52 di ss¥e@drbdm oprie PRRASESOR P06, ATrrannplaygs hergimy the eriyression ga P8k efi¢ o
conpri :A- : ; the fl ash
60 can IALER TR T RaRrbadty h £ Ronzell SRS, iichRuRgRRRpoRBe " D
conpri ses [@023rerfhel @mpat Gdparstus Ensampfifes andmerg appestesrS2syspesed7@n this

enpl oyed herein, the expressiop, "nmodular” shall refer broadly.t

Sol f - oBRESNR By Thevsamers R%Hmtr% ?2 f%?oqsrf@f%@n@e%oﬂmﬁ? Eﬁa%ag}f_r"’aggf%‘? 15k 404 e
and/ or aﬁﬁﬁdgﬂh@ daPheRO58 ah @AY AAHAG0 BarSBé beparRBicaPERENK)| The A8meradsR! 2
matter, the canera lens 64 overlies the sensor 68 which is nounted to a

pri nt eanaiularyievich tlzat dompuseswehéantera keng 64 posendon 6% apd eqrecsssor sysemm27 2As Ot her
nodul ar _confi.quratipns can. be, e oy i t.hqut departi f.romthe esent
concepte?nlf‘@@gﬁer%éﬁ? PSSR 5’6%’:1"11'5 glgalﬁeﬁrgg a‘ﬂ%gosa %Pg?f&mg% fiaﬁfgéls rce
80 t hatig Sfo ihatkhok, Guchabd @hd/er IRAAlA adbt oBeraBleein kawb fashisn %8 4 weifcal |y

is a Fresnel lens that tends to direct light rays in a particular general
di r ect icontainp amdty e A| 2 ggnergl gnattero thec ears@ra demph4 verligs thepenspt P8 grhich gps 84,

Fig. 4 _depi th | . i IS 84

a1 {gned o B, Pt ST e GBI S Pl (GERRIGRSLP il 72, O
quant i iphRRulardnAsiraieR A LS efpldyedvithiddt departing feorm ltinyerdsent térmept. departing
fromthe present concept, and different LEDs or ofher agoqpropr_l te sources
of el ect r df8ghlet ﬂiheeﬂi’éﬁw COBMPIIEES %ﬂﬁ%‘?@%ﬁlé’?‘gﬂi that fimilagy can 0025)

As can r ' | I g St
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el ect r eapdnet patticitargueraltieectibhD Thé eackplarplightlspuice @0uwdepriaes a plurality of

absor ption/ em ssi | ayer 92 that overlies_the die .88 and that _i§s.of . a
b oknddDY 4 B A9cretishe stemmlon I e saues Shis RpPERng duee oD 84 digded
di rect 'aajé.cg@rdtﬁggng@gr, gﬁﬁo@ﬁ% Rted 08t Hiffer88 quiiifics |88 LARRANSL 6 ERBE 9Y

generate 8 passes through and i's at least partially absorbed
by t he 8dlxsnrbetempidedi withomh depareéng Samwhe phestitesonbspt pandladitfsrentkEDs od othet
emts its own el ectromggnetic enerqgy. In the instant .exagpl e, the
ol cct r GREGRERICCORTER B\ Sl ammagmene By inenhecmplorsthaaintiou tiuaion o
vari ous VengbsPItAScA be Yidetdtbdd frbMtig, g\}]h&cﬁm Bk i BMpRIREsSAi104t b aHerdi2

en

absor bs bl ue wavel engt hs of |ight and, )
88, which is a silicon wafer which, when electrified, produces electromagnetic energy. The

LED 84 additionally includes an absorption/emission layer 92 that overlies the die 88 and that
is of a thickness (T) 96 as measured in an on-axis direction 100, i.e., in a direction normal to
the plane of the die 88. The electromagnetic energy generated by the die 88 passes through
and is at least partially absorbed by the absorption/emission layer 92 which thereby becomes
excited and emits its own electromagnetic energy. In the instant example, the
electromagnetic energy generated by the die 88 includes, for example, various wavelengths of
visible light. The absorption/emission layer 92 absorbs blue wavelengths of light and, when
excited, emits yellow wavelengths of light. Electromagnetic energy passing from the die 88
through the absorption/emission layer 92 in the on-axis direction 100 will have a
predetermined spectral composition that is a function of the amount of blue light that was

absorbed in the absorption/emission layer 92 and was converted into yellow wavelengths of
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excited, emts yell ow wavel engths of light. Electromagnetic energy passing
fromthe die 88 through the absorption/em ssion |ayer 92 in the on-axis
direction 100 will have a predeterm ned spectral conposition that is a
function of the anount of blue light that was absorbed in the

absor ption/,em ssiop, .| ay s _canverteg.,into eII w wavel e hs of
2 11 gnieBastls EaRrofeine AoRraiciEnRRPN dhveE e 8 Srelias B 455 STy

t he a“WEIeﬁéthB'delgh\t\/&Mﬁ' FRedthreigh tHehibsbRtonRARSESh ld?épl% hwith®ut being
absor ptlon/em ssion_layer 92 wi thout being absorbed. The LEDs 84 may

t hens elebesbehy ThenbEPs S4amay tthemsgl vesomsy rommsise (additipnal cempenentse sighi #ys,

el ectri C | h_ar CeSS I n.
Vor covagioey { APRAES Befiued copnectibR o, Sulith B8 EEPRELIOCLLER ke
absor piMareoest) #495 aoted ltRgtahe %Ds@ﬂomgllhegcouﬁgmeﬂ heitlivme dse afsoiphienfeatigsicnul ar
applic tlon t hout depart| m t he res nt conc 0026].. Howeve
if the %ﬁeé 58‘\{“‘?1’@ B 3pere theh a’tﬁ ralPB gatiog) W 51%@% 01%2@?
it al s?,r tlcoﬁgﬂ)qluce el ect rorragnet ic energy that travels in off-axis

ons,

di rect suc is indicated by the exenplary axis 104.
El ect rorragjﬁ@%]c é{mv&yyr,piﬁskhé dig 881rism:ghsidd:red aalrs poipt isowce mif sAl¢atroniagyetic 92 i n

A I P L N R A
el ect r yraANISItES Hyad:lealeké?ﬁbigﬂgl hxigapM®t, a Kieb@drhadledc géne@gyepasafﬂyoq&bﬁgﬂﬂié its

bl ue | |ght that i's absorb the absorption/em ssion |ayer 92 and
conver @ %DrptmmﬂerwéslbowlayeghQZt hnouaglh offsagist aditegtion ad@4t fnawelgi |througly e the

L bsor pebiskpUsH EBfssft Mk oY oottt arpded g B BRBES T} VAQ Wb Sy o6t

l'i ght tRisteldchromapRgicaadiatien Will ﬁa&éwfelafvfeiyagmstelf propoitioa offits Muéhgit Heghd on
100 will have progressi velé/y greater proportions of yellow sEect ra and
i

| esser apyasbyst byothe #rsomtion/egpesian éayeas92aag%rf@na¢rtf}ﬁiamt@ryellow glt threughar i ous

{1 Bon FoRaR SRFERERETNSE e eats BT VLRI RACBa R Bl AT 1

spect rabsdi‘p!k@um§1ontlh5aerr9;glvamoni behﬂgmbmbecbn Ad |a| cdiBequenas,yiigly thpedd r al
conposi tions, ai ar i oﬁs | ocat i og [0027] The _sensgr, 68 is depicted in an
exenpl RFYLIEALRI0 tj’§ QIBt ?SP@““B‘ fien 400 il haxe, prreressivaly FB#Pt i si ng

agrid Pg;&)é)%ﬁ{asy‘)ff %Hfovnp it G%Bt%é W[}Sﬁé’ﬁb‘ﬁle sﬁa&&o%grh b&ne’r&ﬁ matt

unders e se typi c ave many nore“pi xel's than are
depi ct &dhiletHei wgmouﬁ lighhgpepirz gesera@d h;oﬂmrILEIBs 84 preinedrarthylesd direghedk by shal12, G

pi xel s 6 pi.xel s, 120 in a . I S,.,gene

Cindlor SBBUIeTE B 8 A BB thBrasich § reiom S yriRine: (R SRR kiR of

whil e ghORBlon JfifihindGoRiwill KfleSvatyide §tBt QInisiiohd Bt WhUs HRafilisOr dat a.
[0027] The sensor 68 is depicted in an exemplary fashion in Figs. 6-8. Fig. 6 depicts

a

the sensor 68 as comprising a grid of sixty-four pixels 108 in an 8x8 layout, although it is
understood that the sensor 68 typically will have many more pixels than are depicted in Fig.
6. The pixels 108 comprise a plurality of R pixels 112, G pixels 116, and B pixels 120 in a
Bayer layout. As is generally understood, the signals from the G pixels 116 provide
luminance data, while signals from the R pixels 112 and B pixels 120 provide color data.
[0028] Each exemplary pixel 108 in Fig. 6 is also depicted as having assigned thereto
an exemplary scalar compensation parameter 124 that is based upon the characteristics of the
camera 24 alone, i.e., without the flash 60, and are primarily based upon the configuration of
the camera lens 64. As is depicted schematically in Fig. 3, the processor system 72 of the
camera 56 comprises an image processor 136 upon which is executed an embedded storage

routine 138. The processor system 72 additionally includes a plurality of storage registers
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[ 0028] Each exenplary pixel 108 in Fig. 6 is also depicted as having
assigned thereto an exenplary scal ar conpensation paraneter 124 that is
based upon the characteristics of the canmera 24 alone, i.e., wthout the
flash 60, and are primarily based upon the configuration of the canera

| o1 6408 iR BRI S CHRNRL L BRI oA ol s iR BRASEIART ss¥ohem 72 o

the canera rrses an I mge "processor upon

enmbeddadpraiedtcaigby tHeOttinp@satidl. pafdifetprsOQASIAMig SY.S SR6h ¢dmpekibatib® Patahiéters
includes a plurality of storage registers 5 140 in which are stored the

var i oudikebhpyeridahavsrbesa dsrined psparimentally b ther mapefaetures pfhe samera 56 and

. t i ' . ation
par amot Sr € e SR AR BRI e AR AR Hhfed el cofinbh o pople 18 AP
manuf ado yrecesofa hbe-flastirémagsd Groandhe semoed8l N White sho cageplangicsimpersatid) f or

use by the enb ed conpensation routine 138 .in grder, to process a,
non- 1 SRRSO 2 PG e S Es A AT R BRSHTiPa et fip énsaeregtion
par anetffsnetead 8l weRlyifs 1as vdaﬁw%e éﬁﬁﬂo?ﬁbw A URS codlfaedls&idﬁ‘ﬂﬁﬁﬁé qgsig% hat

t he conpensation parafeters could be anything that woul d be enpl oyabl e by

t he compesesarinon-fashtsignal fidg the sepserced d.ca they conld stomyirige afunferioah valeessensor
68, i.e hey cqul d..conpr i n rical values, algorithnms, and the |ike
Wi t houtalgométaflgﬁhedlfl%%ouﬁ%%ﬁg?urt her be seen fromFig. 6, many of the
pi xel s 108/00R9} heas g4t higther RMeoR Fro2h Fife6,SRASP LS 88 pixRls TOH &RtRAca@srahavi ng
assigned thereto a conpensation (gar aneter _having an exenplary scal ar val ue

of 1. 0.regipmee! fhic,senspr pare idieptedoes hastieg agsigned ithmretormcampensatiampsatampter et o a

tTT SRl P AT s e iR 10, 6 SHETRARE YRR B pXBhiiEy oo el

t her et assignedsieiod yompeahitdn paamees 424 hivipa ik 6RdreplarkXtalad valog ofl 1\5abne Of
2.0 or 2,5. These are representative, for . exanple, of_ the relative degree
of i magBll lermixgs d A% et fsuedreme pastplieral degions kaverpssigned thersfo pn suemplae| s
108, i i h}gp&? thatihe: S e ' :
requi rtgcgiﬁeés%%l o%g{olﬁ gt %%alt 461{2181&%3%%%6;?{%'@%??. ilgjggg {rgk?gfgéﬁﬁlg&ﬁgr due
at | easkamplepaf thd mlithe degede dhabagehBoosting tlaat |vendd B4 equiest forldaghtoftthe such

peri pheral pixels at.a nore acute angle of incidence than 1o those pixels
006 el i gn stogrh thal s, epals & fratekRirels 10Rafeadisie of
t he irr@ésg%ggidgitgmth@?eﬁ aRekdPhes al pixels is reflected rather than
bei ng recei ved and detected by the pixels, thus necessitating a relatively

great er def$03@ ofThds sndule dddemst impart he thei Hotathst theomineelehs 6rhditexel lighaito t he
e sensor  68. ,Such r.educed si at. th

P egi oneuds R iSla o § PSS ORI (RAnFGICe A 1 R s IPB G B
tends tentrAfreaohs oF the 'sBhsdE 168 Wit EIRARAIt that some of the impinging light at the
peripheral pixels is reflected rather than being received and detected by the pixels, thus
necessitating a relatively greater degree of signal boost of the signals received from pixels at
the peripheral regions of the sensor 68. Such reduced signal at the peripheral regions can
additionally result from the fact that the camera lens 64 tends to refract to a relatively greater
extent the light that is directed toward the peripheral pixels 108 than the light that is directed
toward the central pixels 108, with the result that certain wavelengths of light have an even
greater degree of reflection and mis-positioning with respect to the intended pixels 108. In
this regard, the compensation parameters for the various R, G, and B pixels 112, 116, and 120
can be selected based at least in part upon such varying diffractive properties of different
wavelengths of light.
f0031] An exemplary operation of the compensation routine 138 in the processing of

an image would be as follows. The sensor 68 would generate a series of values, i.e., signal

6



extent the light that is directed toward the peripheral pixels 108 than the
light that is directed toward the central pixels 108, with the result that
certain wavel engt hs of |ight have an even greater degree of reflection and
m s-positioning with respect to the intended pixels 108. In this regard,

t he conpensation paraneter or..the var.i ous, R, and B pixel,s 112.. 116,
b 1200mpaRenE CoBRRRTain s Lt ipleBE’ Hisn Ty, BDBRRL YA ofi et

di f f r agkdW@npRRARRELJi§SvaRfe B piRERMs. TRVRNERALNSN @butidcdl¥E. wdild Adderiihe,
exenpl ary opération of the conpensation routine 138 in the processing of
an i mader eshliotenstyaslyofrpovench Pirel.she degree of gompensgien g, dogsts that s

val ues, i_ e.. i I n C e ' | ' [ty
dot oot 28 a5prisc X SR sy R QDR P RRENR HRoceShet Wil Had A ¥,
processutpit of Weould MeetRartdrd tooatoktive réGEnetut! thetesighali processibg) bgawdy of
intensity value fromeach pixel, the degree of conpensation, i.e.,, boost,
t hat weMEPlepeAnpilisatas thovaakeweigsnthe cgrpenainn paemeters @4 meavidedhy the
proces ' r her
Fout | ndgplolR of Y tdtn(ed 38 shCoretlcbiln Bl bl ctoSiekd PRSI ProMcAT
above, ubouslydn a ronefl ash rapplisadion 0 A spauchntbe eamerbshlp compelesdtidny parhmeters 124

manuf agcturer .of the_ canera are pre-stored in,the storage reqgisters, 140
And " ar &0 Jroot el oV iR O, o, TR 3 HBTh (RSN BB BRVO VRYIG SPEctEh e
camer aﬂ?éﬁliﬁ(utﬁ)ﬁgﬁﬁd‘ﬁﬁéﬂslﬁi%s aaﬁésr@feg{&l &faﬂmnidaﬁbﬁ,c&s%kp@ﬁmw%@. be unusabl e

with a fllash since a flash provides varying spectral distributions and
i nt ensi ti d903&]r ods aeccordayico withfthe Hiscleserdbandolaimed congsiphihosgver o differp@eel] | n

accordagce vvitht.t he di scl osed angl cl ai.med cance Eo ver, ga d¢1f(1_c er‘?nt set
of comPbrfOIPEBHIGH RARBEPS; 55 ¢ AP t & SRRt IS, Fiashi SR T Fi g,
7, canphs/iddd o 486 Byorthd! cOmip¥éndaien CRMASSSHY QAd It iafe séR8tedntd phivtider e

sel ected to provide conpensation for the conbined effect of the particular

carer a cagpansatiom forfhe eoml effpt;@tsﬁ tigppartigilancamsip 8 gad therpasiewardash $01 28
56w ¢ Rphsoppefof JARAES 28 el aff Ak CRleRBh A G CPeit R

devi ce cdmbiteathe eamernsss nith thafREEIsREE ad Ak masufisrtrtof thy Ravdhieldeeledtrdnlie

storage registers 140 the conpensation paraneters 124 that are canera-only
conpendéyicef Jae spmpersatioppargmetess 128 arp usridioverwilg In thestaraggegistars b0

par ame éoxﬁﬁ&sﬁt?rgl g&ﬂ%&@gﬁ Eha?%flﬂmﬁérﬁfo%gf cgrggérﬁhﬁéé p%mg#e?s?hﬁﬁ £ SOr

system or*co e stored 1n the process arat us e handhel d
el ect r gutlcovibewriting, 4he bympaatidn Ecanpiers. 128Qa3 B¢ sibahinathdratiragevegistess gnal i s

to be processed, such _gverwiting of the conpensation raneters 124 by
t he Coﬁ%mgqsgh SYSISR et ¥y go@éé)eééqgﬁqi dn th, Brogesspr apparatug 16 orPathe hancfheld

clectronic device 4, by way of example.

[0033] When a flash image signal is to be processed, such overwriting of the
compensation parameters 124 by the compensation parameters 128 occurs, and such
compensation parameters 128 are employed by the compensation routine 138 in place of the
compensation parameters 124 in processing the flash image signal received from the sensor
68. Once the image has been processed with the processing routine 138, the original
compensation parameters 124 are rewritten to the storage registers 140, i.e., are used to
overwrite the compensation parameters 128, in order to prepare the processor system 72 for
the processing of a future non-flash image signal.

[0034] In this regard, it is understood that the camera 56 of the camera apparatus 52
often is employed as a viewfinder on the handheld electronic device 4. The viewfinder
typically operates in a non-flash fashion in order to conserve battery resources, and the flash

is only triggered when it is desired to take a photograph that will ultimately be stored either
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conpensati on paraneters 128 are enpl oyed by the conpensation routine 138 in
pl ace of the conpensation paraneters 124 in processing the flash inage
signal received fromthe sensor 68. Once the inage has been processed with
the processing routine 138, the original conpensation paraneters 124 are

rewitten to the stora registers 140, i.e. re,used.t overwite the
corrpenQ&ElFedﬁof%?F%‘?Eft@F’s G e breaser inpeiAtib L of (b anthsitldedionts devi 72
for the ArQerSdnt fsh3mbpd 146quRMA 16 ba prockREShs canpénsaliGPsthmbtarst 1Digs
regard, it is understood that the canmera 56 of the canera apparatus 52

of ten are wepltopedvaie thev¢ampansation paraméefershidoendy dorethe dimaHiat1sgequieed W, The

vi ewf i nder i gally operates i on-flash f i ' rder cqnserve
bat t er ey Radimaks SRRA el R Roftiiiape BhalBR dso pioleftpl Hovlslaf BREST ¢
take aoHBRhPGsMPBnshlied patdnhetetst i1mtial.y tHeenéd-Aagd cinbbGhtion’ paranidi€rsPaRCesSor

system 72 or on_the processor apparatus 16 _ of the handhel d el ectragnic
devi cerewrittenstosthe storageaigsistery a4t in palgetq gnabigthercamera S do b sawlayed ngane

conpengay P& f,ers 128 are used to overwite the conpensation

par anmeters PN y for the tine that is required to process the flash

I mage si griad35]1OndBy proeididgathe dongasatiognmrarheersbi@@nfopruse @s adthsh lopamtien, t he
ori gi nal ,conpepsati on paraneters 124, i. the non-flash conpensation

par anefld dy apgling sigh; ¢qrapensaiqn paragie ?&&gﬁ%te@} anﬂgbx PR H I Whabl e
the capgiifeq8s ehbRgadd TR fdcdsBodsystéh TS b cafiRRS S8, R modH B3 miurElf the

providing the conpensation parameters 128 for use in a flash operation,
and by cemedal 36ndpes uoh poyepteths atinere. o fmmebeing us@Bin corfenctinp Ivastea flagh 6he

conpensat.i 0 routj.ne 138 enbedded in the cessor,. s em 72 on the canera
6.t nEeHHs A PRIDE 816 ForE RS a5 o gD AHTVLN TS rOBRRIPrC

f rom bghithek®d24, hé SMigNEIrhisiMnroptiad 258 ciPbe ubad Weproc¥ bREOMbSIHA t he
conpensation paraneters 128 as an adjunct to the conpensation paraneters

124, t ineags sighals eodnlasts impgmsignals isineply 3y selertivelyueeawribng thyc eerapensetion

ovor ur PEPSER SoEShlofs SR e SR LEHCe BBl SeiniRe Yo e SEUAHG G
140 i nfiasH agdratish. 'SP @d’ﬁdn%ﬁ%ebﬁbljr BEatdECAIfl &IVely Bbxpensive asdiulp afict056 toThi S

advant ageously enables a rel ativel éwlnn'ex ensive nodul ar canera 56 to be
enpl oy b@ employeddn 8 mere yarsetile fpguen Handikgly wakitepdad byith mapelgctyier of ghe
manuf ag;lﬁ%r%rs of the canmera 56. [0036] In accordance wth anot her
enbodi rren 0T6' t he di scl osed and cl ai ned concept, an additional set of
conpensat i[o03gjar &eécdiduntd FitrMottepembedinent afithexdéstjdsad ynd elsimaincanteptfi g. 8
for use in _association with the flash 60, HO\QEV,EI‘ ,, .the additi or}al ..
conpendhigiditional set of compensation parameters 132 are epicted in an exemplary fashion in
Fig. 8 for use in association with the flash 60. However, the additional compensation
parameters 132 are provided to compensate solely for the effect of the flash 60 and, more
particularly, the flash lens 76, rather than the combined effect of the camera lens 64 and the
flash lens 76. As such, in the alternate embodiment the additional compensation parameters
132 and the original compensation parameters 124 are both employed in processing a flash
image signal. Specifically, the compensation parameters 124 stored in the storage registers
140 are always employed by the compensation routine 138 in processing an image signal to
provide compensation of signal variations attributable to the camera 56. However, if it is
determined that the image signal is a flash image signal, the image signal is additionally
processed by the compensation routine 138 while employing the additional compensation
parameters 132 of Fig. 8. Such additional processing using the compensation parameters 132
provide compensation of signal variations attributable to the flash 60. As such, in the

alternative embodiment an image signal is, in effect, processed twice i.e., once to compensate
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paranmeters 132 are provided to conpensate solely for the effect of the
flash 60 and, nore particularly, the flash |ens 76, rather than the
conbi ned effect of the canera lens 64 and the flash lens 76. As such, in
the alternate enbodi nent the additional conpensation paraneters 132 and

the ori.ginal co nsati o araneter.s 124 are hot 1N essy ng a
lash g e=BRdR SR G BloRRE T GRSy Rh SR nRa 38 10 fo BEBE°ER, 2,
I Nt he agdianvage tHee@ingde@bGionl:btiaé @38 twaympendato e dhd ¢ flebicoChiepRRE 0 aitl
routine 138 in processing an inmage signal to provide conpensation of

si gnal ewRiqying hasdditiopal sompensation ppramctsndiz 56. However, if it is

det er m ne tt I | | L BSEme) ' e gnal
S additigrqg y Aﬁ%@@%ﬁ@%@ﬁ%g@g%&%@% on roﬁl?#%gﬂgﬁg?aﬁlséﬂgﬁgn%) oyi ng
t he addéttofpasimaaypendeaived for peansare tbms, did2 spafataset 8f pHambtesdatt diedved
proces?i n fggi g?%nthe conpensati on Bar aneters 132 provi.de.conpgnsat.i on of
si gnal I9%af iflgeh GfRnc, VRHQYS Fanpiras £31 PR ATFANERG, T Hariols eqrpfnations various

al ter ngiLing, RO iFeiih AherdREStSHBN 8t JfndiViBusloffpensalbA padaRErS Wb | - €
once to conpensate 8 for the canera 56 and enpl oying the original
conpensath dlaslpdasiitst ews individual sset @i sogmpensaion appaameteist any heanpesaenshe i on

tine 138 for, the effect of the.flash ing th
i t 1 GRPet R ey s s Brufingsfianoimaet sl it S arbtRalle o
the al tempaddateescpirartl iR e tdindrh ahd Br thE FRSH, iWHiEW prohiotés a S@batility. PRI et er s

are derived for a carera alone, and a separate set of paraneters are
der i vedegatdit wonldbstinatesssary v derbiesarciadividual sefwf sampensatioe parametess, isuels

combi nati.ons wth variQus I S t 4 i f_e has_ I 1. set
of 1 natyi e tmssalRe Piiamelsif 08: af FIBL 7 Ty el Bt FE Fh Al A phetit

i ndi vi dombinatbn 6f a SEUEHTR Gatcrd Withay spesifie Thsh.anydicionslya itoasuld be vansdessasd Wit h
any flash, and the resulting flash inmage signal wll be dual -Eroai%gsed to
conpenéarensiaiyreresyitertse prrmetaihal asm storedingthe storagsiregitre htGr vey a
ver sat éhél* Xverlw'i]iti%lg' could 8 1obdd W dn e %H@%ﬁssaﬁgﬁy%a}é}n&gs' V&L 30 the

i ndi vi dual "sét of “conpensation’ paraneters, such as the conpensati on

par anetempedsaionparkigters/l 32t ifidesimdde di rected toward a particul ar

conbi nation of a specific camerg with a _specific flash. ditionally, it
woul d be Jﬁﬂéﬁesgiheﬁte{r@%ﬁg}%satm@t&%ﬂ Xe me@epmsg_rteh%%}?ﬂay%d
stored vhith b s 68! @3fitd B Db&hISr Adire B HROUBIra SECIAOIRHHE ithd Bt @Rk B Pe
enpl oyed between the conpensation paraneters 124 and the conpensation

par aneicemeral8Pisi fupdhed with. thf @08PEnskhien pataeneaters 124 thatlawed istowed irs thei steragzy

B th 56 to b loyed . with.a flash 60 despi h |
Pt ur o TStEH D e eesg EPBCRY bR ooy ik GRATORAES” oLk i, tegmpgtr °
suppl i ggm@fat Be t A€ O TRGRSRI LhbBaInIR! &S sthi?%d MtortrtedligfRdhd MahdiRld

st or age
electronic device 4 and used in conjunction with the flash 60 while still employing the

compensation routine 138 supplied with the camera 56.

[0039] As mentioned above, the exemplary compensation parameters 124, 128, and
132 depicted in an exemplary fashion in Figs. 6-8, are depicted for purposes of illustration as
being scalar values. It is understood, however, that the compensation parameters could be of
any form that could be usable by the compensation routine 138. That is, the compensation
parameters could, for example, describe algorithms, could be constant values for use in
mathematical equations, etc.

[0040] One example of an alternate implementation of compensation parameters and
the compensation routine 138 is in an exemplary compensation approximation curve 144
depicted generally in Fig. 9. The compensation approximation curve 144 comprises a first

line segment 148, a second line segment 152, a third line segment 156, and a fourth line
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regi sters 140 and that are intended for use in non-flash circunstances.

That is, the nodular canera 56 in the alternative enbodi nent can still be
i ncorporated into the handheld electronic device 4 and used in conjunction
with the flash 60 while still enploying the conpensation routine 138

supplied wt he.canera .56. [ 003 As ntioned above..the. e ar

co ﬁg en SSHMGH { Bg P”i‘h‘%‘[ %&?%11%‘? %plgabh ‘a“d'@‘ﬁ’dq@ir)\?%? B f%%%&?é‘#ﬁ%gdre?w}@as hi on
i N Fi 985 ifr&sird BoSERI stdraflvi188 iPstnp@fcsion Ofith 4d nsichshi ealidsof Bheiph@l soal ar
values. It is understood, however, that the conpensation paraneters coul d
be of aaepirdldpeationam e skasop &8y Figslinstanee: the S!ﬁ\ggeﬁi@at%ﬁﬂrfﬁdbﬁ pixelss)8 That
Is, the ¢ ensation. paramet coul f: Lhe | khns,
coul d BEURORE PO in BELRERCE elur B oy B oBHRHP 1 B, B RES LU O g0

One exaopheoudd bapradetsed nataccird@oeneit did socond, thisdipantaith dinepagments di58, and

the conpensation routine 138 js in an _exenplary conpensation approxi mation
curve 128 orgkf9, etce dWHHAONY o yingle exegplary Wﬁ@eEé‘FﬁB@HﬁxHﬁat&ﬁ‘p?‘gg? iﬁf’ 1%n

ey . ) _ o 52,
Chiva ol TR el Balirkld th SEpab RUIRLL cohfbmsdicR p B A SRR
exenpl &eypraided for eavtl of sisR pixelal 12, G piretsat licoand thaB pizgls 426 foraxainplx: easi ng
boost | . | | ; : y it h CCreasi . ; > el
from a cdbPl foui e petedafidofe b ped BREERALE, DRnesdi Shatncts Fom
cert ai Rreffed sBErRENShoin W8 anbidiet HitiSepARcoRBass bﬂpﬁﬁﬁlefeshamna\mgmpbﬁ gnd i r st

line segnent 148, "and certain of the pixels 108 would be processed in
accor danads ofi tht patiicuke epplicatiohi For instarfceus certdin setf efecpmpensatiphoparamelers, or

160, etc. VWile only a single exenpl.al Vg0 nsat4 on rgximati.on curve
Taq' i o LoudhY svicef HtnsmnrioR poFaSeintiol 2 HoR TREP SibePuf Redt kORBHECAEK 1 on
appr OX'cHﬁgbﬁh‘ﬁtié?ﬁl M@ cke® WhiBset, ReGREcRY IO ionQaraaebr QfbséthendRa®B ¥ehperkdon t he G
pi xel s 116, and the B pixels 120 for exanple. [0041] In this regard, it is
not ed wphemetdrsubset, Gr exaenpbe. pPuck| compensatipn par: 3 ognld b sefected,ieqrderved
separatel y fromone another w a t ar r.s i ng
upon t & H%%” %edgfmt ﬁ‘écoﬁg CF\(I:Wﬁthr ‘Q’%‘g"g{% @%taﬁlc‘)u’%% opﬂ)ifr nfse’t gﬁ%@?ﬁg 8%?‘? g‘% set
of CcoMpRAE@IMIAE PARTEARES,56 hndlor thehfashes0, aindcprrparnisdy iconldpss sctedied o 124,
128, and/or 132, could itself conprise an R __caonpensation parangeter sybset,

a G conpengasaicofr sapermbveriationssbat repl fiom Qfﬁﬁ’ﬁérﬁ’érsﬁtil%l&bé‘iaé%{s@m%e set,
for ex O r : -el: ' i ved
or " dot SBiGmagiiic SOHRHIAR Ml PBS BRI B SO idM et SU R 1oREr 03 ofthe LEE) |
part i c g4aiOthatinmplanomtatigas ofill baepgaentr a 56 and/ or the flash 60, and

particularly coul.d be selected to conpensate for egtral vari.ationg that
resul t frc{@%ﬂ)ﬂf - Riecqy Etwlghthf(f IGEPIZs AR §§?‘Bﬁ4§ryo$ vichart in accordance with

the first embodiment is depicted generally in Fig. 10. The routine processes, as at 204, non-

-3

flash image signals with the compensation routine 138 and employing the first compensation
parameters, i.e., the compensation parameters 124. It is then determined, as at 208, whether
the next operation is a flash operation. If no flash operation is impending, processing
continues, as at 204, such as would occur if the camera 56 were being employed as a
viewfinder or in taking a non-flash photograph.

[0043] On the other hand, if it is determined at 208 that the next operation is a flash
operation, the compensation parameters 124 stored in the storage registers 140 are
overwritten with a second set of compensation parameters, such as the compensation
parameters 128 that are derived for compensating the combined effects of the camera 56 and
the flash 60. The incoming image signal from the sensor 68 is then processed, as at 216,
employing the second compensation parameters 128. Responsive to the processing of the

flash image signal at 216, and more particularly responsive to the completion of the
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el ectromagnetic energy fromthe dies 88 through the absorption/em ssion

| ayer 92 of the LED 84. O her inplenentations will be apparent. [0042] In
accordance with the foregoing, an exenplary flowhart in accordance with
the first enbodinment is depicted generally in Fig. 10. The routine
processes, as at non- ;flash | i i ] i

Fout | nEropa A 2%ty PG colprhelBY 3Rl Tk ddted B MFOTBARE Houifs
conpensag 288 oRavaitRhewith kB4 firktt carfipémiatiord phametaied24a8s at 2208, Pwkedsingr  t he
next operation is a flash operation. If no flash operation is inpending,

pr oces Hlepftereimp ie204. as at 204, such as woul d occur if the camera 56 were
bei ng enpl a i i st akl - 0043]
On the. ot HOPH|anamBhel bR RoRtrdrhid &cbBBa% RN G IR et 0
fl ash isop@epiatedopendrilty donfignsidt i oPropesstngebérs nbA4lash oingrgei sighdie witho thege
registers 140 are overwitten w.th a second set of ppensat i on

par amefenpensaeryropding ﬁégw Y}iecﬁ?mpﬁ%a%ﬁﬂtpé‘?@e?%q?ﬁ Secus s ¢ £ or
conmpengaiyen Hetddmitdat Redog! iither Me duldent 3PBraBok S ﬁrﬂfashtd%@raftibﬁ.s hifGPis The
incom ng I mage signal fromthe sensor 68 is then processed, as at 216,

enpl oy detgriined,smad A08, dbatphnerrdnd nperatiemistret 9 flagigoparaliqrs perogesingeantigues

processi of the B]bfghima e.slgnal at 216 d_nor art| r .
responi‘? 3@4%5(510%'??@“&0 ﬁ%tﬂi'eoﬁggfl? S o 850‘%%'53 e 65, (’{eﬁvleﬁngggcérn
conpensAidNnHa fasmeidL 3 stored in the storage registers 140 are
over wr i ttegrjlélwith t he f?grril%gcorrpensati on paranmeters 124, as at 220.

Pr ocessi nd004Her dafanethe roshasrhendy & ip daterpmed 41 388 dhaicthe cuEsp epayationoifchar t
in accgrdance with the.al . [ ' k j i n
g5 oSttt Reocgfi ol 12 0 R Hash gt S RBRB B cated.

r out i nevith3the RORIpeNdalion rltineolABeampioyiag Psvt afedditiondllebnqensation msaradgter3N4. | t
is then determ ned, as at 308, whether the ﬁ{lél’l’ nt operatjon is a flash
oper at S asithe pempensatin parameters 138 Papcesying SE TSI ¥t operation is

crats : a . o
not a aﬁhoc renre ‘r"lghfgégs e%iﬁékcgﬁﬁddﬁﬂeﬁ@ el 8Rclobdd m%fhﬁgaﬁﬁaafbo%%eﬁ%bé’ bb& t he

case if the unctroning as a vie er or in” taking a
non- f | dsderibbdimdetaihtit wilDbeagprédiated by tthweseskilled i thedirt that variode redificatidnsit 308

that the_ current operation js a | ash .oper ati.qn, Jpfocess] onti s to
312 whard dtpmeryesch Dimsyirialraid e SPurioe) it o She SVl féy g of the
conpengalioifire! Oﬂhéd?&in% Y0 aRariRindls diddbidionalm&amsebe Misdhtive

as

paraneters, suc & cohpensati on paraneters 132. Processing thereafter
r et ur nentyoardDdot K] asvibi the ssqrecof the disdlontid rradt dlainfedtdoacetit ik édtoabr

clai m%iv%%r%ﬁ(ae thll tr)}gz}./deih g? ﬁlrflb claims appended and any and ali equivalents thereof.
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described in detail, it will be appreciated by those skilled in the art
that various nodifications and alternatives to those details could be
devel oped in light of the overall teachings of the disclosure.

Accordingly, the particular arrangenents di scl osed are neant to be
illustrative only and not |limting as to the scope of the disclosed and
claimed concept which is to be givygmipe full breadth of the clains
appended and any and all equival ents thereof. 11 CLAIMS Wat is clained
is: 1. Whatit dlaichedfis:oper ati ng a canera apparatus that conprises a canmera and

a flash, th caner onpr.i si ng_a sensor ane cessor
yst om havi hgATHB phPerisct thrfheE St s faf BED el Elichlhad MERSARS L
sour ce cafdraacdh@iding @NSensbhe lc@MbianRnb ey aaprdceddsr shasinnPaviggita fotine
structured to enpl oy a nunber of conpensation paraneters in perfqQrmng a

pr edet exerutable herwonstie flpsh semarising adighhsonreagad 8ifpga lons, ths PREncSRERBR "t he
met hod, conpr.i,si ng. pro i sh..i s'gﬂl@ g t..a
portio}len(gpﬂlaﬂglgr g?}ftﬁlﬁe?t?%&n%rfggyﬁ%ng&?#u?‘rlbtehr]fng?lg%ifr%t cgrsr%ﬂeotrlllsgtéllrmé{r??%irlgneters
as t hepe@siang al prodeterpehepicesinghos@itibnpom an Saiapg signalbofrefl the sensvagee
signal; processing a flash imge signal with at |east a portion of the
routi n@}eﬂmﬂpﬂoﬁ}ﬂfﬁ@g& nunber of second conpensation paraneters as the

conpensat | Oﬁrocggsﬁﬁfé%ﬁg%gn%%g digRAIQFES & 185k éﬁBﬁﬁaﬁQf&H@:‘éﬁﬁﬁ;gna' , the first

conpensati on para second conpehsation paraneters being at
| east parti ahployitig f2rmmther whBrfish dongpessatioor paworweters sass the plompensatipnof R

pi xels, a plurality of G pixels nd a plurality of B pixels distributed
about PAEMELHS Bysat QFWWgtaH’é’anaéﬁfmggﬁﬁ%‘@i’conpri ses a source of

el ect romgng}d&ssi@@ﬂ%h iAAge SnARKE AlILADA POHRAIThd UENe; the
absorption/ém ssion | ayer overl yl;ﬁ the source of electromagnetic energy
and havi ng ampliyiiges suibpr jof segomsh-caripsnsftion cparametaitaps fthe nforprensaionr ce” of

el ectromagneti c ener and r.ein t.he s at i r.s

conpri ?@rag}f ef%z”b%ﬁ’ﬁ%@‘%%ﬁ“&? fs%?‘a{%tg%?lg%%lb@(eéﬁ} &aC%%g%g@%%) atl o?lér%gi?& aﬁrﬁgt er

subset sepd GorpenSATHRE Pardbichits [RiTRL déast Yasedlly difterént] twiereig obprdensorg:

receiving as a portion of a flash | mage si %‘r;a! at | east one Rtpi xe] signal,
HEe

at | easomprieesGa bty of dnaixelarid phiralityaek Is. pnd et plyrality) of Bnpixg Sdual 'y
B;?grerzt%isrlfl%% l}%saélg%éu,t %%%%g%‘ﬁ’@gg’% th%'r%%ﬂ?'séur% Edmpti&es B soffce 1 BromapRaRsat i on
energy and an absorption/emission layer, the absorption/emission layer overlying the source
of electromagnetic energy and having a thickness (T) in an on-axis direction away from the
source of electromagnetic energy, and wherein the second compensation parameters comprise
an R compensation parameter subset, a G compensation parameter subset, and a B

compensation parameter subset, and further comprising:

receiving as a portion of a flash image signal at least one R pixel signal, at least one G
pixel signal, and at least one B pixel signal;

individually processing the R, G, and B pixel signals with the R, G, and B
compensation parameter subsets, respectively; and

employing as the compensation parameters in the R, G, and B compensation
parameter subsets compensation parameters that have been selected to compensate for

spectral variations resulting from off-axis transmission of electromagnetic energy a greater

distance through the absorption/emission layer than the thickness (T).
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enpl oyi ng as the conpensation paraneters in the R G and B conpensation
paranet er subsets conpensation paraneters that have been selected to
conpensate for spectral variations resulting fromoff-axis transm ssion of
el ectromagnetic energy a greater distance through the absorption/en ssion
| ayer than the thickness (T). 12 2. The nethod of claim1, further

conpri si ng: 2efil Q¥iBE oPSlain €, futthel confiiRaRsat i on par ameters a set of
conpensation paraneters configured to conpensate an image signal for

si gnal vari emplyingass thebfitshisbmpensation Iperastetess apsst of cmnmﬁntahen darasresers and

enpl oyi ng. as {he second conpensat. o araneters a set n t|on

par anef %r%ggur ¥ CRRPEEAeoML n%ﬁﬁ%en?g[l@ g)ﬁ T Vagf‘tb%glat% tag’f FF A &t ons
attri b%@i@h@ft&(ﬁne&@aﬁa a portion of the camera and attri but able to at

| east a portion of the flash. 3. The nethod of claim2, further conpri sing

enpl oyi ng asmpleyingeaschel sewif cABREnFHon @W%ﬁﬁ@%@@?ﬂ%’@ﬁﬁ@%ﬁén

par ar’rel‘c %#QF fo %61% gg er 11]ii ?%n!ileﬁﬁt 1 R)aﬂQust I‘P‘ﬁ)utsfb?é”td B€1da B! ace
of the conpen |on ara at care con ured to conpensate
an i rragertﬁm@maie dadiferd figl a:@ﬂhtammios:t gaaalapcmnmmbfthaﬂaﬂtrl but able to at |east
a portion of the camera and at |east a portion of the flash. 4. The nethod
of claim3, further conprising overwiting in a nunber of predeterm ned
storage regps t OF G339 HUDH tettgﬂ& £5hs BRIEREAIALhYINQALATEL €T S
with the segoiﬁéglg&n%ggg%%n pararret%@ gﬁ? i ysfor said g{ryggesm ng a
flash pamgetcss grmt of Somphmsatien Ipanantﬂterslthatmre usedubwtthc at denst pemog of the -
responsive to 0 eSS|n f1ash nal er i in the

br edet EPHiRdH PEES 5 G Fihrun BB PR B BEhe R BHE i TR ¢
the fi Eﬁtlmﬁgé@%ﬂﬂafdr% @&hﬁﬁféﬁ%‘i@}al Qaridiit RitRbiOto 6l Blafh 2 poftidht d¥ethe
conprising enploying as the second conpensati on paraneters both the first
conpensan¢mangat nsétaexostlmtheﬂ@ﬂhber of additional conpensation paraneters
configured to conpensate an inmage signal for signal variations attributable
to at least a portion of the flash. 7. The nmethod of claim®6, further
conpri si ng: 4enfHeOheliod heE tlaift 3cq’aﬁmsabmpﬂs1ﬁgr averivitifg i i aneumbert igfn of
said processing a flash _image signal; and enpl oying the additional
conpengdeisImpad strsess weisierampithe DIOSEHIOT GHistem thaifist qaaReasation ParAmSters h

| mage %Vl@ln[ﬁé second compensation parameters preparatory for said processing a flash image signal.

5. The method of claim 3, further comprising, responsive to said processing a flash
image signal, overwriting in the predetermined storage registers the second compensation

parameters with the first compensation parameters.

6. The method of claim 2, further comprising employing as the second compensation
parameters both the first compensation parameters and a number of additional compensation
parameters configured to compensate an image signal for signal variations attributable to at

least a portion of the flash.

7. The method of claim 6, further comprising:

employing the first compensation parameters in one portion of said processing a flash
image signal; and

employing the additional compensation parameters in another portion of said

processing a flash image signal.
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13 8. A canera apparatus conprising: a camera conprising a sensor, a canera
| ens, and a processor system having a routine executable thereon; a flash
conprising a light source and a flash lens; the routine being structured to
enpl oy a nunber of conpensation paraneters in performng a predeterm ned
processi ng operation on an inmage signal fromthe sensor, the routine being

further strgchAWaRdrd HphQnBRaipiiaitge on the processor systemto cause the
canera apparatus to performoperations conprising: processing a non-flash

i mge si gnal opinerp eeMprisita senpEy & Cemersflenshand Hpracesor BEbIARE ATolliRBer of
first éq’%g&?aﬁeaﬁlim%n paraneters as the conpensation paraneters in said
processing a hOR-Tash | mage signal; processing a flash inage signal with

at | east a pdiash esnpifisiidelipisoune anéaplastylengg a nunber of second
conpensati on paranmeters as the _conpensati on pargmst ers i.n said processing
a flash i madte 5ugng| beingatrpgtpted toorFRRIAY A PHMbHA PR FRMEPRSAHAR RAFNCIY? dBnd

conpen ] r L : i,al: I r , J he
sensor igltgbn%? Pg %s&gg%ﬁﬁégﬁ {I&S%Erg xéetfds?{%% agﬂ%?%%? is%%o?%é tgy}gfl?’mgﬁ'd a
pl ur al rdutinefbeBgpiuntbérstricistad toleadealizhle oh e [pecessor; systamr toicaudertbe bamgéra

source con}f)ri ses sour%l(ﬁi of electromagnetic energy and an
absor pEPRAEH | CRGERHONE NI bt i on/ eni ssion | ayer overlying the

source of ol LetEARERLHAG IBRGE HgnANFitHAMERY a Boltdh DFARSDulidd, I N an on-axis
direction anay fromthe sourcCe Of el ectromaghetic energy; wherein the

second conpemphing panarsr epf firshpronysnsatior pakpwiessit 450 fhe avommpsnsation
subset, a G conpensation. para er .subset . ;and a B conpensati on paraneter
subset ?a%ter%ﬂ%aﬁl?{ogﬁgmgSé}ogﬁagﬁémg%ﬁ?gfbail, conprise: receiving as a
portion of @rddestsdl 4 IAMEnHEBighalavith fd&ist @pertBnRifie rosiighal , at |east one G
pi xel signal, and at |east one B pixel signal; individually processing the

R G and Bepipkuiingiaghambeniof hsecprd mompensgign pparggefgesn 5t the ncosnensationr
subset f] : e i s it - i.n the
R G SRS bea i CRLTHRO BR 6 i IERRAAER pIARIE Sl
have beedond ebmpemdtidnpaanperslsde dtdeast ppdally diffevemt,i ati ons resul ting from

off-axis tr ?Nr}lse{'gir? ?ﬂeosnen(s)g;r goln('f;():rgs%g rgap lrllr%{i'ltycofe ﬂej[;iggls,aa 8&?51&? rof G pixels, and a

plurality of B pixels distributed about the sensor;

wherein the light source comprises a source of electromagnetic energy and an
absorption/emission layer, the absorption/emission layer overlying the source of
electromagnetic energy and having a thickness (T) in an on-axis direction away from the
source of clectromagnetic energy;

wherein the second compensation parameters comprise an R compensation parameter
subset, a G compensation parameter subset, and a B compensation parameter subset; and

wherein the operations further comprise:

receiving as a portion of a flash image signal at least one R pixel signal, at least one G
pixel signal, and at least one B pixel signal;

individually processing the R, G, and B pixel signals with the R, G, and B
compensation parameter subsets, respectively; and

employing as the compensation parameters in the R, G, and B compensation
parameter subsets compensation parameters that have been selected to compensate for
spectral variations resulting from off-axis transmission of electromagnetic energy a greater

distance through the absorption/emission layer than the thickness (T).
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di stance through the absorption/em ssion |ayer than the thickness (T). 14
9. The canera apparatus of claim8 wherein the operations further conprise:
enpl oying as the first conpensation paraneters a set of conpensation
parameters configured to conpensate an i nage signal for signal variations
attributable to at least a portion of the canera; and enploying as the
second conpgnpRt daikr PARIRISH 1 AmSEWhakiCO I BeeaRédsTirtRa daRtiess confi gured
to conpensate an inmage signal for signal variations attributable to at

| east a pormployingf as the Guhepmpensatien priametaablaecset Of gompensstion PEHRMASH of

the flas 10, . The canera apparat.us ,of cl.ai . reln. ope QN
furthef® 19 CORYISEYi %Prﬁgget ﬂgn%le%)(gnsbgi Q‘r’g%%@g‘tsid&ﬁ‘b%%%"n& éfﬁséa% get of
conpenﬁgiqiioﬁ@fg@r@ﬁ@}@@ﬁdthat are used by the at |east portion of the
routine in place of the first conpensation paraneters and that are

configured eoPlyingasthe send campensatign apramsters A setcef AsTmnegsatiog PIFRAMELSTS at i on

attri by | i f Bt | Lon of
the. 11 S S RhapEREl  BAGL Bndl e WG ool 3 RN B

f ur t hepoiofPf tigacanRyeindr dttribagbletoat leasttagrordén pff the@agdr. m ned st or age

regi sters on the processor systemthe first conpensation paraneters with
the second conpensati on paraneters preparatory for said processing a flash
| mge signalg ife diifers HBRANAPORLRIYS IOkNELR MelOplaRER Rutihe Qagibi ons
further conprise, responsSive to sald processing a flash inmage signal,

over w emplhyirignast the sgroed evepensateh pirematyes a se gif sompensatien paewsitrcihapiasat i on
paraneters w.th the fir.st ensatio ar ters. 13. The canera_apparatus
of cl aP?ﬁdeWraéitl??s’i PRLER 8? gﬁ%’ﬁé““? th lr’]lﬁg? oﬁ@%ptﬁﬁg%om%e%%{gyi Bt ﬁ‘ggs econd
conpengat iR RafgHRl oS chfpéhshad iimdke GAIME TOR the RopMdirRAEigha vaition
nunber of additional conpensation paraneters configured to conpensate an

i mge adiigriable toat ledsymaprtipao e comsraand athepsbbpertion ohthelflasht a portion of
the flash. 14. The canera apparatus of claim 13 wherein the operations
further conprise: enploying the first conpensation paraneters in one
portion of sai dherQeREs iapgaratik| &S blainh "EDevigtdmahe opethtienp lfeyhergedniy@ise

addi ti onal compensati on Ear aneters _in another portion of said ptho%essi ng a
flash Preyeitisgdna numbsr of prefeleanigd SEragedeistor en Hshreessiol fystew; the first

compensation parameters with the second compensation parameters preparatory for said

processing a flash image signal.

12. The camera apparatus of claim 10 wherein the operations further comprise,
responsive to said processing a flash image signal, overwriting in the predetermined storage

registers the second compensation parameters with the first compensation parameters.

13. The camera apparatus of claim 9 wherein the operations further comprise
employing as the second compensation parameters both the first compensation parameters
and a number of additional compensation parameters configured to compensate an image

signal for signal variations attributable to at least a portion of the flash.

14. The camera apparatus of claim 13 wherein the operations further comprise:

employing the first compensation parameters in one portion of said processing a flash
image signal; and

employing the additional compensation parameters in another portion of said

processing a flash image signal.
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processor apparatus: an input apparatus conprising a canera apparatus and
being structured to provide input to the processor apparatus; an output
apparatus structured to receive output signals fromthe processor apparatus
and to provide output; the camera apparatus conprising a canera and a
flash; the canera conprising a sensor, a canera |lens, and a processor
system havi 3§_& hafidiéld AEctRMECEAR @nipiRigon; the flash conprising a Iight
source and a flash lens; the routine being structured to enploy a nunber of
conpensat i oprqeassanepreratus:n  perform ng a predeterm ned processing operation

on an image si.gnal fromthe sensor, the _routine i.n urther. s ured
to be execu?ﬁﬂﬁ%u%oaﬂ?p’[‘rﬁ S ERAEEy 2 STOFENTRE a&%u%récpﬁﬁggéé—%t?%% tgpé){gg@fgus to
per f or MRPEY @b pRREssePApPakshdig: processing a non-flash image signal wth at

| east a portion of the routine; enploying a nunmber of first conpensation
par anet ers &8 obtpst sppARinS struchired paresve oRPYt sigaals drop HedyerssspPrAPRYALE| ash

i mage §j - ing a flash inmage signal with at |east a portion of
the ro ﬁgﬂﬂ;’m‘é@ﬁﬁg%ﬁﬁg a nunber of second conpensation paraneters as the
conpensat i Okhe qagicfEipardius congisthey camess bmdja fasgh; ash i mage signal, the first
conpensati on paraneters and the second conpensati on paraneters. bei ng at

| east parti 19 GRIBRTR [OFBEEIISWH SPEOR 1 FEMERNEBT %@nﬁﬁgﬂgésoa SYFiEmahavige 3 R

pi xel s o fiRlWERHdiYiRfeof P Xel's, and a plurality of B pixels distributed
about {%e sensor, m%erelh the light source conprises a source of

el ect r omagnéhd tashrempyisiapd lapht scaloeoandta fashderisssi on | ayer, the
absorption/em ssion | ayer, overlying the source o el ect r.omagnet i c._ener gy
and havi ng &% FiUiRR iy frustired fooemploy & gumbes Pgﬁog\ﬂﬁvaﬁf’%rﬂ%{%ﬂﬂéd&ce of
el ectr 9@%&%@% £ra8&Smindd B REBiddEpEBEANEN GATRRABS 3ldnaN frBAY MFBNeRCE, GRMPI i se
an R conpensation paranmeter subset, a G conpensation paraneter subset, and

a B compdinsdei eratciaredstodaxecule ontiles propessorsystsay tatdausesthe grmerar
conpri se: rec?i Vi as_a .§ort(i) OnrisOf .a flash image signal at |east one R
pi xel EPRARAPDS loperfom qPergionyCOMPISIRE: i ynal | and at | east one B pi xel

signal ; i ndipydcdskind ¥ néH-€eSisnpg siohsl With & leand pBrtinxdlthesiogtiad;s with the R,
G and B employing a number of first compensation parameters as the compensation
parameters in said processing a non-flash image signal;
processing a flash image signal with at least a portion of the routine;
employing a number of second compensation parameters as the compensation
parameters in said processing a flash image signal, the first compensation parameters and the
second compensation parameters being at least partially different,
wherein the sensor comprises a plurality of R pixels, a plurality of G pixels, and a
plurality of B pixels distributed about the sensor;
wherein the light source comprises a source of electromagnetic energy and an
absorption/emission layer, the absorption/emission layer overlying the source of
electromagnetic energy and having a thickness (T) in an on-axis direction away from the
source of electromagnetic energy;
wherein the second compensation parameters comprise an R compensation parameter
subset, a G compensation parameter subset, and a B compensation parameter subset; and
wherein the operations further comprise:
receiving as a portion of a flash image signal at least one R pixel signal, at least one G
pixel signal, and at least one B pixel signal;
individually processing the R, G, and B pixel signals with the R, G, and B

compensation parameter subsets, respectively; and
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conpensati on paraneter subsets, respectively; and 16 enploying as the

conpensation paraneters in the R G and B conpensation paraneter subsets
conpensati on paranmeters that have been selected to conpensate for spectral
variations resulting fromoff-axis transm ssion of electromagnetic energy a
greater distance through the absorption/em ssion |ayer than the thickness

(T). 16. Th@mP Le 1Bt EmpRAitiodepiamerls ¢h ahe K5 Oyhateim doipeatiomt i ons
further conprise:” enploying as the first conpensation paraneters a_ set of
conpenpatingter praibsate tcempensetion | ppoareeters othgb hpea daee sglsciedulge campamante f ioF

signal variations attributablefo.at |easi. ' -t . aNd
enpl oy SRFG A VATREORS ESH n@oﬁﬁ%%%?’fl%hmﬁ%ﬁ%%%?&f %Pég&élgl? g]ge{nccogr ns&tTon

par amefRfsice GRAIIHAHE SsholRioatmeRGRlagerdharn e deickicgnal). f or signal variations
attributable to at least a portion of the canera and attributable to at

| east a portion of the flash. 17. The handhel d el ectronic device of claim

16 wher el n § B¢ 1RRAUNAR o1 bHohe oyiEO B Uifih ISP WKLY (B pBAHSRC ilther

conpensation ‘paraneters a se conpensation paraneters that are used by
t he at chgpsde: portion of the routine in place of the first conpensation

paranmeters and that are configured to conpensate an i nage signal for the
conbi ned si §ARloYE ?%fheoﬁrsétct’?’ipﬁliﬁﬁ’éﬁ‘? fagagieigrs Iae%?étor%foﬁl?gf‘?ag‘ﬂg&m%egeréaner a

and_at %\'ﬁ%ﬁ]ﬁ'ed”‘.‘t@ %51?]1.2%211:60211 tufﬁQ%J %1%?151 fok Ssignt & afiARcHICAHERL MBI KORE Gead¥i Ce Of

claim¥f ereint operation ther <Tonprise enploying as the second
conpensgattioanf israretegrasdbot h the first conpensation parameters and a

nunber of additional conpensation rameters configured to . conpe an

i mage si gnaF™PEYIEE G Fggﬁ’r“ﬁeﬁofr{?ﬁgspa%f’f‘ rpia’f?ﬁ}%fffg 5 %gg%orﬁlpeeggz%uogr%a{)r ?q%rg of

the flasthgutdd to compensate an image signal for signal variations attributable to at least a
portion of the camera and attributable to at least a portion of the flash.

17. The handheld electronic device of claim 16 wherein the operations further
comprise employing as the second compensation parameters a set of compensation
parameters that ére used by the at least portion of the routine in place of the first
compensation parameters and that are configured to compensate an image signal for the
combined signal variation attributable to at least a portion of the camera and at least a portion

of the flash.

18. The handheld electronic device of claim 16 wherein the operations further
comprise employing as the second compensation parameters both the first compensation
parameters and a number of additional compensation parameters configured to compensate

an image signal for signal variations attributable to at least a portion of the flash.
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