1 VIDEO CAMERA BACKGROUND Field of the Inventions [0001]The present inventions are directed
to digital cameras, such as those for capturing still or moving pictures, and more particularly, to digital
cameras that compress image data. Description of the Related Art 100021Despite the availability of
digital video cameras, the producers of major motion pictures and some television broadcast media
continue to rely film cameras. The film used for such provides video editors with very high resolution
images that can be edited by conventional means. More recently, however, such film is often scanned,
digitized and digitally edited. SUMMARY OF W%@MS [0003]Although some currently
available digital video cameras include high resolution image sensors, and thus output high resolution
video, the image processing and compression techniques used on board such cameras are too lossy
and thus eliminate too much raw image data t&H&hEdEptaNR in the high end portions of the market
noted aboverAnr aspecitatiigast one of the embodiments disclosed herein includes the realization
that video quality that is acceptable for the higher end portions of the markets noted above, such as
the major motion pi&%@mar&é‘ﬁ EEH B %‘é(ﬁgﬂéasb%?‘té)ﬁfﬁéé taadicap caperes.andhstoreheao for
substantiallyspeMidesitata having piteselition o atieastabaw 2k and.at aframe sate Shatleast
about 23 frames per second. [0004]Thus, in accordance with an embodiment, a video camera can
comprise a umage data.

Description of the Related Art

{0002} Despite the availability of digital video cameras, the producers of major
motion pictures and some television broadcast media continue to rely film cameras. The film
used for such provides video editors with very high resolution images that can be edited by
conventional means. More recently, however, such film is often scanned, digitized and
digitally edited.

SUMMARY OF THE INVENTIONS

{0003} Although some currently available digital video cameras include high
resolution image sensors, and thus output high resolution video, the image processing and
compression techniques used on board such cameras are too lossy and thus eliminate too
much raw image data to be acceptable in the high end portions of the market noted above.
An aspect of at least one of the embodiments disclosed herein includes the realization that
video quality that is 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



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™ratio of at least six to one and remain
substantially msoali\zidesiess. tanthatadratmohatteastrabiguti2d framnes per secendr 40005 H Neast
accordance Wg[h another embodiment, a method of recording a motion video with a camera can

comprise guiglr(m)glgll ITth onto I%lefia%%ogghsitive device. The method can also include converting the light

received by the lighfteskitiverdesioedimie: raishdigitdleineag diatana! 2 of at leastiaieataloitan
twenty three 1‘ri mes.per second, compressing the raw digital image data, and recording the raw image

{
data at a rate Of at least act%rgﬁ{azga?rgfjnpme%nﬁ% égég% ‘%Ht%rgosﬁ)ﬁ L {R510KS ASH5611A crstaahce with

yet another erabatimentid ddeaccameha tght cemapiigen BBYigesesnbiinsuppoctemby e guging and
configured toﬁ@g%s d%gdhg taanigataé I(i)gh% §ensitivetdet ice conf_%;lged 0 convert the focused light into a
signal of raw imzge data representing the Tocused g Y HE G FEPEL AR SRS M RRIPE Bt
device and nreanddoalcorapressinmdnetvetiadihgrite iraxgindagexdatatatod frame miei0f afleast about
23 frames per second [KAOOOYE]%In Claccordance with yet another embodiment, a video camera can

. €7 §efond onto a St . : .
comprise a pgrtasbferho%rélng 2V eg &t I64st one handle configured to allow a user to manipulate the

orientation with resjéé#6p at leastcoriztegrét ebrovereantissdhechousing6 ing:a Yideareerrding
operation of the camera, A lens assembly can comprise at.least one lens supported by the housing
and configuread? Efgsf%%ﬁgsnﬂgh?ugp 3%(;% éé%‘ggéﬁgn%ﬁé?ﬁ HBES g R L bR be
configured todesiveertfigiedusechtight ittio fausinagaidata wislzrahorizentahegsalutior gt ahiaast 2k
and at a framt% r@(t)(gu(ggdﬂil%%stﬁ%%ut twen'% triree f(rflges er second. A memory device can also be
configured to Storé Video‘iniage data. An mage prot %gif}{)&gg?é'f’e‘flﬁ"d&%aﬁé B e A RS HiBess and
store in the merhtxpdigviceeher avaimage adatdrana compressisnaatio of aklaaspsixdemne and remain
substantially visualIJGI@‘}ﬁIessI 1?29 at.a rate (%[%at %east about 23 frames per second. [0008]Another
aspect of at least one 0f the invEREaHAT RS BL S HEANS FAEGEEMERE- & HIeai SAMAE BB CHTSBIfke
human eye isrporaidehsithiegtbgiagnviarelengthmthanameabieicoliwa egtr imagamdaiabased
modification %fr.iemn%%(camd%t}%%létﬁléttfrtomt n irpageﬁs%nsor {;an be usedc%{to enhance compressibility of the
data, yet provide & higher qualty-vided image ONSSTcR ERITRGR: nthshodes dHepsing e
magnitude ofrgreeimlightedetecteiiifeammthe. madnitudemof recnoekiaibivie light detestedBiRmiQ
compressingghg %iehtgu ]’nhisaggg ¢ verEl t3 ere %rt'ld/or tgye ima%%gata_into a more compressible
form. For exar?zupi'e, IR theckhown processes o oAV iAP GRMMPLRTT BRI BB Ystago A EHEr, the
image is "decenetatedtyleavingimost Htiel image-datahin thenYed aikha.iftdiay) iBne ansUsththe
remaining chyom onents are more compressible. However, the known techniques for converting
to the Y'CbCrE] %ﬂf&n)g%?épﬁﬁ% %’é] gpﬁﬁrclee S(‘firgéo(cﬁg 8 E%%%IPBéﬁtgrﬂ{@étg’ﬁé338%5%@%&‘?%%%’88?0r data
is not spatiallyecoreiade damerBayeafeyattarmddta irotudigumwice asomudiarasninage datamsblue or
red image da a The1 Rrocesses ofb%reendmagf data subtraction, in accﬁ%rdance with some of the

embodiments QiSAlos8d lerein can be Sirmiar to thaPERCF 05 < AR SIS A0 98YiSeag FAWSt of
the image datmigdedtin the greeprisagerdatapfeaving:this remainingidaiadn awbam ORI Riesgiple
form.

lossless, and at a rate of at least about 23 frames per second.

[0608] Another aspect of at least one of the inventions disciosed 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



[0009]Further, the process of green image data subtraction can be reversed, preserving all the original
raw data Thus, the resulting system and method incorporating such a technique can provide lossless
or visually lossless and enhanced compressibility of such video image data. [0010]Thus, in
accordance with an embodiment, a video camera can comprise a lens assembly supported by the
housing and configured to focus light and a light sensitive device configured to convert the focused

light into a raesighah@birbageidata wriesrNingAt leagftsihrecend, apddLbird colarsiefithadqcused

light. An image rocessing module can be configured to modify image data of at least one of the first
55 et

and second FSIGFERR LS U TR T8GR R desolo nHIR/ IMsEs it edreamsiaiaCan

include a memnydinvenant acaPREssoRTVias configuies i camessibeimagsdata gf.the
first, second, and third colors and to store the compressed image data on the memory device. [0011]In

accordance WitHRGHE P eSSBS hEth S BFbToBE SKHG M FRBRIG WA B prycTtBE [THee method

can include conteriingan knage BodppiRdinidonage daja-rapreaealinGa:bist eRlahdsaeaRd.inage data
representing(?%zf_cond colgr, and third image data rePresenting a third color, modifying at least the first

image data a hserg)écsgﬁtﬂa}}ﬁac&g At E o BT R iR ifa b Hees, TR FreBuiFly Srsthirdgmage

data and the dmadifistditstranthageang-mAgeHaiasanst steERamhe-compiassed data. JA012lR.
accordance with yet anoF[her e%%%giment a videqg camera can comprise a lens assembly supported by

the housing é"’r%H’cS&ﬁ?Fgﬁ R Mg ’ﬁﬁ?&ﬁgéi%ﬁ%c@o%iﬁ@ﬂ%fBé%Xf@@%&%‘é’éﬂ@ért the

focused lightriotedaatawesignakohinegs dadairepeesanting el leashiirstesecong. aae third £RIQR of the
focused light. The Cargra.can also include means for modifying image data of at least one of the first

and second o6 BESEH oh RROTHSYBRIETIYE (REMhird color, a memory device, and a compression

device configured tgooompressutieimagepiadasofdherdeat isagendsand thisdeal s, apd fo,storg the
compressed im%gr(\e,,da%jgo the_merEory device, BRIEF DESCRIPTION OF THE DRAWINGS
Y :

[0013]FigurePLTE S Bl PHARLL A e e HIEHEERR IR eYSieE adptaod incorporating

such a technique can provide lossiess or visually Jossless and enhanced compressibility of
such video image data.

{0010] Thus, in accordance with an embodiment, a video camera can comprise a
lens assembly supported by the housing and configured to focus light and a light sensitive
device configured to convert the focused light into a raw signal of image data representing at
least first, second, and third colors of the focused light. An image processing module can be
configured to modify image data of at least one of the first and second colors based on the
image data of the third color. Additionally, the video camera can include a memory device
and 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.

[0011} In accordance with another embodiment, a method of processing an image
can be provided. The method can include converting an image and into first image 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



and/or can be configured to perform methods for processing video image data in accordance with an
embodiment. [0014]Figure 2 is an optional embodiment of a housing for the camera schematically
illustrated in Figure 1. [0015]Figure 3 is a schematic layout of an image sensor having a Bayer Pattern
Filter that can be used with the system illustrated in Figure 1. [0016]Figure 4 is a schematic block
diagram of an image processing module that can be Used in the system illustrated in Figure 1.

[0017]Figure deisca sahespaiinfaveut @b thengeeemimage:cata ianmibereansansoscalisff theimage
sensor of Figure 3. [0018]Figure 6 is a schematic layout of the remalnlng reen image data of Figure 5

after an optidiBISFELBE S OFEIBtfigesthne: SPHEIBIEN g8 ifAaged ?-[O&@W@W%?ﬁ@@
schematic laypit@f theredobhiaiidnsograan inagsrdatr Rt Giglse horganizeoiorpiosessingiy the

image processing module of Figure |, ' . _
gep on tge image data otgthe third color, a memory device, and 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 is a block diagram iliustrating a system that can include hardware
and/or can be configured to perform methods for processing video image data in accordance

with an embodiment.

{0014} Figure 2 is an optional embodiment of a housing for the camera

schematically illustrated in Figure 1.

[0015] Figure 3 is a schematic layout of an image sensor having a Bayer Pattern
Filter that can be used with the system illustrated in Figure 1.

[0016] Figure 4 is a schematic block diagram of an image processing module that

can be used in the system illustrated in Figure 1.

{0017) Figure 5 is a schematic layout of the green image data from the green
sensor cells of the image sensor of Figure 3.

[0018] Figure 6 is a schematic layout of the remaining green image data of Figure
5 after an optional process of 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.



[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 daIa resulting from an image transformation

process of Figure 8. 100231Figure 10 is a schematic Iayout of red image data resulting from an image

transformation procea3)f Figkieei8. 1[@%5%@@@@35}@51@&3@&@%@m@%@@@r@éﬂa&ﬁ&ﬁa@thm
can be applled to.the im r{%e data fg/gg} ] a correction. [0025]Figure 12 is a flowchart of a control
e

routine that ¢KA fgrglsae] TRFE ¢ of Figure | to decompress and demosaic image data.

[0024] Figure 11 illustrates an exemplary optional transform that can be applied to
the image data for gamma correction.

[0625] Figure 12 is a flowchart of a controi routine that can be used with the
system of Figure | to decompress and demosaic image data.

{0026} Figure 12A is a flowchart illustrating a modification of the control routine
of Figure 12 that can also be used with the system illustrated in Figure 1.

100271 Figure 13 is a schematic layout of green image data having been
decompressed and demosaiced according to the flowchart of Figure 12.

[0028] Figure 14 is a schematic layout of half of the original green image data
from Figure 13, having been decompressed and demosaiced according to the flowchart of
Figure 12.

[0029} Figure 15 is a schematic layout of blue image data having been
decompressed according to the flowchart of Figure 12,

[0030] Figure 16 is a schematic layout of blue image data of Figure 135 having
been demosaiced according to the flowchart of Figure 12,

DETAILED DESCRIPTION OF EMBODIMENTS

[0031] Figure 1 is a schematic diagram of a camera having image sensing,
processing, and compression modules, described in the context of a video 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



[00261Figure 12A is a flowchart illustrating a modification of the control routine of Figure 12 that can
also be used with the system illustrated in Figure 1. 100271Figure 13 is a schematic layout of green
image data having been decompressed and demosaiced according to the flowchart of Figure 12.
[0028]Figure 14 is a schematic layout of half of the original green image data from Figure 13, having
been decompressed and demosaiced according to th& flowchart of Figure 12. [0029]Figure 15 is a

schematic lay@yé ofale t@ﬁlﬁeaa&% havipg Basn desomprasrediaccoiding {9 the flaweharg of Figure
S

12. [0030]Figure 16 is a schematic layout of blue image data of Figure 15 having been demosaiced

according to HERBEcHatormBgrense Branivegs %@@r@m@ql@}ﬂmw@mmmmmgure
1is a schemagig diagram Qi f.camersphaving, Magsse950LRASE SR AN SRMPIESSIRN Jpogules,

described in the context of a video camera for moving pictures. The embodiments disclosed herein are
described in B Bffiex B fday ediselay#8ving a single sensor device with a Bayer pattern filter

because these embgiBents hiawe qug»&areyglﬁmrmg@géﬁaﬁtw&%@m@ﬁ&mgﬁ%{ﬂgﬁtﬁc %”Yd

inventions herein can also be applied to cameras having other types of image sensors (e

Bayer as wel{*\aStanarhieBayet sapsisidjastnaieriinpebs Gﬁmﬁ‘géi é@ﬁé@?@,%f;@réﬁi gy comagiififerent
image formakiyprex~end Hgipgeanfigwad-fQr-glill and/QrPAURGRICIHIESHT RUS:H, 19419 Qﬁﬁg&'&ﬁs&s’twd

that the embodiments disclosed herein are exemplary but nonlimiting embodiments, and thus, the
inventions diSE88e I ERYTLE & ok Mhired et BedideRs e exe B pimsee mivseksenmodule 20, and

the compression module 22 can be housed within the housing 12. The storage device 24 can
be mounted in the housing 12. Additionally, in some embodiments, the storage device 24 can
be mounted to an exterior of the housing 12 and connected to the remaining portions of the
system 14 through any type of known connector or cable. Additionally, the storage device 24
can be connected to the housing 12 with a flexible cable, thus allowing the storage device 24
to be moved somewhat independently from the housing 12. For example, with such a
flexible cable connection, the storage device 24 can be worn on a belt of a user, allowing the
total weight of the housing 12 to be reduced. Further, in some embodiments, the housing can
include one or more storage devices 24 inside and mounted to its exterior. Additionally, the
housing 12 can also support the monitor module 26, and playbook module 28. Additionally,
in some embodiments, the display 30 can be configured to be mounted to an exterior of the
housing 12,

[0034] The optics hardware 16 can be in the form of a lens system having at least
one lens configured to focus an incoming image onto the image sensor 18. The optics
hardware 16, optionally, can be in the form of a multi-lens system providing variable zoom,
aperture, and focus. Additionally, the optics hardware 16 can be in the form of a lens socket
supported by the housing 12 and configured to receive a plurality 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



[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 6 store and/or replay video image
data. For example, the system 14 can include optics hardware 16, an image sensor 18, an image
processing module 20, a compression module 22, and a storage device 24. Optionally, the camera 10
can also include a monitor module 26, a playback mofiule 28, and a display 30. [0033]Figure 2

illustrates a RoAMRIHAD-BXETHaledY:BRbALIBRERKO thR s M oA RRRRWEIN KeigHER 24 s RRticS

hardware 16 can be supported by the housing 12 in a manner that leaves it exposed at its outer

surface. In s STRYEURIEHTSE Hidls stans $18stbported within the housing 12. For example, the
image sensor 18, inm@EProcessinggodie 205 and the,compressianmadie 23.can be figggd within

the housing 12. The storage device 24 can be mounted in thé housing 12. Additionally, in some

embodimentdC5EBIad BRI UBAF B8R RGN telSary asieior tdkmd KAIOR gladcanauebrsected
to the remairting ROV Qb Systermidiiuuehany HERR:OS kRN CORRREIORAY: cable. Adgitionally,

the storage device 24 can be connected to the housing 12 with a flexible cable, thus allowing the

storage devicE% 1o BB fBVea¥niBFRE: hacHRsacstsonord fae Fsludsg IOMEST dxasspheyinih such

a flexible cahlg@nmeeionsthenstorage denicews, candbeswers-piha helf ofig, user,allowingthe.total
weight of the housing 12 to be reduced. Further, in some embodiments, the housing can include one

or more stor&§BIHNRUISLS £#1SHe Hhadhoartenie il dadtspundifieemilihdemusig 12 tiiRalso
support the rppRitgr mpdue 26, guatkPiasdiogk dRedule 28, Asiditionaly iR s e.cmbedinanis, the

display 30 can be configured to be mounted to an exterior of the housing 12. 100341The optics

hardware 16-CaN%8 FHE fOrficoeame fERpsRMBGIftrRetcsto ravhrs esrmguikasforteyan
incoming image ontqtasimnasersapsat Lproharpticehawerednsptionallyranhe indhefgm of a

multi-lens system providing variable zoom, aperture, and focus. Additionally, the optics hardware 16

can be in the fSFRTRINE 4R SR8 RS T8RS B4t Birsigars aHd cormsRmRds fo rhvaiva08birality of
different types akleneisystems forexdmplanfuiwithout imitationthe artics hardware 16 inglude a

socket configured to receive various sizes of lens systems including a 50-100 millimeter (F2.8) zoom

lens, an 18-58°AlIffme R EXByUBbRUERS 8065eMimEtiiches. 8y lergera SAdditiorally (He. 8ytgas. 25
millimeter (Fls@)denss 3anbinvaies (el -8 ﬂﬁéﬁd@@ﬁﬁ%ﬁ@%o(&%@ﬂ?%le%ﬁmwi%%ﬁﬁﬁ?ﬁl&ﬂ)'ee{"s’

and/or any other lens. As noted above, the optics hardware 16 can be 7 configured such that despite

which lens isPAFARA AL RS A ebic arnser fd Susd@iupdmmplfg e etesitve 18U Aaderofihdmeetge
sensor 18. [0p3ofisiadmagesensde LB aanRa any iyRe Qlaideo seRFNhEeUERIREIEINg image

data output.

[0036] The camera 10 can also be configured to downsample and subsequently
process the output of the sensor 18 to yield video output at 2K, 1080p, 720p, or any other
resolution. For example, the image data from the sensor 18 can be “windowed”, thereby
reducing the size of the output image and allowing for higher readout speeds. However,
other size sensors can also be used. Additionally, the camera 10 can be configured to
upsample the output of the sensor 18 to yield video output at higher resolutions.

[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 biue 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



for example, but without limitation. CCD, CMOS, vertically-stacked CMOS devices such as the
Foveon(r) sensor, or a multi-sensor array using a prism to divide light between the sensors. In some
embodiments, the image sensor 18 can include a CMOS device having about 12 million photocells.
However, other size sensors can also be used. In some configurations, camera 10 can be configured
to output video at "21;" (e.g., 2048 x 1152 pixels), "41& (e.g., 4,096 x 2.540 pixels), "4.51( horizontal
resolution ordgepaiac reslutigns: Aswsahiersioin hedesmsexnesseehinsormal f ik (sich as

2k and 4k noted above). the "x" %uantity refers to the approximate horizontal resolution. As such, "4k"

resolution coPfdBpFRAESEFANE HA0UE SHRIBR HEATOMARPIREIS Hidvakkeorie BSohdemesatidne2000 or
more pixels. Using pyisgtly oRmmessialeeveiiabled date: NoRenaeroanie assmal g apout 0.5
inches (8 mm), but it can be about 1.0 inches, or larger. Additionally, the image sensor 18 can be
configured t@PHOVRIE efabfecradinuitdni ey aaide the Ijabutpiramgiomy thipisaetesmised Bortiensof the
sensor 18. FRrexamBldhasenseetBandiaidielmace pracessingmaruie can be somianeeto
allow a user to identify the resolution of the image data output. 100361 The camera 10 can also be
configured to RS HIR BIEAnEF SuBsEbiue HilpSsrotiad8 tHE s pLlouT tapasknser 1@ eniimidnsidBor output

at 2K, 1080pep?e%ﬂﬂe%@%@é@%d&%%’éi%dﬁ@ﬁ%@iﬂFB'@c%%éﬂﬁ@?o%%ﬁ%%@%@%%%%@o%ﬁ@” be

"windowed", thereby reducingéthe size of the output image and allowing for higher readout speeds.

However, otifBfast/ansst<bisiandatadne asdevadefrisisamniriad dhinaract dlaanve oungigaratito
upsample thejemit ehthexaaser 4anayigihvidep pyRUtat RIONELIESOUIIONS, m RIS A

reference to Figure 1 and 3, in some embodiments, the sensor 18 can include a Bayer pattern filter. As
such, the seﬁ%gfl‘i%?tﬁ%ﬁé?@m%e%s@?@ﬁlﬁ Fhovryotssuinaaieasrebertagunagnandedicfred,
green, or blug-lightdgtectad ;bc%é@éiﬁ\ﬁld%dgtpj@pells 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 9888k fild$ Rasdweevashoumyesrdon Rasenantens die tlimibeiedfinetigienients
and the number afjblus, & alementsiTheshinsshef s IBRge s8asscande yaad I readhe

charge on each element of the image sensor and thus output ‘a.s”t’ream of values in the well-known
RGB format 3{itpdte blugaodspddnin eonevibdervisgermiz Temyeinalgase imeggedprocessing module 20

optionally can be cogiigyred to,fosmatis,dalenl eam Haene INRge SSUaAL S D BI%KBOWR

manner. In some embodiments, the image processing module 20 can be configured to separate the
green, red, afRiSIE tageeinii gt diree Ior fevimpiSatatscna s obaiitetn shE onasamphesting image

processing magule: 20 can hecsrnligueed Rsepanls the Jad Aatadote.ong dataglemany Hh%tbé‘t"e data

into one blue data element, and the green data into one green data element. For example, wit

reference to ETGEH4REREGIHEJESTHBE 881k Pt oDYasn andisddrarasdidatahprcvesuty odale 32,
a blue data ipagespresessineHBRAhY A4 ARH Adifshgresn dmage 4alR RrOsesaing Mgule 36..,

[0039]As noted above, however, the Bayer pattern data illustrated in Figure 3, has twice as'many

green pixels H84%eBther MbedbIETE IR Slim i afdd artmba bemponent with thé. Brbrdaidesd data
removed, leayiag gaindhe amieinal GERSP IMAGRHHR: of tLOPARLIR oS sMbadiments,the,camera

10 can be configured to delete or omit some of the green image data.”For example, in some

embodimentSetiEimS e rteRs ARt RBNE RIEY AR hE G iMAsdnto Walelw Dodstatsd.green image
data so that the totajppaqunt ¢f gsaeniReANEAtaHS the,same asfhe ameunisofPiie.and reqimage

data. For example, Figure 6 illustrates the remaining data after the image processing module 20

deletes 1/2 ofiFR JFeRgS RRGAEREE AR RIsE dnage Ao bmmbrrror mgliens hrsadas Hagzmen, and
n+3 have begp glelated. THisdSmRAalY @%%@WQ'&@@HB@@@%W RIQKSED asedaliiaLean be
org

deleted. Other patterns and other amounts reen image data can also be deleted. 100411 In
some alternattR2Qfriesen 104sie wnsRlires t qtisted brase djeen image data after the red

and blue image datgquas beerjsavainimetbasattop i airenmage dya.dhisonianalieehjaue is

described below following the description of the subtraction of green image data values from the other

color image dsg{gc_:t;vely 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



[004210ptionally, 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 9 determine if deleting a pattern of rows from the green image
data would result in aliasing artifacts, such as Moire lifles, or other visually perceptible artifacts. The

deletion modulecsamarfutbercaryiauachiosoesmRRalem OhaleeRImans drlaln delsla al would

present less risk of creating such artifacts. For example. the deletio can be configured-to
choose a gre@hi fTkyeUah e AMEtdmesaenther diseabataceeritapodisndidcdidttommeduhatnthe

image captureg faythedsnage-seRsaiob8incihes S’ﬁoi;%&gi%%ﬁtHé?a%‘%@&fee{%‘?@«Q @é%%%%igs%f

parallel horizontal lines. This deletion pattern can reduce or eliminate artifacts, suc oire lines,
that might hatiskeE6Testitroirh delgtsn perrrmmpte tbersindohmedul imaybedutafizarad eb hidose

horizontal lines delesifsbindh Imans [RAAIHpRMSE IS el QNG AT RAN. ARG,

example of the types of image features and deletion patterns that can be used by the deletion' module.
The deletion MHBEGEIEREERCAIRY e Borafgtrtartd e uderheriniggdersute rberapigrisedds athbratimge

data deletion pagieins] seERARfaRRXaMRle d@u&;\eﬂt@%&mw%u&e'&ﬂ&mﬁméeégﬁ%@% rowss,

: : . Y i
alternating diagonal lines, or other patterns. Additionally, the deletion module can be conflgure%lsto

delete portio Wféﬂﬁﬁﬁéﬁtim%é%faﬁeéﬁ&?ii@mé fstp e nsiterin Agkethaian ohiothef imageddata

depending onyth&aBREe Bf $8Rs6AHSEL (44 ddiianally,he camera 10 can be configured to insert a
data field into the image data indicating what image datahas been deleted. For example, but without

limitation, the camef@Wkan FEveygtive dresalisere ax¢atal fietonpmdithisibegianmipts of amytyideotlip
stored into thenaigraesnfeViaRl 2didhdicating.whak datedhas besp Hx%'_%%?&i%%%ﬁﬁi the, Jrames, of the
a

video clip. In some embodiments, the camera can be configured to insert a data field into gach frame
captured by RS 1BISINRACRME Wehiondsise: dihshinaase dhadukstedd Rorussartisie imsodags

embodimentsydirie hecMagacRrACessIngMAdUIe 2050 ﬁﬂﬂHéﬁQrﬁ%‘éFédﬁB% ]f/é?%;?xfe{»ﬁft%re?o%“ age

data in one deletion pattern, the data field can be as small as a single bit data field, indicating whether
or not image AEENABR, B eletBys ShicettRe MRRIBSprodddiingatindiile 2elésiconfigdubu tandbtete

data in only o RalkeAsiaR!sRidn TN IRdicUR Wk RIANTsPERNAEleIRA. (0oL some

embodiments, as noted above, the image processing module 20 can be configured to selectively

delete image HaES 380 A ARSI E AR DMRLRE SeRs o ense-

[0044] Additionally, the camera 10 can be configured to insert a data field into the
image data indicating what image data has been defeted. For example, but without limitation,
the camera 10 can be configured to insert a data field into the beginning of any video clip
stored into the storage device 24, indicating what data has been deleted in each of the
“frames” of the video clip. In some embodiments, the camera can be configured to insert a
data field into each frame captured by the sensor 18, indicating what image data has been
deleted. For example, in some embodiments, where the image processing module 20 is
configured to delete }; of the green image data in one deletion pattern, the data field can be as
small as a single bit data field, indicating whether or not image data has been deleted. 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 moduie 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



data deletion field can be larger, including a sufficient number of values to provide an 10 indication of
which of the plurality of different image data deletion patterns was used. This data field can be used by
downstream components and or processes to determine to which spacial positions the remaining
image data corresponds. 10046]In some embodiments, the image processing module can be
configured to retain all of the raw green image data. é% the data shown in Figure 5. In such

embodimentsadhaeage iR esSIRG MesUe FaniRrHASRRE AL MR AENIIMAIE AlRRIOpRRSING

modules. 100471 As noted above, in known Bayer pattern filters, there are twice as many green
elements as & MG dierded |83 EATe sireth SITRABRTD B fchapseses. 1n dreminertiswiniehred

elements coriping mrME e foldliBRYSHRALER aHQYshigiblue elements corresponded 25% of the
Bayer pattern array and the gIreen elements comprise 58% of the elements of the Bayer pattern array.

Thus, in some embBW#Ents, lvAeRs smépdieGiedhaniagge duasessiegametiletenrhagenfioredsing
module 20 cagincuds aserRekararndaiaimage RGESSINGMEdHIS 85 Ag %gabeﬁh\&oﬁf%g{s‘?e”

data image processing module 36 can process half of the green elements and the second green
image data JH5CERSRHERTEEHINE Seuls prbdedudnencramarelietinekndentsrddemwiaganothiepresent

inventions can be uggd7p conjunglien WROtherfyRgsRhRAtaHS, SHEDAS L %gsgmg&% Aut without
limitation, CMY and RGBW. [0048]%3)ure 7 includes schémaitic illustrations of the red, blue and two

green data c8IFPLREAME BTGB By $hadutsscimans 3ad dhe Be g wieye Bhimean. plovitherfurther
advantages hegausedhesaenadcastigrEationof £ah BfINBCMPAES 61, P AR E%Ehl%ﬂg]e since
ule

they are handling about the same amount of data. Additionally, the image processing mo 0 can

be selectivelf ¥R thoRaysh RIHRA MrBrotrksbe alef thempmesimpie ¢k (Mitsing
both modulesgigand Bhang: e s ared./2 AlUe OteeR MANSHAIR drigled(Ruich Lytiizes

only one of modules 36 and 38). However, other configurations can also be used. 10049]Additionally,
in some emblfifieitE ihdstiRge fhscEaaaPrmertsia medmendiuege citeivdnadstesndneiten cdatehe

configured o ARHOSBUAINIRARASSS, SEHER, 1AL BATRIE, ButiouHHRENon, RN corfection

processes, noise filteringﬁrocesses. etc. [0050]Additionally, in some embodiments, the image
processing nfSeRAs boltattieerrigarettvaadphateavhaiecsfimage date luntertifiomodulalifecef a blue

element and/gioresh the remaining green elements. However, the present inventions can be used in
conjunction with other types of patterns, such as for example, but without limitation, CMY
and RGBW.

[0048] Figure 7 includes schematic illustrations of the red, blue and two green
data components processed by modules 32, 34, 36, and 38 (Figure 4). This can provide
further advantages because the size and configuration of each of these modules can be about
the same since they are handling about the same amount of data. Additionally, the image
processing module 20 can be selectively switched between modes in which is processes all of
the green image data (by using both modules 36 and 38) and modes where ' of the green
image data is deleted (in which it utilizes only one of modules 36 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



111 element. As such, in some embodiments, when certain colors are detected by the image sensor
18, the corresponding red or blue element can be reduced to zero. For example, in many photographs,
there can be large areas of black, white, or gray. or a color shifted from gray toward the red or blue
colors. Thus, if the corresponding pixels of the image sensor 18 have sensed an area of aray, the
magnitude of the green, red, and blue, would be abolif equal Thus, if the green value is subtracted

from the red gaghlue xalygs the (eRaBRRlueaIkes Nl dIoRiP Z8E0s0L DRI+ qﬂé’im%%e ’
aCk,

subsequent compression process, there will be more zeros generated in pixels that Sense a
white, or grays#fa HhdithGerrePradingrigbiat il Bemaer s aohfpredisipletosmaitiohedlyxemepiubraction

of areen fromyape prhgiiphdtiaathencalars eanmakedhe resuiing age dala myrs sROArggpible for

other reasons. [0051] Such a technique can he@(lga achieve a higher'effective compression ratio and
yet remain vi$iEIK 1684 BsTariatb 1S FelationSHip 16 threcontreperdinh @issikginbtlimiaped atasEos
example, thexgirenul animadeiay elaiech o g amannt ot FaRdomnesS dBG MR8 TG ual

subtraction of image data of one color, for example, fromimage data of the other colors can reduce

the randomnéd8&S:a dhth 8878 dite tifes BhtRSHY dfametn agsh andt ok thidses cdlersdibeddyaaloimng the
data to be comnrasses @é;bigmga@qea@.reﬁﬁlanmtk%é@%lﬁ%#ﬂﬁ&s&ﬁiﬁﬂ!fbésé}fm@é&%f%é‘%to?e

collection of random color values. Rather, there is often a certain degree of correlation between

surrounding PrERr8earERRehis. XIS, Taticrssdtienkorhiserpiigliey cipeua thercBreaietiditnefdaicture
elements to aefieveRptieLsRRIAISIONJiIR AMOURE AL comRISs PRl depend. af lsaRt ip part. on

the entropy of the original information in the image. [00521In some embodiments, the magnitudes
subtracted frSMASYTS CBIIBKEICEbE HEasagaiLmetsIapRV AR S Etieonsagreen pixel

adjacent to the subjgpsigd or dilue PixginfUEREr LSRR KMbagdimans. e ‘g’r’%&mﬂ%ﬂgﬁeen

subtracted from the red or blue elements can be derived from an average of the surroun
elements. Suth [EERHIGIBR Ard eralssridee i raaksionshin by eMune s thetheeidimagedatan also

be used.  [P53hGMoNRIn DS DAGS RIRLERSIDEMAHIE 20 AR AR AR EARIQUreA Lo salactively

subtract green image data from the other colors. For example, the image processing module 20 can

be configured 1§ SRBARTIAR ¥ dMB88.88HPH R+ ARG Tt Bopoitmeoiareietteotisither of
the other cologs, wati RrRViieIBRHesCamPiRRsIRHit Otk Mismade. 6 intagsRrsessing

module 20 can be configured to insert flags into the image data’ indicating what portions of the image
data has bee5HOYiRA LS, drketridhgerntRitissdotabirhey samnBiclPparivastityeennitrsen so
modified. WithygaeiflagisinhloWnsi s apn e RISHGIECORSIHRION RAMAOREN! caikselectiysly add

green image values back into the image data of the other colors, based on the status of such data

flags.  [OOSSATESpAOFANE e Brieas SHECHI R e P2 sen HrseeiieludBhasupidr databiesttionon
module (not shgwiaheaafigwedto sgngivalugsithe drehand bus AR Fale@mpledhaftarthe

subtraction of green magnitudes, the red or blue data is near zero (e.g., within one or two on an 8-bit
scale rangingf8HY'0 588 MRSHER Nt tea! fodt a lR§heR réssiuten BysmvmyPFopfefeamprizitel
sensor 18 camfenaaiianit m&gg@utputting red, blue, and green data on a scale of 0-4095. Any
rounding or filtering of the data performed the rounding module can be adjusted to achieve the desired
effect. For example [#8%Hding 8918 siabrslimeptiotbelavsy edesmib i vinorn st avd s siash

output and toangrealer RxianhifSeMadaanerdasty fUIPY EARCERENISOMR RUNIINg.£3%PG

performed and still result in a visually lossless output. For example, on a 8-bit scale, red or blue data

having absolGlESBRE: of HPREF 21braa ARy finAHEdths erar SaENedRbiviged fiomsdiegedovrtput.
Additionally, gfma didrhihecale, pecerlderidatashaxipg an absRluig value Rf LRIE 41020 canbe

rounded to 0 and still provide visually lossiess output. 100551Additionally, the magnitudes of values

that can be réTHHAYES Z&reSor st St iR \nsivas, HRov e et dvisirs KATodsieks watbut
depends on the configsrgtion obtheaysten. inaldinadhspptics hardware,16dhemagesensqs 18.

the resolution of the image sensor, the color resolution (bit) of the image sensor 18, the types of

filtering, anti-SH5Sig e SHATHSE OB HBRES AR JEp e rither biplRe imEge provessirhemiotgk 20,
the compressiandeshpisidgsipereemed bnthecampiessiammedulf 22 AN, QIS PAAMSIRTS O

characteristics of the camera 10. )
portion of the image data of either of the other colors would provide better compressibility or



100561As noted above, in some embodiments, the camera 10 can be configured to delete 1/2 of the
green image 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 1/2 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. 13 This reduction in the green data can reduce

throughput r%‘aHirﬁmﬁi@tﬁl%mﬁeﬁﬁfa%%i?:P‘Bgeﬁk%ggfe?@t@% ition, Ie!yéotnh%{gg%gionigggﬂr ensiirrr;tgﬁﬁedata

can be used to reconstruct the red and blue im , described In greater de &SWW
reference to Figaredety igfigatme whyODSTPAS plothel hhesre dtive lvantera 10odied|soyiraludedan

compressionmaRuis 22, FAR ABERSSBMRAHE A can he LN orgn; L2 Separale b or t can

be implemented with software and another processor. For example, the compression modute 32 can
be in the forrficBfsEeRmnderepaticagakapistashipr essionshipasperforhsadgrnprassion telcenique in

accordance i i, IRER 2000 SN0 QIR SRBRIEENIRUISH NG R0RIT e compression

module can be configured to perform any type of compression process on the data from the image
processing module B83# sorftpéenbbiinmass risccssimprasdion ModuleR2 pertiahms Antbmpaession

technique thaldakes,apianiagreldisdsclaifues eeanyed o lie Jmage plocessing module,20. For

example, as noted above, the image pr_ocessiﬁg mo can be configured to reduce the
magnitude of¥s&pkEsagrtibasebarelibluel dacanbpatibtvdetingthedmabhitudtes bfrgreenrinjage data,

thereby resuliingiingkeales HaRey. 0k 281 valuss, aswel asolber affects, Additonally, the image
processing module 20 can perform a manipulation of raw data that uses the %ntropy of the IMage data.
Thus, the cof§fBEKIBFtEeRMiqherpermpite dhisystheordihpraskion Mdduler@arcanpbeiof adyisuhat
benefits from, HheqpLepehee of lLage YFdmet 2e1as 18 (8a1ee IR Ria6 Of e compressed data output
therefrom. [0059]Further, the compression mo'dL_JIe§22 can %% %oﬁ#lSﬁrgédof}oqﬁ%r%%%pe%es%&%n?méjgse data
from the imagRpHEEEESItY hwen brcag stedde aelie eevinuddiinabeliss ditpetafpteexameiey fastly, the
compressionnadule Canoe ceniguredrip aRRLY.ARY KIoWN campregsion technique, such as, but
without limitation, JPEG 2000, MotionJPEG. any DCT pavEhs co%%c,“a%‘ipggﬁce“é egéuéé%éc? St i
compressingSREGB\ MRy dodsitLUPE6A apEEdle; Hoffravnutiegien echeifimesd[8068]Depahding on the
type of CompiRsRIRMIRGNAbIRHe o ReIeLT RAEAMISIS. 9L BRIVBIESRIONICEIIANS, GAR be set
to provide a visually IossLess output. For example, many of the compression techriques hoted above
can be adjusBdRd AiRerSrraeora prussrshiodtasdwwhib neievidisenvieetmpskse dpthatresdttingnitage is
better qualityfor Iewigh SOMPIRIIPBIRBRARGVIRYER MR IQLIIGBLLE RIS IO UR IS L, the

to 0 and still provide visually lossless output.

[0055] Additionally, the magnitudes of values that can be rounded to zero, or
rounded to other values, and still provide a visually lossless output depends on the
configuration of the system, including the optics hardware 16, the image sensor 18, the
resolution of the image sensor, the color resolution (bit) of the image sensor 18, the types of
filtering, anti-aliasing techniques or other techniques performed by the image processing
module 20, the compression techniques performed by the compression module 22, and/or
other parameters or characieristics of the camera 10.

[0056] As noted above, in some embodiments, the camera 10 can be configured to
delete 'z of the green image 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 2 of the green image data after the average of the magnitudes of

the surrounding green data vaiues have been subtracted from the red and blue data values.



14 compression module can be configured to compress the image data in a way that provides a
visually lossless output, or can be configured to allow a user to adjust various parameters to obtain a
visually lossless output. For example, the compression module 22 can be configured to compress the
image data at a compression ratio of about 6:1. 7:1. 8:1 or greater. In some embodiments, the
compression module 22 can be configured to compreks the image data to a ratio of 12:1 or higher.

006 1]Additiongly. g pmaressopmedhls 22,cambe. sy o allow ayser to adiust he

compression ratio achieved by the’compression module examp eﬂﬁ%%é’ﬁné?ﬁ S%%\‘Fit?rqclude a
user interfacdtfdivakowsdditiet! t ifgutouminande thinagudathaicompsedsioremasttie: 2R:te:ghange

the compressiag gaio E0ug,/n SOTASTHIHIMENtS.I1BGRDS/A10 a0 provide for ariay

compression. [0062]As used herein, the term "visually lossless™ is intendéd to mcrude 80 put that,
when compared sidé8§73ide With@eigatavidvecaoempléssed]imagdudata@miiiessamaelisplay device,
one of ordinasy, skill in the: art wotlld Rt determine which image is. the original with a
reasonable degree ’g)qfa)acchracy, baseg 8n y@é’éﬁ; %?sﬁéﬁﬁspae%?Fgﬁao ”fhie% ir%féé:%l.} [%)%%%Wﬁné%%inued
reference to Fidflireofinie ashaspehtOreesestisn ihetuderapitotageotevicaiad niduaistdRage Beyiagcan be

in the form of gl u for example, but.without limitation, hard disks, flash
memory, or afr?y%t%f&e%%g{ g%‘%r?ﬁheﬁ;n%%% g%lé%t}ri %Sognqle?%ﬁﬁ?bog}rﬁeern%ﬁ%% Gz Bﬁsfhoéié%{’gﬁ]é'edg\/ice 24

can be sufficietffydarervsstord e g hssandmd. theatlm peegsiemionadebeid2esorresponding to at least
sbout 30 minutes of e ot 45 e ek eSRMIRD 47 Hcolrsallon, apat €0 romes per

second. However, the storage device 24 can have any size. [0 some m%%%naéﬁisfyﬁ?e% orage
device 24 cartBiEMsetintedioncan extdtior dftthdrhousheg ih2adeuthesstirmsomedrrbadimentssdhe

e e SATIVE SOOI AT Y DR iy

etc. Further, iftSamreemiseriinsbnigiahpsstoragd deticdrRaizcanocossing el piki cality of Hasdptsivas

e e S U S RS R R B AR
the values of the red and blue data by subtracting the magnitudes of green image data, thereby
resuiting in a greater number of zero values, as well as other effects. Additionally, the image
processing module 20 can perform a manipulation of raw data that uses the entropy of the
image data. Thus, the compression technique performed by the compression module 22 can
be of a type that benefits from the presence of larger strings of zeros to reduce the size of the
compressed data output therefrom.

[0059] Further, the compression module 22 can be configured to compress the
image data from the image processing module 20 to result in a visually lossless output. For
example, firstly, the compression module can be configured to apply any known compression
technique, such as, but without limitation, JPEG 2000, MotionJPEG, any DCT based codec,
any codec designed for compressing RGB image data, H.264, MPEG4, Huffman, or other
techniques.

{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



embodiments, the system can include a monitor module 26 and a display device 30 configured to
allow a user to view video images captured by the image sensor 18 during operation. In some
embodiments, the image processing module 20 can include a subsampling system configured to
output reduced resolution image data to the monitor module 26. For example. such a subsampling
system can be configured to output video image dataltb support 2K, 1080p. 720p, or any other
resolution. InpipR-aBRoINES-He s Hisad detslemesaicing Gan feAdepted i9,alse perforn
downsampling filtering, such that downsampling and filtering can bé per%)rme?%#%? gﬁgﬁ?n%. The
monitor mod S HCIHECOHRYLYERS Befenhearfy fppdloPdenres sichijuproetssstpahedata foom the
image processingmQrig 2fsTiRereafiak. the-moRlE MRdUE,26.£a% AHL»Semasaised image data
to the display 30. [00661Tfe display 3%%can be anygiy'pe_ of mo%?toring devtlﬂc%. to@&%ﬁﬁé‘%‘?‘ﬁﬁ?
without limitatfofPRecgidprainaecciiant a semnastoncnipahabsuppdradd bY: ther Gowasing IhoFsr
example, in sgAMeAMBAdIMERL SR SispiayaR 9@%%@%%@%%%%@&?'%eaﬂh%géagi A Topint
configured to allow the display 30 to be adjusted to any position relative to the housing 12 so fhat a
user can vievﬁ#ﬁ‘éﬁiéﬁé&?@@ &ny angle relative to the housing 12. In some embodiments, the
display 30 can be cegyiagted lojhadnanitanmesuiediiough any.typeof videg cablessuch as, for
example, an RGB or YCC format videoBCab!e. _H:?LOO671 Optioehal'l'yf the playé;ggﬁ?%oyu ena% &an be
configured to'fSER it iFormRE stsragE o aghieved budbsmprassedoart e dsaid thekmage.data
and then outprd taeimage i a ke, disalad%.dn sarn anaedimants, fiecnliangdig 20 and
the playback module 28 can be connected to the display through an inte meélary Isplay controller
(not shown). R SORIRIEHECHISNEYISE L4 Hengnihe e iasingle cBhwedtosdmetrndispiagnts,
controller. Theydisplay qonuplesGan faewonfigurss te.liansfer 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 imagd W4& by thé eshdeicin. the deme EmiBbaiteesiesshe freondhdrnosodaderepyssent a
control routing, storarin SrPERCHALSNICTSHER 35 B ISIOLagEdaYiRa 24 QL ANcter stofage device
(not shown) within the qgarrn{gra 10. A.dgitionally, a ceéntr;&grocegsir\l% unit ZCP (é%%s%o@%ﬁ%s%rgﬁ 16 be
configured toBsRBUE IS COstRs| dsina sFleb e wridwaekblionbsfaie meiousmowbispandigmiso the
flow chart 50 geesiRseiineghin Glaﬁs,gngsee%@g]&eo@%aai?,gb%&@d i %H%%%%Vﬂ gp%a{%%ggf‘%ﬁéa
Thus, the techniques can be applied to the processing of a single still iImage. These processes can
also be appliéd4&°-the processing of continuous video, e.g., frame rates of greater than 12, as well as
frame rates of 20, 24§, 243 6QnANCE2QrQLRING! AME fRigR hefaen these frame rates or
greater. [0069]With con_t?nued reference to Figure 8, cc_)ntr%rlG roufine can beginégg%pag%ti%]ﬁlg 6ck 52. In
the operationSHIEREE 59Vigse tarhbesorreadvirairisdadptmfarr el exampresivibirdfetenge tadfigure

1, the image aeneAr d8niRICH AR IRGMAR A BAYE! RENSALANEHIPRRIGAN QLIRS inagedata,
memory device. In some embodiments, the size of the storage device 24 can be sufficiently
large to store image data from the compression module 22 corresponding to at least about 30
minutes of video at 12 mega pixel resolution, 12-bit color resolution, and at 60 frames per
second. However, the storage device 24 can have any size.

[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 1o 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.



100701For example, but without limitation, with reference to Figure 3, the image sensor can comprise
a CMOS device having a Bayer pattern filter on its light receiving surface. Thus, the focused image
from the optics hardware 16 is focused on the Bayer pattern filter on the CMOS device of the image
sensor 18. Figure 3 illustrates an example of the Bayer pattern created by the arrangement of Bayer
pattern filter on the CMOS device.  10071] In Figuté 3, column m is the fourth column from the left

edge of the Bayer piyiesp andg 1 U@L Usdgn of the paier,The remaining

columns and rows are labeled relative to column m and row n."However, thi ayout 1S mere%} C
arbitrarily for FubpeEeNEt ifhatextism #88 dedudsorlimerdhy obthkilenifodirdents spinvehtionrs 30

disclosed her@gﬂél‘ggg 2lAs1pqted aboye V@wwm&ayﬁg#%ttgg&‘%%r% goftlileen iIinclude twice1 £s;many

mage Senso A
green elements as blue and red elements. In the pattern of fi , blue e enTents oniy appearin rows
n-3, n-1. n+1°Bf#aeR3. RedeRmamnsuhitycappetcinitivws rpoesns?  anduie-2Hoarever green

clements aPRSGE il WS BRI ColERS IRiessREFSSal PR SR AN blue glements, 10073 ThuS, in

the operation block 52, the red, blue,"and green image data output from th€ image sensor P8'CAn be
received by tREHHEG préee$apnsodusd 20sabeion]ingiZedtinto we par atenfgior data @opupotints,

such as thosg,ustialgddnfigue s ARBIEMHIL PG i asdasgriber apave ilhgeference to

Figure 4, the image processing module 20 can separate’the red, blue, and green image St& It four
separate compiienied Fydeaysaigiggst Meadantd leatse arenfome dts Graghinz gt Green @) atblue

component, aRdAEREh FRMBANEN HIOWEVRS HEMS IS LA SHEN 0N %%'T@P'?%‘%%Mi?&%%%%jﬁ%l%%mnage

data from the image sensor 18. Additionally, as noted above, the image processing mo
optionall), caRtadsRIfiFES riechsetivatyaax drpel of samesgieivs inmagrssdatatht0dad ) After the apezation

block 52, the figuctad RA&A0 OvAiRRIaaPeRiEtRBRACBH 1D 0% PAAliRn.bloc of. dhe Imace

data can be further processed. For example. optionally, any one or a e resulting data E(S?&ﬁ green
1, green 2, tl'féaﬁlﬂéthﬁéﬁé]%@-from Figure 9, and the red image data from Figure 10) can be further

processed.  1007Gjebr examaie, hedmane dala,canbe pleamphasiefor Piacessed nofher
ways. In some embodiments, the imagé data can beprocessed to be riore tmathema ically
non-linear. SefhogbHipragsmihgigisatan sendftionT perfobiiD ganet hupireal izatiznhonsing [icture
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adjustable mount configured to allow the display 30 to be adjusted to any position relative to
the housing 12 so that a user can view the display 30 at any angle relative to the housing 12.
In some embodiments, the dispiay 30 can be connected to the monitor module through any
type of video cables such as, for example, an RGB or YCC format video cable.

[0067] Optionally, the playback module 28 can be configured to receive data from
the storage device 24, decompressed and demosaic the image data and then output the image
data to the display 30. In some embodiments, the monitor module 26 and the playback
module 28 can be connected to the display through an intermediary display controller (not
shown). As such, the display 30 can be connected with a single connector to the display
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



00761In some embodiments, the operation block 54 can process the image data using curve defined
by the function y=x"0.5. In some embodiments, this curve can be used where the image data was, for
example but without limitation, floating point data in the normalized 0-1 range. In other embodiments,
for example, where the image data is 12-bit data, the image can be processed with the curve
y=tx/4095)"0.5. Additionally, the image data can be ptécessed with other curves, such as y=-(x+c)g
where 0.01<gg 1anqisaRolaelwhich cande finisomegmbadiments. Additionally, log urves can
also be used. For example, curves in the form y=A*log(B*xC) where A, 1§, Bhd Clare consttan S
chosen to prévitsrREdiRS e thediunshad ditioratpseribedbovdcorntsarittinr gresssingari beimgbdified to

provide moreiaRanARRs e el tint biackAmiaLiedhese Jerlinigugs Hilizedin fhe wellknown
Rec709 gamma curve. In applying these processes to the image data, the s&me processes can be
applied to alloftiBaasagEhaareceitferantliobe ssedichmbbeapplisdite ticcdifferentscdlizs okimage

data. Howevel ese.ais Terely SR TRIanyUNe AL can.0g uped o prosesshg imags fata, or

curves or transforms can also be used. Additionally, these processing technidques can be applied using
mathematicaPtigiclisng stiehbatrprodaaseieemnsiois, @ramitet.ook Up Tables (LUTSs). Additionally,

cierent processes,feoyICuag A AJANIYIA.LRD e \AEEY AIRIRN HOEROmage. dety

different ISO settings used during recording of the iImage data. temperature Ich can arfect noise
levels), etc. [ODFR}RReb sk Sperktitis DRRERIBY, theckoWcHartcBOIwan fhove ¢biain epexatitaiabldck 56. In

the operafion-blpgiat e dRILANCBIR BIEWIBSIRMENFAD be IANTAIMAd bR sxatIple, @5 noted

above, green image data can be subtracted from ea red image data tomponents. In
some embodiitbFtesElréanorBNiE Rfageadata value can be transformed by subtracting a green image

data value of at leaghgfs of te.ckeanRichieARBENI ANRRENL 18 LRELqL Blue pictyfe dement. In

some embodiments, an average value of the data value a’'plurality of adjacert gréen picture
elements carfBEYubtractsPfistnatieMed ciebioe hidne dafavealpettdFor @xanyple bligtitoeivlimitation,

average valugggf.2. 3n4 j t Iculated and suptracted from red
or blue picture elements Sm%ﬁ?%ﬁ%ﬁﬁi%% %‘g%@e%% %?c{%érlg %ﬁegryngfa%%tgc %O%J%iﬁgo?%géen%%%r@&% Without
limitation, witfiliefetenee ¢ HIgudevaelné taavidagsusdaiotheSred iglemznt e msumoyphdetithy four

Tanstormed By e T e B s ML rolows: (1)

Rm,n = Rm,n - (Gm[ﬁﬂild;mdr}rﬁsmsﬂn’iﬂ;c@mim)/m [oe@iSinsitastyn therbiie Bifmimtsiohn Beyer

et i S e T T
rows are labeled relative to column m and row n. However, this layout is merely chosen
arbitrarily for purposes of illustration, and does not limit any of the embodiments or
inventions disclosed herein.

[0072] As noted above, known Bayer pattern filters often include twice as many
green ejements as blue and red elements. In the pattern of figure 5, blue elements only appear
in rows n-3, n-1, n+1, and n+3. Red elements only appear in rows n-2, n, n+2, and n+4.
However, green elements appear in all rows and columns, interspersed with the red and blue
elements.

[0073] Thus, in the operation block 52, the red, biue, 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



[0080]Figure 9 illustrates a resulting blue data component where the original blue raw data B",.1", is
transformed, the new value labeled as 13"m_1"..] (only one value in the component is filled in and the
same technique can be used for all the blue elements). Similarly. Figure 10 illustrates the red data
component having been transformed in which the transformed red element Rmn2 is identified as
Win_2.n.2. In this state, the image data can still be cdrisidered -raw" data. For example, the

mathematicalpy. f t tirely reversihle such that all of the orjginal values
can be obta%igj%%%v%%%%ﬁ&%ﬁé%%ggszﬁg%ﬁgﬁl]%|thacrgﬁ?ir?jééf rgq‘?‘éerecnocmep S EGuPE%s? dfir the

operation blcERBENRe fldwepient BOcRmrsie @1 kxanpdaer atiorb ok Ssinknithege gatatiombleck 58,

the resulting ; Jhjgh i Qtia raw, can befur'%her ompressed tq using
2y Ko e i S 3500 Ty Leb b

configured to-peEHFABICH asteniprestitte digofithngrsftémegeniatession, the compressed raw data can
be stored in the sto evic igure 1. Rigure illustrates a modification of the flowchart
fB0%s R e%}%&%@ a é? Ui ogcl:“hart ri%sc move

50, identified by the reference numera ome e steps described ABJURYWIth Per8RSHE o the
flowchart 50 gskoésirilthecirgratisarhinels Yorthe ohtize derespindingtstepsakibeé flwekan 6 and
thus are identified, wyith the same. rgference n rals, 100831As shown in Figyre 8A, the Irlo chart 50/,
in some embo%ime_nés’, ca9n optionally omc?t r&%ﬁﬁ% r?%?o KA %oﬁn’é%?‘ﬁbdé!ﬁg 1S, 'R art 50'
can also inclf@adrigsperating ok Brdgehiatiraniodkwp tabterchn faetappliecktecthe image data. For

example, an optiongjdegk-up £ab esgnt he curve of Figure 1l, can be used tp.enhance
further compressior@ In sl;me em%‘oﬁgg’nts, E e go i 1a61e BF If%nl.}fr%ea iﬁ%%ooﬁu‘?rﬂgs%ﬁgﬂr?é Ggteen
picture eleméfiss Inbarcambodimeniss tihénagk-dpaabieteapradss ik tdedniors ¢otanehbiaipigture

elements. The same, look-in.t ay.he for the three different colors, or each color may have
its own look-up table. Additionally! procogsggg)%t rqu' than tha Orrélp%ggﬁgambﬁdf%eacﬁ?\%rgﬁﬁa 11
can also be dppHEHUOERIERY provsssingvsimagéldataén thkemaninet deseribgdahoveithor

reference to Bighgss BaNKA4 Jy3sbeen discoures hat e mage dala from the mage sencor 18

can be compressed by a compression ratio 0 or greater and remain Visualfy [OSSfeesy no
Additionally, &ilfRbRigh the image data has been transformed (e.qg., by the subtraction of green image

orosteses, al or SUu el ol o 1 SIS ot St A b S5 Actat chE i TorPeF b bbsse

filtered, and/8F8emosaidetingdity teyiprotesstheluseidesite smbodiments, this curve can be used
where the image data was, for example but without limitation, floating point data in the
normalized 0-1 range. In other embodiments, for example, where the image data is 12-bit
data, the image can be processed with the curve y=(x/4095)"0.5. Additionally, the image
data can be processed with other curves, such as y=(x+c)"g where 0.01<g<l and ¢ is an
offset, which can be 0 in some embodiments. Additionally, log curves can also be used. For
example, curves in the form y=A*log(B*x+C) where A, B, and C are constants chosen to
provide the desired results. Additionally, the above curves and processes can be modified to
provide more linear areas in the vicinity of biack, 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



[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 20 flowchart 60. However, a user can also transfer the
data from the storage device 24 into a separate workstation and apply any or all of the steps and/or

operations of .60 ontr ed ref 0 12, the flowchart 60 can
begin with thg%%gr%}{t){%%%(})%ku%idrrﬁg whic reﬁ hta rom%ﬁ oradggﬁewckgg sHinet SRR For

example, theréeé‘dmgFlfabﬁ)meﬁtr@fdaﬂmpﬁapmmm&mh 6fecandiee thectgverse of the compression

algorithm performe era lock 58. F| 8 fter ration block 62, the flowchart 60
can move on to an o%ﬁeﬁ?tron %e 0[%6% Pn%t eek 0|%e'r6<'§1t|ort:i %%9% H 2 BHBRYS et ARRIETD
operation bIobi@@Gt(@rglmréls)or;araWremlGé@L ﬁer@mﬂplﬂuﬁhedmvemaﬁntbeﬂubﬁﬂhﬁgmedll or

the inverse o ribed a ve WI h reference o oper tiop plock 56 of
Figures 8 ancg: 8812\ can e%gp% }é%cg' %%% %%rge cfgte eeosf)leria orrs éﬁomkeélﬁ Eﬁ) 8R&h%0 can

move on to arstepess [@@88}1mwheeep$eram@nnmmtﬁﬁmwmgreere(pmtmreeeim@rmat@ambe ciemesaiced.

F le, val om the,data components Green 1 nd/or Green 2
(I%Sr(: %pczﬁﬁgé}g@%"ggﬁ %b%]égpﬁﬁ\egd%%%e 54 gﬁo?aéaar%piaee\gvath Sferdicd ﬁﬁrgﬁ%%’?‘ﬁ%”@reen

image data frofgingiasddiaceonipdremts G hberplsiGeedmicanbecarcanged acsosding terthe ariginal

Bayer patter li [ ar, reen data can then be rth demo alced by any
known techn%%%gs%%%b&é? o(rg[}e%% %ﬂ Il(rrfeJ&a§ %?g%rrglo Taton %Banee%r?eg te“4bB8 1§?rates

an exemplarydgysitef green dﬁﬁag@]@mtéma}ceﬂrt without limitation, average values of 2, 3,
or more green image data values can be calculated and subtracted from red or blue picture
elements in the vicinity of the green picture elements.

{0078} For example, but without limitation, with reference to Figure 3, the raw
output for the red element Ri.2..2 is surrounded by four green picture elements Gmo 1.3, Gi-1n-
2, Gmosno, and Guop . Thus, the red element Rin2n2 can be transformed by subtracting the
average of the values of the surrounding green element as follows:

(1) Rmn = Rmn— (G-t + Gmetn + Gt + Gmer )/

[0079] Similarly, the blue elements can be transformed in a similar manner by
subtracting the average of the surrounding green elements as follows:

(2) Bm+1,n+1 = Bm+1,ﬂ+1 - (Gm+1|n + Gm+2.n+1 + Gm+1,n+2 + Gm,n+1)/4

[0080] Figure 9 illustrates a resulting blue data component where the original blue
raw data By is transformed, the new value labeled as B’y (only one value in the
component is filled in and the same technique can be used for all the blue elements).
Similarly, Figure 10 illustrates the red data component having been transformed in which the
transformed red element R0 o0 is identified as R'mz2nz. In this state, the image data can still
be considered “raw” data. For example, the mathematical process performed on the data are
entirely reversible such that all of the original values can be obtained by reversing those
processes.

[0081] With continued reference to Figure 8, after the operation block 36, the

flowchart 50 can move on to an operation block 58. In the operation block 58, the resulting



from all of the raw green image data. The green image elements identified with the letter G, represent
original raw (decompressed) image data and the elements identified with "DG," represent elements
that were derived from the original data through the demosaic process. This nomenclature is used with
regard to the below descriptions of the demosaicing process for the other colors. Figure 14 illustrates
an exemplary image data layout for green image datd lemosaiced from V: of the original green image

data. [00901Vih, sanEnvedelerenae Wikianie 20 IRuchan 60 can.alles (b, operaion Black 66

: b . wh
move on to an operation block 68. In the operation block 68 emosaiced green fmage data can be
further proceS¥BATEYPRXaEMBIEBUt Withcueltltatids, aomsprestloctiondebhiigudsaan be apphed to

the areen imggedaras ko peramantie ebiBRASHA L RIREERPINA IESITIRIE. SUGh A anlallasing

techniques, can also be applied to the green image data After the operation Block ,Ct(f%pﬁowc art 60
can move on'#/ &3t gardoTiontedk e, storagoderidaR 4Eigperation block 70, the red and blue image

data can be demospiggs) Formyarole. i3hndne Hiye AR 3t ObFIQUTE Ojgan be rearianged

according to the original Bayer pattern (Figure 15). The surrounding elements, ds shown in-Figure 16,
can be demo$ifeRissrovmeniel SListiaslabthnagesdinscubingahnyeknvre temaossicingfteshhigus)

including linegp,ipterpRiation. HUIERL- £16oAS & R WAL Jemasaig there.will e, blue jmage
data for every pixel as shown in Figurae 1%. However, thisgbﬂ}g%?n%g)e% gﬁ%%v%%wc?g?n%ggigg gléjs%ed on
the modified BliElfRHRe deith Srespeacderiece Blueairlage data values from which green image data

values were sublragigeisj0092{The Rperatien.Hlods 7qaR Alsg IAckirle;a demosaicing process of the
red image data. For example, the red image data from Figure 10 can be rearrangeé’accoraing to the
original Baye?Psitiaty andt fenthigiacinskait e dnispan eibodimdeim teaibing pro Séssasudboasdingar
interpolation Jilinear;stc,[9Q93Ater theiperation blagk. 79, the flawshart can move on to a
operation block 72. In the operation block 72, the d mosaic%éll;ge% ﬁ’ﬁﬁ%ﬁ@%ﬁdg%ﬁﬁ%@h bEeor
reconstructe@ftdiithaérdeptiosalcedigrecatinaigerasaaied by the curve of Figure 11, can be used to

enhance further compression. In some embodiments, the look-up table of Figure 11 is only
used for the green picture elements. In other embodiments, the iook-up table can also be
used for red and blue picture elements. The same look-up table may be used for the three
different colors, or each color may have its own look-up table. Additionally, processes other
than that represented by the curve of Figure 11 can also be applied.

[0084] By processing the image data in the manner described above with
reference to Figures 8 and 8A, it has been discovered that the image data from the image
sensor 18 can be compressed by a compression ratio of 6 to 1 or greater and remain visually
lossless. Additionally, although the image data has been transformed (e.g., by the subtraction
of green image data) all of the raw image data is still available to an end user. For example,
by reversing certain of the processes, all or substantially all of the original raw data can be
extracted and thus further processed, filtered, and/or demosaiced using any process the user
destres.

[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



[0094]In some embodiments, each of the red and blue image data elements can be reconstructed by
adding in the green value from co-sited green image element (the green image element in the same
column "m" and row "n" position). For example, after demosaicing, the blue image data includes a blue
element value DBm-2.n-2. Because the original Bayer pattern of Figure 3 did not include a blue
element at this position, this blue value DBm-2.n-2 wés derived through the demosaicing process

noted above fagsed-PB0 forexanap)e. e YRS farbra 0Re:RTHbs elenents 8.3 Bm-131-3,

Bm-imi, and Bmini or by any other technique or other blue image elements. As noted above, these

values were ABEREIRTSHEItidBRIIK Ty gl SesRrpiingd@o onsratrresichrl fovkbagriginal blue
image data detecteghhysine imagesRNAREILErEael, Bl averaoRorRaNYalshad Pesh @&ﬁ%cted

from each of these values. Thus, the resulting blue image data DB",_2"22 also represents blue data

from which gfeERiRTagOtaeehds bekh shotraiacmmHbg, sirmse damisodiréntdatrmpesnsssaicee green
image data fQg alement D&odinpr&a:0e Raded:to the,Blugisage yalye pall?fr%e_ztﬂ%rm febyregulting in
Y,

a reconstructed blue image data value. [0095] In some embodiments, optionally, the blue and/or
red image datareRishiet BEASERshREr Welorerennrisdi bingk For Eigmpi®), thifteankfopmredibiue

image data Bk s21randgcfist secanstmicted madding:henyetage value of the surrounding green

elements. This would result in obtaining or recalculating the original blue image data Bm.i,,,i. This
process can be perf8R$i8d onlaltlst erelimiblage 84ta BrasseymeHitymtk blLepimatige dhtekcam be

further demoggigad By-anykrawRdengsaisingiteghnigue<J beded imags ﬁ?ggﬁgqq‘ Qﬁ%ﬁeb&d%@&essed

in the same or similar manners. [0096]Figure 12A illustrates a modification of the flowchart 60,

identified by @epereldirceiifivdions dowrbed it stk wévenbetarsvsinithipsielerdd toutiae
flowchart 60 @%@@&i'Eﬂl%@%ﬁBﬁeﬁaﬂ@%@%nﬁ%@%&BFhﬁﬁc‘&”ﬁéRﬂi&%ﬂgnﬂﬁ&&%@%'%‘H&’%ﬁ&&% and

thus are identified with the same reference numerals. [0097]As shown in Figure 12A, the tlow chart 60'
can include tKa'dPRY&IBAMIGEREE: following operation block 62. In operation block 68', a noise

reduction techniquergggbe pefemed andie RRgs dataRor sxample iUl iiiasian. goise

reduction techniques can be applied to the green image data. However, any other image processing
technique, sUMH &52aRicafasRigtiabrigad sheyplugsdrpa spphed rothiogratrGmené daiior Aftem

operation blosk &8s Baehastean Mo prdaarerationliodatt DOIRIIR ARAAIAhlgeKST0' the

image data can be demosaiced. In the description set forth above with reference to operation bfocks

66 and 70, thi¢ R, FeeRcadisiiiitisgbiaserpan e derprishcfedon Rvssleparrmenboeridithe
present flow ¢hark QP;thg demesaleing Qi dhEeereolprs.of image datars reprgsgnted in @ single step,
r

although the same demosaicing techniques described above can be used fgﬁthis demosaicing

process. Aftef¥eebplergigieloek 70y e nawehait eanskibvasorfan opsrationibrsckimemalatieich the
red and blue yngage-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 chi¥8%0 or gurerlariisirEesensprnplacelss otiefnamss dntscdnbeciunted

processed asidpmasaicrd MnegeHa Rage data. The green image elements identified with the letter G,

represent original raw (decompressed) image data and the elements identified with “DG,”
represent elements that were derived from the original data through the demosaic process.
This nomenclature is used with regard to the below descriptions of the demosaicing process
for the other colors. Figure 14 illustrates an exemplary image data layout for green image
data demosaiced from ¥ 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



13 [0100]By demosaicing the green image data before reconstructing the red and blue image data,
certain further advantages can be achieved. For example, as noted above, the human eye is more
sensitive to green light. Demosiacing and processing the green image data optimize the green image
values, to which the human eye is more sensitive. Thus, the subsequent reconstruction of the red and
blue image data will be affected by the processing ofthe g-reen image data. [0101]Additionally. Bayer

patterns have:-bedearas: RNy @ eeBHele MANEH AE @ng blue Blements. JHhusa i ﬁ[@%%%ﬁﬂ%@g% where

all of the green data is retained, there is twice as much image data for the green elements as

compared to%@ithet e hSPBFTRIING inRedcdliatae diawrdats 68 1san TeRERhio saiewptsehiiied) filters,
and other image pragsaging igchieignasdesulbin adeherdemasaice shaingnsdhereihanse fitered

image. Using these demosaiced values to reconstruct and demosaic thé red and blue image data

transfers the'B& rifiterissGEitie d ifith i HrgscdseseitisHsi e hgineargreesd datanbithaoptbeess,

reconstruction; el defesagio oidite ted and blie GlemENRHARISUEN NG SR HnG agg, iBJurther
enhanced. 24 WHAT IS CLAIMED IS: |.A video camera comprising: a portable housing; a lens

assembly suppBeRsFEl fEMERsIFE NG CorfidRirga frfoctidnighty knemigiesessiting delivgue,

configured tareonygEt Hae-oriseR labhiniairaw, imagedatawith arasplution.of atleast2kafaframe

rate of at Ieag{u%t{l%%gég%%{l;)%? E%Er];r%(&gls agesrhiaiogd}éigure 16. However, this blue image data was
demosaiced based on the modified blue image data of Figure 9, i.e., blue image data values
from which green image data values were subtracted.

[6092] The operation block 70 can also include a demosaicing process of the red
image data. For example, the red image data from Figure 10 can be rearranged according to
the original Bayer pattern and further demosaiced by any known demosaicing process such as
linear interpolation, bilinear, etc.

[0093] After the operation block 70, the fiowchart can move on to an operation
block 72. In the operation block 72, the demosaiced red and blue image data can be
reconstructed from the demosaiced green image data.

[0094] In some embodiments, each of the red and blue image data elements can
be reconstructed by adding in the green value from co-sited green image element (the green
image element in the same column “m” and row “n” position). For example, after
demosaicing, the blue image data includes a blue element vaiue DB,..-. Because the
original Bayer pattern of Figure 3 did not include a blue element at this position, this biue
value DBpoayo was derived through the demosaicing process noted above, based on, for
example, blue vaiues from any one of the elements B33, B inos. Br.sn.1, and By or by
any other technique or other blue image elements. As noted above, these values were
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 DBians also

represents blue data from which green image data has been subtracted. Thus, in one



a memory device; and 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. 2. A video
camera according to Claim 1, wherein the image processing system further comprises an image
processing module configured to modify the image da#a representing at least one of the first and

second colorgrhasgdan the d@ﬁ&%@%&%ﬁ%ﬁ%ﬁé’é%@% elem@nt’HAIE0 cam V\:eﬁagggg [dipgd fo Claim 2,

wherein the third color is green. video camera according to Efdim erein the Image
processing mModéfe’s gared @ gubeadtiag/mleesebitrinied bluaimadedetthintbeolor from values of

the image data of UGB! angkseR0ecOlaltiens. ufdiedAMEIAIEROING.0 Clam &, harein the

image processing system is configured to compress the image data of the firs E&Eon ' &hd third
colors after the TRsaRErprisceaiing Aeowsiciss Modifisdnie theaymsfatanedpiresenting ditleRst.ane of the

first and secoaq 6RIAFS: recorlriidR SAMALARCSOLING 0 frlalp t%eyggrei‘r%glﬁrq§ Image progessing

system is configured to delete about Half of the iImage data representing the third color. 7°A video
camera accotdiightertians s, iviebtaimnEetightadansitive theiogimmt|bties iamfigst dpui.of senbiscells

configured toisiect diedlskrriatea seannt alewnehsensaraeis aauliauIgg Rslecting sagond
color, and a third group of sensor cells configured to detect t?1e third color, the third group-of sensor
cells comprisiagy BrifEther Memngssisddncats keowe devosaldreupchhisprsofiteltsd imag8 dataickmo

camera accojfingda,Glainadimwhersinthesmemany.deyice is disposed within the housing. 9.A

video camera according to Claim 1. wherein the memory device is supported on the outside of the
housing. 10. A 18 canfegaradéardifigtietelaimotificat rein e Mlembardéviceisi tehhedied to

the housing wibrelEXBIRERRIP: somehde S sAAAARECING RSl hesln. e Image
processing system is configured to manipulate the raw image data so as to reduce an entropy of the
raw imape d&f BefeiFeilespiptessidre as some of the corresponding steps of the flowchart 60' and thus

are identified with the same reference numerals.

[0097] As shown in Figure 12A, the flow chart 60’ can include the operation
block 68’ foliowing operation block 62. In operation block 68', a noise reduction technique
can be performed on the image data. For example, but without limitation, noise reduction
techniques can be applied to the green image data. However, any other image processing
technique, such as anti-aliasing techniques, can also be applied to the green image data. After
operation block 68', the flow chart can move on to operation block 70’

[0098] In operation block 70', the image data can be demosaiced. In the
description set forth above with reference to operation blocks 66 and 70, the green, red, and
blue image data can be demosacied in two steps. However, in the present flow chart 60, the
demosaicing of all three colors of image data is represented in a single step, although the
same demosaicing techniques described above can be used for this 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.



12. A video camera according to Claim 1, wherein the image processing system is configured to
reduce an entropy of the raw image data before compression. 13. A video camera comprising: a
lens assembly supported by the housing and configured to focus light: a light sensitive device
configured to convert the focused light into a raw signal of image data representing at least first,
second, and third colors of the focused light: an image processing module configured to modify
image data of at leag e of e diskangizecancaaleisibased an e Image gata.of e third,cplor: a
memory device: an a compressmn Vice'c gure 0 compress Re Image data of théirst,
second, and ﬂﬁﬂmiﬁtﬂmﬂﬁﬁdwmt@l@ﬂhefmssedmeﬁmm Foe semoey gexitedatbafeame
rate of at leagf ahaut 23 (gqgrhqg Qg:é; BENG: oreen A ¥dEQ caMera accordin g 10 Claim 13, wherein
the third color is green. }I ' §eo camgFg%c ordlir?g airm T?? Wherein ”f’htgel fﬁa’é progCessmg
module is coﬁﬁ*@méawwma@@mmmwmme inhagetbataoftheythisdhoolosdneiivihe Talsiagof
image data of g |eRshoRE AN MIsLaNE seeondanior, . 1,10 Yilsa.camer aceording o plaim
15, wherein the values of the image data of the thir comprlse an averag Bltes ot s8lected
image data oftherekirdnessiodata.  17. A video camera according to Claim 13, wherein the image
processing module {5 fiouehif IR AR 8N AEIRAROL 1@lkes SlimPae driR gLie. g gofor from
blue elements. Thus, in embodiments where all of the green data is retained, there is twice as

much image data for the green elements as compared to either the red or blue image data
elements. Thus, the demosaicing techniques, filters, and other image processing techniques
result in a better demosaiced, sharpened, or otherwise filtered image. Using these
demosaiced values to reconstruct and demosaic the red and blue image data transfers the
benefits associated with the higher resolution of the original green data to the process,

reconstruction, and demosaicing of the red and blue elements. As such, the resulting image is

further enhanced,



26 two sensor cells adjacent to a sensor cell of the first color and to subtract the average value from a
value of the image data from the sensor cell of the first color. 18. A video camera according to
Cling 17, wherein the average of values comprises the average of values of image data of the third
color from at least for sensor cells adjacent to the sensor cell of the first color. 19. A video camera
according to Claim 13. wherein the light sensitive devi¢e comprises a Bayer sensor. 20. A method of
recording a mptigrvideq Withigcgmera, the method comprising: guiding light onto a light sensitive
device; convening the light received by the light sensitive device into raw digital ima e data at a rate
of at least greater than tw%&%ﬁéé‘ﬁ*ﬁéﬁﬁfé%‘@é\s%@éond; compressing the raw digital image data; and
recording the raw image daiaaiaJaleGhat least about 23 frames per second onto a storage device.
21. The method according to Claim 20, wherein the step of compressing the raw digital image data
comprises compressing thelpaneregmalyiiapededdrchrhertot vatombpssibie fativsdicht:least 6 to 1.
22. The method accordingadelaioAR astein e in of compresghe s digial inage data
comprises compressing the raw digital image data with an effective compression ratio of at least about
12:1.  23. The nfSiRodicadrameriencibith Eeswiieréin fimmstaptofodorn presssthgutheveay-digital
image data comprisgg£e/mpressing, 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 digitaf faEHeERICce:; and

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.
2. A video camera according to Claim 1, wherein the image processing system
further comprises an image processing module configured to modify the image data
representing at least one of the first and second colors based on the image data of the third
color.

3. A video camera according to Claim 2, wherein the third color is green.

4., A video camera according to Claim 2, wherein the image processing module is
configured to subiract 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.



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. 27 26.
The method according to Claim 20 additionally comprising a step of manipulating the raw image data
to reduce an entropy of the raw image data, before the step of recording. 27. The method

according to Claim 20 additionally comprising a step &¥ reducing an entropy of the raw image data,

before the iep of racording vigey AT malied acniing b Gl 7. adiionaliepmprsing 2 stop

of compressing the raw image data in a visually Tossless manner after the ste reducing'an entropy.
29. A method"’éﬁhﬁ“fé}&ﬁgrﬁ@’&n image, comprising: converting an image and into raw first image

data representing adirst colorv (R serenr IXageate reAteRenting,a.aeeofd GRlgt AndueIhird
image data representing a third color; modifying at least the raw first image data and the raw
second imagé gatatetheedenumtdeal isiibiviage data;  compressing the raw third image data and

the modified raw firsigand raw sgeondmagR daia and Siaung (e cAmBEeSTEC ARl A ipmeate of
y W

at least about 23 frames per second. 30. The method according to Claim erein the é%ep of
storing compfidgesstivnditpdassing s adlestdattbicamera including an image sensing device used

for the step of conveting. 4 video camera according to Claim 1, wherein the image processing system is
configured to manipulate the raw image data so as to reduce an entropy of the raw image data
before compression.

12, A video camera according to Claim 1, wherein the image processing system is
configured to reduce an entropy of the raw image data before compression.

13. A video camera comprising:

a lens assembly supported by the housing and configured to focus light;

a light sensitive device configured to convert the focused light into a raw
signal of image data representing at least first, second, and third colors of the focused
fight;

an image processing module configured to modify image data of at least one
of the first and second colors based on the image data of the third color:

a memory device; and

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 135, 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



3LThe 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 3émprises calculating an average of at least four

pixels of thirgiimagRAatais 28jacent ¥t TEG P RUIOGAGEFANIHR,GRAIN, ZQuhe gD &O&&gg%ﬂ?@ge

data represents green ima%e data. 35. The method according to Claim 29 additionally comprising
decompresshigfiie iitdniag idgedandrae hownser fett andsBivsalimage data. 36. The

method according tpsClaim 35 additignally SomRISINg, deReSAIENG LRI IMAURJa3s varyd7- The

method according to Claim 36 additionally comprising demosaicing the first image data based on the
demosaiced tfr@TFagRedagEage of whuesH imagtodetcebibindind cilintize addtsnfilsaomprding

demosaicing,ths firstdmaog dltadhenmaadiyingthe demosaiced first image data based on the
demosaiced third image data. 39. The method according to Claim 29, wherein the step of

modifying comprise¥’calctaliift§@ (nse iseriBmg the tHramnageytkiedn shethsbtirmgthig xaklpom a
value of the first image galr.andiyherein the method further comprises decompressing the third image
data and the first and second modified image data, demosaicing the third image data, then
demosaicing the firéfimagk BstBodrdrestsdimg aapicod enslssaidEtefienifags dhdsheenmiviayalue of

the demosaiced third ima%%i@ﬁ@-iight Oﬁg.aﬁﬁq%ggm@@&g@prising:
converting the light received by the light sensitive device into raw digital
image data at a rate of at least greater than twenty three frames per second;
compressing the raw digital image data; and
recording the raw image data at a rate of at least about 23 frames per second
onto a storage device.

21. The method according to Clatm 20, wherein the siep of compressing the raw
digital image data comprises compressing the raw digital image data to an effective
compression ratio of at least 6 to 1.

22, The method according to Claim 20, wherein the step of compressing the raw
digital image data comprises compressing the raw digital image data with an effective
compression ratio of at least about 12:1.

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,



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 age 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 rawlAimage data before the means for compressing

compresses the raw, ima ata, 42. A video camera cpmprising: a portable housing having
at Iegst one handlevﬁc%nfigﬁrr%d felipgy AShEdng, ?ﬁ’amﬁﬁﬁ%te hg %ﬁi%?%{‘g%n%ﬁﬁqggﬁe@t {58t ?éfast one
degree of movenreitwighkeneusimggiutingta rMdee recarding operation ofithe ¢cameedore theasteps
assembly CO'{{}Q-Q%@(%I?} least one lens supported by_ t_he hou_sing anq configured to focus light at a _
plane disposed inside the housing; a light sensitive device configured to convert the focused light
into raw image data2ith alfierizethtal seswititioncof attledst Riisiodadity adraparirate atptleasiapgut

twenty three e d;.a memory, device configyred to store video image data; an
image proceé?f%&s% térfﬁgcgo?ﬁyﬁég?g etgag%ﬁepﬁr)é%g] snd %%)olféelcr?lﬁwlggmemory device the raw image data

at a compression rati of atileastetiodo mwerdind remaiisubstantidiyovistialyolessigss, anstat afrate of

[ ' ' rein the image
B ooy LS A ARERELRANT LORRERMGIASTRIANY RGBT ARSI

entropy.
29. A method of processing an image, comprising:
converting an image and into raw first image data representing a first color,
raw second image data representing a second color, and raw third image data
representing a third color;
modifying at least the raw first image data and the raw second image data

based on the raw third image data;

compressing the raw third image data and the modified raw first and raw

second image data; and

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.



system is configured to reduce an entropy of the raw image data before compressing the raw image
data.

28
34, The method according to Claim 29, wherein the third image data represents
green image data.
35.  The method according to Claim 29 additionally comprising decompressing the

third image data and the modified first and second image data.

36.  The method according to Claim 35 additionally comprising demosaicing the

third image data.

-

37 The method according to Claim 36 additionally comprising demosaicing the
first image data based on the demosaiced third image data.

38.  The method according to Claim 36 additionally comprising demosaicing the
first image data. then modifying the demosaiced first image data based on the demosaiced
third image data.

39.  The method according to Claim 29, wherein the step of modifying comprises
calculating a value based on the third image data, subtracting the value from a value of the
first image data, and wherein the method further comprises decompressing the third image
data and the first and second modified image data, demosaicing the third image data, then

demosaicing the first image data, then modifying the demosaiced first image data based on a

value of the demosaiced third image data.
40. A video camera comprising:
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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a portable housing having at least one handle configured to allow a user to
manipulate the orientation with respect to at least one degree of movement of the
housing during a video recording operation of the camera;

a lens assembly comprising at least one lens supported by the housing and
configured to focus light at a plane disposed inside the housing;

a light sensitive device configured to convert the focused light into raw image
data with a horizontal resolution of at least 2k and at a frame rate of at jeast about
twenty three frames per second;

a memory device configured to store video image data;

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.



