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
conpensation for a flash in the processing of inages, and an associ ated

met hod. Descri HANDMLDREETRW@\UE\?ME’&]NWWM PresImNGandhel d

el ectroni c devices are known. | es of such handhel d el ectroni c devices
i nclude, for E%$H&@M%EN§M&DMQ&IM§§E§ A B AFHACTATES oD
conputers, two-way pagers, cellular tel ephones, and the |ike. Many handhel d
el ectronic devices also feature wireless conmuni cation capability,

al though many such handhel d el ectBAGKGRIBMNGES are st and-al one devi ces
that are_functional w thout conmunication with other devices. [0003] Sone
handhel ctronic devices and other electronic devices enploy snall
caner as whi efhoipn 1AK@iRRALAARERNSLIHnakR LRER *hefaf] BMahlfuis RELLAN C
devi ce. Suc nmeras typically conprise canera lens; a sensor, and a

pr ocessodeveaes taadh tivae partecularbn ub ac hemdistldokicgotid deyica aroid cdraera Uthatt proVit

is, the sensor receives_.light through ra | ens, and provides an
i mage si GRACSGO grfe ?‘rﬁ ggf)?li?@?sﬁ}ﬂ%s‘f%‘fnéae %ngﬁséﬁ?lgr&’gé‘??tﬁf‘ﬁe processor
syst em i DeRFigg6n bPthRRRERSSAKhe | mage in various ways. For instance, the

i mge m ght be processed to conpensate for various shortcom ngs of the
canera | ens[0083th Numeraus dvies gé handiield ¢laeirandedeviecsrase kaewi.y Examples of such

di ffractﬂ \ﬁgh@Ia%?ecEr%n?(ﬂfg;&F \/@C Je f(Lrel taxti&a:persg UL stgpa%%n@’%ﬂﬁﬂt hér{ﬁfl I%dges

of the carnera lens e’ suc came ave hedh geén &Ctive

for theidoniput@ndeeh-pay pages, celiahtelahonas ahdvde mﬂxta conRy aneived ,eiekwemc
without limtation. A canera typically, has only limted abl|lt¥ to
det ect |qeyHeEs e GPateie Marelsss | GommgRicalions aw@&gy* ﬁlth@wm MgRYy ek ghandsald,

Since 2 faRn BASH BYRLERLA PSSR LENknaloALYE DG, LIREISLANOR DS

spectrum across a region of M Nation, an enb program executed on
a processier d&ygeem of a camera and enploylng conpensatlon paraneters

tailoredfo of a cangr | one,. | w thout a fl ash,. r oduc
inpr od ot 20190 Facterhs SRUTERetBtis etios wid IR ettt Aevipdagabloy S

processiaghetRSWhich c?ahetaﬁé’ rph@ﬁ‘a@ragﬁg ShdiNRE eRiCiBRIcE e ERANEC WedReV ATt Y
of canmera flash and ash lens configurations that are possible. It thus

woul d beaghesdsr wﬁ@llvoC@hHhﬂeeaacmmHaﬁS 4 sensor, and a processor system that are

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. 1t thus would be desirable to enable a modular



canera, such as would be incorporated into a handheld el ectronic device, 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 foll ow ng Description when read in conjunction with the
acconpanying drawings in which: [0006] Fig. | is a front elevational view

of an exemprarynchapdheidbelieotfpnts e\ eRdhéld cheaohdanreReWMot e MBe: usable
di scl osed and. cl ai mned concept upon which is performed an i nproved nethod

i n accorddAvdight eonditiensdi scl osed and cl ai ned concept; [0007] Fig. 2 is a

schemati c depiction of tﬁ@@@ﬁ@@?%ﬁl@@ﬁﬂgﬁ@dﬁﬁ@ Fig. 1, [0008]
Fig. 3 is a schematic d T accordance with

t he discl os@dsandAchdli omitrganiepof thwmdisclasedend nrongbraicept tat be tob@ined
handhel d_el ectrqpi ¢ device of Fig. 1, [0009] Fig. 4 is a schengtic to

plan vi SfPBhe aljosdne Sqrrpéloeamlae%%wroai%!l% withghe @C,con{pewe?%%ng%% s a
secti onalhhew as taken along line 5-5 of Fig. 4; [0011] Fig. 6 is a
schematic view of an exenplary sensor of the canera apparatus of Fig. 3
and an exenpll@6y sEig. ofis sdainheleyenpwhyaw ofi apaxempiner sandbelfli deotrodic device

conpensate an . im ignal, for signal .variations attribut.able tao a canera
Cent: T o Esforppy At Deiimnetland sMiPed (e o wpiehry PREHEHE B nfre™
camer a app@baingccdfdankd FithInameclasedane TRliRe cs®lepef scal ar conpensation
paraneters configured to conpensate an inmage signal for signal_ variations

attri but abl 000d] a Bign2iswee schamatipdenictianegfithe bandhicld cleasiobiardmicsof {i®013] Fi g.
8is a SChegﬁ%)‘o%jj THigls 9t a%@hé?ﬁaﬁ{% %ﬁéﬁo%e&sa%alﬁ%rataﬁsar%&rs“?ﬁ AcaRRA AL, Bl
n exenplFary 0 ar

Fig. 3 and Set sca compensat | ont parameters configured to
conpensadiscleded andvemsd govadept it Gindiedhcotpoiatdd infasthahindheld dbdteniodéavidd @sh
| ens; [0Q14# Fig. 9 is a chart depicting an exenplary conpensati on curve

conpriséﬂgOQ a plurality of line segments; [0015] Fig. 10 is an exenplary
e oymoporoan; ol b PLRIFR, UEL MG A SSGAERIS 005.,,
exenpl ary flWeharKigo§ isca potionabnicef astrkéemgdooy Boe Hdtdidtgi4y accordance with
anot her Cnbagl P00l oLe disclosed and clalued concet, [9017), S
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;
[0013] 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.



DESCRI PTION [0018] An inproved handhel d el ectronic device 4 in accordance
with the disclosed and cl ai ned concept is indicated generally in Fig. 1 and
is depicted schematically in Fig. 2. The inproved handhel d el ectronic
device 4 conprises a housing 6 upon which are di sposed an input apparatus
8, an output apparatus 12, and a processor apparatus 16. The input
apparatus 8 provides input to the processor apparatus 16. The processor
apparatus 16 provides output signals to the output apparatus 12. [0019]
The input apparatus 8 conprises a KeSS@RIBJOMNG a track wheel 24. The

keypad 20 '?61@? eXGN Aﬁ‘?}b’edﬁ%ﬁﬂéﬁ%éctr@ﬁm ghid sk el &ramrmﬁh@d@wg&ﬂ Ity

of keys 26 are e actuatabl e to provide input the processor
appar at usndl@ainiddecancegkis wWikaltc@deriesallyriatitigablaed usodqq:navd d@iemucg&t inofigl 2and

th 1.1 1 1 0, d ddi t |1
Ot et b L Yo nR R Pl R SRS e BriSB roh S & PPty Whidvaradisprrey
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as |nput menber s” whi ch are actuatable to provi de I npu to the processor
appar at L@P@@tuqﬁepréx@wlamv touthsuprocesspiarpparstud 21 éc ol presesgo appiratys 32.

[0020] g}aleggut e Qhher tHQHEt era I expr essl y d_epl ct ed_ her _(al n woul d
gl i gk

i ncl ude I nstanc a nouse for providing navigational

i nputs, suc tooas»} cowhd st ab?ér’aﬁl@tflﬁdoﬂﬂ)énﬁmvﬁﬂ’@%adoﬂo anéW e8¢k metine4 digpl ay
32, and ot her .inputs such as selection inputs. Still other exenplary input
member s Kaordi29 it ihgssemplapuenbadiment depicter] agpiacomprisesa plralise af koys Zetkitng

menu 'nl%l% eﬁglus&hatgﬂl% 8" BviO Ytk tﬁsfm p}o%‘é gk gg@&&ﬁp'ﬁr{ gg&@&é@m jgons

and/ or so ttons of grap h| cal use uttons
di sposedotutabde cdasprosfdet hevzgditmﬂhealnd etlher:tmp.m © deyipmecedsoradpmoatos. [6Exarpl es

of ot her qutput devic uld include touch-sensitive display, an audio
speaker ,2 dgﬁwpnéﬁy %tra‘ﬁs&ﬁ%\q‘) IAheQiESATPR O the agev S o Bigkbdp Pt ather K,
advant aggen sl Yelb&idafinputhy R8e kb6 M&%@E&n%@ﬁ@% sEIXzB%%l ut DAL SRS WBFE{’:'

i nputs. For instance, a nouse or trackball cou rovi de ‘navi gati ona
i nput s iane potuatabds tto qabvidadnper i dint aplroaissoecappaml;mlﬁh f&s pecmplayt dwput

di splay 32 can. facilita i nput by the user. [0022] The processor
appar at lf‘?piré{w(%c}%pcrofr?élgesaaB?Blééégor 36 and a nenory 40. The processor 36

may be, for[o@zenpl BxansedvorheMtr lihplitt Aleh®Byrs ﬁotmeﬁ% RIIPCRPRAE] (Rcih hﬁbuld
interfaces with the nenory 40. The nmenory 40 can be ahy one or nore of

vari et y ipgludg feinsignes, amedusalor tnelbel f@&pl@rvnhmg smgfa@@a wia. swbhs geuld be

W t hout lefl éaai) (}Hmem urs sp d) thgrl‘pr‘l%ﬂts Quc% ‘Iishgeiéétllﬁe
gi's or ata S orage %

t hat provide torage F e er f
inputs. S‘all 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 (GUT), 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 (UP) 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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such as in the fashion of an internal storage area of a conputer, and can
be volatile nmenory or nonvol atile nmenory. The nenory 40 has stored therein
a nunber of routines 44 that are executable on the processor 36. As

enpl oyed herein, the expression "a nunber of' and variations thereof shall
refer broadly to a nonzero quantity, including a quantity of one. [0023]
The i npusuchppdn alidifsBion @fh iisiesiaRstofipe afeaagac@ahpifies andlc&pbS edlatle hory
housi ng 6. The c?mara app%at us 52 is considered to conprise a canera 56

and a f1gshopelatilamenonyh T pneaane A] hos sioned theesin paumbsDOTENIPES S atce
conponent,cuhiR &i"‘ﬁ grogéssbxs 38, AP %H{tpgtgr%e §l¥ér§§, Ttﬁ'éaé)ipgy ! "Saeﬁurﬂb&?ﬁﬁ réhd ens

64, a sensor 68, a processor Sys enp ed hereln,
expr essi varidtiopsl thesaot sistiladefer bedadly toraomelizgra quaatiseidchalong aquedityefonce t hat

is, for ins , rchased and/ or, i nstall ed and/ or operahle .in sone
aehi on no SORET: RO RIRRGRARMS CEnaish o eanchatars A USthsEd Tefle 64

over | i eshdigmeSengaE cBBeMitipphrabis STRWILEHefd 18 BRibRtSH cainbRUsd aRPATHHBON
whi ch is disposed the processor sgst em 72. Other” nodul ar configurations

can be efifflougl dhercarheratsodmdathe iflagh 60 crmttieeseprrmbeempaicospt Thd ooeeh SPhe a

flash 60 hses @ flash lens. 76 and a, |igh 80 that sim Larl
e of o TogUPad SRS Brtctitise FRaSrdRt St a iR §FF e BBt sdich o Anat

tends t cerfiplo®€s hdre@hthe dxpheSsibi “opalat’ sHal1atfef BRAGHI todi JeBTddn@iinedld&ice that
exenplary |ight source 80 conprises a plurality of LEDs 84. Fig. 4 depicts
the exenpl &ty MstagRe BYGhesed godgy wetebed sindipr epeseble Edssoge dashipieds aasglacent
one anot : u [ that diff ki fi.e SR
arr angeranindy bIERHs b pch@al oA, 18 cafleld FRSTH SN egRp@es mbich isgene
concept ,mamdeditd & @riardd difDit wardtper whighpis afispgoasdthequrocasorafystem 72, Other

el ectromagnetic ne?rag%can be erggl oyed herein ,vvithou&l limtation. [0025] As
can be JROSFEOBYEFRHRYFTE. bessm VRSB ACpHPS TORIhE PreseRisIonget r st di e
88, which i g4 | TRORaN LoD o 1R Ter8l78 Gl 1ol 11 B soREOFY BER similarly can

el ectromagnetic energy. The LED 84 additionally i1nhcludes an

absor pt i sy feminedilennatasee rTigAlashdensoitetypiceHy ishe Ftiseeld8nsathat tehdd to disecoliglat

t hi ck T). 96.. d i -axis directi 0, i.e., i
i r et SRR HEr e FRBTh ARGy e e oo Bttt Finbrimsr e oy
gener at geE1by 84.heiglideleBRtPMs eREmpRARPHER soBRY §0SasonpRRfle RAkIIEDY ¥4 ahseubed

by the absorption/em ssion |ayer 92 which thereby becones excited and
enits i taiasaw wleawpthshedtheuslcitenaelgd that qifferent qnehities axamsngemenfs of LEDs

el ectro t:.C v, r i includes,.f0 e
Vari ous aeid S B AENETBD Bep P hchl ot o cBledCEp RRE el PERI Py
abs Olr bs alpEt@ri\a&vsehﬂjag vhaeaforhdggbtic amdgy Whebe ergRve®Bere@Mvitisowy ¢inlieon.
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was con\dil? 84l ailditionalbl ibclwdemanedbeogtios/cafission 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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4 light due to excitation of the absorption/em ssion |layer 92, as well as
t he anobunt of blue wavelengths of |ight that passed through the
absorption/em ssion |ayer 92 wi thout being absorbed. The LEDs 84 may

t hensel ves may conprise additional conponents such as |enses, coatings,
el ectrical connections, etc., which are not necessarily depicted herein.

Mor eover Jiglittduestonadcaigtidhaf tHehghsbidnfmisBon ke 0nf kR hswhe h@itfunt BE blue
absor ption/ ?m ssion_ | aé% 92, dependi ng upon the needs of the particular

appl i cat WaYelengthsnelitizte Piat rsrgd fihimgh e abperplipn cassivaplayer 8926 hoMb heingr |

if the dj IS irde j r s ray,
It al'so hEpftia; STROTSIRCRE IRD oAUV Rk C6fipfhe RUGTLRA ARGl RRRTA
di r ect i olessessucitings, clestricallicomicetolny dthe vexelmpramyt axtasdfld. depicted herein.
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el ectromagnetic radiation w have a'relatively greater proportton o

bl ue | i ghesanhedncegt. absorbed by the absorption/em ssion | ayer 92 and

converted i el J,ow lig t hr.o . excitatjon, and thus w.l ave a..
Colntively NRelr HEMRETY E SR is i SacRRE tqhibh closBtuttic
absor pt | @RtSNitsSiconill gelicSdedbdndbibehddgy 8RS aERedin A5 aRisCRRSEAUEAED as
light that 1s progressi vel}/ further off-axis fromthe on-axis direction
100 wi | I1s hiadicatse olyf dbeisxemplagy exxiserl 04pr Hirstromagsetist cyerky opessipgacthraughndhe

| esser 1] f. bl spectra, a n .matier. i VAL ous
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flash | eabsorpGon/emissginieyerdi2r edisiagte p@art thandae ehiclegbo(MOTAL b kestith@ichedf- t he
spectr al r,raéeu]? of the region of illum nation will have yar ing, spectr al
conposi tFEhdedomagnelig@diagiontyidigve paslatyelygerala psenoreen P%ltﬁéﬁp ighgthehisan
exenpl ar i i P LN W ~ SP | Gt S i.Si ng
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while signals fromthe R pixels 112 and B pixel s 120 provi de col or “data.
[0028] mPaeprréssnpl selpvpisrediral@gl lassari grop@tipss af dhuedegscte.ces ageheanal mytter.

pased unsh R PR P PR Ao, BIREPES S B BRETREE A e Rt e

fl ash 6Qlaslashs F6enprgiv®l diryctdAIe dravgod a té8o onfiivghihatid) fhofpectflemSiaB o
lens 64. As is depicted schematically in Fig. 3, the processor system 72 of

the caeyiseps ofsipningden will havgerpng specsih CHBROSiBY aikFddsilecativBbut ed an
enbedded st[%ggje

e,
fits

The sensor 68 is depicted in an exemplary fashion in Figs. 6-8. Fig. 6 depicts
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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routine 138. The processor system 72 additionally includes a plurality of
storage registers 5 140 in which are stored the various conpensation
parameters for the canmera |lens, such as are represented by the
conpensation paraneters 124 in Fig. 6. Such conpensation paraneters |ikely
woul d have been derived experinentally by the manufacturer of the canera 56

and st offfin WhithereShGed de: v LLuS E@xh?exi‘s&@ox{ ParameRrOfr ieceidde e uch as are
conpensation routine 138 in order 0 process a non-flash image fromthe

sensor 6@Prep@iteed by e estappisation poapetsal 20m Figalani@r compps#ios pspneesd as
bei | SXC :
e ng SCﬁk oet‘lll&lﬁg%eat)éenl uefrg%gggxz%rlgﬁ%gntgﬁftgyg@g { &rﬁ?&%@} 519 p}e &%&'ﬁ%e{nﬁ

coul d be ae%t I'ng Wo oya e conpensation routine 138

to procgssdan trtdrhgsiegBtagn ado forane b GresenisddeSmpergationt foayine b3A i@ order
conprise nunerical values, algorithns, and the |like without limtation.
[0029] A% PWsesuR terilash isags Fomnihe 5@, 6fan)Vhdle eewwiqu FFP PR

central . J&0L@NRS) Of a%'l?ep?&ﬁg 8y b@iﬁg%ﬁai‘ 09}1%&@%&?&%&”%@&@ %ﬁgﬁn%%%@ft 0

a conper%atl on par anet e ving dn exenp ar value o
pi xel s 1fBametctshwujaebé pinghiap thagionid bhauwployabki lgntde dohgreesatioa rogmeeliativi on

parameter 124 havi an exempl ary scal val ye of 5, _and still , other
Dl o TUBCSE & Hi-Do A JIT TG HISOF 881 bias Uiraveslid ShgRate pRBps) YA
exenpl arygorfifalk 2ndaRRROSAhbNRALRIEt er 124 having a value of 2.0 or 2.5.
These are representative, for exanple, of the relative degree of inage

boosti ng t hE028bul 4s Isen rfaduérr el s¢eor fremchigo®, ey ofatheouiselpilRélis thogeniral

bei ng understo that t si.gnals.fromthe central pixels 108 .require. |ess
boosti ng e of fs $Rber ioriiRudn o° TEUhERSSEN Feredd ¥ ofipt poF Bilrtee
part to Hidveng actxéhdbryt fRlLamBicdof €0s Gthetliphetd 504 iglite p@iphstat hegietd pher al
pi xel s at a nore acute angle of incidence than to those pixels 108 in the
central asgigneshihersto g |gampersaspn Garampiart 26 heving s exemplry sepa v§fuq ¢fel .5, and

i nai na g at t . . . | )
rocel o i eop Sl 498 A LRBEhE pbikgGobRal B Fidfihel AL AT ElofiThg0
gr eat er sielgr eenpdnssti@ngdrathetes 2ohavifyea skignal 8.0r@es. vEbesk momepieseltstiag, fort he

peri pheral regiagns of the sensor ,68. Such reduced signal at  the ri pheral
regi ons camplcagdithe SFalYS desseof 1@@%%%%1% #t VAR %éeqé%fﬁ@rfg" P&E&Oﬁﬁle
tends t ; 1 F ghiat i N i [ idiect ed
tovar d ¢ fBuE Bkl R if SRk WSkioB 3Rkthe SRRl Me eREl FhT 108 reies

t he centlessibopstird thail 08, peviphérat piselsd®8l t that certain wavel engths of 1ight

i T N IR R B R NG
L, 0 MR o8 PSS, B om0y 8 e
wavel engehalofegiongmf. the sensor 62{ wigth the result that sc?me %f 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.
[0031]  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, 1.e., signal
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[ 0031] An exenplary operation of the conpensation routine 138 in the
processing of an inmage would be as follows. The sensor 68 would generate a
series of values, i.e., signal 6 conponents, corresponding to the |ight
intensity detected by each pixel, with each pixel providing an intensity
val ue for processing. The conpensation routine 138 would determ ne, for

each i nt @ishdnéniédleb@edpoRBngas hp ik intehgtyI@QEQE] By SRANARSAW B Neach- Bixel
boost, that would be applred to each such signal Conponent. The resultant
pr ocess eprogidireain indarisly valea foreproenssingt Tbe cpmpEnsabien rewmsflé8 varld detemanper

above, o) Mk daRis ROBERARbAR Ao dPe oo FHaTRE 165 toRE: B Rud

manuf act by eppliell foheach aiEk aighbl asipdieat. s tToeadsulfant F@cagsed a(mal e@uRl #ks tA0
and are provided for use only in a non-f|ash application. As such, the
caner a- otitputcmpyernklabe dranplgs @pgthep zouting o5 ithar| BenahePFsHeL. UL ¥an| &

wth 2 Thasiie! ASGndichledSoPs Sullss. VAL WhOKeARASE bRbmelio 1) Bkiapoagt |

intensities across a region of illTuimnation, as e ai ned a
accor dangenvfhdthret bé thedi calens flaramde-sloaddnimdhe songptregittonmdviérand aracdprbfided fidr set
of conpensation paraneters,. as ar

. depicted in an exenplary fashion in Fig.
7, can D¥C PiHi 4aenTarh aRAlicAYOt h Séaﬁbélilf‘s%arﬁl%ﬁorlbmqrﬁ%nﬁﬁmawaamﬂaﬁs 1_%%
sel ect edpt QoPRiBUI HBuldC BEPEARALIEORihOL filG Gfﬁ[?@'a{‘eﬁ%sﬁf%x%@fde@fvérﬁﬁgpﬁ{euréim ar
canera 56 and the particular flash 60. Such conpensation paranefers 128

likely adigtribetionsedidanisesitieeavress layegiyn ohdlunmnane, ngexpainedbatiiviee t he canera
56 with the h, . such as th nuf act yrer, of the handhel d el egt.ronic
GoviGe 4. THISZD st B Re i FRT I BSsest e it RSP EY Sy Sl et

st or age dgfegimpeikstiokd! Barairfeeers ONPRRSAiABd RRrABEDHarl2fhshibatinaFig. Garef deonl y

conpensation paraneters. Prior to such overwiting, the conpensation
par anet drgvided feanusse byt eetompensttiny reetineadas r el shadr areopeledted tpr podidor

o) act roratsadfith PR ot it or B 951RR0 ARRAL AL R 10 pRluclDF AHAATP T

tﬁ be prawwhssethensativh paremeteis 1 28 likélyt &re decivsperpairhanalpabanekentending foy
the conpensatigon paraneters 128 occurs, and such conpensatiq araneters
128 ar e R B W@tr%éﬁc\w%&wsf&woﬁiqh&ftﬁﬂﬁ@@éﬁqwebpgeﬁ%dgﬂg electronic

conpensafd, i w@%hﬁfeﬁsai%fwg&np&aﬁ 8 aR0iel% bbaakitd mets%&%%%gigtegeﬂm_ed

fromthe sensor 68. "‘Once I mge has been processe e processing
rout i ne th88pmphesation giarsaheters d3p éhstadre mampea-omgt@npeh@Mioar@raeeteist tBnort o t he
st or age relgi sters. 14 are used to verwite the comgensat i.ﬁn

? 3 gs on

par st FET DEIW T RO aEPIPE B RFETEIRES b EEUEOTORHLE B IORgE o
processitRg pRicedsol Whsted TPRr kb@AMbd BAA 8 98P rocek QR Hhbatafust 1Y 8f BRORddheldt 1S
understood that the canera 56 of the canmera apparatus 52

electronic 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, ie., 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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often is enployed as a viewfinder on the handhel d el ectronic 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 7 on the processor
system 72 or on the processor apparatus 16 of the handheld el ectronic

device 4y iAprotalir sphen 72 drlosh: hisRERo! SR reek honhRIRINISERAM ddhe:
corrpensat i on par aneters 28 are used to overwite the corrpensat i on

par amet ef.s A3 3uchy mhpnfad‘rash magq lﬁeequhmd t¢ be prgasseddhe comprnsaeysparacersaly

| h b h
LT or o A8l RGeS s Re s Pattset R4S (0 REERRE Mo RGN oot e

par amet epi®cessitige flashVifiakt 6inilo Ote tied Lashgehal %@gigﬁﬁlafas btdDpiobesnEd] dowievere ttabl e
the canera 56 to be enployed in a view inder gperation. [0035] By

provi di ngfigingd ewnpenatinn earapwiandiér 4-ca2ibef pm-{lad comperPpliYh PEREISA P 0ALS
and by {&@J?itﬂeﬂqo %H&E&o&%ggggggt s Oy 1&3&8 {oeérﬁabi]ezt%e tOnRE: féTPnA] %%ﬂlgmyeh hE a

conpensation routine dded’in e processor sys he canera
56, the vieatihder apatation. of the canmera 56 does not prevent the canmera 56

frombeing used in_conjunction wth a flash 60. t ovi di ng the
conpensat i OE 0052t anBY &¥ v 1’2‘@ g% Cawpﬁ%ﬁaﬂﬂ’étpa’fa&“@ttﬁé ggr?%éﬁ%frfl%ﬁ{ }ﬂ)é’Pﬁng”ér s
124, theydi Gﬂ'eﬁ‘alﬂ&fépﬁf%ﬁ n£a@i% ?arﬂé@rscm ery%%l&ﬁdmw&%s&n%@atmn
non-flash 1mage signals and flas |nage signals sinpl’y by sel ectiively

over w i tiongne¢ h38 eobpisied a tlmrpromscmrwstensnsctmtﬂledamnrat%eﬂ@tm(h@@ nabyi of Bres
140 in a fashl responsi v o} nce of ash..o i's
advant ageBiict yo SREb PRSPV hE ryBFy o Bhbeers Boorbla foatRuRE st Bk o,
enpl oyedritRerd b?’%r@vi\dﬁ{gsﬁﬂéld ofncaSdton aﬁ‘zﬂﬁ&efs‘ ked ¥s wesdjuntended dampdaeation
manuf acturer o caner a [0036] In accordance w th another

enbodi nerramétershi4d ﬂsecmgle@ommnaﬂtian rxfe@rmoh?é%emn be pypdde diresesh apthsiean-Bash

conpens ai&rla%g SSP al% i ﬁgshllgﬁagt%rs? SD él (g)g b&&o?&ﬁ%ﬁﬁ rHQ/‘ %r){ d{(ﬁaﬁg %@ﬁiﬂe?lsatﬁfng 8

for use in C|a on W WwWev er

conpens ajdranecteRat@OR € e sl&agar@spmmded at ies}ﬁempsmee sothe logclpgnce e a
effect of the flash 60 and, nore particularly, the flash |l ens 76, rather
than t heﬂeb@@P?@eanefTﬁl&%dventagwswa%P@s |aerﬁ£at189lyaﬁ%r€p@ﬂeve mogelar FERErazy® toag

such, In,d ?#/édsirn h%r@@?ﬂli@%hlomﬁaﬁﬁ%l& \leghteg‘?e Otﬁﬁ fQ&ﬁ%F%}r‘]ﬁ{es

132 and the 0 glna conpensati on paraneters enpl oye
processicagieaa $6.ash i mage signal. Specifically, the conpensati on paraneters

T e, A S L D S SRS Bl e,
conpensaf fidnaf 's&”@i1 cdfﬁﬁén@étidﬂnﬁar%ét%fsb}@@Q}eedép}?ctéchﬁfh GARRERAPRGy fIaWRVEY
if it is determned that the inmage signal is a i mage signal, the
i mage siljpd fos useldn tassngadtiop with the flash 60, However the additional compensa‘uon
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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processed by the conpensation routine 138 while enploying the additional
conpensation paraneters 132 of Fig. 8. Such additional processing using
t he conpensation paraneters 132 provi de conpensation of signal variations
attributable to the flash 60. As such, in the alternative enbodi nent an
i mage signal is, in effect, processed twice i.e., once to conpensate 8 for

the camefg tﬁ@ca’iﬂ&a65&&1@%&@0%%&@%@1%%0%&1@@ bRhdARs AR LES ddiAd, dddl SO
doing, and  again with the conpensation routine 138 to conpensate for the

ef fect ofgaihathy tsreogmensntion gaplins i Y te Kempenrtaty ondhe eBagieristaeiftpsh 60 and
par amet egrﬁpl%gg,lg [1%)???»({7“]90[@ ?&ébé@?{ g%%&a of the alternative enbodi nent

is that © paraneteérs are derived for a canera

al one, and @ooﬁe’@arat@nmar@ﬂvma@mﬁtﬁé sltahetivdamhiinedids that bf ashatiditpnH,a
vari ous carrgr as can be arranged i n various conbinations with various.
f| ashes. SCTRhparRgIelery arg dlep vechlrg Aepagse lpBe. oA aseparate seh@ﬁ Rﬁrﬁﬁgﬁrsﬁéﬁﬂ%fh‘é%iti on

par amet efs., ARG, hione e@zﬁﬁu@'c@%rﬂ nl Bégﬁ'\ﬁﬂ%éﬁinﬁll' Vi ascho ééfcon QR ISAL U0

paraneters, any camera can i ne any e resulti ng
flash i nﬁ@e& "@lrrzahs \z\fédchlaemdmdias pmsmesssaedf tmimmmirpemsatsatlmepaambehy afmbrf t he
caner a andf Eeflash rormﬁtes a versatilit In this g it

woul d be®S & IS 1B R Wléiu?:l]n SPingl SPERGIsaeR mgrany %?Fﬁeﬁ‘%)ét‘ﬁaﬁﬁra can

par anet ec!o‘%mbxﬁétp Rvithedngt ‘ﬂ@s}P oamema%gaﬂngqra@mﬁﬁgé silg%& Qi ﬁiegduaz-vpnw@srrcda{roe
directed toward a partlcu ar conmbi nation of a SpeCI ic canera wt

speci f i ccoipenbate sefgiratelyrfat thy caineraand @rb@ ﬂmhewés@amymom@ acm@taam | Iyl this
overwr i t% 5 Ouzilérgtgrl§e tsbsat a(rffe Stored 1he aéoor a&%‘ gt stragnr,les:t ;'13490ch
although & utln Yover W 't rng g eﬁlé(egﬂﬂ'il A&t R e THET eheaticon

par anet edss the24ompehdatién pa@am@asauwrbfpargarrﬁt Hab a1:32d1tefctdde$d\ﬁa?d a [(038]larThe
alternative enbodinent simlarly allows the canera 56 to be enployed wth
a fl ash ®mieapnad aspecifipgamaia wisth aseectic flash. Mifitienabs, Iéﬁ@u&b%mf@cﬁﬁ%fﬁ act

that th HEH! t t er

are st o?tecf% ?I%E{“?P/eg gvr% %eg Ar%ﬂgt\ténresr@aﬁ%g Sgng ?ﬂglfe %?%g?n%%gg&dl@b% ﬁﬁo gﬂ in
non- f | aséuchimmﬁﬂiwgmetﬂd Hmampicg/ﬁdtlfeewaadtﬂeabompmmc&l beratrretdring 24| drelr timt i ve
enbodi nent can still be in rated into the handheld electronic device 4

or
and usecFom’PeE?%ﬁoﬂr?@qu%er\?\nl hltd5eir¢d-ash 60 while still enploying the
conpensat i O[DOrSQ}Jt | PR &l@é@né%%rh@é&ﬂeﬁ@s&hﬁrl?%% tﬁ@ caf@Q358 1 \Be RIS R

above, the exenplary conpensation paraneters 124, 128, and 132 depict ed in
an exerrpmh y flabheodespitc Fhgsnodglad, natire ddepe ctmdraf 5 apah rdpqswsth@ffact that the

illustration beln scal ar val ues i S_under.st og, howe t he
compensatai Saisnerord el Ms SEFaigordpHtnAT Douhe Boeaure Byrdene
conpensatigRry i éﬂlﬁth&ﬁ@re idRAded for U508 RONIPIALS itduPiktarRes, ATRAEK Sthe kb dhlarf OF
exanpl e, describe algorithnms, could be constant values for use in
camera 56 in the alternative embodiment can still be incorporated into the handheld
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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mat hemati cal equations, etc. [0040] One exanple of an alternate

i npl ementati on of conpensation paraneters and the conpensation routine 138
is in an exenplary conpensation approxi mation curve 144 depicted generally
in Fig. 9. The conpensati on approxi mati on curve 144 conprises a first [|ine
segnent 148, a second |line segnent 152, a third |line segnent 156, and a

fourth |idgenD1 {PEARALxABQ iNBh RerBMbANGhILI-AR (EAESPINAY don@Rdrdiion end dbgeRi on
in a configuration that depicts an i'ncreasing boost in signal value in
conj unctaomcigasing Rost ne sigasli viduer iadionnetion wethpmindedressingnadinscdtibe pixel Gemt i on
on the sensor,68. . .For instance,.the signals,from.,ertain,of RiLXel:$,,108
woul o bet proebReaioT R PEPREnas | Pt isEREe fre SRR e o P Pid e
certai n whulihe wossb&l inlfBoMmantdwn e GeR ISR GelMe@C B, dad @ertahtdf thdBixels
second, third, or fourth |ine segnents 152, 156, or 160, etc. Wile only a

singl e eknppeldybecrivpesiehin atrouiproxiitaticorcands tird o1 fowrth Hapisegraenthérdi nl, |
be provi a0} aB0Lln WRPRLS LCBHE LEORBEN B ARl AR BRI e/ By £OU

pi xel s lpidtal haxanplicundeddddd thansdphiase suefaphpendativs appbeshdtivatcuttes cBildG
and B pixels 11 116, and 120 can_b treat se ely fr one anot her
with sepXrlp¥ gfiﬁgéfegh 8&115%1_%}%%1@&:1%» "Be Suhilr ﬁé_‘f’@p@ﬁ% Pl _efﬁa&e-
particul ar aRphi cafy @R rcFQH,  RSAABE that TreCBr 24U B ixeRf 1 LOMRENSRL120Mcan be
parameters, i.e., the sét of conpensation paraneters 124, 128, and/or 132,
coul d i ttsetdd sepajatel g oanoR arstiperidlasémmmtp avlmet dipasanxsets deger@icpnpangdat i on

Compensdlieah pUFARIEIE Saliaibe cul Burall o caam b ooabesri ol iR, | n
accor dange ihetddt Mﬁeb@y&sa@é@g&ﬁaﬁfe%erandhpﬁ28,0an@xt@r1csqneomarit§e;fu¢@;ﬁprise an R
shortcom ngs of the canmera 56 and/or the flash 60, and particularly could

be sel ecwoatbensption Miapreneien Bibser a Sheempeansation paremeiss suhwt, 40dsuBtcomppspsation

off-axis r ' LSS f...elec i fr e

i s 55 TRUBEGH PR 8 b BRRO R PRy Sisey G B URROFL 6 ERRA G b R

i npl emrerdratiétensined,| in becadpareemtith V42 parenaaaeor siafise t dterédige fraregddarng,
an exenplary flowhart in accordance with the first enbodi nfnt is depicted
gener al [SpoFtEerpings of dhe pR@eRaYR jaRE op e dagie 0, and pertisplarlyromld pe e Cfeﬁat@e
signal s w o) j i ndeceon! ayi-nrg.. t
componsaty B 5 IRERARHAToR O id REdHoRDHraRR arecd 102 difsRhosions oF o
det er mi redatfroamgactic288rgywhenibe dics B8 threxgh tpabsdrpom/emisaiohllagh Bpdtlzt Lo, | f

no fl as%o;%%iat.i on is.i n‘glend'h\%g, Brocessi ng continues, as at 204, such as
woul d ocCur’ P inFplerpeadians BPHERhg enpl oyed as a viewfinder or in
taking a noﬂ)()ﬁtgs hnRREsAGE@ARIth B0 goi):, taﬁ%x%?ﬁfy N8fehart fn Adcotdunce with
determ ned at 208 that the next operation is a flash
the first embodiment is depicted generally in Fig. 10. The routine processes, as at 204, non-
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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operation, the conpensation paraneters 124 stored in the storage registers
140 are overwitten with a second set of conpensation paraneters, such as
t he conpensation paraneters 128 that are derived for conpensating the
conbi ned effects of the canera 56 and the flash 60. The incom ng inmge
signal fromthe sensor 68 is then processed, as at 216, enploying the
second corypeRmatdt AN 6paicasiebed soh3dnsalRes penaievds 1108 tsh@eP i tiassibinge 0bgiitbs
flash i mage signal at 216, and nore particularly responsive to the ,
conpl et i b‘ﬂ) afe pywriflgn syide dis ifiny ermpengationy para@ewRd [ébnpeit ALY onl 957588t er s
128 storgd J Rt B SIQAIe registers 140 are overwitten with the first
conpensati on paraneters 124, as at 220. Processing thereafter returns to
204. [0044] [Hdf heAnethenprtemipiarfyl bwedtart ini svcadensedaiitb ehavaltdmathe ahtelimentt ve
enbodi nent | i.s depicted generally in Fig. 11, Processjing of a ngn-flash

i mage si'gndePiGe RV c Bhafedii orf TPeitECOk 28 78R 2y e re nff&hsﬁﬁ on
par amet elsndeddatRnGYlifne #58 &hpRYthe the cofn%eﬁéﬁﬁ@n ?%ﬁfef@r@?_ﬁk o8&uréitas 30804, It
whet her the current operatioh i's a flash operation. If It is determ ned,
as at 308,thehdetetrhimeduas aind0% pehethérathe icormot operptiasts oplesatopontiopr dEessi ng
conti nue to 304 h.as woul d be the case, i he canera 56 were .

Funct roneigacth s pCHET AT MEnER Shlfong S B el Sk AL PogasE St
If, on tlesoat bedh HaRduldi e he @A6d of ik Rashct 580%rd Raictibhipg Gurd eldtviiapar @tinon
is a flash operation, processing continues to 312 where the flash inmage
si gnal itakingeteerflash pbetogwgh. wi th t he conpensation routine 138 enpl oying a

t of additd I i . : L.an -
par anet or s K435 b AR B Bip o RE (P IPUaERinad U S0Syt Mo SRR IRRA®R 5.8, (¢
enbodi mefidsh optratibe, [osshiag edntands ¢ al etleeahe €pdh ihange sheeahis fdese pirdeedsaddn

detail, it wll be appreciated_by those skilled jn the art that various
modi i cabithiis compenastion, 1oating d33 coIniteae adat af pddiginl gopecyaler ppregaes

light ofg,thes 91‘5%@4@5%%@6@?3% 16 1301eprodb S foABESterAbGRAIdbRAky . the

particul ar arrange osed are nmeant to be 1llustrative only and
not |imting0ds] t owhile spenfie cobotinsenti stihoskatlamd aat alamdd comepphawhbeah i s

to be gjven the full breadth of.t cl ai ng . ended and any and | ..

cqui val S SThedR gl i MiEbR e ooy 00 SifRRAEE i i GEVOROgRentions
oper at i NG dayeAMELE RPMREAHNGIE BalldRBRERPE I HBAELATRNS Bl tdadifilgs bhthe
canera conprising a sensor, a canera | ens, and a processor system havi ng a

rout i ne disslesvue: abiceondingbadhe pettisutdr sstanganents disalpsed piegmearioiareeillapiatiye
flash | %%?y a;[l(ﬁ] Fol Brlrjltifir{]geasb% iR s%ope of the disclosed and claimed concept which is to be

given the full breadth of the claims appended and any and all equivalents thereof.
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| ens shading routine structured to enploy a nunber of conpensation
paraneters in performng a predeterm ned processing operation on an inage
signal fromthe sensor, the nethod conprising: processing a non-flash
imge signal with at |least a portion of the routine; enploying a nunber of
first conpensation paraneters as the conpensation paraneters in said
processing a non-flash image signal; @rroegssing a flash inmage signal with
at least a portion of the routine; enploying a nunber of second
conpensaWhshispdainwdisr s as the conpensation paraneters in said processing

flash i [ I j ' h
Comensat i on. bar ant BB H e SRERSERGE BPFRE R atufP b Smeh BRI R

of d ai nfldsh, therdahera aofpisigd Neknseiyplcayeideds ahdg Ff‘ddé:ﬁior e¥Nige hadhi @toutine
paranmeters a set of conpensation parameters configured to conpensate an
i mage si givartablsrtheicgmdhe Jiash spmprsingatlight sewse and @ Thash|lenss thegrouping Peipg 2of

the camefg, s‘l’z@&'ingnmuﬁ}ﬂb nﬁnf'%ﬁ%r&li‘etos gfﬁ?fb‘_jy GONBRBEALY O&rﬂﬁin‘i‘ﬁ?ﬁner ar e?&& Qf
conpensat i on paraneters —contigured £0 conpensate an Inage signal for

si gnal varfeatigns patdetérminabpectwingt opeedttn an apaniaporignhl from tenensoratic
attributable.to at |east a portion of the flash. 3. The nethod of C aim 2,
further B&HAFCEMRYSBEDI oyi ng as the second conpensation paraneters a set

of conpensat i B3cRINBHEHRL Fash MRk o QbigndISAFh AedsD® palioh®A%Me roRGAL;T ON of the
routine in place of the first conpensation paraneters and that are

confi gured toemplompensamnemenr | efadestsicgmpendationt heragetens nasd thé gevahponsatioat i on
attri but a?!aeet%o .atS l.east a gorti %n of the Cfgmera and at | east a portion of
the flasfi ¥4 Wgtpﬁ%ct?s%? R a§}} PR SR ’conprising overwiting in a
nunber of  prgdedsempiatedh $heEadend 0GihSdt €a8t HPortide oPHRGOESEY;, System the
first conpensation paraneters wth the second conpensati on paraneters

preparatory f@RPlexing prosedyi af saodndashmpaisgion shagamsters1 as she TgoannessHbBa of
Claim 3, r. I S r Y i r L: { age
o > BB SAURED 800 oTSPIRRLY G514, B0 L RORSERRLD Lt
conpensaict@ni @atpeiedt@nganridieds beinfg at $dastopmpdhsditfeant.par aneters. 6. The

met hod of Caim2,_ furt her@gorrpri sing enploying as the second conpensation

par anet er s both t hjéher’_?“F@Pd amshit Tpar&Rerers and a nunmber of
addi ti onal C&ﬁﬂ]gﬁégtdsoﬂﬂe RS AEBLEER G bhGHRYs b0t YMERFRLSERA JdRE&ers

signal for signal riations
configured to compensate an image signal for signal variations attributable to at least a
portion of the camera; and

employing as the second compensation parameters a set of compensation parameters
configured 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.

3. The method of Claim 2, further comprising employing as the second
compensation parameters a set of compensation parameters that are 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.

4. The method of Claim 3, further comprising overwriting in a number of

predetermined storage registers on the processor system the first compensation parameters

with the second compensation parameters preparatory for said processing a flash image

signal.
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attributable to at | east a portion of the flash. 7. The nethod of O aim§6,
further conprising: enploying the first conpensation paraneters in one
portion of said processing a flash image signal; and enploying the
addi ti onal conpensation paraneters in another portion of said processing a
flash image signal. 8. The nmethod of G aim1 wherein the sensor conprises a

plurality of R pi x€h$methodbiCRihtY, Mfthés RIngisng, 3BhoAsiPE W 8dill trobsiBy a
pi xel s distributed about the sensor, wherein the |ight source conprises a

sour ce oflash| é@rgontgndt i wveometing andhanpigbeomppednytente stagitiray e, seennd
absorpti 1.S81.Q ouer |\ th I f ectromagneti c energy
and havi %g}{lfge%%ﬁqné%ﬁée@éég%ﬂlﬁ}t eﬁg&%ﬁ{ngg?s?ﬁg? %gréﬁegeﬁg‘away fromthe source of
el ectromagneté.c eneh@ymethod ofMtsial re,t hethse canthrBoip eRpidion Pananstamnd

conprise an R conpensation paraneter subset, a G conpensation paraneter
subset, HHRPASHIOPRHERELS ot PirHFeewrPesd s pargReters and Hepumibes b rAditiggal

recei vi rid i | St .10 [ slagnal ,

a1 enst snnR bhfifoRle BorlAditch |TBRpB A" Hhard SRhaPRE TR MEtiaRROT |

pr ocessi atgitutebldRo ab]caatnmipdBtiph wéthedlaginal s with the R, G and B conpensation

par anmet er subsets, _respecti [ d enpl oying as the conpensation
Fheebigna! Bidin dnese Rompringe

paraneters in'the aneter subsets conpensation

paranet ers t hah,iBaye tReaRt 86hB&IseGor PuSRERANBAIR JoPfion SRR prakeMRli Af14BNS
resulting fromoft-axis transm ssion of el ectronmagnetic energy a greater

di st anceintdge signil; ek absor ption/ emi ssion layer than the thickness (T). 9. A
canera apparatus conprising.. a.canmera conprising a sensop, a_canmera. |l ens,
and a process%?ﬁgvggeﬁhehggﬁgﬁﬁnﬂ F%P?%&“%W@Eﬁ?%ﬁﬁse% I"?élf’glgﬁ;po 7y acgfh s&id
conpri sip}gc@sihg@%sﬁﬁﬂﬁg@sé%m, a flash lens; 13 the routine being
structured to enploy a nunber of conpensation paraneters in_performng a
pr edet er mi ned: pr ocER&sMAROE 9& CAimoh wharcanthesagrer spepntpesta RpTalifeokR ewls, at he

B O
a non-f |sagivei cvageissd gnratiroaidf klatroh@gsdticaeneogy mxh anfabidrptisehisgien ley) i ng
a nunberabggrpgiggfg}nis%%qlp?ar}]rg? toi'vfgrrllyig;gsl rtﬁge stoggc% g e%egg'or%ggge?igsgggrgyn 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).
9. A camera apparatus comprising:
a camera comprising a sensor, a camera lens, and a processor system having a routine

executable thereon;

a flash comprising a light source and a flash lens;
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paraneters in said processing a non-flash inmage signal; processing a flash
image signal with at | east a portion of the routine; enploying a nunber of
second conpensation paraneters as the conpensation paraneters in said
processing a flash inmage signal, the first conpensation paraneters and the
second conpensation paraneters being at least partially different. 10. The
camera appar aiHéSroRtinéIRinR drteeeitd difloPRenabenss fddhipbfatie® MakdrS@ers in
enpl oying as the first conpensati on paraneters a set of conpensation

par anet epgforaing p quedaderaneopipsersigeonanationagie asiignae steoal §prgntie sgasdrathicons
A Ot ARk B b8 BN Br% 1e Bl U6 BRTRL R A RO 0023
second corrpensafl on paramePers a set ot conpensation paranmeters ~configured
t 0 conpeggatfuaD peffBER opbigtiahs dodtprisirgnal variations attributable to at

| east a portion of the cf?rrer,a and attributable to at |east .a portion of
the flash. 11Prospfsingzrmaliasppmnas signdvity %ilﬁﬁs‘iépﬁi«)ﬁ’é’ﬂ&fﬁlql}‘?én%ﬁéer ations
further cOmpridifioyfilPl:O%uftberSof st YANEnLABRC BRahlRR PRI P! Jishdsdiftn Of
conpensation paraneters that are used by the at |east portion of the
routi ne parapétacsenchidtprecebsing b nomflpelnsaddecierpir anet ers and that are
configured to_conpensate, an i mage . si.gnal for the c i ned signal variation
STE but bl o REORNRILEh et TG YO s Caner e QLD RS porti on o
the flash. 12%mJiBgingaRCh@nBRP8I akbshdOkohaididd Wh&hakR tH&HONdnSdifon
further conprise "overwiting in a nunber of predeterm ned storage

regi st erparonetetsan spidqueeassing pdtashmimpge fignads the dostpenyansatinn parameiareard et h

the second ¢ ensat.i on paraneters epar at f.0r said processing a flash
i mge sisfﬁ% f@@enﬁgnggﬁ%?%erg&sgﬁgﬁ&a& ar@@#@’f@herei n the operations

further conprige, ThesRRRSbyRrit0s SACRHIAPNOCRESINNGe 8pdrhtaii fimBgeosipgseal |
overwiting in the predeterm ned storage registers the second conpensation
paranmet ers w @ppleyiagiasy e Eshpenpespiénm B@E’ram?gqr&rasf?et A COTHENEENE R HPESat us
of d ai rei erations.. t her.. I e ' t

second cna(g)#%))léﬁr{:%gtt:soérnlbl1tl rgér?[gta{enr isrjﬂ%t ﬂ%eﬂ:&? i%é@%ﬁ%@%&@oﬁﬂggg é(?r%% elgdgt %14
and a nuwuesn of thadainbiapmal conpensation parameters configured to conpensate
an image signal for signal variations attributable to at |east a portion

of the flash.“EBOYHRAES (BHECANE SHRPEIALUOBPAUETEIFH &4 MeTRRIEHIOFET B Bns
further GaRalado cARLONE N kel LibSll GOTRAAPILLAHMAATRELIS b B 108t 2

f i;
portion of said processing a fl as‘?h1 I mage signal; and enploying the
addi t i ommirticoetbasanew@anp attahettkledo anleastatpoeiompolthe dastof sai d

11.  The camera apparatus of Claim 10 wherein the operations further comprise

employing as the second compensation parameters a set of compensation parameters that are
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.

12, The camera apparatus of Claim 11 wherein the operations further comprise
overwriting in a number of predetermined storage registers on the processor system the first
compensation parameters with the second compensation parameters preparatory for said
processing a flash image signal.

13. The camera apparatus of Claim 11 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.

14, The camera apparatus of Claim 10 wherein the operations further comprise

employing as the second compensation parameters both the first compensation parameters
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processing a flash inmage signal. 16. The canera apparatus of Claim?9:
wherein the sensor conprises a plurality of R pixels, a plurality of G
pixels, and a plurality of B pixels distributed about the sensor; wherein
the light source conprises a source of electromagnetic energy and an
absorption/em ssion | ayer, the absorption/em ssion |ayer overlying the

source Ofnd &lReiHeP TRGAEHRlCaD ARG PAYBGrLcdiHgtkdiess cdnlpedsitedh RirgdXi S
direction away fromthe source of el ectromagnetic energy; wherein the

second cOiR ATt Ewh vigiatiane plnlutedapr dtdeashn pRrtivorp diresBashon par anet er
subset, a 0 ¢ en i r ter bset,, ,and B _conpensat.i . ter
subset; and £ ier e?ﬁ %%gerg%%‘?ag%flgﬂgéﬁmﬁﬁe‘yheég §gEre Oé‘éﬁ‘{i)}e%gf)%@‘[ig&e

portion of a é&hplehinghgfirssc@npénsation pasheRALInRNRIpoeiorsd ARl prodéssingasfiasane G
pi xel signal, and at |east one B pixel signal; individually processing the
R G ané¥gepisral 28¢gnals with the R G and B conpensation paraneter

subsets, resp I Yineal@y: oyl - sati r rS kit he
R G and B oompofEey inen R BORI Y oRAeRRiOr PEAIRERCH ARRT AT T Bl
have beamosssbiegtadthsh inggengdgrsate for spectral variations resulting from

of f-axi s tranﬁ,)m' ssion of el ect rorr&g& ti cg_ener gy a greater distance through
the absorpti ol eni 539 G FRIATHY 8%hi ckness (T). 17. A handheld

el ectroni ¢ deyh&einCARREARE REmMpriBEOF PRIty HIPRLRLS a ﬁ‘lﬂréii@)p!f!? PPRRI2hAS o
conprising a canmera apparatus and being Structur ed to provide "input to the
pr ocessqiuappaeldd nixelsahsttbeted ebay plae seners; st ruct ured to recei ve out put

t he cangra

signals fromthe prgcessor apparatus. and to pravide output:

appar at us cor‘?ﬁ?‘?rglﬁng"eaﬁ% tn’é‘?"g&aﬁamémﬁ?sagh?our‘ieg 0? he_éecg? et&%_r?ﬁ?liggi o
SeNnsor, adsGPtefi/emiRng, lafd, atRr ofReHHoneMEisein NRAYEMJoverlvirgut ihge se¥Reutbl e
thereon; the flash conprising a light source and a flash lens; the routine

bei ng stolgsEomagaetioeragy 69d daringtie fnigness heivs an PorxFadiaemtioarawgynirom the

per form r ' cessing operation on an image signal fromthe
sensor, S? ec@o?gﬁe??%@ﬁ éﬁﬁggn%gt her structured to be executable on the

processor systlareihohesausnd thapasars@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).

17. A handheld electronic device comprising:

processor apparatus:

an input apparatus comprising a camera apparatus and being structured to provide
input to the processor apparatus;

an output apparatus structured to receive output signals from the processor apparatus
and to provide output;

the camera apparatus comprising a camera and a flash,
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apparatus to perform operations conprising: processing a non-flash inmage
signal with at least a portion of the routine; enploying a nunber of first
conpensati on paranmeters as the conpensation paraneters in said processing
a non-flash image signal; processing a flash inage signal with at |least a
portion of the routine; enploying a nunber of second conpensation

paramet er s asicNGnfARERBALLEM: sBREATPLENSE Rud 2l PRASASSHNGsit| hahll hmage

signal, the first conpensation paraneters an second cofrpensati on

par amet erositibeexgyutibld thersonipartial ly different. 18. The handhel d el ectronic
device of O ajm,l7 wherei.n the, operatiqgns,further conprise: enploying as
the first co 8@3@?%13?)5&?%%35}& UEed acﬂasﬁiﬁ?ﬁensation par anet er s

confi gured t otheORPEAS BeRcANNIABEE 51 @MFby fOhuBbaNal cYRibtation asdridiébUhabl e
to at least a portion of the canera; and enpl oying as the second

conpens aReriEMRg amstdstasminadeprogdssingnpneniien @h apamagesignsl frewnthicgensoy, the
COMPENS Yoo beiflE ARk Q{Pgét%{e o Be gg%ut%% &ﬂﬂefﬂe}&et%é&rrsg%g{r%'c%uée%ﬁ*garb st a

portion ‘o nmera an eto a ast a ion 0 ash.

19. The dppacineltd petfeat bperuiordevngeisidg: Cl ai m 18 wherein the operations
further conprise enploying as the secaond conpensati on paraneters a set of
conmpensat i on PIRSESaR8Rd108-Haghimagesigad ikyatienst aponign &f thsdPviidf of t he
routine in plags,ok ot he iy e L@+ rgfggﬂ] dthat Bsati
configured to c@ﬂ%e%satg a%éllt n%f;gﬁgci gﬁg%bl?%ﬁ&?h cg{ﬁgsl ?ldédtsél]gr?a evse'aarliogti on
at t ri butsdmectts iataill pastesangponti-Gasloimdadesigahera and at | east a portion of

the flash. 20. The hangdheld el ectronic device of im18 wherein the
operat | ons { aFPHESIE SaIFSH HERSBIh PG Lo%% e Dt h Bedbiiihea | on
parameters boénliplbﬁﬁ?f b T8ImIS@ NP REEIIORomPaisai §aPardtérsaad UA® &onffensation
addi ti onal conpensation paraneters configured to conpensate an inmage

si gnal frowansgtgisan syidmreachong a dlash ithageastigralttbe ftsticempensatipo peiagstess andigie
flash. 18cond compensation parameters being at least partially different.

18. The handheld electronic device of Claim 17 wherein the operations further
comprise:

employing as the first compensation parameters a set of compensation parameters
configured to compensate an image signal for signal variations attributable to at least a
portion of the camera; and

employing as the second compensation parameters a set of compensation parameters
configured 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.

19.  The handheld electronic device of Claim 18 wherein the operations further
comprise employing as the second compensation parameters a set of compensation
parameters that are 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.

20.  The handheld electronic device of Claim 18 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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