VI DEO CAMERA BACKGROUND Fi el d of the Inventions [0001]
The present inventions are directed to digital
w@20esn2H]12 such as those for capturing still orPeDUEI998/060126
pictures, and nore particularly, to digital caneras
that conpress image data. Description of the Rel ated
Art [0002] Despite the availability of digital video
canmeras, the producers of major notion pictures and
some tel evision broadcast nedia continue to rely film
caneras. The filmused for such provides video editors
with very high resol ut veDEONBA®EERRAt can be edited by
conventional means. More recently, however, such film

is often scanned, digitizg nd digitally edited.
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housi ng, and a | t t he housi ng
and_cogfigured tgE@@@%iﬁfggﬁ?ﬁyﬁgﬁﬁﬁﬁﬁngénsitive
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into raw i mage data with a‘resolution of at |eas .
resglution fmageesensors aofl thuts dupus thighhreaelutieve midge .t the émagder proesssing and
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data at a conpressionratio of at |east six to one and

Anyaspest of aiulsast ne iohtheyeyhagiimaenty diselesqdehpsein dnrdudss the realization that
vid@s qﬁglit)ll 8ack acceptable for the higher end portions of the markets noted above, such

as the major motion picture market, can be satisfied by cameras that can capture and store
raw or substantially raw video data having a resolution of at least about 2k and at a frame rate
of at least about 23 frames per second.

[0004] Thus, in accordance with an embodiment, a video camera can comprise a
portable housing, and a lens assembly supported by the housing and configured to focus light.
A light sensitive device can be configured to convert the focused light into raw image data
with a resolution of at least 2k at a frame rate of at least about twenty-three frames per
second. The camera can also include a memory device and an image processing system

configured to compress and store in the memory device the raw image data at a compression



about 23 franes per second. [0005] In accordance with

anot her enbodi nent, a nethod of recording a notion
woe@en2811 h a canera can conprise guidi ng | i gheCDOSH0&060126

i ght sensitive device. The nethod can al so include

converting the light received by the Iight sensitive

device into raw digital inage data at a rate of at

| east greater than twenty three franes per second,
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[0008] Another aspect of at least one of the inventions disclosed herein includes
the realization that because the human eye is more sensitive to green wavelengths than any
other color, green image data based modification of image data output from an image sensor
can be used to enhance compressibility of the data, yet provide a higher quality video image.

One such technique can include subtracting the magnitude of green light detected from the

magnitudes of red and/or blue light detected prior to compressing the data. This can convert



magni tudes of red and/or blue |light detected prior to

conpressing the data. This can convertthe red and/ or
whbwe/128Teye data into a nore conpressi bl e for MPCHUS2008/060126

exanple, in the known processes for converting ganma

corrected RGB data to Y CbCr, the inmage is

"decorrel ated", |eaving nost of the inage data in the

Y (a.k.a. "luma"), and as such t he renmi ning chroma
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eagt' ffr§tt secBfE AR4 thl&ﬂ% 138bF fhe & ﬁéu@ér?gl rgx@dAthm%%Qﬁx%césgﬁ% modu e can be

npi essed i1 mage data on the devi
cora'cgumddann@ixﬁ)n infagadath o at Eakiouhi mlte fimt m;t Mdndoéolors based on the

imfitafie BeHUE: g AT farele iR HER Eame et Tige Bipary device
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storing the conpressed data.
representing a first color, second image data representing a second color, and third image data
representing a third color, modifying at least the first image data and the second image data
based on the third image data, compressing the third image data and the modified first and
second image data, and storing the compressed data.

[0012] In accordance with yet another embodiment, a video camera can comprise

a lens assembly supported by the housing and configured to focus light. A light sensitive



[0012] In accordance with yet another enbodi nent, a

vi deo canera can conprise a |l ens assenbly supported by
wao bh@shezsisti ng and configured to focus |ight. A PETO$2008/060126

sensitivedevice can be configured to convert the

focused light into a raw signal of inmage data

representing at least first, second, and third colors

of the focused light. The canmera can al so incl ude

reans for di fyi ng i mag ta of. at .| east one aof the
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to dohlpkisst kit ihiage at8 Y6 thRMirbthadcosdAnd Befduetorh andlwadiere Andéodipressed
can be configured to perform nethods for processing

imagp dafe on iggeeHaylevise-accor dance with an enmbodi ment.
[0014] Fi gur epg i SHalcRps I@beqﬂﬁoﬁkﬁ‘%\gﬁ\lcﬁ a housi ng
y I'llustrated in F

for the canera schenati ca igure 1.

[ 00[bBi3]Fi gBigared ik a blockchemah iltustrayqud sysfemathati caadreclude hardware

sensor having a Bayer Pattern Filter thgt can be used
andigrican ppEoRRavripiPeITaR methods fo5 REpGsEIng Mideq bepes date g gregrdance

withah § goﬁﬁggpatic bl ock di agram of an inage processing
nodul e that can be used in the systemillustrated in

Fi giooB4]1. FRO&7P iFi guraptibnilsembetimenaiof ca [haysing ff thhecamera

reen i e data fromthe green sensor cells of the
sch rﬁﬁ%“%ﬁﬁ’ggi’tegf“a}ﬁ%rﬁ e 3. [0018] Figure 6 is a

schpp®d)i ¢ FavRU isQf schéifatlceBPdu ioRdn GheRNschsRI@vidataaBHtr Pattern
_Figure 5 after an optional process of deleting sonme of
Filtehéatorah gk nedd wittedn systeg dludaated ifl0gue]l. Figure 7 is a

sch ic Layout. of the.r bJ.ue, and green | e
ot DURH i bE 6ioq ghstalsdos iiFun 38 REEERRME mpue tha
canWeQBeS i thgsysreiili@stefiedih Fiee L. [ 0020] Figure 8 is a

flowchart illustrating an image data transformation
t ecBlYue Figate Tin2 sehomas lgyouk of fle gipen dmngg Ay fiom e ereen

L) L1198 6o 7 él fhgyLe 8A is a flowchart

Sen%é}lcﬁs?éﬁgﬁ? %ag%@%ﬁs i F clg‘#oh of the imge data
t r ajoeig)r maFigore @ 8 alvohamicdiyobt gfithe rddndikiag geam inmdgsalatasof Figure
used with the systenlillustraﬁed,Ln Fi gure 1.

5 after an optional processof deleting some of the original green image data.

[0019] Figure 7 is a schematic layout of the red, blue, and green image data of
Figure 5 organized for processing in the image processing module of Figure 1.

[0020] Figure 8 is a flowchart illustrating an image data transformation technique
that can be used with the system illustrated in Figure 1.

[0021] Figure 8A is a flowchart illustrating a modification of the image data
transformation technique of Figure 8 that can also be used with the system illustrated in
Figure 1.

[0022] Figure 9 is a schematic layout of blue image data resulting from an image

transformation process of Figure 8.



[0022] Figure 9 is a schematic |ayout of blue inmage

data resulting froman image transfornmati on process of
wo-e@anzs1® [ 0023] Figure 10 is a schematic | ayoRCT/08200€060126

i mage data resulting froman image transformtion

process of Figure 8. [0024] Figure 11 illustrates an

exenpl ary optional transformthat can be applied to

the i mage data for gamm correction. [0025] Figure 12
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i1l us ed in Figure 1. [0027] Figure 13 is a
the%?\géa’nd[ﬁ[aﬁtgr?aé?/%ﬁfor%fc{l Feen i mge data havi ng been

deqooyp| essedurng idanbeaiizadofas eorted] ngutie thbecdn psakaar with the

of Flzfgure 12. [0028] Fidgure 14 is a schematic | ayout
systgm ¢fdligured tq feeomprest ail degiosdin imagggiatadat a from Fi gure

13, i ng e - de [ i .
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deconpressed according to the flowhart of Figure 12,

[ 0080371 Fi ghigure1 8 iis 2 Schamatiat lagoytagh reesr Biese dptAalbpying been

' ' ' ording to
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EVHORRSYENTBigh@0i31} aFichemaicllaysut af duifesfahe oridinalggaen ohage data

a camer aving i e sensi.ng, rocess,i ng, .and
o gGESS1 B Mo Qe et OB el RIPORE LB PR lgythg Mowehart of
Figled®0 canera for noving pictures. The enbodi ments

di scl osed herein are described in the context of a

vi dé2YameFiguteaVd rig @ shemgits danegorofdblpe cenaget Hata having been

Bayver pattern filter bec t hese enbodi nents have
decgipresseliisgoriig g s Towehii S el &3¢ “owever . the

enbjogsgrent sigard iinvieRhépiti RESRI0T K@ indgs dakeoRPighiees having

to caneras having other types of inmage sensors (e.qg.,

beerirmpjesd ageordieg fo the flgwplart ofdiigBayer patterns), ot her
b e . : i
nunbers o *ﬁ@§§%§%§?ﬁ§é§3ﬂ$85ﬁ5ﬁ%gﬁﬁﬁDﬂ“Eﬁﬁgen i mage

format types, Igure or sti and/ or
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pro%ggigg,%gg Ehépggg%%%gﬁpg %Ez%:ﬁigeif {gﬁgg éc?rggt %E‘X v%lég camera for moving

pictures. The embodiments disclosed herein are described in the context of a video camera
having a single sensor device with a Bayer pattern filter because these embodiments have
particular utility in this context. However, the embodiments and inventions herein can also
be applied to cameras having other types of image sensors (e.g., CMY Bayer as well as other
non-Bayer patterns), other numbers of image sensors, operating on different image format
types, and being configured for still and/or moving pictures. Thus, it is to be understood that
the embodiments disclosed herein are exemplary but nonlimiting embodiments, and thus, the
inventions disclosed herein are not limited to the disclosed exemplary embodiments.

[0032] With continued reference to Figure 1, a camera 10 can include a body or

housing 12 configured to support a system 14 configured to detect, process, and optionally



i nventions disclosed herein are not limted to the
di scl osed exenpl ary enbodi nents. [0032] Wth continued

w0 edognesice to Figure 1, a canera 10 can i ncl udeCHUK®AS/060126
or housing 12 configured to support a system 14
configured to detect, process, and optionallystore
and/ or replay video i mage data. For exanple, the
system 14 can include optics hardware 16, an image

sensor 18, an. image processing nodule 20, a . .
S0 GHFRESEH i U Bes 2 5 SPBP Ead S sUTeEh Yacan include optics
har@Pirk 982! Mhagt s R indde GRstediOmbd ¢ DOle: @nipedbib®module 22,

nmodul e 26, g pl ayback é%%hle 28, and a display 30.
and[200@3ge Eviger ¥ 20ptidnaly, kg easnega hO A #5Q inalyde R angaiitar spodule 26, a

odi nent,,of th a a 10. As shown in Figure 2, the
pmgﬁ'|g?Hq§P§ng§”§%ﬁ%g§{be supported by the housing 12

I N @o3ENNeFighfal illsiaM& riohliepsdmalary dsbadith@t of the camera 10.
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housi ng 12. Additiopally, ,in sope enbodi ts, the .
thegt)rapaa%%g\?ﬁ@s%%a% %L%éew&hwetgg{lwsa}% x diei stpragsdey g 24 can
be MOMRENS thehRehCONNREtRAalP it {fnd ERBYIhOHs, BRY drigtSdeQfce 24 can
the system 14 t'hrough any type of known connector or
be mabited toAattleAteriuraifitlye hausmgsPomd genntstedde tixdregaimingeportions of the

con ted, to the using 12 with flexi.bl e cabl e .
svsERLET Gl By OPRe! RDvigengadickdads pIhETTRRsBroce device 24
canRWhdtiedi tb depieidant R yviflr ofRtible chelshitdalibRind@E storage device 24

exanpl e, with such a flexible cable connection, the
to b Groyge samevhe depeaderily fp fhe housing|1g. oforaexggwie, with such a

L oy .t ot,al ' . i )
et S48 SoroB8ich O ARl e 24 EAPLL RS it ik 0 By allowing the
totd] melghd ef tha@oaingT) ®© tetredueek Flethes dis siide émisidileerasdhe housing can
. ounted to its exterior, Additionally, the haqusi .12
inclug OB¢ QoM SRS e isBie e AUt I SR oy bRy, the
hol¥R@Ub& a8 8150 AR BB dnitor hBAROTE, HARRHLIBNSdult BE Additionally,

di splay 30 can be configured to be nounted to an .
in sxteemitmdindnts, e tioplay BQ carpbe fa@diguied Thée opuned than dyarier of the
h 16 can be in the formof a | ens system having at | east

B¢ ens configured to focus an inconing i mage onto

t hepopspoe F88SPticsIBrdwhRe1®Eni teSin IRy BWAIE a Idhs system having at least
Oﬁglonally, can be in the formof a nulti-lens system )
oneptepy icanimgyrechid &Qslue apobeRMiapemegt entogihg imegq sensor 18. The optics

i.tionall t ' I . i Ay .
rarffls 67 08 <38 pR) LTS P LR P St Bk P soom.
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SuPIPH'éedobY thehoysipgd raad fenﬁ%ﬂj@eregelgeo% phirality of different types of lens

systems for example, but without limitation, the optics hardware 16 include a socket
configured to receive various sizes of lens systems including a 50-100 millimeter (F2.8)
zoom lens, an 18-50 millimeter (F2.8) zoom lens, a 300 millimeter (F2.8) lens, 15 millimeter
(F2.8) lens, 25 millimeter (F1.9) lens, 35 millimeter (F1.9) lens, 50 millimeter (F1.9) lens, 85

millimeter (F1.9) lens, and/or any other lens. As noted above, the optics hardware 16 can be



configured to receive various sizes of |ens systens
including a 50-100 mllineter (F2.8) zoomlens, an

wa 20802811t | i neter (F2.8) zoomlens, a 300 m || PEEUS2008/060126
(F2.8) lens, 15 mllineter (F2.8) lens, 25 mllineter
(F1.9) lens, 35 mllineter (F1.9) lens, 50 mllineter
(F1.9) lens, 85 mllineter (F 1.9) lens, and/or any
ot her lens. As noted above, the optics har dwar e 16 can
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sensor can be as small as about 0.5 inches nmm ,
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t he. sens 18 and/ar the inmage processi. nodul e, ca .
PSS Eg T 6 Lo a0 BT SBer Aty HEREoIsTon of the image
dath @8@uution of the image data output. [0036] The canera
10 can also be configured to downsanpl e and
subi¥gokent Me procrst) tdnealsubpuonfguradhie doemsamplg g@nd gubsequently

ield vide t put K 8
oS hOR-or “Ehoafmt & e PHRL B 2 BRM DS or any oter
resSRIASRI FbB eafiplbethe Wnagkowae front (R RBYrrddisai iRy Wlh@ovﬁddz’ethereby
of the output image and allow ng for higher readout
redyping dBe sigp Wb vl outputhigrage jand alewggrfer bigherreadouy spepsed However,

ot}f/'\d%z% slgﬁ]s%% ¥dan 5{38 Ela Ag)dlﬁgmlll? %%O%gﬂe%gﬁga{} i%ge%mf igured to

upsa e ou the senso
ups&tﬁpﬂkuﬂhe atitphi gfhies sehﬁsdISuds iyieRisviddo0Bl alMiplier rableiemce to
Flgure 1 and. 3, in sone enbodi nents, the sensor 18 can
[0037] With reference to Figure 1 and 3, in some embodiments, the sensor 18 can
include a Bayer pattern filter. As such, the sensor 18, by way of its chipset (not shown)
outputs data representing magnitudes of red, green, or blue light detected by individual
photocells of the image sensor 18. Figure 3 schematically illustrates the Bayer pattern output
of the sensor 18. In some embodiments, for example, as shown in Figure 3, the Bayer pattern

filter has twice as many green elements as the number of red elements and the number of blue



include a Bayer pattern filter. As such, the sensor
18, by way of its chipset (not shown) outputs data
WO epsassamnt i ng magni tudes of red, green, or bl uBCT/Ugo08/060126
detected by individual photocells of the inage sensor
18. Figure 3 schematically illustrates the Bayer
pattern output of the sensor 18. In sone enbodi nents,
for exanpl e, as shown in Figure 3, the Bayer pattern
elements ©Ihe %Z%Etew fgtﬁ% ns g?%t@%ﬁgn%garn bge]c E)eré agtﬁl}gtrclparge #\’Epaci:] element
oftﬁmr@@getsem)r fflehid@@sut 28880 ofl FalGadnn B weslsitholvd REGRB tortraoutput.
charge on each el enent of the inmage sensor and thus
out N088la s t¥idaeensinuedy rafersngentot Figuiged. | thg Hpegs mRagsssipg madule 20
e -Fi 4 .
opt (bt ban bOTORNL B RARK PHoGyT SLERCRGR, 40 (HaBthcd 18 in any
knovonhhgigr.ebh somefearboadimentsethd amagesirveasing modult B@ camgenfigured to
sensor 18 in a known nmanner. In sone enbodjnents,
SePRIRE (N BIGEN-5FbaR aadt R gnasdiaradnisghies AT {Bur wgpieieglaa@TEyations. For

ﬁﬁ)@@rﬂ%t ithal %Q BrodfLBB mddat 20808 tRICHERSNBOS sH¥@e AR data into one

hree or tolur separate data conpilations. For exanple,
dattt blemientathe biweobesisiongperhbaiudata démernandehe gne€n daiz edo bue green data

cleERa Phes BRE B DCoHATSE db JRRHE - N 908 ToPisaiagrLle 20 can

incluat @ r&ﬂ@atﬂﬁr%@&sﬂgtnﬂ)dﬁ]eeﬂeﬁlbluef‘a@fa i8%8dPHoBassink itddule 34, and a first
reference to Figure 4, t he i mage processing nodul e 20

gre@annagﬂéat@@éocassmdn@fhte%r ocessing nodul e 32, a blue

dat S 3 t -
B OsTa aABBEESER NS RS v RDlalet e U RaGRR in Figure s
hasab/meels ni@wemen pixeliers Bay@herpabicelors. digre tlillustbteat dataicomponent

gure 3, has tw ce as many reen pi xels as the other
WItb\ttef Rlpg rdgred ﬁttgtﬁ*@vsd,ulﬁqvum s oxizak HePIMIENEHE Wi t h

theygg ! n%’le aﬂpsd'n’?éjerg% Elﬁ?‘%}{fg%ﬁédfqy AObOB M r%%peglto delete or omit

ori green |1 nage data n sone e
sontchef thangea iblige databelor @rmpley adsane cebetireerss, thxmrnagqmacessing

f e een J nage ta. Fo
mogil Sl CAERE SomiaE i e 1 e e RaEh s Bag e fheggtal amount of
gre&pﬁlﬁdgg Wh@ds {he salfd & @e lfngurﬁg ot hiBe SHERH ithARAR I %@eéﬁ’nple Figure
hat the total amount of green image data is the sanme

6 llahetrathe tl@rmmnmmgotatabaftce tlmmage gracessue roedude ZQ:@erletes /2 of the green

exal ur.e |II S t he rerralnl after
'matgﬁ angh p g%reaéy ﬁo %@m&’eq elte row?/nont? e g’raélé]]nn+3 have
beelnFE&gﬁedjaTEhs ib Merdig ohe |eid:§ﬁ;ﬂat0€dheﬁﬁil&ﬂ1 HE@ﬁeeloﬁmEgegdﬂtaEt}ﬁt can be
the rows n-3, n-1, n+l, and n+3 have been del et ed.

delqtﬁqi sOthsr pasiealsyang ptheexaomlteofgreanmagnaiesan v bydslsted.
at a i
TGP ol S Rty S EBRISED Ay o
gref) ddge data dentheatd etidblize \VrﬁSge darehsadrer aarktbraad bbed on the green

iR diaied THRGRINS qgﬁt‘}g’é‘\é‘eg‘fét S by FRhar redrotivien of the
sub%ctw?leof%?&ﬁ Bmage data values from the other color image data.

[0042] Optionally, the image processing module 20 can be configured to
selectively delete green image data. For example, the image processing module 20 can
include a deletion analysis module (not shown) configured to selectively determine which

green image data to delete. For example, such a deletion module can be configured to



i mage data. This optional technique is described bel ow
follow ng the description of the subtraction of green
w0 pmge2siat a val ues fromthe other col or inmage PEL/ES2008/060126
[0042] Optionally, the inmage processing nodul e 20 can
be configured to selectively delete green i mage dat a.
For exanple, the inage processing nodule 20 can
i nclude a del etion analysis nodul e (not shown)
conf i ect y. det.er mi ne. whi reen | e .. .
ey fdlefng fa g oraRRafiont M ROS e D R IR alising
artifedR, Rh @O Mdi@unesd ot egher ﬂEJHll'S}%eicEptﬂﬂé atirRe. ahpatle8smofule can
rows fromthe een i nmage data would result in
be @rthqslon@glaﬁd tch@t@ a patfein gravpiimagd datrete delste thathyequld present less
I'lSk ofs creéltm s@%%aagt?igét(s) m:gr e‘%‘(gi}ng a&t Sdﬁleirh1$ m%ﬁ!ﬂ%t %119 Be %?léhl%d to choose
a gteﬁﬂ@xﬁagiﬁﬁaaa Heletle! piter hfaﬁltewmhg vatﬁSlecRﬂurim’:SS i da&mﬁﬁes that the
creating such artifacts. For exanple, the deletjion
image gantired B Uireimagh Feger @dnelad%sr?@dg@g%\fe@mwar%@éedd@t gplurality
of [ga%lﬁe‘i 'hBHzJﬁ@atl GRED Efus QﬂeFeﬁBﬂ] Eitlté?lg i F%l'u&ah glﬂllnHE'E@%rﬁfficté tsuch as
termnes that e i mge apture e | mage sensor
Moik8 lines; thad&sglmhavamgﬂietﬂ Gatnur del elimarpattd:re of zleanddipg dines of image data
ori.zantal lines. This deletion

ggrall raI
par% f‘bﬁhﬁ %W“Fagg eEFrCte 7 Red%ee-artifacts, such as
pat {0@4& 1 Nerowkh@t thiy rﬂéﬁzllynﬁg %xén@ﬁéﬁjyt £h- lﬁrﬁﬁi’?{g %xgﬁﬂ)l@‘bf @8 types of

ern of alternating lines of ifage data parallel to
imagh dedtaes amhdel¢tidn pagisrnd dhag cerebe sedthyethe dslg@on [HQMQ] The deletion
e _exenp

modférath el oot Rl EyRLo S5 RGE P BLY BB ol Tyl EBingy maee dar

del@aint iitehs! HRh 26 For HRMPpSESBubyithbie 1Heitibh Ocﬂblé’%dtdf&lteﬁbﬁng rows,
del eti on nodul e can al so be conflﬁéred to detect other
alterppgige dieganak Hsesarpd qtherurasiesish e Adiivaadlyve 4 deletiat mpdule can be
r r u
conglgfnte? ) ﬁelet‘?l‘f)%ﬁ 021‘? ﬁgﬁxe o%ﬁm ng% da %l}c‘ﬁﬂatg P}%gte% Iafég(b)ltu@tulnggé data, or
othérd inage daa de;iehémgpatlieetypnsof séakdi isednal | y, the del etion
nodul e can be. confiqgured to delete portioons of th
ot h@P44lragédgitiogallys Hetsameraigeeap e corffigui e INSEELg datg gl into the
imdgk d%hﬁ&xcdtﬂ?%afji%a%e dRRARDLAE deRtel N o KRRIpRS bﬁ%%ﬁt limitation,
used. [0044T Additironally, the canera 10 can
the cembraglfy eah beocandigeret ta imbatta datafidldiintoghe Ibegmma@ ef dapt wideo clip

i ndi cati ng what dat a .has ,been del et ed. r .
ol e B S HEuE T RICUTS S e EarmErh Sr5elan g of the
“frn@aRP I0@ Ui ddclipISiBrsbme eftidbdintdn@®! thel dakerat 38 HeeGhMRiréDto insert a
of any video clip stored into t he storage device 24,

datg figldciatd eaghviFrane erptuacthby tftsfe@nsqxellfﬁe@r@epaiﬂng adehinggetdga has been
deletecﬁ a:ﬁ%% exgmglteh?n ¥ rgg %m%é&fh w%%@ethg gpl?gé PR)@ grngtrpgdule 20 is

con ure I hsert a da

con@'@ﬁf&dftds agretecapf the gﬂaelbymtgaeiaaem o0¢ déll&mnl p’ademaﬂlb ﬁ@ta\ﬂahit can be as
i mage data_has been del eted. For exanp

smalhgsoa RO, Sagriasias pdieagigisthsr e&%gmﬁ@e - deiRitaseodslgted. Since

the image processing module 20 is configured to delete data in only one pattern, a single bit is
sufficient to indicate what data has been deleted.

[0045] In some embodiments, as noted above, the image processing module 20
can be configured to selectively delete image data in more than one pattern. Thus, the image

data deletion field can be larger, including a sufficient number of values to provide an



configured to delete A of the green inmage data in one

del etion pattern, the data field can be as small as a
waepghzsibit data field, indicating whether or POL/USI088/@0126

data has been deleted. Since the imge processing

nmodul e 20 is configured to delete data in only one

pattern, a single bit is sufficient to indicate what

data has been del eted. [0045] In sonme enbodi nents, as

. .hot ed ove he. i e .processin dul e. 20 _can_he .
g B Qfara poEBHTY OLPYREET B0 FRGHGigh b Bg sea. This
datd fald @RBeNRéd BY Aowldiesm doRohemgendat proekeb®tib QRtckhiledo which
can be larger, including a sufficient nunber of val ues
spagigl gasibipneidie aeiniding Apagerilagf copesrondsf the plural ity of
di f nt | e dat a. del et o el
SRR B BB OB DL EERB RSN e o T e o
retaff ICERRe v grecleinepaune, 4.0, thbdab skpacindligyresi Ui arB eibediments,
remai ni ng i mage data corresponds. [0046] In sone .
the BRSSAIPRSPRISE MPHEC FIfRIGRIURT Rt 1 0ig SToRRI (ITage (Al PReessing modules.
conhhayr ed t.aj r r [ :
PO <RSI0 kbl SR YA A LRS84 o
gre¢rheleinnmg @s phicomesisir rd rexd dighments and ithrec hwiolleer axfidbluer elerpergs.  In other

reen i e data pr.ocessi modul es. [0047] As noted
woideofe rod Bt BRI 25 fbf i Baes PN A% B Pl lements
corfeSpdiBElY 2 .EFhE m&@%ﬁetﬂsarﬁap SnAYRD §1reerpglefn%ﬁlts ebRPREL $0% of the

and the nunber of blue elements. In other words, the

elemends ef greeBtysr pottgn iasrey 2 S%uef intsemet embwidinBaye wheet aléof the green

. array,. the. bl.ug el enents correspaonded 25% 0of the Bayer

im il iy Ay e GnERE PsbeSeRRER o el A Pl b SfPien ama

imdgﬁ_gr(ﬁle:%ﬂ%ﬂh&@é 38.has BayHe thePfabtt @Edh @itd Myage Phatsssing me@N®36 can
enbodi ments, where all of the green inmage data is .

progess hglhelthe green plemgets ppd e $eGond 2rasa imegezBiagupcepties radulg 38 can

pro?{sg ngld Feg%aqlgﬁ %ﬁé%a%lgﬂgﬁs.p r}@&g@g} NHe ﬁg&%tglng’émgéss (c::%ﬂ 68 used in

a I mage processi nodul e
conjpunoti@s withaltlier ofpet b€ pareees) sedheayefnt exaarpde, thoe witbawrignitation, CMY
%%ﬁgn i mge data processing nodul e 38 can process the
and REBMai ng green el ements. However, the present

| NV@PAIONSFLAR PendisRY sbifknfRiR]i HREhiE W thb &) Mle P& green

of patterns, suchnas for exanple, but w thout
datd icompeartentsnpro@vhedalmyd mRGBYY 3R0BH4 86, Bhd) 3B «Figurand). udbis can provide

chematic illustrations,of the red,. blu nd t reen
foriG S BUPRsO RERS: B oredbddome fagialicbs et BhE moled i He abou
the 38mé King¥ fifeydre hdkl]Hg GBButPhO hrAle ahblidt T dafd vV ABdiBERSly, the image
because the size and configuration of each of these

propeseing ewduler? Osan &b selectivhle swalrkeddicteasn tislgs brehipisdirogegses all of
398D 5878, IR o SO UL \HBG HTROR e
imdpe tdurdn delede inl whivhitahilizes @ipoesskmodilés 3f and 38). However, other
configurations can also be used.

[0049] Additionally, in some embodiments, the image processing module 20 can
include other modules and/or can be configured to perform other processes, such as, for
example, but without limitation, gamma correction processes, noise filtering processes, etc.

[0050] Additionally, in some embodiments, the image processing module 20 can

be configured to subtract a value of a green element from a value of a blue element and/or red
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the green image data (by using both nodul es 36 and 38)
and nodes where | of the green imge data is del eted

W@ powsmbsich it utilizes only one of nodul es 36 BCTUSRBYS/060126
However, other configurations can al so be used. [0049]
Additionally, in sone enbodi nents, the inmage
processi ng nodul e 20 can include ot her nodul es and/ or
can be configured to perforn1other processes, such as,

for, exanpl.e,. but wt m.tati corr ctio .
cleshl, caS BB rip bt edptns Jvish ety AL ar G b he image
senf6id1 §, itk @drtedporidihgSiRBRr ®NROERBcEn bE R&lub&@@Ezero. For example, in

processi ng nodul e 20 can be configured to subtract a
mapy phetogrephs, @heéeewné?eelﬁ@ﬂtarq‘aﬁ oirblacksarhite, of gray.mrpecolor shifted from
grag ng\gﬁgtthe ug%gcer t“aFHIHR 1fAT? Ocrc'ogx% ond 3)2%5?360 tBe H{lafge sensor 18
haversged a0 ramrofjg&,y, this ma@ﬁﬂtu‘dés‘cﬁ@’(&gr&gl, feeldarmrblbé u’&)uﬁi lenahiotit equal.

can_be reduced to zero. For ex [

n
Thigh 8k B eEgsRY2lue e sebtiagird from @Fg%d afrde%lge dP‘”ﬁﬁ mred WA blie values
I O I
wiffliroBi8 Yoro 8F néhr S0 Tt} b Sibst SR BhibYest BBFdLols fiefeSHhl be more
zel’ohgener@gbmsmn@s|tha186rf5a\aé>les:dmwhde am gaayeacohndythay thet feeulting data
) ni t ude of t e reen, red bl ue, . woul be a
will B Mo FmBresilE, AdiGihoal s SR TaGiabl i foth Remromp r PR of the
othef&b1&8 daPintig: M@kégsﬁmgﬁmgera%& Asd cl%gl%smk S tr kdassHsop
to zero or near zero. hUS N a su sequent ) .
conﬂlﬂéﬂs,l or$ugh oteelgque daemelpwichievehighere fieetivgsompression ratio and
ener a t hat

yet Jemdin vﬁ%la l}/] Tosg)lfe%s Aq,e tg d s tr?lraitéon&altpao %ﬁ ?nl%%)gy I%)&he orlgmagJ 1nge data.

Fo€ @RIphs ShdddropAddiah iirangl ik Yelateh € Siahintoaat b@ﬁn@cfm@@se 8Nthe image.
fromone or both of the other col ors can nmake
The é%hﬂat:ﬁlqvgof ipage déa phorpiodore skaarlpHren fraagediaf?e@f the other colors

carL e %r%ﬁﬂlksssg&h tHls tr&ﬁlgg Y56 of ﬁlegm%gp 'dgt\g{ %f %hose colors,

er effective’ conpression rati o an
thevebsluzﬂlolwng desdas so deecotrpréstel atehlgheroamfpr@;ston mims with less loss.
i gi nal iLmage dat For

Tyglﬂél[yog@irﬁﬁjgeggfqt%'@ﬂewn oL TR ST FHESRGHE Tt is ofen a cerain
deér@é" QPNRESHLbN Heleeh r%%undﬂf? pRURET Aghifg thdsnﬁ&% gakiBiraction
one color, for exanple romimge data of

tGCbmllqecr ol be canelaton ob pichue elengoisrie ssshicen uetteh lsi:gmpreSSlon The

reduce the entro the i e.data of those col qr ..
R by RPTSUh g n g Rk Bie o i B4<ke SRy gheRe oreinal
inf6@MARI0R H6iheimag i 0s With I ess | oss. Typically, an image

is not a collection of random col or val ues. Rather,

t hel®52k ofls &m%e@wctl@ﬁws By reenisie gibirastad from bied e e pixel

carp B Lh%ﬁg%erﬂgd@bﬂh‘ér\% gxgﬁ@tffbn{ 12 fp?%‘f Qgﬁce%v tPcf ’Eh%%kf%@t red or

use t ure e
blue izt hiFankerbi Jodte emhsmlﬁlﬁaﬁs; ake grEbremgmuﬂé sobtracted from the red or
conpreSS|on Wi || end, at least in part, on the

blugrlemgys 630 Pﬁéeraqugﬁ‘ww an; pyespesert| the Sroynding; gragyeclements.  Such

techniques are described in greater detail below. However, other techniques can also be used.

[0053] Optionally, the image processing module 20 can also be configured to
selectively subtract green image data from the other colors. For example, the image
processing module 20 can be configured to determine if subtracting green image data from a

portion of the image data of either of the other colors would provide better compressibility or
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[0052] In sonme enbodi nents, the magnitudes subtracted
froma red or blue pixel can be the magnitude of the

wo 200828311t put froma green pixel adjacent to tPEr/US2008/060126
subject red or blue pixel. Further, in sone
enbodi nents, the green magnitude subtracted fromthe
red or blue elenents can be derived froman average of
the surroundi ng green el enments. Such techni ques are

descgr.i bed i reat er detail bel ow. Howeyxer t her .
noty 38 it Gk B heGr e isdher Tt o8k SR Elrss FY MG Goes into the
imdgBB& PIRGESS wWhg: PErbhLol theCiafigaldem Hie beenhiddiTed bS/Q: g., green
sel ectively subtract green i mage data from the ot

imag|defassublrestionkanph bich PRGN B deen s WgdHiseuMitpguch flags, a
do&r?sﬂegg g%%%g%g}il%?egoﬁs?ru?t%negd‘%&?ﬁﬁt cafi %Ql‘é&%%[)} éel%telﬁnealge values

bachmtb hl& iodgetdata of the Sthbf)ddldrsﬂfa@ed (d'ﬁthb gtiatu@ of such data flags.
n@re55|blllty ornot. In this node, the imag
pr ol834i ng Oriienall, mag@aqw%éseeﬁfng@r?é’dwmoa%%weﬂ fygtger data
redh &R M}&lé g&hﬁcé ff:e%tt'gr\‘g M@&lu&%ﬁ I@N8d Qhd R data. For
|nage as een no , green | mage
exadgiq is aﬁerrtheslhtmnaytncanﬁ“ gnkﬁnchagmudesoth@ rhhmdalw@tiatbeereaszero (e.g.,
jodified. Wth ch flags, a.do
it GG BL MG FUE FRIPe BB RETT Sl Bghes dagaitides) G a higher
res@dord 5,28 %gexa@wecﬁe bagkr 1 OEm b mmg;ens@ab@t Qtftmg h&d, blue,
ot her ‘col ors, based on the status of such data P
am{ g@@n}iatmml woprald of, 0-#ORdg e Apy m@é@mgr@ fritedin of 210e daim parlf@med the

d
I’OUI’CI%IH mgogiuﬁe (fa%J %e a(gust Oaa (9 aﬁculg‘s/eu e d{esnrethr%%uct é %ﬁamé)lpe r(%u)ndmg can be

perf@me@xa@mMsser efent Hfif Brdebifel BUlVE antlegougut gﬁdi‘&j’la greater extent if
magni tudes, the red or blue data is near zero
somg (o oF 185 oBiPut ingCesRtalle: SoBletroutdieran B @Pﬁ@mﬁd@ﬁﬁi euligsult ina

v15\%{bl 1|y%£E:§£ ?lﬂ'ﬁﬂn Eby%ﬁ*g)o > roig L] fe, feg%g H‘b&% i) hﬁyﬁé &hotute value

exanpl e e sen can Senso
of wutouért 3 cegy leadyundet i@ ) aad dtild pfmmediaxtlamlj}n laslssalugpunf Additionally,

roundi.ng.or. filt r|n
on aé?%&%‘a i, ° Pl Haﬁ%ﬁlngeaa pbsoluify v &e 3&%@?‘&&0@8 can be rounded
to (ﬁ&rﬂ' s?‘l’lebr(g\h&’e Qﬁﬂll&@&sl@gsf(ﬁﬁﬁut For exanple, rounding can
performed to a | esser extent if it is desired to

hav@ﬂﬁiissl églditiontlputthamdgritidas gFf ealues thek cambe irpurslodrgo zero, or

or Ios out t i.s acceptabl e Q roundi ng ca
rou 8 4F g Roi ot 601 1" PRSRE* ioy RSt P R EftgfRR on he
con@ighRiibn dfQhe @%s’@é’i@' Biclu@hgath8 dfptlt:s sgadhvere 1604hONm eU§ensor 18, the
data having absolute value of up to 2 or 3 can

reslytiprelithe omageasgasost the colgr epvpledon(bit) §ﬁﬁl|e|lvageo§§$<és}§ the types of

oG 5L DRI 9By, B8Ry e 5 Bl

motlold rxde chet CDrﬁbr@de)nSthnthmE peifolenedi Buthk | cpmipasdbe ssdule 22, and/or
out put. [0055] Addltlonally, t he magni tudes of val ues
othtperareeters G chastasics d 1heserdld- r ounded to ot her

val féﬁgtﬁ] angxs%B{elcllabW }H Q%eaen}ﬂogfﬁ?énltsy tHe RERLESD cQHB@H&nﬁgured to

depends on
delete 2 of the green 1mage data after the red and blue image data has been transformed

based on the green image data. For example, but without limitation, the processor module 20
can be configured to delete 'z of the green image data after the average of the magnitudes of

the surrounding green data values have been subtracted from the red and blue data values.
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configuration of the system including the optics

hardware 16, the inmage sensor 18, the resolution of
wao b@siizEige sensor, the color resolution (bit) BET/UR®08/060126

i mage sensor 18, the types of filtering, anti-aliasing

techni ques or other techniques perforned by the image

processi ng nodul e 20, the conpression techni ques

performed by the conpression nodule 22, and/or other

ter.s or char [ 5

Thi e(?u icrion i btgv éreennglagor%r%n zé ugs . thfouélﬂ)%t Cfgcgﬁrel%rer%t? aonlg-ng gLocxated
har@x@ar@oﬁddgltfnaﬂy tthe ttedadtligg greeﬁ nhﬁ@ Greemn bamge ta %canstruct the red

after the red and blue image data has been transforned
andusinaga d@tﬁedegqarg@ﬁ In Feyer llal?el%?”‘t@)f%fﬁ‘iﬁp%ﬁ togygures 14 and 16.

[i t

cortt P51l e e onrtys PR SHERTTERE BB ofRafy odule 22
Thdhﬁn@ﬂﬁkﬂgﬁomﬂeQhemnugmnhmd@ﬁl@ﬁakhaa&udmmummbmgbghmﬁnmemed

data val ues have been subtracted fromthe red, ang bl ue .
withy 30 VoS P 80T ST e § X RRP e GPERTTS TS Goadn 2 Ganfe in the
forrth%q} Cc@mrrrl'l:‘}é?éﬁgf%ﬂalﬂ@&ﬂhﬁrgﬂﬁﬂt(ﬁ1;Ptﬂattﬂ%ﬁoﬁ§§@§dr§ﬂr€§§10n techmque in

ha mare itionally, the remaining green imge dat
acco@an@@wlus‘éld JPBGr260@standaut; or biher goatpresnian kmeelqumge

dat escr, bed in greater detail bel erenc
@Daﬂr es ﬁ QAETP On[rﬁﬁé‘ﬁ A% br?of:%'goggﬁe v p‘f’rﬁoerm any Type of
corﬁf&%k@l bbceanoR! §0 AL MR Be CRHERE e}&%b&ﬁng’mﬁw&e 2. In some
he conpression nodule 22 can be in the formof a

embedimenis.etheh¢qmmpession wadulpa2 i peploene Bt exanmpsionsehnigicethat takes
adva{l]%%i:a 0F t%g ?eggnlagegsep?:ﬁfg{% tg{)th?n Xl%lol?é% GP%OcetsQl? 1%82&51% y§.s Ingexample, as

noted/ abdvabﬂhe 1BOFIFresssing module 20hah peohfiguisl @ rednp tiessibgritude of
hni que i n accordance with the JPEG 2008 st andar

the(ylalugq plgpe Eeélr?ﬁ@ bheidgia b(yét‘htfﬁcaf}%@e n[lqggg esphgreen image %éta thereby
res?l}f}gg frﬁ? grlth@r AREE: 6 520 VRS 900k H§ gtﬁelt &fe@@r fAQ moﬂﬁll/y the image

conpressi on process on the data fromthe
propammgswswdu@e A darl perROm 4 masipnietiembd diwrdata shat ubgs the entrOpy of the

. CO i on, nodul e 22 rforns tech
i & taae%rﬁlerggéono'?e‘m@etp&fa GUBG T EPPBERGY BYauIE 22 can
be Bf‘@tyb@%@b@{eﬂ@seﬁ&ﬁ 0 predidesotdfee zg@maalogm 138uddAhEze of the
above, the |n%% GErocessmg no uIe 0 can
e

coropriseq date gutpot e®. t he magni tude of the val ues of
gpg@pg&hngggugg%em%ﬁ@rpg ss%ggrgéﬁgt bidaf B C%ggg{émeéon%s the

imdperdasy fréth tHeLinthgy @Yd¢€§;mg&ﬁod’k@é bo &Sre@llhﬁ.’lra ﬁfsxfaél(ytl@ssless output. For
Addi tionally, the image processing nodul e 20 can

eX35HNe, d”my@\twmtﬂsaw BRdeie crabe epiiguied 4¢ aRpheaNYtiggwn compression
tec@ﬂé eoeé(choefs B&%lkmgﬁ%ﬂgﬁcﬁ)é Jﬁ]ﬁ@%OO(s I}ﬁo&&ﬂpﬁ@saﬂycﬁ'CT based codec,

que perforned conpr essi on nodul €22 can
an)beodaf: damgxyqdefot- Iaaﬂnplkam@ RGB fonagm datee Ha2ds MRIEGHTHUfEmae ror other
strings of zeros to reduce the size of the conpressed
techRifi¥eSout put t her ef r om

[0060] Depending on the type of compression technique used, the various
parameters of the compression technique can be set to provide a visually lossless output. For
example, many of the compression techniques noted above can be adjusted to different
compression rates, wherein when decompressed, the resulting image is better quality for

lower compression rates and lower quality for higher compression rates. Thus, the
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[0059] Further, the conpression nodule 22 can be

configured to conpress the inage data fromthe inmage
w@e@sasdaing nodule 20 to result in a visually POFEF®E%060126

out put. For exanple, firstly, the conpression nodul e

can be configured to apply any known conpression

techni que, such as, but without |[imtation, JPEG 2000,

thionJPEG, any DCT based codec, any codec desi gned

for co sin RGBlmaedat 264, EG4, Huf n, .
comgpesgER QRO Lot RS GS5 e TBO RO RS LA FfEB A YN gyprovides a
v1s&ﬂ§m’65§§§§ QptE6NRh B oHEaed fohlowdd LRH fo RAIRANBESS pakimeters to

t he conpression technique can be set to provide a
obtam suisuby losgless eulpub Uigyeramiperthesempbsionmpgpleol? eapde configured
to 08 nPeﬁ é\sél 1Pnra]1 ! 8&?[% Ssa{a((l:jcﬁrrsl’l?rg%osgo%drat\?é: QY gbo%? Q b? 1a§ul %§ Fe(%’{t&* Oln some
em SHRIGAERSE, QlﬁieS@ﬂlprésB@n rnﬁ&iuletil?ftgmIbH&gﬁﬁgLﬁemtcbﬁxlpr&Mﬂiehmyge datato a

for | ower conpression rates and | ower quality for
ratigpfhet oebigpttessi on rates. Thus, theconpression nodul e

con heC t ' '

by 0T BNERS L O£ M0 TR H TR ALY o o
usecmﬁdj@m}&cboi@rahiloﬁmta) MQIVed by adj aestprassion @uslule 22. For example,

araneters t ain V|suallé | ossl ess out put . (%
the é%ﬁﬁ‘ﬁll cap e %aﬁwé dntetpchl Plows 2 ST (BRI SPRGRRGhat cause
the thmExQ:gQ&? ﬁ]%dﬁllaeﬂ' tHQ:QQng‘éatB@c@rﬁp@ssmﬁ@ SShQ4 ik 86O efbodiments,

8:1 or greater. In sone enbodi ments,

meEMHmadﬁpmem@wdnﬂwoduh@ezanmawube conflgured to

s the i e .data .to a |
OB S eHETS R bR o Rl foseme et e elue outpur
thatC WAEH G%ﬁﬂe(ﬁ Gida bl Qe awis Bigih (ﬁ&deﬂ@&mﬁr@ﬁe@ﬂlﬂﬁ@@ﬂ&h @R the same
rati o achi eved by the conpression nodul e 22. For

dispdsoadgylics, onchef adinry akillon dkerart wewlddet be thleio defarmireaehich image is
the orl%aﬁwltg\’?regso glﬁg d%% op y(%curcag gisoﬁl %B LAYeY 1ﬁs§?clt18n of the

ression no e conpr essi on
imagldls, in sone enbodlnents the canera 10 can provide
for variable conpressign. [0062] As used herein, the
t erl@P63]; sy ithycongiausdpederence tp rﬁ‘%‘ﬁﬂéd”‘?d’aﬁﬁ@l [sanplsp fclude a

stoﬁ%@&ewé’@ﬁn ﬁ%@&ﬁfedde%icg af M%ﬁ]l 1€ ot & a‘ﬂp 'tﬂie"lﬁldl élﬁ?é’t@[rage such

essed) 1 mage” data on the sane di spfay device, oné
as, dbr exalhnpiarl;utsxkltlhdut ilimitabien,alrdrd wipakb.d {lasht mbmoafbloe any other type of

det h
meingSlenit 4b dur eePaiaReuPagyS obHeata i 24 <o brgyiienty
largeﬁ§ BREd infide QhtaltRfn th@ﬁ;@%?res&@r@ﬁr%]ﬂul%? Rof@PpbhdHEE at least about 30

reference to Figure 1 he camera 10 can al so i ncl ude
mlrmt@tqfrva@@ aldvi rn@aznxelTb@héloo; bybit geler cesolwtian iadjap 6 Hemmes per

seconJ ovf/ev%P ¥he s){c?r%geoéev1ce%4 cgn ha?’vteoa%}‘r?l 9Ge. SUC h

[0064] In some embodiments, the storage device 24 can be mounted on an
exterior of the housing 12. Further, in some embodiments, the storage device 24 can be
connected to the other components of the system 14 through standard communication ports,
including, for example, but without limitation, IEEE 1394, USB 2.0, IDE, SATA, etc.
Further, in some embodiments, the storage device 24 can comprise a plurality of hard drives

operating under a RAID protocol. However, any type of storage device can be used.
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as, for exanple, but without l[imtation, hard disks,

flash nenory, or any other type of nenory device. In
w@oowe/1281ndi nents, the size of the storage devPCEU:008/060126

can be sufficiently large to store inage data fromthe

conpressi on nodul e 22 corresponding to at | east about

30 mnutes of video at 12 nega pi xel resolution,

12-bit color resolution, and at 60 franes per second.

OO 9008 SRS e BalLS R B som

emb&difemi! &t ORteAn @xtiatludd aOhohiier hUslengys kad d:ldlistphi@rdewce 30
in some enbodi ments, the storage device 24 can be

confignredcipeadiopoa RS tthRY V&?ﬁpﬁﬁé%t eppbred he theyistagmsgnpor 18 during

opeergtaogrlgggl’ns ts&?g aér?llq] ﬁ}%t %ﬁ p8|'[ oL m§3 &?ldgl' n%@ LB include a

suHsE?Epln@A\?y%tenethnﬁ@méd kteroutpluﬂ r&ino®] eerfbkndbmmmtage dﬁtbeto the monitor
sto&%ge device 24 can conprise a plurality g i
mogplevdls Bplepxanimy A ersubsarnling sydemgn be %‘é‘F ty Qytput video
p d e WI]Q1
Bty SHALASCRHOBET A oPenS6: LRSI W e etodimens
filtes meedeﬁmbdﬁnmmiming cah he aéapmdematsa peiforol dalensamplomg fildering, such that
nodul a dis devi ce 30 conflg ed to a
doiriggiging oo R saB B PR CLBRaPEE TBlF : HE MoRRgomodie 26 can
be $BABAred %o PeFrbing aﬁpqyﬁt bP ﬂeml):f&uﬁ@"?ro@é@%' fKedaty fibMEthe image
i mage processing nodul e 20 can include a subsaqflln
pros;ysgtngnm(bm R@rurlderepigerothe puenitoe edeld 6ew| Qutubl demgaced image
he.,noni tor nodul e 26. For exanple, such a
dm@%ﬁég %ﬁéosysten1can be configured to output video
l magmd]at a The dspRIPOINt cadkbe MGG, ofTAGKHITOrDE dRRMice. othe example, but
resolution. In some enbodinents, filters used fo
withevwdgnitasiongthe dispige 38 qapbes fausnehd & Dy parebsypported by the housing 12.
t
Fo?%}@%}ﬁ@?ﬁgﬂ (r:s]gnr}g bééﬁb%glr ts S[Hé:l?i %ﬁgg(gg%sr%%nwﬁﬁw an infinitely
adjomable arounpchnlfigui2® t@aiibvb&leahﬂpiay@@rte te ijuﬁted fooa‘rm p@Biyion relative to

thegHEiE47 A5 TR AU 90 V1T i L0 o D8I EBH Bl BEeans 12

In g&n& RbQHMBME, @Be Q%BB§ a0caf beBERRata tﬂ@mbﬁ%r%@d&h@bﬁrough any
. [0066] The display 30 can be any type of

typmmrﬁ videe pzrt{i;escisevh g for Eyamplg camit @B ODUCC\MOtrh@mdeo cable.

D ag]gfﬂ%g op (g%pttlggalg' ﬁfl’?i%'ﬁ%% cgjlel é f oucrgy( nC%Id ) recelve data from

theSRTR &d@@ﬂfélmﬂa@mpie@@edcjﬂna rakwsa&Oth@ %ﬂaék&ia@@iiﬂ&ﬁérﬁ&;tptﬁ the image
an |nf|n|teI%)ad justabl e nount configured to allow the

datgi tephayisglyt - b seipusmbadimgnigniheppeniiar gnodudq 3¢ jape theplayback
mggp% ﬂ%o&\%' céo]nflgft foC@te d@sp#lcﬁ/etﬁw%glg ayf I]Iﬁ?‘éﬁé&?ﬂ n)d 'dﬁﬁE@éor?’[Pol er (not
shcﬁm)odAms thet displali 3@lcay bé!@omntedbewmom siagleednhextdrhie the display

noni t or. modul e t hrough any
controller. The display controller can be configured to transfer data from either the monitor

module 26 or the playback module 28 to the display 30.

[0068] Figure 8 includes a flowchart 50 illustrating the processing of image data
by the camera 10. In some embodiments, the flowchart 50 can represent a control routine
stored in a memory device, such as the storage device 24, or another storage device (not

shown) within the camera 10. Additionally, a central processing unit (CPU) (not shown) can
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type of video cables such as, for exanple, an RGB or

YCC format video cable. [0067] Optionally, the
w@bk@ghzsak2 nodul e 28 can be configured to recei PEI/tis1088/060126

fromthe storage device 24, deconpressed and denpsaic

the i mage data and then output the inmage data to the

di splay 30. In sone enbodi nents, the nonitor nodule 26

and the playback nodul e 28 can be connected to the
be ((jclr(]%l? lgléal‘éd ttgr&%%}e 35% Iq%ltqtt%tglln?ogllhge 6l ay esgl 3% 8%@}1@806% 8}2: t‘chee 4 methods
cor\MsbbncﬁngStol’th: Soehag G0Cke E@clithd ﬁltlfﬁepé(ﬁWexC onthe PrdREsinglbrea single

di splay controller can be configured to transfer data
framec%va%ﬁ frefgerdaéa. ngiist e tarBrignes cas bpapnlisd to theysegersing of a single

. 1. Fi i
R TR T o ey e B R e hE oL g hoeo ce.
frahatratebyf glestecthaen 2, d0well as Bane raeshdOeno34, 24080, 60, and 120, or
wchart 50 can regyesent a control routine stored in

fl
othgr @B FAeSReRYR Iheso TAME S¢S 85¥k¥-age devi ce 24, or
anoi(h)%‘) St QU 9 ool BNI e rdflR ceS Iﬂp\’mgur%t Qbﬁr&lhﬁ)uQWaﬁ begm at
10. Addltlonally, a central processing unit (CPU (no
OpthtmmDﬂOdaﬁbe Iic dref apgratied Mazk e thet @mietrel (€ omt olghin sensor data For

e ti he bel ow desc tion of e t hods
e ety i e e Pided Rer | 5 a8 e 4 Raver Sensor
andHﬁpﬁ@@ﬁ@&&p@ﬁnkg@dﬁgOCGSSIng of a single frame of
video i mage data. Thus, the techniques can be applied
to {M&0br odies sxamgol@fbuawghwgll@@ﬂpn |wxi}nﬁé@enc¢|ﬁ@§ ggure 3, the image
serfg(r)lp ?an oerﬁ%rcl:s%n %11\7?88 bdeev1acg Rlla{/frerg t };elg epa errg(r:e LT on 1ttsn§11glht receiving
surIa'be AFus)veel focaSe(f fnaige fxfoa{ e opfﬁcs'z?l@rdv\%ae %716 fochéed c¥0the B@yer pattern
and 120, or other frame rates between these frane
filtprp dheo MitSedavise. off he gugeaientprddnt fiwed esisiesoeexample of the
I k
Ba éiq}a{{tgm %h afég% rt%lt air%ﬁgﬁ'n%g I(()FB ep?%{e%cgfﬁggygqg%&@s &IVQ:%
obt a)(ﬁl]sensmﬁgd&t}a colaom mxsanh'p f@yrthwiotumrr fére tienle s etige of the Bayer
patg‘é@ (? @éY]g t%g rg-nre]rogg c?rg rtl&eatﬁp %ﬁﬁgttgrﬁg é@%ﬁ%gm% columns and
rO\LQQer]ibeh_'&lr reRX0R BoluRHim Wl RGN, | HEWERALT @R 1aYbuths merely chosen
reference to Figure 3, the inmage sensor can conprise a
arb@raTey dfew |pglep0lmw’rh dlustrmione rang adaee et flimit ey oof theserhbaghments or

\%el %%hn fgge Thus, the focused i nage fromthe
oB 7€"16 is focused on the Bayer pattern

fil {(EWZP“ t&%c@m&é\kn@&ln@ay%ﬂ“@atﬂeﬂ‘ﬁﬂl@e@ ef&PInche twice as many
Figure 3 illustrates an exanple of the Bayer pattern

greep glementsigy bup ané rad tlrgegiisn tin 8 pREgE of ﬁaw &r blue plements gnly appear
i %?C§ dgy Q07 B k) § +4.
m%our 3f§n% F&%%th%g?gﬁ¥mh% Eb%ﬁﬁﬁ. gagg‘p%% andn
Hoarder; guem elesietith @peat! int dil fooun ahd emutnlne, ihteppesed With the red and blue
pattern. The remai ni ng col ums and

elements.

[0073] Thus, in the operation block 52, the red, blue, and green image data output
from the image sensor 18 can be received by the image processing module 20 and organized
into separate color data components, such as those illustrated in Figure 7. As shown in

Figure 7, and as described above with reference to Figure 4, the image processing module 20

can separate the red, blue, and green image data into four separate components. Figure 7
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rows are | abeled relative to columm mand row n.

However, this layout is nerely chosen arbitrarily for
w@eoopossas2 of illustration, and does not |imt BeEUST008/060126

t he enbodi nents or inventions disclosed herein. [0072]

As noted above, known Bayer pattern filters often

include twi ce as many green el enents as blue and red

el enent s. InthepaHernoffigwe 5, bhw denmns
illu.gcrat v‘?cp Plcomé)gréeélgs I((ﬁl’eF% \Asanncp ?éen%h -EZ ue camh)q_r}f:nt and a red
confpveme rHovgsvee ithi€ issneslySon2 R eaplaiywat bf srovssia@ ¢hnage data from the
. colums, interspersed with the red and bl ue el enents. .
imageeaspr ithudddifipnalleasgisirdaations the Beaee HpCcessHE edle B, wetionally,
can3PBuBISED JORIEY B 12UF lndeh AN, TROC Sensof 18

e‘recelve e processi ng nodule 20 and
or g@ar4ed Aﬂhoﬁﬁemamabmbkmkdﬂ thatfbwechapotent move g ho @peration
those illustrated in Figure 7. As shown in Figure 7,

blogl ot a1 the SRFTAHILPIatoYR: tbﬁ {her dpiacam b f?f&l@#?@ﬁ?%e% Fgriggample,
optioﬂme aRY QRESP LMY MRIMEQLRD 153Ne 5 ERALALIE otdf o @fl bIBL HBage data

and "green image data into four Séparaté conponents
ﬁmﬁﬁ@yne9%mHHMSmdanascmmdhgnﬁemﬁnﬁhpmnbnﬁgh@ﬁneEﬂwm and

HOV\@Q’éﬁ) t E?rbex:églp qu%g%gat%)% G ér??prw%g})%geoqtp'rocessed in other

waydl 0f 855k ReibbORmeRsdBeamhiOtat b bBBEsS@NSYe e (mathematically)
Addi tional ly, as not ed above, the image processi ng

nonniteal. e Some compre@ﬁw plgoridians benefitt frem ipesforring evabica finesrigation on
the% ctur% %lemenL prlo q?%rr]npirgg%fell om“%gl?l{f Qggxgﬂechm%gg c}m aqsc% be used. For

eration

exafiphy, did igagh Hmﬁ lcabBe ploBesstiewap arlmtirasmn, adkchPPovidldiessentially no
i mage data can be further processed. For exanpl e,
cm @E@ﬁonally any one or all of the resulting dat a

gre .
F JQU101g” CEl e GRSt PR IR 03 B g frose dua
usifgecdrue tdfered py oloefisettbn §=60US5] IEG«)menmh‘pdhm,enmhhisi aqwegecan be used
dat r e- epphasi zed o ssed i n, other
whith B Pk fsh Van exwﬂ@le%ﬁ t fimigtiors doging; peiEbHata in the
norkn@1i BRI (5@&%53”‘1‘1%%&1%5%&@1&”% elxhﬂﬂﬁl%r wh&@MRe image data is 12-bit
conpressi on al gorithms benefit from performng such a

datelt,uth@anagaeawandw pracashrd yitle ther eured eﬂ@MSﬁBiSorAdcbnonally, the image
essi an. ot her techm
data cn;P 6?ceses)%g n\%l Ot%? gurves sxéc & 5 @ (%Jc rreg(l():g&s%ﬁ and ¢ is an

offs\&t tvbhléh ¢annRar inGbhy Embwﬁlm’éh‘[sp rA@\zlitIﬂ)ﬂ&lﬁ $(fg&ﬂ|¥\}e§ lchryalB®be used. For
npha5|s [0076] In sone enbodi nents, the operation

exapIPi leuyEs i hepion a54 " 1aeB Tithg evhsm A. Bs iahd) Colle wenstants chosen to
pl‘OtglﬁIE LY L0Ges! %ﬁtio&glly Tid-Shove cﬁr@eé%r@&p&g LSPEY Rodified to

curve can b
provide more linear areas in the vicinity of black, similar to those techniques utilized in the

well-known Rec709 gamma curve. In applying these processes to the image data, the same
processes can be applied to all of the image data, or different processes can be applied to the
different colors of image data. However, these are merely exemplary curves that can be used
to process the image data, or curves or transforms can also be used. Additionally, these
processing techniques can be applied using mathematical functions such as those noted

above, or with Look Up Tables (LUTs). Additionally, different processes, techniques, or
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where the image data was, for exanple but w thout
limtation, floating point data in the normalized 0-1
w0 a00g2281kn ot her enbodi nents, for exanpl e, whePEI/Uk®08/060126
image data is 12-bit data, the i mage can be processed
with the curve y=(x/4095)L0.5. Additionally, the inmage
data can be processed with other curves, such as
y (x+c)Ag where 0. 01<g<l and c is an of fset, which can
transfsngst():%n ﬁg I & or%%%éﬁ)r(%l tt pe§ 1ma eod%%' i’fﬁ:rén?gs(s léétyggc’s SR during

rectyrﬁﬂﬂ | @(&Mg@ﬂatmaﬁ@erﬁureﬁwh&ﬂ dax@aﬂé& neieRVEL) ssccchosen
rOV|de the desired results. Additionally, the

abo B78ur védenths pesses bissk SAnthsdlaisdnt P8 cab My ¢y pp@peration
bloggose liﬁl%‘%r GI%EISI‘?%]OCQ SE’)hl% éocérﬁqﬁmv\gf &i@féhrent%'ecgﬁ]%gﬁraﬁs‘?omed.

echm I ques Ut Przed nown
Fmgﬂﬂﬁ@kgufw@edhmn@p@ky1mggéme&empmesas&e&dﬁﬁmtH&hkﬁmmfbmeand

dat a, the same processes n. be applied to. al
red; g CRIRCAMPRRenR [ NOPBRCTIOBERESES AT B ABpFS i v can be
trar{slﬂﬁmgﬁ ffyedu®fhcth@! LEReR imhfB@Ra Jafu8 - of HPWENE bne bPBREgrBLLpicture

nerely exenplary clirves that can be used to process
clembes hdjagpet tethaedar bowmictge sfentenainls fsomersmbadimahts mntyererage value

sed. ditionall. ese proces techni g
of {15 it 8 ER pHEP R el P B BRRish e bR St g E8e Fom the
redRHAR iAALY Bata QhIuM Fht dx@@kleUbut MiBloaBlikhiloh) average values of 2, 3, 4,
Additionally, different processes, techniques,
or pprer giAeT hags detenvabiss gerebe talpuldied faad swhiracizd deonpfed orejue picture
S d during recording of
ele;?x%xtltgm t%e cg{ﬁlr})tftl%e 966% (%[JJI%%?G I?Ch can affect noise
| evp)l()s:)] efFer efdiple] ]buAfv\ftﬁibutt Inaitafar atithasfebdnoc ko Bduret)@he raw
flowchart 50 can nove to an gﬁeratlon bl ock 56. In the
OUtBﬁbtefPéEhedﬁd BleBeRt Big2.n2 Ipsurridah by by @reﬁp PGy elomenisipm2ns, G

lnz,@:n Jbe 1{eastor meghs ﬁgrre%fﬂeﬂ% 83, U%ﬁéjtr?ﬁg)\ﬁ@ed gp%aﬁractmg

ge ‘dat a ¢4k be subtracte rom-eac | ue” and
the raedagmfghe vdbe of drqmrremtch;ng dreersdergent pbfodlowent s, a red

or ue i e data v e can be ransf

sub bactin " g @én(gﬁﬂge éﬁﬂé varad o mms)queast one

of fopgopar egﬂnﬁ’érﬁlt 'tﬂeeblﬁcla QIRIRhE @fRCEeMsfokRed Nea B8R manner by
bl ue plcture el enent. In sone enbodi nents, an average

subjratting thé atehageddthe suaburslsngegreen qiénugndd aStfyHQWs adj acent

gre pictyre el enents c be sdbtracted from ed

B ue | nigeBAtEVH U6 Crom cRamsr e$ Bt o G
| [ n[(ﬁ) d]I OoNn Fighye&9y agstratey M%&ll@ﬁg Hue data %mﬁﬁneﬂﬂbl@ér@ﬂﬁ%ﬁginal blue
i mage data val ues can be cal cul ated and subtracted

ravg fi@imﬁneu 108 tEngiermide the Beve vakve dalelqdnast B et dpaly tape gfelue in the
cor}\}ﬁq‘houfseﬁll@d Gi Uh§ tl"?e! @:ﬂ?ﬂtt ?([::\l §11 b'ﬁ:zolfs'e_ﬁxfglngh ghe :Bﬁ}éi elements).

Imtation, renceto ure
Smlilmnlypﬂltgpmtmf itlustiabee tlieexféd dhta remporknt Ba\magadeﬁ tmnﬂfnmwdde evhich the

3 e I Ry 215 KIS o R 1B ERE, e s can il

be E@ﬁl&aﬁedt‘%ﬁﬂsagé.n}a& eQXmEFé,b{hE Apdthtical process performed on the data are

entirely reversible such that all of the original values can be obtained by reversing those

tra@¥

processes.
[0081] With continued reference to Figure 8, after the operation block 56, the

flowchart 50 can move on to an operation block 58. In the operation block 58, the resulting
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t he average of the values of the surrounding green

el ement as follows: (1) Rmn = Rmn - (Gmn-1 + G
wore@sm2st1Gm n+l + Gm i ,n)/4 [0079] Siml arlBCT/UR®08/060126

bl ue el ements can be transfornmed in a siml|ar manner

by subtracting the average of the surroundi ng green

el enents as follows: (2) B mi n+i = Bm-|,n+l -(G

ml,n+Gm2,n+t 1 +Gm i nt2 + Gmn+i)/4 [0080]
oG Rl 510 B3p PR e B 90 PSR ey ko
corhpragisno algBdthnt. heFdrevxandli¢) ethk ahghpeeksidg Module i 2N<(Figlenl) yean be

one value in the conponent is filled in and the sane
configerefli tq uRsTeEm SBeh asempresTompIeotithe. hAdr epraprstHQY) the compressed

b Lanl.y ' [ hl st the red data

m“?%ﬁ%%ﬁé%ﬁ“ﬁ%%ﬁﬁggﬁé@ﬁé?%ﬁ%ﬁ%ﬁ?%@glph whi ch the

t r ajee82yr nedigueds £likuvenates RmddificaBlon sf thdefuwchare d0aigentified by the

Rm2,n-2- In this state, the imge data can still be
re IRt FBICEH) SO SPELEE e deakkR ARV I ToirHshig the Jowehart 5O

calPb LGRS RehE UHBL Yhd fandadfesBbRif it ds&r¥nd BNeERIY0€and thus
such that all of the original values can be obtained

arehdenti@edwsth titg saheselcpnocesseds. [ 0081] Wth conti nued

reference to Figur.e affer t ope jon bl ock .58,
* helPBBe nds B ol TS 5t dRaRRGhapach simg g aigpnts, can
optidhallNEmARBERLIbIPBIoB O£ Kin3Bme bhBodiftis! thB gddtRart P tsihalicSinclude
raw or can be substantially raw, can be further
an eperpii@s blogk 37 imsvhigh anlpok ritwiableorapr lees apmbiad 4 gt image data.  For
Faor  exanpl e ' e -qure. 1)
xR b0 o U PR b e o ST e used o

enhAhteefurthonqohgssdssion, Ih Beme empodimsas, thatottalpatablanf Fégure 11 is only
stored in the storage device 24 (Figure

I - 1). 0082
userl; fgiFhe pen PIClSE PIEMER(S o Iprgtlicr Fe&ed Bl th@h@"‘%’l%@@é’#a?% also be
use%q”or ¥egeami'l%ﬂlee§ic&%e %l@x%eﬁt?.f ghe @ﬁ‘ﬁe !H&)ﬂﬁfgatlablg%ay %olligéd %r the three
escri be reference to’the

the steps above wt
diffekamivcdiarst orscle aslobmayg havel igrovar lovlhep sabhe  Addisarally gfrodekes other

caorrespondi teps of._the flowhart 5Q! and thus are
thaf i PP PRt Py The e QL Rl S Ph A DRI o [ 00831 As
shopgsn FiBgUpRcERingt R frhQACHAL tin SPe. mhfhed OWdBeribed above with

enbodi ments,; can optionally omt operation block 54.
refgrancsdadigirboBiane Bs it hdsebern disetnerad Bat thedmagd dya from the image
o0 A0 PR B AP0 b YL "L Dol 48 R Sy

losSlpdsi idition@IPK altlough MheEimape pite Sy Beeal trhysféRd Celp Y By fe subtraction
Figure 11, can be used to enhance further conpression.

of grecrs page dsoall AEHEsaw imese dBikis sl explablede arpgdipser-1 o gample,
o B0 AL P S S TRILE Bl o con v
extracted and thus further processed, filtered, and/or demosaiced using any process the user
desires.

[0085] For example, with reference to Figure 12, the data stored in the storage
device 24 can be decompressed and demosaiced. Optionally, the camera 10 can be
configured to perform the method illustrated by flowchart 60. For example, but without

limitation, the playback module 28 can be configured to perform the method illustrated by
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used for red and blue picture elenents. The sane

| ook-up table may be used for the three different
w@oioensg11nr each color may have its own | ook- upCT/Ek1088/060126

Addi tional ly, processes other than that represented by

the curve of Figure 11 can al so be applied. [0084] By

processing the imge data in the nmanner descri bed

above with reference to Figures 8 and 8A it has been
ﬂog\_llgﬁc’ gg%(f" Lglg\év%\he?t a Bshe? aargalgo trar?stfar ttlé gata Lo k 9§ Flg’eecri]e{c\’/%)ce 24 into a

npressed by a conpression ratio o

sepafat@web@tiorpdid applyaini ovalbofthe Ytepsamaloe 8perathsidiof the rmkdcyart 60.
al t hough the inmage data has been transforned

t hel0986k r a W ithoerniipuegh reterenceringfazerat! d) tha flpweltark épecaﬁ éw\gm With the
opérme ‘Eié\l %2' fh V%Hchlthg\égﬁal @hd Qo %@%eé‘%rls & mpressed. For
alt
reversing certain o e processes, or
exmm&tmatdbaimgteﬁldn off the hdataoini gﬁdﬂalonrlﬂmmm @ac da the reverse of the
extracted and thys further processe flltered and/ or

COTARIRNQLT Rlgeritey Pgiosmed eegg%oqahélo%é? (§eare Vs . Afteioigsoperation
bloER 62 SKATR Ehart¥otddn HRLE becs, 5p@ra'%'09 logi 42, the data

stored i n the storage device can be deconpressed
andﬂméﬁbsamcﬁd:oﬁpﬂumndbuy641hquaaepaﬁmﬁwdan<nemnm1bkmk56

configured to pe orn1t thod illustrated. b .
(FIERE e P TBYETo oG e, E B0 PHUBEVVE ff | BOIEOH, orfpimvers
of MlyRRECSh Pt R ng BeeARedOBoCOWEth JitERACe B oP&RfIGH BlotiNSs of Figures

met hod illustrated byflowchart 60. However, a user can

8 anfl §4., cambesdmplicd e thddmags daien Aiier thempagton blpck 64 2the iflawighart 60
eparate, kstation and apply any or all of the
Cm]?8V§I]wéV Vvq%;peratlons of the flowchart 60. [0086]

W t [008&]nt | Mg dpefatib®Blek 166, the Guded pltureteindnksOdtardemosaiced.
60 can begin with the operatlon bl ock 62, in which the
Forgegple anietpbakavsy alyde qalyprBomghg daty é@ﬁ?ﬁfﬁé@@@en Fapd/or Green

2 (giéock )gin BQ&O%@%’ rs‘?o?ré o(ﬁ:vfge fzhth Eop&aﬂl ﬁ%@¥én9@to Figure 5,

can e re rse o e co réss
thegdrepmriitaperdgpe ffifoor thre data wompeneats Grean 1 pGrek 258n bElagarrged according

Af t t he ogperat bl.ock 62, the fI hart 60 can
to ﬁ%\% ??ayegrpa& lﬁfﬂbblﬂt?c‘li‘”@ﬁ Sef[s%ég] op‘lﬁ'% g¢sa dafa can then be
fur@x@? rd@ltnbé)cﬂ:egl l%ple(m}ﬁ‘ﬁnov@n RERRRSS ARATARS ?@deﬁaﬂlp%oqn@ﬁﬂ f?llﬂerpolatlon
| ock 56 (Figure 8) can be reversed. For exanpl e, th

lﬂhnqveﬂSe of the curve of Flgure 11 or the inverse of
any t he .ot her, functi ons descri bed above wth .
ot ok e * FEBELs PG CRE R TR, PSRy G AESn i dagpgemosaiced
frofmed)l Sfeh@ il reeh inthgk lAgtal megreamraage/&ianeermst 1H@1tmé6fvﬂthl 108 letter Gy
bl ock 64, the flomchart 60 can nobve on to a step

represeEgYrigingl rive (desemprassH) Bnesskdagband He elgrasis pie@ftlfiﬂdewnh “DGy”
oSSR RS ACTRAR) ety EO, TR e, 18" g roces
Thanwhehcl@usek used with regard to the below deSCI"lptIOI’lS of the demosaicing process
for the other colors. Figure 14 illustrates an exemplary image data layout for green image
data demosaiced from Y2 of the original green image data.

[0090] With continued reference to Figure 12, the flowchart 60 can, after the
operation block 66, move on to an operation block 68. In the operation block 68, the

demosaiced green image data can be further processed. For example, but without limitation,

noise reduction techniques can be applied to the green image data. However, any other image
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2 (Figure 7) can be stored in the storage device 24.
For exanple, with reference to Figure 5, the green
wo pga28iat a from the data conmponents Green 1, E'BES2088/060126
can be arranged according to the original Bayer
pattern applied by the image sensor 18. The green data
can then be further denbsaiced by any known techni que,
such as, for exanple linear interpolation, bilinear,
etc. [0089 gure 13.illustrates an ex lary |ayout .
progspsify Losasl. ¢ ST 3 A AASAR AU, G 45 PP g B efcen image
mmﬂbﬂﬁﬂﬂkﬂﬁﬁﬁn@ﬁbﬁmkE@Qh&ﬂ@@&mh%@gﬁnﬁkﬁ@%ﬂhﬁmﬂQﬁﬁ&bﬁbﬁﬂk70
letter Ckerepresent original raw
( de[@@ﬂi;br esleebl opemaitpe bdiecka/ Oathd redhandelemesrgs drtdesan b¢ dedosaiced.

ith D" t d
For Samler Gr) TRARHC CHPBLOTE Eha Siing it £ ot Gree! acegilhe to te
orightBAG phtikiR (FigudS8Y Thd furfott@hdcleMeitbers BROOWIn Figure 16, can be

descriptions of the denosaicing process for the other
demestieds fromi Garaxistisg iUlvegnagst &z apingrexpnavy demegaciaatiechnique,

mclgf’rﬁ%g ilflrtlle% Etego?a%ﬁ%ggg% d&E a[%oggﬁ%%?ﬁe%é%ﬁ %&e‘[g& t%}g will be

blug #ihi4ge @latefot every gbték%aslsﬁowh he FidueanchraHowbeer Cials, blad tnedge data was
t he eﬁeratlon bl ock nove on to_an operation bl ock
dempgaicqhbasefs o Hisraedi B?fi B U dRagsedats pleFigwivds af-¢c Blye gpagsndata values

frorh e Lﬁi@%nqma LV LGS S&Erg&@ossed For exanpl e, but
tion, noise reduction techniques can be

ap |c[[)092c]| t oTHleh(aaegatlee rblocké?@e:anl atsa md%hﬂmew@mosamyxgqirdmxss of the red
. epr.ocessi ng t echni i as
imapSany EOCSeniln U 160 TBRECAE TO FIgs Mooty g according t
the 8AtiRal B¥ybEFatkhena RELRE u8hodaleg lSy 88y kb dehRusbiag Earo@@ss such as

can nové on to an operation block 70. [0091] In the
lnwepeﬁaﬂﬂ@mmbhbn%w?@: the red and que i mage data can be

OB =B OB b 5 B s DR B B Berion

blo@cf 7l Nal thB&)p%fatxbﬁttﬂ@ika Fthauremoaaﬁaed %beanaumm@umdgmgata can be
el emrents, as shown in Figure 16, can be denosai ced

recqrasemt%@oe*h%dmalm%eqnﬁﬁ@ee dafe-a using any known

C|n d Neary | at
bl 4 neA B Joﬁl%%s%bg)uﬁg%ﬁj;égég}f M(}g?n%ééiaa%? bnué’] gg ?ia?héé%gents can
be I‘M:dristrb@ecbby,l eddimmipethel gtean fvm er émef §o- $1te)d %Ireeasmgme\lﬁmbm (the green

(49 2

el BasBofe!iRE rde.ami GoD| Tie PPYGE. R sfmple, afte
den@sﬁeﬁlg the Blu@ 1maé%| H'ﬁa liNagees dAbRe (R ke:s vEﬁx@@BVh% #hgecause the

green 1 nage data val ues were subtracted 00972
orignpeé BayérarattbinodkFig@e ahd absmclude ude: eemientog diie |png'tion this blue

f t FE |
vaif¥ BEES e Slost it Lyt Ehisnant ol Parhdte 2hSs! Fiteg on. for
exainPlel BRe Yalued Aéth aBAYRS oA El6MmBntaBy ;| nymh,e,r , BepsanEBy, . or by

by any known denosai ci ng process such
any other technique or other blue image elements. As noted above, these values were

inmg%ﬁgre 16. However, this i mage d

modified in operation block 54 (Figure 8) and thus do not correspond to the original blue
image data detected by the image sensor 18. Rather, an average green value had been
subtracted from each of these values. Thus, the resulting blue image data DBp.;n2 also

represents blue data from which green image data has been subtracted. Thus, in one
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linear interpolation, bilinear, etc. [0093] After the

operation block 70, the flowhart can nove on to an
wep@sariion bl ock 72. In the operation bl ock 72PCT/082008/060126

denosai ced red and bl ue i nage data can be

reconstructed fromthe denosai ced green i mage dat a.

[0094] In sone enbodi nents, each of the red and bl ue

i mge data el ements can be reconstructed by adding in

h reen val ue f,rom co- si reen ilmge el enen t.h

e g Pt en s TRl GO By I R e Pt e ot
imdpeShlut OB, FAereyasRlthg idh i&ondarrd dleiifgge ddievdndle

i mage data includes a blue el ement value DBm 2 n-2.

Bec08d t hén m©¢miwdlf%yfeppb%itaﬂlé{the bluepngd/ar eed3magaidaipean first
be }egi‘;rlsﬂg%%@bgjo%gde\;ﬁéaogﬂ? gé i 0 dﬁ!){é{}}\?) 81%' {ah%laréércriggslge *grla%g data B'p.j g

canPse0figs sccondtadied igvaidingahe dvenge f/zﬂﬁe ef(&fépduerpuﬂiﬂm}@ green elements
values fron1an one of the elenents Bm3 3,
his vegldg rgsult jin oa%aan regalpulgfingyie éwma{ Rlbe lwég%fita@e 101* This
Pm%SFSé% %E?fé*fﬁgﬁﬁ NPTRRY B ARl e Bgn B Sblue fpoee dat
canabredfut theis dahoosaistd by ane kpond dtmoslaf@mgoﬂec}gnml ’H1eued |1Wdata can
data detected by the i. e sensor 18. Rather, an

alsQ DePrage sy B e SPEe Qs SIHUY BABIF S ubt ract ed from each of

t hepgosjal Uesurel TUS;llubiRRes £5UHHCADNRIF R fiEWRIE @8 Rentified by the
DBm 2n-2 al so represents blue data from which green

refgrereg aunhatah 60'aSobwent thaudteps dlesceidied atnys w1thrreference to the flowchart 60
can esrzrgﬂ? dﬁ@}n éam%asgsogg @ g%%ég&}ed]enngt sneeos%? the ﬁowchart 60" and thus
are\f@dnuﬁemﬁh Aelsaelibreradynunesab.ting in a r econst r uct ed

bl ue i mage data value. [0095] In sone enbodi nents,

opt 100971 [y Astshewnling iguiel/18A, e flpyredert e g2k iludertge operation
blo %H&Wﬁ)g %@%rﬁgorpﬁfo&’ 82 dm%%tﬁ)hr})%ck%%” ﬁ%bm%&ctlgﬁ ‘teechmque

or e mage da
canr I&Cpmﬁirmad:toedhebyn@d Gﬂlatag Hdn&xwpleaglﬁ wigoue lioifitatidre noise reduction
syrroundi ng g eenlﬁlenents T uld resu

IS
teol iR ARG ecﬂpp IR B8 IBECD HG 28 e i FAFT BPXJQ{]’FHH‘@%%G processing

tecﬂﬁ&@e Ben ok BhY- ahasmEhé&m%@sC €2ralsibe eﬁ%h@c?fof tRE ?f%éh Mhglihta. After
the blue | mage data. Subsequent | y, the ue i nmage

Opedéatoa bieok 686 teulavheraridenosak or tb tneraop blkaskwh'’

or RBRC P FRACRE b 101 A ApTRaREran FogsapSieed” In the

destiigtithesel Poithl AboWs Withr&freAcd @ Apbiatiah bRIBkDE6 htte7d, kiWaBaY, ked, and
60, identified by the reference nuneral 60 Sone of

blug fraagst darscagdslempeagicd o o sieph Meere e thetrsesepidlow chart 60/, the
dem%sgxrégnga(gft Apglrgea ol(prg o?:cum?%aga}tg s | ?es n%%ﬁmaac’ s%;g{gﬁste f gfrtﬂg&lgh the
samdjéé}ﬁd)sfaicﬁit Wclﬁrhqllebeiescﬁﬂied rabbey @mCBe nsedefoalt$is demosaicing process.
After the operation block 70’, the flow chart can move on to operation block 72, in which the
red and blue image data can be reconstructed, and operation block 64 in which an inverse
look-up table can be applied.

[0099] After the image data has been decompressed and processed according to

either of the flow charts 70 or 70, or any other suitable process, the image data can be further

processed as demosaiced image data.
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[0097] As shown in Figure 12A, the flow chart 60" can

i ncl ude the operation block 68 follow ng operation
whbk@sk2822 I n operation block 68, a noise redPCt/Us008/060126

techni que can be performed on the i mage data. For

exanpl e, but without Iimtation, noise reduction

techni ques can be applied to the green inmage data.

However, any other inmage processing technique, such as

antj - asing, technj can alsq b liedt

o, 2 SRS R s oo B PR G g o an
bluehAhte §aR JERYB ﬂﬁhér%d%g@;tx taNbDh@K ed OFof OQ8e, laB noted above,

operatlon bl ock , the image data can be denpsai ced.

thelmmaheyd ssuere pcnsaweﬁ@greﬁrm hght dlsmpeiaging nd pfoegseing ¢het green image
ope.ati bl ocks 66 and 70 reen red, an

datp 8‘3”8 QECEN "BEdE, 8|Wé‘d“‘”1 ‘ﬁ $£EDS. m‘%‘i&ké’\‘fﬁﬁve j s, the

subisBquepf RE@RtrudtlonWwr afeatd arﬁpolue intge dEMERbE higtt&ff byatht processing of
three colors of inage data is represented in a single

theggregs imgge ¢iduigh t he same denosai ci ng t echni ques

or o AR kPR 5dFer YR Bfve ol g¥ RURR B Bments pgred and
blue@tenteaise Ths,tio edpedimentd Wwhbleadikof Ttk gredh dakd i6 hetﬁlhéﬁ thegk is twice as

and bl ue inmmage data can be reconstructed, an
mugh dinags gafa 6<i>rotér< ggean ielemgniscas comPerddp citheobk r‘ﬁfb ok hliyp dmage data
b [
e A B AR, L, b e e B CREcchniques
resfilt owv @ hbegttes déﬁhasalcem sharpxen@nyorobﬂnelr\msm|fﬂ1atmldeumgace§$,ing these

the.i data can be further. proce S denn ai ced
derhiainet QAR o TSOT TG LT Cion g A gt BBR Mady Aapdugsters the
beREEOhBoEIREONSIHH Weel hidBerl REILESh BNehDbMENAINBYS dRbao the process,

certain further advantages can be achieved. For
recengivplien, apd dyoesegingisd e, red bed hluerelamente As sypby e resulting image is
ﬁnﬁﬁpéﬂﬁh&% to green light. Denosiacing and processing

reen’ i mage data optinze the green image val ues,

to mhlch the human eye is nore sensitive. Thus, the

subsequent reconstruction of the red and bl ue inage

data will be affected by the processing of the green

i mage data. [0101] Additionally, Bayer patterns have

twi ce as many green elenments as red and bl ue el enents.

Thus, in enbodi nents where all of the green data is

retained, there is twice as nmuch i mage data for the

green elenents as conpared to either the red or blue

i mage data el enents. Thus, the denpsaicing techniques,

filters, and other inmage processing techniques result

in a better denosai ced, sharpened, or otherw se

filtered image. Using these denbsaiced values to

reconstruct and denosaic the red and bl ue i mage data

transfers the
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benefits associated with the higher resolution of the
original green data to the process, reconstruction,
wa@pasdestosai ci ng of the red and bl ue el enent s. PEEUS200$1060126
the resulting image is further enhanced. WHAT | S
CLAIMED I'S: 1. A video canera conprising: a portable
housi ng; a |l ens assenbly supported by the housing and
configured to focus light; a light sensitive device
!ggii'§#r§%§E9§gonvert the focused light into raw i mage
olution of at least 2k at a franme rate
of at |Q@$khanH&akwﬁ5ﬁMnéhree frames per second; a
menory device; and an image processing system
conflgur%ﬂﬁ@bkd@Hﬁﬁéss and store in the nenory device
the raw | r r t
Six o ooromgthR shipoReg By RO ALitoh fpftta ot iR

and at aa ﬁ@'ttSer@ftw@tde{/leasénf'%bmdtto Z&Weﬂaliﬁaﬂ)cpﬁﬂ l@ﬁcmnﬂraw image
A video canera accordln%%to Claiml, wherein t

i 'rraé%.rd priticessPhigon pd ek Masiuslt Alef f@BWprlaFes‘éfsatdﬁaSF ﬁBﬁJé ‘twenty-three

proggﬁéﬁggsgggyle configured to nodify the i mage data
representing at | east one of the first and second

col or s bamesiopnevive; mﬂage data of the third color.

A video camera accordin Ch% ¢}2 wherein the thir

Col or 1 SUGTEER PraFesne P aes TGS FoeBRRIFR Gt 6 5&‘?}? memory
2, wWhgdeihh rﬁ\hgm‘a%gi«%a B RC6pIebGorREY! o dt JeaGOfK it9Wh&dnd remain
to subtract a va of the Image data of the third

col substanigatiywasuaby 10@$lessr@d|atmgeée oflzett deasifabpife? 3fframs painggeond.
second c

whefein ghvgéeon%mera accordm r a aC gIJéi(ljll tﬂglgméé%:%rgée%ﬁg system

roces§ ng sy tEm
furRP Yol HSisdshen | iFage ;Q@de@snﬁ)gc mdiid lcbx‘ﬁﬂguréiiet‘@l’iﬁbdlf@nme image data
third colors after the imge processing nodul e has
reprgsemifniget Ieapieoneneighe dext and éﬁ‘&P@‘g éﬂ?isﬁﬁs%j? on thgdmaghdatgpf the third
colbpe first and second colors. 6. A video canera
according to Claim2, wherein the i mage processing
sysBen1iAxm&nkmgmm@dandngai@bﬁnéb@h@dhd&ﬂhbﬂcMheBgmage
data representing the hlrd vi deo cane

accor di ng WEOCRRFHageor %l“é 'f“?rﬁlﬂtﬁes‘%? Pfo\‘i%ssmg module is

coxﬁf‘g\&kéﬂeto subtract a value of the image data of the third color from values of the image
data of the first and second colors.

5. A video camera according to Claim 2, wherein the image processing system is
configured to compress the image data of the first, second, and third colors after the image
processing module has modified the image data representing at least one of the first and
second colors.

6. A video camera according to Claim 2, wherein the image processing system is
configured to delete about half of the image data representing the third color.

7. A video camera according to Claim 6, wherein the light sensitive device
includes a first group of sensor cells configured to detect the first color, a second group of
sensor cells configured to detect the second color, and a third group of sensor cells configured
to detect the third color, the third group of sensor cells comprising twice as many sensor cells

-as the second group of sensor cells.
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includes a first group of sensor cells configured to

detect the first color, a second group of sensor cells
w@oemBilgained to detect the second col or, and a P¢Ii/D82008/060126

group of sensor cells configured to detect the third

color, the third group of sensor cells conprising

twi ce as many sensor cells as the second group of

sensor cells.8. A video canera according to Clain11

ei n {he, menp devi.ce. i po
houél ng. A deﬂ"%’?‘&‘é&‘c‘&%ﬂﬁ%é" i@%? Wﬁ“de‘(‘é f’d“s?”‘ﬂ{ “eev‘ce Is disposed
Wnﬁnﬁh@h@mh@e menory device is supported on the outS|de
of the housing. 10. A video canera according to Claim
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a compression device configured to compress the image data of the first,
second, and third colors and to store the compressed image data on the memory
device at a frame rate of at least about 23 frames per second.

14. A video camera according to Claim 13, wherein the third color is green.

15. A video camera according to Claim 13, wherein the image processing module
is configured to subtract the values of the image data of the third color from the values of
image data of at least one of the first and second colors.

16. A video camera according to Claim 15, wherein the values of the image data
of the third color comprise an average of values of selected image data of the third color.

17. A video camera according to Claim 13, wherein the image processing module

is configured to calculate an average of values of image data of the third color from at least
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I mage data of at |east one of the first and second

colors. 16. A video canera according to Caiml15,
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col or conprise an average of values of selected inage

data of the third color. 17. A video canera accordi ng
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23.  The method according to Claim 20, wherein the step of compressing the raw
digital image data comprises compressing the raw digital image data such that the data
remains visually lossless.

24.  The method according to Claim 20, wherein the step of recording comprises
storing the compressed raw digital image data.

25.  The method according to Claim 20, wherein the step of recording comprises

recording the raw image data at a rate of at least about 23.976 frames per second onto the

storage device.
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storing the conpressed raw digital image data. 25. The
nmet hod according to Caim 20, wherein the step of
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storing the compressed data at a frame rate of at least about 23 frames per
second.

30.  The method according to Claim 29, wherein the step of storing comprises
storing the compressed data on a camera including an image sensing device used for the step
of converting.

31.  The method according to Claim 29 additionally comprising the step of
deleting half of the third image data.

32.  The method according to Claim 29, where the step of modifying comprises
calculating an average of at least two pixels of third image data in subtracting the average
from a pixel of the first image data that is adjacent to both of the at least two pixels of third
image data.

33.  The method according to Claim 32, where the step of calculating comprises

calculating an average of at least four pixels of third image data.
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froma pixel of the first imge data that is adjacent

to both of the at |east two pixels of third imge
wa@l2108/1288 The nmet hod according to O aim32, WEr/ES1008€060126

step of cal culating conprises cal culating an average

of at |east four pixels of third i mage data. 34. The

met hod according to Caim?29, wherein the third i mge

data represents green i nage data. 35. The net hod
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t he housing and configured to focus light; a Iight
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demomigs tic Migstdmdge &g niginngodifying tasvdémegeed fitsa imdgealata based on a
frane rate of at |east about 23 franes per second. 41.
valpg ot (e degorained thirdimags dthg to C ai m 40, additionally

conppi si RY,;i iR efLomprising:
a lens assembly supported by the housing and configured to focus light;
a light sensitive device configured to convert the focused light into a signal of
raw image data representing the focused light;
a memory device; and
means for compressing and recording the raw image data at a frame rate of at
least about 23 frames per second.
41.  The video camera according to Claim 40, additionally comprising means for
reducing an entropy of the raw image data before the means for compressing compresses the
raw image data.

42. A video camera comprising:
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reduci ng an entropy of the raw i mage data before the

nmeans for conpressing conpresses the raw i nage dat a.
wa@2008A2811deo camera conpri sing: a portabl e housP@myUs2008/060126

havi ng at | east one handle configured to all ow a user

to mani pulate the orientation with respect to at | east

one degree of novenent of the housing during a video

recordi ng operation of the canera; a | ens assenbly
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I nsindeiptiae e wsicmgtomwith gbdpesetdsdtticase onkedegres of movement of the
configured to convert the focused light into raw i mage
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data at Al SR st & eomerdte Lrisep Jebhtaay imaee
r engdeR wHARS hAPLhAl toMiisHaf hYlcdP 3R 1288 91 a AcheAhiteBofl Alast about
of at l|east about 23 frames per second. 43. The video

canbyeatyaboe fidineg peroe@ndi m 42, wherei n t he i mage
D 00eS! 3 B Rl BE D T PP
dat a. an image processing system configured to compress and store in the memory
device the raw image data at a compression ratio of at least six to one and remain
substantially visually lossless, and at a rate of at least about 23 frames per second.
43. The video camera according to Claim 42, wherein the image processing
system is configured to reduce an entropy of the raw image data before compressing the raw

image data.

20-



