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SCALI NG ALGORI THM FOR EFFI Cl ENT COLOR REPRESENTATI ON RECOVERY 1N VI DEO

' BACKGROUNRo o192k | NVENTI ON Fiel d of the Invention The invearieye/aeisat es
generally to image processing. More specifically, the invention relates to

i mage scaling and color interpolation/recovery. 2. Description of the

Rel ated Art A di g\ tNHWISBWEING A1 GORMEUSNFOROBFEIVIENIGSCOLER ti cul ar si ze
which is defined by the nunber of rows and col ums of pixels (individual

col or/intEnsity poi nt SREPRESENTAIGRNRESOVIEERY i IMeYEPEPze or "resolution” is
t hus expressed as the nunber of columms multiplied by the nu m\\
For instance, an inmage with a resolution of 768 x S76 has 768 \\\ w“m

S76 rows of pixels for agAoiatROUNBOBFIINCENTION en, the orl ain lceSi Z€

of an inmage as captured by an i magi ng device such as a canera or as later
represented is too large for a particular application. Wile a |arger
resolutiqn i contains nore image information (nore pixels per area) and
is likel 3'of M%Pe visual quality than a |l ower resolution image,
bandwi dt h, menpeMnehdoRtd1fks SRR Mlgd Brbcdsinkatviork BadcifealigVgE resol ution
i mge be used. For certain devices, suc% as digital caneras, 1t may be
desi r abl @nyantioe tklaes fotimapey eqating anbetlomptegpalation/negovensmal | er resol ution
i mge so that the required storage conmponent in the device is also smaller.
In the context of videoconferEncing, for instance, certain standardized
i mage forymats Siehpich 8GhE ReRied Agr Common I nternedi ate Format) have been
defined so that receiving and transmtting nodes do not have to be
c)oncer ned wi t hAduabimagagf diserpofeoannnenabes spargsulan swewvkiel sadefisedbyei ng, it
i's often desirable to majntain a.certain."fr " rate.(the rate.at which
i vi dudne Page o rhfe R Roulinls B S8R Tttt ERaui B OB BT o
nai nt ai N dohtainsd rARBmMARE Sze HOTERFI0AYENHAS exPetfsedave ReRBeds dongshahi ch are
typically smaller than nost captured digital inmage sizes, particularly
t hose capnultiphed bythegwmbar of 1@9ingi Far insanes, a4 iImaganwih anesohdige ofd98 not be
origi nal 1 ), t;h resol ution as At hat desir articul ar application,
a processﬁ?n%&ﬂggg&?%’égngég TN (?féméeh)fé %%t%pw%a%%aéﬁ » esge is scaled "up,"”
its size is inofieR@eCorinhl Waeof i inkage 36 Bhtked 69 WA Imbdifg 8¢A& suchds2 MAR 2003
WO 001 19728 PCT/ US99121538 i s reduced. |-iereinafter, when referring to
"scal i ng"capiera gicas|later repiggented i§ domlargedpr mparyeulpenpbicaton. iWMhiledbpeeesi ze is the
i nt ended J . S I L oul d be
i st 1 nqui Sra P BRRF sHEHE Bl buAge b bl HRroRHL o by I 10TRAR &

a more desirable visual quality than a lower resolution image, bandwidth, memory and

other constraints may dictate that a lower resolution image be used. For certain devices,
such as digital cameras, it may be desirable to reduce its overall cost by utilizing a

) smaller resolution image so that the required storage component in the device is also
smaller. In the context of videoconferencing, for instance, certain standardized image
formats such as QCIF (Quarter Common Intermediate Format) have been defined so
that receiving and transmitting nodes do not have to be concerned with converting
discordant image sizes. In videoconferencing, it is often desirable to maintain a certain
"frame" rate (the rate at which individual image frames are received and/or rendered for
output). To maintain this frame rate, formats such as QCIF have been defined which
are typically smaller than most captured digital image sizes, particularly those captured
from certain digital cameras. Since an image may not be originally the same resolution as
that desired by a particular application, a process known as image scaling is employed.

When an image is scaled "up," its size is increased and when it is scaled "down" its size
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resolution is reduced by cutting out a portion of the inmage. Scali NG 92 MAR 2009
inplies that while the size of the image is reduced, the entire
‘'scenel'enviw@ogmBnis i n the unseal ed i mage (hereinafter vari ouRFYUSV2RFBed to
as "original" or "unsealed" image) is maintained in great majority. The
scene fromthe original inmage remains conplete but is represented in a

| ower resol stredmedif Hereirméted, mhen rdfersige te tehling) dndscalbdemagehidevescaling bhe art
in several V\ﬁés. The nost. conmon eaéatjgliqng.tech i que F\Yera%es pi xels in
particul ar TCHBYENPRYTBEE §19F 18 IFANCRETYRETNES YU HRE AT AecHBt es” or throws
away entire pixe Lt 1290 & ; tel ng; i i al ed
i mage. The averagg%édélhgl( ?fzf”gg? gggg&gﬁBgﬁ%é%l?%ﬂ?ggi%oﬂggﬁd%d(k(?lplsd,gr’]v“\fh tglﬁ: ttﬁér:1e .
repl aced r egisantiois raéwoed darciritipg tohea panenoif e mmgt hScdingriagliegthnieghibn. r oe
i nstance, consider a 2:1 s‘cgéi n Brocedure y\/nere each two by two region of
pi xel s in t e SBFPINcAMaEHsdedcedthe BRITE spingCaYIrpRMENt 4 H{ju@“)é#%@éma% t he
scal ed i magg,. . . WAl VR waf. » a i (68 lL odak MBY
Do dosi rabl BTe ooy S oied i R (R bRy Rt [gRp g n aleht 07
repl acement mapuieh Hise stede HymIhaenigihblamfagedemdins sampierbut isst@uoatediihe
"sanpling"” region (3x3) is said to be larger than the "scaling" region
(2x2) and mWVeHESAREPERIETSCREri ng that nore of the image is considered so
that features thﬁ%a%ts%ﬁnd %s‘bg& ShAVelh ﬁuSQHQE.s %l%a@r@dﬁyﬂost&%ﬁn]%me
scaling region are giventhe proper consideration. An-averagi ng nethod
wher e each gaksy tetimifpieaveegpd pivgls freghriitularSmagpy sspicgu abuaieieidhting gnditvagver i s
deficient in several regards. Primarily, the equal averaging of pixels has
t{)e ef fect dfECigAenPr SIS 8VaY RIS PEINIRIthE FRERD. LrSwRENEGHNS § BRGAIN thei ght
averaging d 1§, j [ VAN eat. oSEReerd T parts
of the i naggﬁﬁjggl%ngélé'%%égﬂeggﬁ{! bfx)é]n}(fgﬁggsn;n et(t:l?l%rape?’:aosn %af%%&g)dl xtwét?]su?@’}eﬁlagédjdi tion
to i mage scalgianghot asaissreily the gpne aizk ys thedeprgohgntgion.nBgeinpoeessisigr a 2:1

t echni que cal s_ed color interpolation is enployed to geco,v,er the m ssing

col ors in aSPHREPFOCBEHE MORTFERR A BY NBY TN eSS Eriip PriggaldRideaisiedC el ow.
In digital ghidbd wgsmgﬁﬁﬁxﬁm@%l@mn i dh QUARnih TRR VARS8 WS led F AW
imges are first repreSented as rectangul ar row and cofumm of pixels with
each pi xel haagerpixd hemapbe desitaplevabueragd togetpeara lacgel sagiaothar the 2lby. 2 degionhe

case of REB (Red, Geen and Blue) sub-s i.ng imagi ng devices, j.nmpges are
bt ai ned a8l ChBFEECTnsueh 353 db pAERA FooerHE Seeh B TR RPEeite BT 2 VAR
2003 WO 001 13183865k t58 9 BlLiars h8ke %@&lﬂ{gt';ﬁ&ﬁ@ﬁ »x8h EnBiily BaIRIQGn USi Ng a
color filter "array (CFA), 1s characterized by including on" one row of an

i mge, al t ecmsring ghapimeet sf the nRege mrdnddered so drad feahees diat stamaxthe scaling
alternating pixels cIf Bl ue anc] Grelen. For instance, the Ba%c?r attern for
the first f& F“r%\%sb B1d Picktss heet H‘geré{é‘r?“ﬂf%‘lve?@Bipé%‘?ﬁr;?"% GG Al ue) s
as follows G¥rhdind Reto@Whetd\RER BixEEI thERBRING e diBEis SRR daailRiighting CRORCR. . .
BGBGBG. . . ... BEBGEG .. As a result, each pixel |ocation contains an

i ntensity vabwever iy deficginhgl severel iogardonPamerily, thel egualayeugingef paslsites tice case

i i I i t hat h,.pi xel. of t h 8 bit f
resol uti on BT of R¥ing Tajchit e ESop R el ol wB ) e %8s Tt he
col or rangi 'ﬂﬁleftbQ&En@fﬁ@%cdﬁiblﬁx‘%s,asiﬁgeq{ lredt@h1PpartPbPiBé im chioM idt@atiadlly t hree

R, G and B conponents” woul d be a 24-bit value. Color interpolation i's the
recovery of andthendecimatesiad@ixets. or conponents for each pixel col or

i nt erpol ation. ten,..scal.ing and col or, interpol ation are.perforned

i ndependent | 'y a%“ﬁ lgg’_bgl_rl ge f)?ag'é’gs@_@éher’l tP'p’é’E@Y f%ﬁp‘?r‘gebteflgﬁgrpéﬁceﬁw%r to

col or i nt er phAlgLeBallcd dotirtfkbrppfitivAlis EMpRVERId @Bovep 8 istilg ¢Olosy inGGhk&ant

wi |l be unknown to the interpolation procéess yielding a poorer quality

i mage. |f hdweter gengraedby an gk soveor asexpidined baltonat Ihdighalstilllapdyidead col or -

interpolation are desired for. the end. image,. there s a nee éor a conbi ned
Lechnt que. t RS PRGRSHETERIR, megineEyiceh TOUATRHS SOt FooRUs o1

convent | OnakecthlaRtodld QLR of BLRIPIMREAMbik ATHIVIG iESinténlSRy CAHGDLAL
t echni que shoul d be designed so as to yield acceptable inage quality.

Fur t her nor e paticular celgaonlyt in ihephensfiR@Bi(Bad, Gfees and Bhyg) swb-tamihmgiimpiziegent ed
in hardware such as a CnOS (Conpl enentary Metal - Oxi de Serd conduct or

i magi ng devidg¥ices, fmﬁ&eSi%e}?é@ﬁ@ SRR AT JHpEtat ffycwﬁ*&ﬂnéx‘)ﬂw* of
the scaling procedure, especially when mapy other functions nust al so be
carried out by the device. Wien an inmaging device is used to transmt inage
frames (a sequence of individual still images) for the purpose of

vi deoconf erenci ng, the transm ssion nust be fast enough to nmaintain 12
MAR 2003 WO 001 19728 PCT/ US99/ 21538 the frame rate and be conpatible with

t he bandw dth capability of the interface between the inmging device and

t he processing device (conmputer systen) that is used to package and
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SUMVARY OF THE | NVENTI ON What is disclosed is a method conprising defi MARhao3
a scaling region by indicating ma CPA (Color Filter Array) a starting

‘| ocati‘on, wodogenerati ng a super-pi xel which is a downscal REVEIY23%80f t he
seal ing region, the super-pixel fully color interpolated, the downscaling
and the color interpolation achieved in an integrated manner. BRI EF

DESCRI PTI ONtlore qoier mrisalacsibsmnpits] esnsa chlenfilieresraz{GF Advianhaguerizst byhe

nmet hod and appay.atus for t present inventiqn wl] be apparent fromthe
ol | ow ng. dEURHITH orpe i gheeimass: qupaind ke of St arirebinion tisnen 2
embodi ment  @ExiB&, AIRHERHINx 1961 BRIETANTEBG. Fot imtdlck NHe BE/ & Wallerd 8H@WS an
.original CFA region that 1s scaled according to at | east one enbodi nent of

t he i nventi dmst feirgoweof ixa)s-(3(ith)easinpins! typzaly ag8ditofalid)lis &y follpwk (wab then t o

obtain the mask .for _.an exe Igrz Red suh-image CFA region. Figure 4(a)
. shows an ex&mpt ﬁ‘r"’ﬂf‘aﬁﬁ%’[{:"pﬁi}gﬁit B538° B4 a Red conponent in a 4: | scal ed

i mage super-pixel. Figure 4(b) showg; angexgnpl ary mask applied to attain a
Bl ue conponent of a super-pixel in a 4:1 scaled imge. Figure 4(c) shows an
exenpl ary nmask applied to attain thd GRBénB€onponent of a super-pixel in a

4:1 scaled image. Figure 5is a dia ggq}%;:&g{]dl ng to an enbodi ment of the
I nvention. Figure 6 is a systemdi a3$ e enbodi nent of the invention.

BGBGBG..

As a result, each pixel location contains an intensity value for a single color
component only. Assuming, as is the case in some imaging devices, that each pixel of
the Bayer pattern has 8 bits of resolution (i.e., the pixel is a value representing the
intensity of the color ranging from 0-255), then a "full color" pixel, one having all three
R, G and B components would be a 24-bit value. Color interpolation is the recovery of
the two missing color components for each pixel color interpolation.

Often, scaling and color interpolation are performed independently and by
separate processes. If scaling is performed prior to color interpolation, original sensor
information regarding color content will be unknown to the interpolation process

) yielding a poorer quality image. 1f, however, where it is known as priori that both
scaling and color interpolation are desired for the end image, there is a need for a
combined technique that performs both. Further, given the shortcomings of
conventional scaling and color interpolation techniques, the combined technique should
be designed so as to yield acceptable image quality.

Furthermore, with regard to implementation, if scaling is to be implemented in
hardware such as a CMOS (Complementary Metal-Oxide Semiconductor) imaging
device, it is important to reduce the computational complexity of the scaling procedure,
especially when many other functions must also be carried out by the device. When an
imaging device is used to transmit image frames (a sequence of individual still images)

for the purpose of videoconferencing, the transmission must be fast enough to maintain
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1 2 MAR 2003 ° WD 001 19728 PCT/ US99121538 4 DETAI LED DESCRI PTI ON OF THMAR 2003
I NVENTION Referring to the figures, exenplary enbodi nents of the invention
wi |l how beodetoes bed. The exenpl ary enbodi nents are provi degTV89%3 st rat e
aspects of the invention and should not be construed as limting the scope

of the invention. The exenplary enbodi ments arc primarily described with
reference t hedfagekragh angh keepmapatibleowidh Hhetbandwildth gapakdity poiheHnterface eeiwberbl ock

within the flowharts represents both .a . had ste nd,an a rat u

ol enent  for "SaPRer A Ryor Ra® e e Sha s R safbeRG SThan AL RRBr GetFage s on,
t he correspandirftgnaPdecaptdfedahREE Rhnf¥RYo the deQitation hek. i In deicdyabare
software, firmware or conbinations thereof. Figure 1 is a flow di agram of
one enbodi neéwal-eddedhwhichyeat irevide dpthpaetiar andrigl4magweatheisgs alshdesidhni que
described in Fiqure, 1 is appljcable.specifi |y _t.o i inits CFA
(Col or Fi It BFRF? 409 a?poalr%ug Q@{ (éaé’rﬁei}cgﬁp?r%?ﬂdf?\J?tﬁg%%té,cvegsr %ftr%%gﬁn% mage sensor or
set of i magau&semmeesply A common CFA pattern is the Bayer pattern (described
bel ow and shown in Figure 2) which has each pixel location in the array
associated with one of three colors, Red (R}, Geen (G or Blue (B). Pixels
associated wth G een appear tw f CBF dn\R/ associ at ed pi xel .
Each pixel is associated with R, G or B) deened
adequate to repr gagnts dscldsel hs'a §R1PH cBinkAbing B8EiADALcHARAiRSLRIHdihiiee

col or conponents, Red, Green and Bl ue. According lfo one enbodi nent of the

i nvention, fia6FA (&elardiltéradray@astarting lagatidre a@i-geresatggta Superepix¢nhich B s

| ocation wil,l determ ne t starting.point for th a ing region and
scal i ng oo oy SRBR Ve atdnd b PP & sl ny e SRR TRl eo el R st axa
cal i ng regdeRndcalitd!hdiBe chloX BlterBblaGioh bdilevid i MMnlegrdtdd nabsge Figure 2).
For 4:1 scaling, a suitable filtering is applied to each sub-inmage (col or
pl ane) region to recover all three R, G and B conponents for a
"super-pixel," a pixel reg i : i i \9N&e CFA in the

scal ed i mage. Shown and d&sttit eST o-Fi gure 3(a) is the
matrix ("mask") gpplbbRdist Rahhes d?ﬂ%cﬁzﬂﬁla%é%@h@@ﬁi%ﬂiaﬂg apparBiu¥ €br the 11 i N
order to obtain the Red conponent for the first super-pixel X1 1 . Wth a
three-tap fpresentiimention pritd e epparhat fremdhe followingadesefiptym iprwigchyi xel

| ocations of thegsub-imal e W.ll be in th i r.eqi on the resul tant
ek The nask pFiatedas e dbsliieteet e o oEhed it b Rer
(step 125} #a seqiapyver Red conponent of this 4:1 scal ed i mage super pi xel .
The summation may be achi eved by running accumul ation during the filter 5
1 2 MAR 2003 1V0Figyregmhgweenrpugowl SF Agsgionphtiicesledricenrdingdo gt sations may
be stored S@R%Bﬁ%neeln}’o{’{ﬂe%eﬁ{iﬁﬁy and sumred together later. Next, to obtain
a single intensity val ué representative of the Red conponent of the scal ed
i mage pi xel, theFigaks BepLB(t) showsaheaadagesast fliet applicafipn lxy obthin e Agask e mask
result by the total weighting of the mask. In accordance with step 120,
fjltering i 8n&ppmplay Red wbtimege RFAGeaRE: B conponents of a super-pixel , by
way of the masks gﬂ%' i : I . I

t hree corrponentsF§ y béki&seh{égg:#hﬁegg&ga%m%éﬁ)é%ﬂgﬁyé(g@@u@g%gg% ‘?(r%hgrenpdg\lndi ng
on the desi Addcaledigage dupet-pirelcase of the mask shown in Figure 4(a), the

di visor would thus be 16 (sumof all mask coefficients). The normalized
mask result repr &igsed(h) SomsaRcemplary mask gplieddopgipin Bluscompanenrt of gage
associ ated i t.h . . t he color of the sub-inmage. In the case
of the ini t}‘%aéepyg?%gfns?%@as @%&;{mfg%é first such normalized mask result wll
be a Red conponeFigite 4(c)lsholvstanexeaplad mashgppliciee attaguhe Glyerseqigporghxel X
1 1. This normalized nask result is then stored in an array for the scal ed
i mage (st epof asyper-phe! By 3 §il §63ledmags: xel s cannot yet be conpletely

di scarded since - AN 1 >3l ed i mage

pi xel is deterni§%§Sf$%3%2§§¥m%gﬁ%ﬁﬁ“?ﬁgaﬁgﬁﬁg&ﬁkgp§f@gﬁkFﬁ@aiirst

super - pi xel ' s ReFig@raRanysiefcdidgasm 6fonetetnbddifirt g tHedgiamtiohhe pi xel R15.
Since the filter is a three-tap filter, the sanpling region for a conmponent
in the super-pixel includes the scaling region plus an additional row and
colum of pixels. The Green and Bl ue conponents of the super-pixel arc
obtained in a simlar manner, but based upon the nmasks shown in Figures
4(c) and 4(b), respectively. Once all thrge conponents for a super-pixel
are thus determ ned, the technique selects the next starting |location in
the ) CFA, which would be the starting | ocation of the next scaling region
(step 150). If all of super-pixels in scaled inage are conpute (step |60),
the procedure for integrated scaling and color interpolation is deened
conplete. Gtherw se, the steps 120-150 repeat for the chosen starting

| ocation so that the next super-pixel (conmponents thereof) nmay be

- . o ~ I o N Y




color plane are designated by a "B" prefix. The pixels associ ated WLZ ﬁJB
. Green color 6 1 2 MAR 2003 WO 00/19728 PCT/ US99/ 21538 pl ane are d

by a "G W&#§1R728ne characteristic of a Bayer pattern CFAPSEHPYY Sthat
shown in Figure 2 is that pixels associated with the color planes alternate
by row and colum. Thus, given a starting pi xIF | gcation, it is convenient

to extract or obtain a suBtiadgleDds 3 NNt he start i ng

ESCR

| ocation by consg i V. t [ e . arting
pi xel 1 ocation Z%%gﬁggo g}eﬁf e‘éfﬁ r%h%?%mﬁv%%g@l&g%ﬁﬁgﬁé{i %sa‘?glfoﬂ%ﬁ‘ég% he next
succeedi ng degyyitedd ThepRehplagy éhbodimeaBd prooided eilfulstr it afpatswiflte t he next,
third row The CFA shown Iin Figure 2 is representative of raw i nage data
att ai nabl e nreoamng shepld gotdesonstreadeds 1mitiag dhegicons otthpivgnaen.offer sensor
system Conyent.ion | -t echni. rfar ny,. k. f _col or
. i nterpol at i%‘%‘.‘jpgg%ﬁ%? é@ r?ln{cgl%écsg%?rélgggg%ﬁggglgﬁwgﬁﬁe@ﬁ(E,B ggé‘ugr%gr i%lc])1 fhat the
i nput i magefldwchaat. AR tBeeelovixetatter dach Oldtk Within thet fi@vchaha sepeésehtsboded
containing full RGB color information. An averagi ng and/ or deci mation
t echni que tnethod steplapd enppRwatasalement firparfomige the wathpAsteyc Aepandingige whi ch
may be adequate, for full-colgr pixel |mages ul d be i nadeguat.e for direct
ool 1 cat i ot T Saitarnon. Ble StSooldBORRR dernrr B R BN G iR
aver agi ng tadwire 0fEese, Zirhwatabi dbghtiomondthepddfi mage, woul d repl ace the
value RL | at colum |, row 1 of Fi ?ure 2 wth the average of the three

nei ghbori ng pi xefiguepl s adlow dingrapp of ersrmmbadimentiof i inyentidoveiparforyingh an
aver agi ng Idf i n?ﬁgropri ate since each pixel contains different chrom nance
gcol or) an ‘Ila?ﬁ ince (brightness) information. The two Green pixels &1

nd G 12 pri nmariThe eottiqiedesttiBoadn Fapnaf10k apslicablewpidiBedBddo amagelih its
primarily contain chrom nance information. The m xing of the four color

pl anes in sEbh (goleakHtar Areyafaral, as deravedifer instares:; fram 4n nage sensobel sheff ng t o
t he scal ed i i.Ssto t - cQl ' r ' Li kew se,
an aver agi n‘é‘{@gg?’%é’d* ' t%%%n%{& qgjfg’l? éﬁ?és{'ﬁ\}\%)@?ﬁ ?g*s%ﬁgﬁeg{@egg”%egug%fé’%%‘é’et her of
col or pl aneshonhah Fagir@r?) wWhich hasedtidpistesiotniontiiehed daf9razedciacd Wihoehe a8
chrom nance) contained therein regarding the image. Simlarly, a

br ut e- f or cetheeezolig RaddR).faicen (G} orr Blns (gbvayw&e%ﬁ%%% yithkgegpappeg 12 and
B22 pi xel s [ ! : - [fNg even
moro i mage THTOIREETR AL PIIE Bk PRt DAkl Bl SE R0
t r ansf or nedthrdetodlds (R G of Bl déemetbagizqiiste o fepritrit gU'duls Ukitorgsxot,0dnerthat
interpolation. To achieve efficiency and overcone these obstacles for a CFA
i mage, accofdiaies 2lbthasrecolorsempraents. deds Beeep3pé Blvon, scaling and col or

i nterpol ation iS,SLJ4: j | ¥ g col or
pl ane sub-i mage é?\%‘é%%ﬁ’?#%g%%&? tgééﬁﬁe W%rﬁ%&Rﬁgg%gq@\%hégét%ﬁg@
PCTNS99/ 215@BAdosdri(stepid 1@)heThiekuehtion wilbdaersiingthe ssupeg ppinkRir theldaenplingt er
can be applied roww se tqg t sub-inmage region and the ol_.umm-wi se as
vel |, When ¥81ORGHA Seingreaion.i Ferdpsighqe; e dirshoaning PraoBAoLBE AT r‘émagnsa
mask) by whj t: i i S R X8I (Seal = | : ion are
a1 pl ) edl R i e HRGRR gAML Rl L ERED Goe MehREnS oy 4 IR

product s) i suitablerfitering ik appiedki each sutwenaget(cadr plivee) Tegan asresdhvenall thmed R gur e
1. This norgali ed value will then [ anrese t the vell ue of a .col ar couponent
(R G or B)YGndP cqmpanepis ey a "shperspixely 7P agplaning fejsqalinedeeiane ﬂ\gi(&? e 2
with solid . j ' j . i, 0] CFA
regi on of p?&ggg&m lgLa%g'r gh?\g’gag(?gér%gggfﬁe?g@éﬁ%}gggf%ééfﬁéfe}rﬁ%glﬁ? g‘% xel in
t he case of matrik (Smask"hgppiedao thelRedbubhmapebggimingat gircl®dden ofde? tdlotgaial i ng.

According t ne enbodi nent of_the inventjon, mask i s pl.ied to each
. col or pl ane8‘§3%f-di “E’é‘tfg’FWFrfESta"I“Pert‘Wl"Eg:(?Qoﬁg@ﬁbﬁi‘f%‘*"@?‘ﬁcgﬁ%?%ﬂofi‘l’r"e‘r‘ge

er - pi xel .4, i 2 i i . i xel : f or ned
E;pt hep'rrgs kfha} QE k;?glie)t%i ‘?ﬁja r??tglr?g’w 13d38bnd S thd'QubBHERE Wit be B t€lsSmblids

region of the resultant mask. The mask products (shown in Figure 4(a)) are next

summed together (step 125) to recover Red component of this 4:1 scaled image super-

pixel. The summation may be achieved by running accumulation during the filter
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scaling region. For instance, if the 4:1 scaled inmage super-pixel in2Req 200
conponent Rxl 1 is to be determned, a 3x3 nask is applied to Red pixels R
"1, R1S8, Ry ofAd%2s R33, R35, R51, R53 and R55. Likew se, thePdi/E89%/2888ponent
Gx | of the scal ed i mage superpi xel X 11 may be determ ned by applying a 2
by 4 mask to the pixels G 12, G 14, &1, X3, &B2, G4, Al and A3 in the
ori gi nal CFapplithtusn ot the psaduptsimay besgtooml separtblyger art drany andesusmadd togethegi on.
As described below, thjs. |leads to an overlap of the sa ‘hlﬁ used for two
e oo it K& OhRin £ Engle iR DA ARTeerP ARl TN b Codpeet o
detecting e I : | i : i.ng, each
scal ed imggggﬁagéé(f?%%gﬁx%l({?grﬁﬁaa)sép!tn%rﬁgésglg% 399%%%&@%???%??‘?3@9‘%%&?, and .
Bxij. A 4: lrestidbethd towdeveighting of theahasdw e neqrdaics witly steyhl 21 fitadhg isepl ace a
4r ow and 4-col um square scaling region in the ori 9i nal CFA Thus, if the
ori gi nal CFAPMid t%ogi%RI\f?Wdr@ Componentofi BWPEFRGE WY WavHae Bragksghopine v
or MN. 4 v, I h i i wi ||
al so have ffhﬁ@ggqoﬁgiﬁgggﬁgt#@nﬁﬁﬁ%st%‘}f rf?l glgr??éng&? (Se%ﬁgscnz Si t?/aq%'?rﬁgid

i ndependent kiynudtapdouely aralicdessintle kppdratingoon the desichdrdesighl futhesad(@f)thd( C)

shows the stages of filter a S;Iica_ti_on to obtain the mask for an exenplary
Red sub-i nad@S‘CF*)QWrbtjli‘Hﬂ!"‘P?‘g‘ rte dyviser Steylekthas Re dio sy phaly@askegi on in the

w1 comprt SoetbibASECThAR il R0 maRPLe B GPLBY S oy o708 S5 98GR Y
PCT/ US991 218#&8csladfrhagehssagdtedwinh t19: qameadotorfagthd dudorRE dhecaubamapt.aliethe

sub-i mage do not appear _conti%uous and adj acent, in the CFA, but rather are
31*/ fset. Thecrs@fdisunitizhpel locgipnaihsdusysuphneomaliged grmareserkilbbe s Reppi ng
ery ot her .pi I Nereldr; i qur e f - tAap
i tor wi th et R B SRS AR CLOFERREL AL 1 £ TR DOERAIRED
t he i nventi ansk sesalppd thed storedainharnimagfbethe seatettimage (gep 140)e Thelotiginal EFA
applied across a sub-inmage ro to thg original sub-inmage of Figure 3(a)
the result RIXES 93BOQtEt BE ?%yple?%)ewfcad edyipfsuroms bR Wik bErgp@WaeHShe | f
the three-t fol : LS | 4 , : {.gure
3(b) now 1 n Bt bE Impuepifolls deniRBR TREhE (RG GRrehe S R0 lhe Tty 2
mask shown isuperipgiet’'e R34 cdmpsnane pichslen traitd saenphihg répgomeslpiyet Bd6cSict et wi | |
be sunmed tg.gether to élé Ld a} si ngl.e val.ue_whi ch can then be nar rFaI i zed as
described aB®§E'Sditpreer g &b tESAEPYDR &°810N 12 ASPIARGCH ° TS UPERIKElant mask
the central jpixgl u(e%éﬁﬂﬂn@% RaPlus' b RIdHRAaNGwWINGE of o Ak d1EBnd Bfechahght  of
the corner pixels within tﬁe sub-1nmage region. Referring to Figure 3(c), it
is of note tHatcarmneots-of thenapespidel g wblagefliim atshailfrimaincabdt bassd upows and

colums of the region) are. 1/2 ight of the centra i xel which is

wel ght e by e shakn it FisirEnaied il lereShesh Veiug St A st FomBoRsPRIRE: i on
can be made ,a8pdrGhiXh18FEthub BeFiRed 4R LLBniBY sdléds WetnBkistdrh S 10tdlod fFRGE. NO
one pixel, which can never fully represent an edge, dom nates as it would

wyth the cofvntwiociaivoslddie the sthrtingdosatioBpf Meapkhgrating ragomr (eleatliSoh Metlwéen

pi'xel s in the sanpling regi.on close) there i re of .a atistical ..

uar ant eo.  HIRSTBRaGocR B re HE FrmBhBIare | S0 e tire i 1o Re el R od.
This is parthgUbRF intedpblifiof iN§RnRAIBn{RAL UDRErHMLAL (hBawps $2@N5H kGRAt foyi sual
inpact (i.e., that are clearly visible) wll us_uai | y pass through a region
of at | east thoehosemstartingdocasion sothatwe pixk sbper-pikel $¢ooponicnts Feyeefe magide, t he
mask to obt?r t he ,Bl ue component Bxl 1 of the super-pixel X 11 is

i dentical i melf2Mdefficients to the mask of Figure 3(c) and thus may be

obt ai ned by appl yipgrd DsHoWR cfr%]%dl OFA RegfdiiB&-i§ 8dhldd dck&ding td aLledstlone Fi gure
4(a) shows an exenplary mask applied to attain a Red conponent in a 4:1
scal ed i nagenshgdamernpiof dle.invention.
The CFA shown in Figure 2 may be viewed as containing three distinct color
planes--Red (R), Green (G) and Blue (B). Pixels belonging to or associated with the
Red color plane are designated by an "R" prefix, while pixels associated with the Blue

color plane are designated by a "B" prefix. The pixels associated with the Green color
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Referring to back Figure 3, a three-tap filter described above may ﬁg 3
applied first rowwi se to the sanpled sub-i mage and then again colu Wg@
“to the regglohn@hst hat row wi se application. The intensity ReElT/USNRSHE
conmponent in a scaled i mage superpixel is determ ned by applying such a
mask resulting froma filtering operation upon a sub-inmage sanpling region.
For convenplaan ard\ddnstetdivy a '@ prafix NOnt leharaotketistic oftaiBeyer phttern TEA MR a2003 WO
001 19728 PCT/ US991 21538 the starting |left-nost upper corner pixel of the
CFA for a Hiayerrveri Kigyre 245 hat P"Fﬁ‘éa?%\ﬁ/‘aéﬁi'o”v’tﬁlbmfrﬁ?l‘ﬁmﬁ§“§IF1éte§>é’rf8Wat ed by
commas for a,

det er m ne taﬁgaaeg&cgﬂrrg%ﬂ]t ggflﬂgnggfﬁ(g}rjfog?t%r)tf&q’%t‘r:mﬁﬂg?g%ég%ﬁg erring
to Figure gub-trhezetpbets thewgre selpeds-the sattinX idcatibasy @omederigravernanberRx 11
which is determ ned by the mask of Figure 4(a). The mask products shown in
Fi gure 4(afoipw 1§ﬁlrfﬁﬁ@aletf8§fétsriher sttnamswwl Jocatian apgl thew afterdhe mwbes bkeseh pi xel
in a CFA or, I ue of
S'bits (0 ForBai iping i HRERalg Yool SRyl il dBLERS U R 1B D O\
a val ue. Théw with mehbﬁyﬂﬁlrdhxzswsﬁml@F,dlsblb‘dhﬁtgthfil@caumdpfrcsbh@uV@SkraW oduct s
by the sum of the mask coefficients. Since there ~s one termwith a

coef fi ci entmage dpta @atrk?b#sﬁ%% irpa gL AeviGs seph asgt digital samarargsoghensqnsora

coeffi ci ent, E 1, the total "weighs" of the mask of Figure 4(a) (the sum of
the coeffi c?’ents) is 16. Thus, Rx 11, the Red conponent of scal ed i nage
super - pi xel X 1(jon\0€lui(ﬁkabﬁalmg techniques do not perform any type of color interpolation.

[ R11+2* R13+R15+2* R31+4* R33+2* R35+R51+2* R53+R55] / 16 (note that conmas

separ ati ng Suple lqcbwan%féldﬂhﬂoPﬂﬁfﬁélﬂ Ehegpseumptifs et the it §meseps egkinon) .

Ui kewi se, mk@rpattﬁéﬁ)ﬁ?rﬂ &RGYBBE&E ch B{e IR%F, il ,ék'&g E?‘ﬁ" hiogl2 (see

Fi gure 2) Srsca nyg reg |oh oca ion 0 such t hat
M=L, N=5), Amebchngﬁrmmeﬁcthue@mumqngtHahempx;pme@,ss Bhay ¢rigiddipxelRnl7+R
19+2* R35+4* R37+2 *R39+R55+2*R57+R59]/ 16. The distribution of the mask

coef fici entlie staled dmagenuhish mayibs gdsagicdar Blorploriieal impges mauld beBadegyaie age or
representa b I ner
R L R R e T

det ecti on slnmtpeowdhsdmeSq@lmghows ofjay Bnagendroeld weplgdet the aalde BN iakéolumn 1,

strai ghtforward avera% g functionz to better cover, the nore m&ortant
areas wit hiffwd ofddewis Swih theaverge @ fedhree prighPering miyels kidks CdA 20k BRRI ar y

mask appl i ‘?ﬁ%éél%r%ﬁ AN tﬁ%\%{%@?Q@ﬁWra%Eg% W‘i’é{)r%éﬁh déé}xcﬁ‘ fkell scal ed

i mge. The use ue conponent sca e super - pi xel
Xis siml abntamstdhlféemras:hra)ﬁmEmog;L(c@oA(aa)i lmmmhxhrm(btnblanchs)stmfoxhumllonnTbé two

coefficients in the s.identica However, the eI S | ed
For the modREHUPHFS OIS b7 RmaTdl GAR s Criases PYaiegor spb oA o e, Red

sub-image reghLlly c&H&m%hx%%HMc%ﬁfHﬁnﬁ% TR $Six otk foEP@oléF@ﬁﬁésﬁﬂsxFEth of
t he sanpling regl on for the Blue sub-inmage region is B22 in the original

A (see Fiaguamne)o at@trawhatngew:mtialtymmxd:ldmch)hgmg tBtHbzcaladimagﬁedmtaps énd ter

y be appljed vertic dhOI’I ly to the Bl ue sub-i e. such t hat
shown for t ér%d[‘ek‘f %M’Iﬁ W)Eg@ g%‘“ﬁfﬁﬂ"%@ﬁ‘f% @%p‘ixﬁﬁge in
Fi gures 3(a)ol1@ réﬁﬁ)namﬂn%?@%kﬂe@w cdf@xslklahesmm‘@moh Whﬁ!h%‘&ﬂd ﬂémovy s with

the Red conponent Rxl 1, | ue conponent may be obtained by sdnm ng the
mask pr oduadtformatbn (veuh az‘.lchmﬂmxng\cb)/cctmtaanﬁzdﬁxabmvnegghmgm@;mfagt: h8inmtesly, § 16) .
Referring ack o Fi ure

2, | t ed
super - pi xel r%e Q& §I5E "’IgrtB?ﬁ‘P‘HFg' Og%e%%ﬁ Q%g‘é}eﬁ é‘i‘l’ g’i?‘laﬁaiﬁ I{T?%g
location (NoMpi&t )yt“hﬁn%eamg%m&gmnhe m@ct%ka'@sn%«ymg%ammr% apt (for

super-pi xel X'11 for- super-pixel have scall ng region
starting | aofdrinafien MgslelanwkﬁFA\wﬁ;chrcemmdne |tme$fynnémmszea tubinqudorent s

are conputed as; B xl
[ B22+2* 52448*269?9’Bé%hﬂk%ﬁﬁqci*%#"ée‘?‘$ﬁ’ﬂﬁé‘%866]/16 B x12 =

[ B26+2* B28+B20+21 Babitete RffciancF4Rd 06 EemBaREEGRACIE for a CFA image, according

to one embodiment of the invention, scaling and color interpolation is simultaneously

achieved by applying a mark to each color plane sub-image independently and then
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where "0" represents the tenth colum of the CFA Figure 4(c) shows 1ahMAR 7003
exenpl ary nmask applied to attain the G een conponent of a super-pixel in a

*4:1 scal edvd pr@e2s As descri bed above, for each scal ed i magePrGUpPSNI2ps3tel

Xij, three conponents a Red conponent Rxij, a Green conponent &xij and Bl ue
conponent Bxij need to be generated. The invention conbi nes scaling and

col or i nt er pahbmingntht cesgk map atsendle supeapixek NI'l@FAter chh de spgléediroit-wiseltothei s

often considered as consisting of intensit | ues for. ch..of three color
bl anes. Red, S GEtECapBOBRILIER FoRFE- g M5t Teren eremplisch Deriater afill ene

pi xel's are ghger éﬂaéﬁe?ﬁ&?é}né‘{atxﬁﬁé?c%y%&iérpﬁ‘ﬁ,int%tgt\!%ﬁ;e%i@s&gﬂ'i%ﬁle uBlifnage
observabl e on each and every row."Thus, in relation to either Red or Blue, .
tw ce as mamgidy memyliipiédds Tareeeprimsedit.prdhet Gileefi.quiskel of adlrreaskrpradged isn a

staggered pattern and contain puch of the inportant "luminance" jnformation
of the imag@owrétzegggwstﬁlilec‘a?lghwf the siesk agshomiatligwreok. Thapormaliged For

t hese reaso i i ) pVadl r |y fromthe
Red and B ueT e S SSEelERE Inc IS dhd oAb Ry B TR Bt 00
shows that there Aatsealiny"ye@op(itidstedtadl infFige ik sblid bhtralary) féret: Geeding

conponent rather than 9. Al so, the coeffjcients making up the mask products
are not synfRISSeof #d Pré angial GEA IcaIPnaf @iXels Whieh gierteing fosned o Esepled 4(b) |
Thus, a filter, i catii: j 0. di i hat sh . Fi gures
3(ay3(c) whils PPeLPar R et UPeT SRR @5 BLECrATchiofin Biaa ot [ S1r e
4(c). The suymlinf. Aveordisito'one embbiigteantBthe éeintion, hamashuis appied veeqghtdotg i s
concentrated in tw pixels. Referring back to Figure 1, the scaling region
for super - piPKBE SYa Impgecdetsrppineaatk thege SPmpeasits shbtralsddwaspupsr-gixeh Thie CFA,

which are : : : - U
$99121636 pranre keReraditis f m et T Bl MR o e ek e
the central s€alegregibx.eFesr, instmothifiied:¢serléd inlge 30SAr-pixdt et Red corhporeasRl il al

| um nance information in that scaling region, are_assigned nask

Coof 11 ont & BIOCACIBIRE B Aty FBSFIGRPUCALRed piRels 8t RaP kol | pRABIRI S
\+2 and CMigs; Nikds aRERUS! BIGAs Db orelUSmpbite B, PP Br HRTEARPRhaShupdr.Of Lhe
super - pi xel 11 may be represented as:

[ G12+Gl4+2* @2t X1 EGAB4y b DR drin €aBYy- Gl yiB4 3] 2 by # heask s@ thet el GGa2NGEtapdhent

Gx 12 of the_ _super-pixel X 12 [Gl6+GL8+2* +4* R7+4* G36+2* G38+G45+(A7] / 16.
Further, as f g}g_"-aﬁé‘\*ﬁég‘}l‘ and; G§ Eﬁthﬁfﬁﬁ‘“ﬁ}%gﬁgﬁ%@éye %W%E%‘Q‘_‘fsolﬁr%ﬁxel s
of an image t%z{'haﬁ)c 'séqlﬁ%%éé&'n.d%‘éﬁhebéﬁb%!dga%low tihs 1chBE 1 PHASeRhp BF 4R shiftBAfy
scaling is often utilrzed mnotion video appflcatlons SUC?I as

vi deoconf er enad fog twb marot hér-ingggp Ipixeds indhes seafedrimage hidh msdszie noore rapedgal i ng

i S needed, tcpe maski n rocedure déﬁcribed bove can be nodified as

fol | ows. For clectng edge If.‘&’rF go DRI §ealiRg S BRERd col urms of pixels in the
ori gi nal unseal edpGEQotia! dachScdlBPRS e Qlipdraiktd 64) AR thred BB BorffcHeRE RTROE

pi xel . This case 1's shown in Figure 2, ere a 2:1 scaled inmage region is
shown to be QuiparidiBxisi A bfcatedemagatonsisty efgpuper-pinels Ky whick earhl regige a Fhe

si‘ze and nunber qf, products (i.c., the s lin jteria). be 1fied
or "oy be. ST T e b e AN oreital - “FhiidRonEnal CFA

i mpl ement ati.on of h dua] -node, (2: 1 apd 4: 1. ) Mc®l i ny«Ns desired) as is
often the né@aafsl}r"wﬁ’é{é\g@ '*é“rag?ﬁjc'ﬁ?éeé{‘ﬁﬁﬁ‘?%%? F‘G%sﬁut PiTZe g a separate

maski ng for egxch may be di sadvant ageous. Figure 5 is a diagramaccording to
an enbodi mentdGntagrRushy gkt ofdhe S@ieguﬁ@gsswr-a'xslwﬂé afodyvambiolomt er nal

i mage processt i : i ture device. A
sensor S00 é@%@ggﬁtgg@@%@yﬁgmﬁ{%gﬁﬁgﬁngxﬁdgﬁg%qegﬁg@ gﬁ@aﬁl&’&‘g’s from sone
source. The intebpdlatporkplocatiréles gener ated by sensor 500 are sent to a

capture interface 510. Sensor 500 in a digital camera context wll

typical ly sense eFiguEes Yak3@h siowsghestagss ebfilsemwrtigatioprto otain herfaesk fgf o
| ocation. Thys,. |, Bt it f each pixel is associated with only
one of three%ce&eélrﬂ?aﬁgﬁgg 'ﬁgg\éﬁgjﬁéﬁﬁr’ure interface 510 captures the inmage -
generated by the Erns6B(adBSbvadpRBdSubrAwEyel dgioh il yhcrgighnll OF Aass figeatdpon for

t he individual pixels. The TAGS are two hits each, for exanple, 00, 01, i O
and 11 for Rilteapplieddotbwericebnang bengontadly wilbsumpraeagnssk © mrdedts.pithis| s,

respectively. The set of all such pixels for the entire inmage is the CFA
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12° 1 2 MAR 2003 WD 00l 19728 PCT/ US99/ 21538 It is typical in any sehddfAR 2003
device that sone of the pixel cells in the sensor plane may not respond to
“the It ght{yeoaond tion properly. As a result, the pixel valPogaisggrisdat ed
fromthese cell may be defective. These pixels arc called "dead pixels."

The "pixel substitution"” unit 515 replaces each dead pixel by the imediate
previ ousl y saaipliflg pigie@l ofl Mpikéle forane RAD BT plahd sutbikfnge @osios ppedi canfiguauew and

colum indices of the dead pixels, which are supplied by the sensor. This
RAM t abl e 516 2ARCHY 1p e loh butyathereare gHsgti dhe Brd germpgsds pBtaingd fomateon t o

t he captured.| . i . i - .
converrer rafeds 6OTRARGL Bt B Boliebo 6y Rg ERTGHERRRED i oy
captured from t H¢askeesap fileeranitinedzifficiemt engi 2y ) vahetdrdanbenithvge (typically

m=10, n=8). A RAMtabl e 526 acconpani es conpandi ng nodul e 525 and stores
the entri escugfoditaent of feenipreirtipnde ArRiicddn mbhanarmy mamee (i.epbshilterde pprdiedel i n

the CFA wi | A= it I r enr { . t | | anes.
After compaiiag. Mgk rol e TR BT S bk AT Rl RO RER B BE e "2
to scal e dawmyt(haskeEtodilcts $Hoevnoini Kigaad 3(byaifahs three-tap MNeN,{12,13:i4 scal i ng
operation scales the inage size down to M2 x N2, while a 4:1 scaling
operati on sWRledta the resytigerayios Kigiigr (Ponaw ip &veuigalsuanngr, the wadtofscal ed
527 and 1o UER T8 bl ST nE PR N BB R P AR FRRE R M R 1
I nt er pol at i ;rod@yiethal willbe Mﬁécdioggthwto\@aémmmwmd& waRhzaRthehfie i nvention,
scaling unit 527 is capable of efficiently sinultaneously performng both
scal i ng and@BRBzed astdepgiediabaye Wi respegiie Fgwedi-nent of the invention) the
R T B Lt R A P A o
B. Since theamsih&smeavagnmsﬁdcmex&;ﬁﬁélﬁ ivGthBths sbilshddekgieh. SRefefrink @and 4,
the masks nmay be_inpl emented by using a shift register which shifts |eft

t he i nt ensiFiguiade 1t 5of gotsi thatthpneeicornenside aixebdbuthgdist agd lasheowsandnt i on,

t he mask pr 9 'y i : '

scal ed img%%gﬁész?ahgheé%m%efr/"g@s‘?é‘ﬁhﬁgﬁ%g@ﬁﬁpﬁ&?&#lgggrvgaé%gg hgft%g?s may

be acconpaniesudlt dbfjapplying thermaski clpainddsoughaopredictidnscanlicahateds ad wheernye col um
or rowinto an _accunul ator, Wien all 9 (or 8 in the case of Green) products
have been a&IB6HRAMHESLY e kithigithigsulbimagie na eesipiielabdichrap npeer fulbsrsaresent

i vi ding by LS SR8 & W B o bl St AR B R RS
mask wei ght ¢cargldtion betvedenixelhia thérsaeplinmpaksion Alosenthat isviabie)of astasiagdal r ow or

colum of pixels is bein rocessed, the products resulting therefrom can
be sumed t%‘{j‘é”l"ﬁ%ertiétrﬂi”’c &l TSy Iﬂrﬁ%ﬁ!yr}é@tcs‘?“ﬁ"éjt%ﬂﬁic'é’fdm@g%t ﬁ?ﬂsslsof t he

three-tap fild; ; ; S t her.
Thi o sum o e M B I P L e T

( i+2+| ). Thdeatiwvisibtm) vblt ubwally pasy thyeughchiegiosdf byleastshort thanijgsitonefor Bvdi t s
(again, using a shift register). Each ngormalized row or colu esult can
he accunul a?‘g'alsa%é SIRPI‘é‘H “?hég“frfl“pé)r’t SSMATPi IR lug &?S‘/‘p?'&f‘“fnﬁéligaﬁﬁﬁ ng

region, the : : ¢ v : i
or gi mal | CRATRHRSLRLES, e TPis BRLARE (PN ek R KiER S B 627

be obtained by applying in two directions a three-tap filter {1,2,1).

Figure 4(a) shows an exemplary mask applied to attain a Red component in a
4:1 scaled image super-pixel.

Referring to back Figure 3, a three-tap filter described above may be applied
first row-wise to the sampled sub-image and then again column-wise to the result of
that row-wise application. The intensity value of a component in a scaled image super-
pixel is determined by applying such a mask resulting from a filtering operation upon a

sub-image sampling region. For convention, M is the row and N, the column number of
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One skilled in the art will readily be able to nodify the nmet hodol ogy7 MAR 2003
descri bed above to inplenent a 2:1 or N.1. Wth above inpl enented, scal ed

‘i mage: dat avgapoves e rapidly be generated and sent to the ot PEF/UBIRYESS
processing units shown in Figure 6 and ultimately, will speed the delivery
of i-mage data over bus 560 and out of the image capture device. This is
especially alch/ammagdnfumofsmpptheorderjpxmialf thegCiop dord pivan seating hegicn. UBtedroivn

Vi deoconfereng where (frame ra mai nt enance) i |rrportant The 4zual ity
of the scal é8 Fﬁgﬁ-ﬁae mgnboﬂrfseea?ﬁﬁmiey BB [ GREG Bhiderstapdinga Fighyei4hak hat
effective ¢ t el din
scal od | mags” gt AP AR B0 dbR Al SINE REYLAARERAT oY BEIL BTF Y ok O "

n-bits, thenneaech, mfmﬂﬂnglghrdIlthchﬁ:'ﬂmlahﬁge sumgelwlwllmayema loxlnpibxscnt
associated with it, n bits for each col gr conponent. These col or conponent

val ues may e 1d oHtigh erﬁe@feéw'%ﬁd by the sk pE Higtp Ak el he maskipyoduets shown ithe
scal ed | mggy gmle%é%ﬁggﬁdn&gd ri?)'q;g% % ueo'gﬂﬁée JE%% R&1 mgﬁéﬁﬂ to a

conpr essi on u on e onpac & GndPencodes the

scal ed i magerdiahrdlyihata seamaag\e@bfeeolandntrymslppntvabxleefmmtsl(e to Zh®), demnessed
and encoded data is then packed together by a data packing unit 540 and
then out to 9k BavkProfres nes@erreﬂmahéﬁ?s@épclaewe%e %@e 156 le\e@w%@ﬁw ogy,
addr essin |

system degl gjﬁl\og'{?’g% &Ee r eadEE\S ?%&m& S?{YZ‘B? élg’g\(??a]}'%(@g%mioem&{hﬁ he lfhjerced
application.s Eﬁ@d&nﬁﬁmﬂhﬁcdﬁfﬂ\dxérﬁbf@% tehms havibs c&@2BciemIA 2aimd 4584drecrith gli rect |y
comuni cate with bus S60 so that their data can be | oaded and then | ater,

|u)fs desired, cestictanéal | Ahe toie)" weighysef thamask of Eigwrsd(dt(Hersupppfithabl es may be
ed to stor apa onents
(sel ectors, %ﬁﬁﬁ?én? i ?@glﬂé k lﬁzth%ﬁgdgn%n%%& %hecéfs‘l'gslgln a%“ggyg%egga i ng
unit 527 ha\Aemn@bel[)EGWMlaﬁRed-J-Z"th%kRBBeﬂ*R%Mw+aﬂKSMSS ﬂl6ZnMé\|R1£003
WO 001 19728 PCT/ US99/ 21538 wi | | readl ly be able to inplenment such a scaling
devi ce. The SOFFNES;SEPRIFLIng e EQ¥ anggol emm%eoqye reawdveéon HHs eXRressi9d)-at i on
yi el ds the of ,ar r&”& £ r
which w || ﬁ%lgg‘%grgg lf' eg]?ulgg;& pre g%‘rt\%lg m“zgmtglg?g&alp%p ﬁ‘grﬂgﬁggﬁgvﬁlél{ﬁ%
convent i onal(whosd sdagn@rdgyortlmshmaqumg;loca'mmug}'RtﬂjeucmtshenM%nNFS) deydrei bed f or
an R G and B CFA can, be applied to any of the numerous CFA schene such
as MAY ( Mageft ‘H“C‘Wﬁ ?‘@“&‘HH‘D\?E‘F WSSlqﬂl gure 6 is a systemdiagram of one
enbodi ment S[fR1’5tﬂ€*mWﬁ(‘lt9l+9“'R?bH*‘k%t7&a‘ﬁ§’9H§5517@&@‘91# 66)/fy/St em 610, whi ch
may be any general or special purpose conputing or data processing nachine
such as a PC (perBendibtribotiprubiethy masbopdfédiehs a.ﬁrotsellti'e:r%nrf;‘:ﬁiﬁz> régaorestwvwa3batmay
be a digital carrera di gltal vi deo canera, or .any im ?Eture devyi ce or
i magi ng_systBRTCIIFCCONHRBRP] GRFEEINAtOBIM MFFopiSd ipgs Bt Sqrgh SRS 238G As or
i mage of an &Pt th thE%ﬁﬁgl‘id@t‘e%%)m |§€rﬂ§/lf61%q|rh€£a@ﬁ§s zﬁ&seml%rdgE@@é&%nQYnc@n
|mage processi ng CI rcurt 63 hat they can be efficiently stored in an
ge nenor ynaeretpisd4s given eiduraneigie, @dmkike RAfiglforontisvesigorzagmcdevitece such
a a fixed disk. Thelmaecontalnedvm n inma upit 634 that is
destined forPREHEMEEedPCiEdmPR AN BLEAS M %Begi‘?{giq‘fggn%%celngés of image

features due to CPIR ?@R{H}@ﬁbw%ﬁéiéﬂﬂal%&& BROE &I ttahPA B'iuédbtnﬁf eﬁtaéﬂaon s
greatly mtigated by better preserving'edge features. In nost digital
caner as t hatsupampiperifiarn soaledimagegi ng, i mages are stored first and

downl oaded | ater._This all canera 63 capture the next
bl Bes T eone aui cRIomase s iS disdies STPChea By i SRR mast ARRETEA LS of

digi tal videgnapRyde ne%pewﬁjurumen @ thel @étribhityéh ¥f AREFQR:SAREPASK 1t IS
inportant that inmages not only be quickly captured, but quickly processed
and transni t éreay isudentitalc evexe B, piNdie sampled farahe masking ammhmw)ddfemas is

e L R oot SRR 2 L) LR A L B 15 P
transm ttingrj, Qr%nIg AP of h§ sérﬂ@l‘irﬁféggn%reﬂhe BRI Gal mﬁnﬁéﬂéﬁ%sﬁ EOHh FHéeS

whi ch do not co terpo ate IrT very nature caling and
color inter poﬂ:@hnlthA:{saeahgumﬂ)o&tamg iith thikdodanag 191 otessiapdiler mayibe 632

in this enbodi nent of the i ventl f t the i mage is

scal ed/ i nter fmleéé/artha{ ly Aag hazcwtally teﬁ‘?ﬁpﬁ[é%éémage chaﬁgeéhewn forgthe Red
deconpression of the transmtted i nage da may be achi eved using a
processor 612 such as the Pentiunms (a product of Intel Corporation) and a
menory 61 1, such as RAM which is used to store/.load instruction
addresses and result data. in an alternative enbodi nent, scaling/col or

i nterpolation may 15 1 2 MAR 2003 WO 00119728 PCTfIf S99/21 S38 be
achieved in software application running on conputer system 610 rather than
d| rectly |n har dware The appl | catl ons) used to gener ate scal ed |mage
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When an image, such as an inmage of a scene 640, is captured by carrerazﬁg‘g ]
they are sent to the inmage processing circuit 63?. |nmage processing e ?‘%“
632 consi s{y$ f@fi9128S and ot her conponents which execute, anDRgTAShEI1538
Functions, the scaling down and simnmultaneous color interpolation of the
captured i mage. The scaling/interpolation technique discussed herein, may
utilize i magebiMagd i Kififesi3Qa)sb (6. TR redul@htiaiskGEfhdin i Eigacend)54Q
captured by the canera 630. Further, this same nmenory unit can be used to
store the scdthedeiRedeopponen Ryl haldie Blag sompaneat @py bpiokiaingd by sugwaipg the

processed ANk AURERIA Nyl e RIBY GhLRUBHER S0, ok [BIORLk, { N

canmera 630 is 0 capture't ure N ng
techni que i maclotcFiguné 2rtheBale ddghpant@Bs of B 4cigBaled if3Be bipeapixedX @sullt i on
canera that is color rather than gray scale even though it is not nore
conpl ex t harfraan pus erogediye. st gaia, coppidcrrgiestattingieaation Mo the sealipg regsan on
desires/reqyges down| i mages, .t h I compressed | stored
0 the 1 magdraens s R RSRat AonBREEpils AR CRLE ORERER] Bliel KGR EL " e
|/ O port 61 &calloQepidhlstathfy WSRfonks M=Dbus=birdioe: | hNes arcefBetisQQWThedd 0 bus 615
to bridge 614 to systembus 613) to tenporarily store the scaled and

conpr essed iovEWpENeRis arejoompuiadasiy 611 or, optionally, disk 618. ~6 12

200 0 50 2B SABSALE p aME

which may utilizeg proe¢B3er2+@hR+Bo0+21546eBYS+DBAOHEEGHIEZES 1gRYy then
be rendered V|suglly using a display adapter 616 into a rendered/scal ed
col or i mage 8BUe "Aheepeseritethedentbcolummef the (Fifewn as being smaller in size

than the ori gi nal.capt scene.  This i si,rable in i_mage

appl i cati ons mherlggflﬁee%fgbqwﬁaz\n °§‘§H’£€aﬂ 5%6&?%11@32@%?1 tg‘?g%%eﬁ’ecohpoﬁg?t
needed. In a)misdgé}c@mm@mqisage@pﬁdg'egati on, the image data in its
conpressed and scal ed form may be comuni cated over a network or

comuni cati on syshedsseabediboneforeagh sealedimagasencropet i, Hiieeerdnpdnentseo or
excl usi ve of ter st 0 a.yi cont er iy sessien may

t ake pl ace. %ﬁ%bsoglg?f%ﬁj’gnracfg%nofocs)'ﬁp(%r%ﬁ Lgﬁ%}{%(flggﬁ chn & oggrﬁe%&é%ﬁ? g‘f’/ed
on-caner a i rgepaatedIbdinntiorEorhbifed seuiy ardtoldrtintdRpy labien RO g&ichlt€ frbm an

i npl enent a conmuni cation port in canera 630 that allows the inage data to-
be transportl‘éﬂNdW%@tll/‘i/S'%Rl"r@l@’tlﬁéf‘e?léeft%ée"idrﬁséowléw{ﬁc‘éfﬁﬂ@ﬂ@ﬁtY gesdessi on.
Wher ever a o) e I 1 , i e on
roni tor 620, Cr oA Rine R Ohcth dnd ER URTh BlyoraifE A BYRGISELT
both to conpBiuepirxejssdresbdeihbiensh dlteansive révey] bomae Gredraiinels kretabsarvhisle onodes.

Further, the various enbodinments of the invention allow also for efficient
sof twar e sczaﬁaichan‘il BY B “?"ﬁ'p'lra‘hfem rséption tgguher Ked oRBlyg, Sw(F8 26 ABYITEYT Pixglhe
scal ed/ i nt era‘?@kn?c%@ﬂ. Gk Wredn RS We!drralg¥fin Ef%g&‘calb@hér){ aﬁﬁ%‘ﬂtgitn%\%il&ﬁ“
features than typical 1n scaling operallons to 't he enhancenent in the
sc,al i ng pr ocths smporthnt hensnamat't iafrroasonaf theémege thheis catical fomtisuabdisahdtmn
which is indgtfgect an enbedded process. The end result wl] be a hi h(ﬁr
qual i ty rend¥riBR IBREs eber theR§deassns. thiapresn Sppsk jRapvn it Bighbn i vanssonygkedly her

nodes in a v i } W typi cal- scaling
met hods whi cﬁgﬁgﬁﬁg%@éﬁglrdggﬂ%g?%E)Pgtug,és ﬁ@? ie‘g@g’ tﬁgg ﬁ%/egg'k t o anot her
devi ce/ process orFiguagd(c)shdwethatthgrenaye oahs8 produdieén ereanka yobeit ddi ment s

descri bed herein are provided nefely tq illystrate the prjnciples of the
nvent i on antreSRSATHORY 5ReTBRLY r (e dhe qop Cﬁ“r‘ﬁgmf‘h’@gé’gdib%mé piducts

i nvention. ari el LRV i |} w de
range of sy?%g%g{%ygﬁlggﬁ@é{\l/gﬁtrﬁéﬁzaé\c}gﬁ g’g&'%ﬁ%&??ggggﬁ%re lﬁggrg%f??)ﬂlgb i eve
., ot her advant Alyj@sapplicitiondatwes dimaisives sodj acthatsheowasn Wigures 3(&)-3(d) RolMARna003
What is clained is:. A nethod conprising; defining a_scaling region in a CFA
(Col or Fil teﬁriT'?gwayy PrORIGIS th%tﬁb‘éﬁﬂéu‘%&skh'g%&“§ﬁﬁ&)- ﬂ%?é‘i‘m\lﬂ%iﬂl"nm?g‘ a
. downscal ed v f i } ERQi I MmoRI being fully

col or int erpgcfezgléel%}t%eﬁ ag%%‘of};f)ﬁlgfhggﬁé@gfnggs %&ghﬂﬁ%rglgemrg gl (l)sr'l of the CFA
i mage, said sub-i RefgeringigicRiio Fipurad, hiexedimgaégiad fortshperssixe Xl gas tpbane and
normal i zing the result of applying said mask to forma caolor conponent of
sai d super - pfspnally pasigorssy @fee&@ﬁéﬁgn‘éﬁlﬁe 50+ whichisee 64 apd Q@gocﬁlhggﬂr GIeCA t he
sub-inmage region. 2. A nethod according to claim1l wherein said CFA has
each pixel associated with only one of t ht'ee col or pl anes. 3. A et hod
according to claim2 wherein said color planes are Red, G een and Bl ue. 4.
A nmethod according to claim2 wherein said CFA is arranged in a Bayer
pattern.



5. "A nmethod according to claim1 wherein said down scaling is 4 to ]]gm 003
scaling. 6. A nethod according to claim3 wherein full color interpo 121
for each swperopisxel denotes that each super-pixel has conPéT&Es82iB8F a1l
three said Red, Green and Blue color planes. 7. A nethod according to claim
1 wherein said mask is configured to favor a central portion of said

sub-i mage rpigelonondddred withmtthé reigrg atrhenamcdgq/cpmer Tops, dlsecentreldgeeef eat ur es
occurring el sevvhel;e t han sajd ce A math d accordi ng t

Oy L epRF Gheh R PR bE ar ikl (OB bhsPiot fiminatea AT in

apparat us cQupfd & &Qr a:% ﬁﬁﬂédﬂﬂasﬁ%eﬁ&ﬁ&[s et %&alnag&&ﬁ.ou% h(c?QHé b&%?d to
transf orm CFA (Tol o I'ter Array) pixels, each associ ated only one of

mul tiple coG«mn(p@rmmﬁ‘:Mfs N+haral Qs i ledte s@phtedli®y 4. This, MRRGRRO3 pi xel s,
each super - |er of sa| oIor onponent by applying a mask to
a sub-i mage ‘r‘l%‘bqnﬁﬂt KPEHE&‘@:F;N’%B%@ “s‘é‘?)ﬁlggg%r?sﬁﬁlja aFegl on havi ng pi xel s
of all the F@WCPIQLF@‘*GQWJ‘Q}PJ&*@%W%%Wl'-*ftfiﬂr ei‘ﬂletw , P8l sai d

mask to forma col or conmponent of a super-pixel, “said c or conponent
havi ng t he cahpmeas€gqt? af td swpdrbpikdleXBUb- i nage regi on. 10. An appar at us

according t to said scaling and col or
I nterpol ati &31 JIT%%I{EJ"%cg&gp@t@ ﬂ*ﬂ*ﬁét ”@%ﬁ@gy‘g‘é%ﬁf I xel data. 11. An
apparatus accord dRBOVE TR eS U thid LSS ASOLs &PUR! qQ said
scal ing and col oirq%‘%re?sgio&éat | Ol’\l, urlu t, ¢ Q‘gé x sgﬁgpr ovpﬁlgnsg ?# ae%doafifer
pattern dat andgorthaas s:ba@/&ovuihﬁn s&nB bampalﬂatqmartacsim ohagg stdingliabfierbutiized ei n
said scaling and caol or ter I at I on n| t TEF? I ncor porated |nto an i nmagi ng

devi ce. 13. MARO USSR BRPISALUR AR YIEIcan TS nndp &1liv SERIFAHRRVAGC Aovi ce
VS 2 o 9L BhaERNPOAY: | Mylinds aéchk&'tﬁe RlasHIRE HOBGIHE BesCOBRS J6BUE Garfbod OPUL e

readabl e rre I um having 1 n§tructions st t hereon when executed by a
processor ceawdgied as follows. For a 2:1 scaled image every two rows and columns of pixels in

the original unscaled CFA will be mapped or reduced to a single scaled image pixel.
This case is shown in Figure 2, where a 2:1 scaled image region is shown to be 1/2 the
size of the scaling region in the original CFA. The size and number of products (i.c., the
sampling criteria) may be modified or may be similar to that described above. 1f a fast
hardware implementation of such dual-mode (2:1 and 4:1) scaling is desired, as is often
the need for videoconferencing applications, utilizing a scparate masking for each may
be disadvantageous.

Figure 5 is a diagram according to an embodiment of the invention.

) Figure 5 is a block diagram of internal image processing and compression
components of an image capture device. A sensor 500 generates pixel components
which are intensity values from some source. The m-bit pixel values generated by
sensor 500 are sent to a capture interface 510. Sensor 500 in a digital camera context
will typically sense either onc of R, G, or B components for one "sense" of a location.
Thus, the intensity value of each pixel is associated with only one of three color
planes/(pixel). Capture interface 510 captures the image generated by the sensor and
appends TAGs identifying color association for the individual pixels. The TAGs are
two bits each, for example, 00, 01, 10 and 11 for R (Red), G (even-row Green), G (odd-
row Green), B (Blue) pixels, respectively. The set of all such pixels for the entire image

is the CFA.
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a scaling region to be defined in a CFA (Color Filter Array) inmage; ﬁg%ﬁl
super - pi xel which is a downscal ed version of said scaling region to AR 7003

‘gener at edweai®rsuper - pi xel being fully col or interpol at ed,PA3yUSHBEIBBNg a
mask to a sub-image region of the CFA inmage, said sub-inmage regi on having
pi xel s of all the sane color plane and normalizing the result of applying
said mask to formistypwhbin angrspnmedewoé thabsamsoftbe ppick edl]s inahdsensbrgslane

conmponent havin sociated with the sub- | e region. 15. The

t he col ar
article of rl’?ﬁ)‘lﬂ HEIRANE 1Bt eclll ting £ANGY 8?8?9?65151 @Séjﬂs? Repingkvalugsh pi xel
therein assp&l'eﬁkc%ckra%ms@@élvmepse eéfe&twceerhfeg@ a&elphﬁ%ﬁcd 1&@&%1@* tr'gel e of

manuf acture of clalm 15 wherein said col or planes are een and Bl ue.
-19 1 2 MAxZO@StihrionTheit &i § re;ilze:eméaorhuhadandehbyetkmfnrmmlm pEvwhelyetahdsai d
CFA image is arr nged in a Bayer pattern. 18. The article of manufacture of
claim 17 wh%‘?‘é RYMIO™-col or interpol ation for each super pixel denotes that

each super - pi xel ANgeMARPRAIE D HsLIObr Attob i RoRnrRleLEfine FesffneRNd Bl ue

col or pl anes. e art manuf act ure of a| m erel & nmedi um
i ncl udes f uwhichrard upiptied by dmsmmrcwmmﬁnmms Bilhdlys thideptifyahs savaticmuse
sai d mask tocﬁig configured to favor a, centr port| on of said sub-inage

regi on whi | ¥ 4588 RIX&IsAP Fgjatiando dhy ¢apfyyed Bm’rgép Wpdisg geoduisiinied tleurri ng

g' Zg\hgdr& tﬁg)@ Aﬁ}'g\%aﬁﬁ%éfért}?i?ﬁdﬁﬂ%\\aﬂ &Qwﬁn@@fél%nmbe@h&b infefsify@® - A A
7 ittt pennespn syt
Iglit&r! éié%:!@ éégmma%}fé]cea]% ‘B&f@?%%ﬂ“@é}%ﬁi tgeatjesSf & cal ca

La] ca] calc C 35 | +
}//}//]236]78 8@@583%%8 g@sm g%Ztg %a?%:‘ﬁ ?1] fé a cg'?h’gl é’ﬁ] cai cai ca?c(:g] c;
] ca] ca] ca] cabﬁesa]tm]m]omfaimtﬂecca]ar@]mém)] caj ca] caU] ca] ca] ca] ca! 9<=1CCC) D6

FFG GGaHI >KK- 1LL
B%N)L( N7}\INN7q 3q| wWw&] 2 sqalinp anq eolef ugrealpion SHR UL AP T iR usedica) cal ca

] ca] ca] ca] Cﬁ:hféadow tﬁ@]rﬁﬁjecqi tebaginafntak SBL AR, £ OB opdaieSeates -/ R
evvee/ FWFi >jhk |uwag\d"m2eY<]®]r] tc)d‘}’ltbﬂ N4}, od]ilea) 4 hpcdihg apealicaicidsabd twdgealaea] ca] ca
Lk Lzl |11 %
D v SRl S S Bl Bl Sheied, il Fhr bk sl Picks colprarobeacn] cau
] ca] ca] ca] cakmlsgaﬂ;%hppam@memgwarld:@]lﬁ@d ﬁﬁkﬂ@ﬁi&aﬁ?&teaﬁoﬂ @rd}u%g Fpkf al WU

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca cal] ca] cal] ca
] ca] ca] ca] csthbing/celpr mtarpdleadbor@@Mionad&x " <a/ 3! { vgl gb] X] U] ] ca] ca] ca] ca] ca] ca] ¢
ok oht [hi 31 {yval GETI DR et At a O atE o 56 U BT G P U PEAPCared] CUPEE] cal ] o
a] ca] ca] ca] spdffidikady sitldahasuk &ﬁhﬁﬁﬂ%l@?&aﬁ ﬁﬁd ¢ iKld ation. Asin onc

10% /& ()-& 10% & ()-9:10% & ()-" 910%F& ) -109 )-10% & () -
n%o% & () - =ewi)digent of the invention, the 4:1 scalmg is achleved y applying a set of masks to

& s10A 86-1Qag%so (4 eﬁ‘ct(azl p%(g}qwa%a cu a?ocAé) or {)l)ane 3(2)Lr(1)eo/fén§‘sk( Ber co o?ggb&n%gge%?&g
G and B. Since the masks are composed of coefficients (multipliers) of 1 and 4, the
masks may be implemented by using a shift register which shifts lcft the intensity value
for a given pixel.
In one embodiment of the invention, the mask products are summed together
and then normalized to yield the scaled image pixcl. The filter design using shift
registers and buffers may be accompanied by an adder which adds the products
obtained at every column or row into an accumulator. When all 9 (or 8 in the case of
Green) products have been accumulated, the output of the accumulator may be passed
to another shift register shifting out 4 bits to the right, or in effect, dividing by 16 which
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10% / 910%& () - ( YMO0%& ()- 10/ 10/ 10/ $=10% & () - 12 MAR 2003
91'10% & ()-@0% & ()-?VAdEbC&I 10%/ 3yl0%& ()- !109%& () -

9' 10%& (Wweddte ()-f 109%& ()-"10%& ()-:89:; HTbC&9 PCT/US99/21538

10% / FO109%& () -' nmlO%& ()- 10< 10<

10<,0'1109%& ()- /1z109%<& ()-:!'10%& ()-TckYdEbC&9

10% / , #10%&is(the @kl&@%@h(ibg fd3 BQGKRO the @redMiagks- A ltckiiiely) as'ch@R@OW bor ¥lumbh b C&9
10% / 3&10%& t()) nmMlO%&k' ()- 10 10 10yf2 109 ()- @f 109& () - SF% 109&' (h -

| q| dEbC&9 100RiKE slsobmpg( Pr_ocessgc@)q@z I))dUCIS resulting therefrom can be summed togethe

1008 - ARl s B AR R
an adder to sum the products together. This sum can then be normalized by the sum of
the filter taps, which is 4 (1+2+1). The division by four may be achieved by a shift
right of 2 bits (again, using a shift register). Each normalized row or column result can
be accumulated and when the filter is applied completely to the sampling region, the
accumulated value may again be divided by normalized.

The original CFA may be scaled by a factor of 2 rather than 4 by SCI with 627.
One skilled in the art will readily be able to modify the methodology described above to
mmplement a 2:1 or N:1. With above implemented, scaled image data can more rapidly
be generated and sent to the other image processing units shown in Figure 6 and
ultimately, will specd the delivery of image data over bus 560 and out of the image
capture device. This is especially advantageous for the 4:1 scaling operation, which is
used in videoconferencing where (frame ratc maintenance) is important. The quality of
the scaled image is also improved over traditional 4:1 scaling in that effective color
interpolation is also simultaneously performed yielding scaled image data that is of full
color. If the CFA has each pixel of n-bits, then each super-pixel in the scaled image will
have 3*n bits associated with it, n bits for each color component. These color
component values may be concatenated or transmitted separately as is desired. The
scaled imagc data, obtained super-pixel by super-pixel may be passed to a compression

) unit 530 and on encoder 535 which compacts and encodes the scaled image data into
manageable and transportable blocks. The compressed and encoded data is then packed
together by a data packing unit 540 and then out to DMA controller 550 for transfer
across BUS 560. Bus technology, addressing protocols and DMA controllers are well-
known in the art of systecm design and can be readily modified/specialized to fit the
desired application.

Each of the RAM tables 516, 526, 528, 532 and 534 can directly communicate
with bus 560 so that their data can be loadcd and then later, if desired, modified.
Further, those RAM tables and other RAM tables may be used to store scaled image
data as needed. Though the individual components (selectors, shifters, registers, and

control address signals) of scaling unit 527 have not been detailed, one skilled in the art

14



10%/,+ 109%&' ()- *10%&' ()-,! (109%& ()- &LO0%& ()-, Y%40% () - 17 MAR 2003
y#10%&' () - $e$$$$=%-%8B@E: / 10
'105Z10%& (o 340988 () -, @- 10%& ()-010%& () -, .t 10%& () - L- &LOGEYYSHEIAB( ( (+oM
Ty 10% U ()- 1 *10%; & ()- | *100#& ()- | *10%~& ()- 1*10% & ()- ' cl0%
U& ()- 10+ +z/ |/} ~I11/~ @ 10% 10% & ()-' ml0% & ()-1 10 U 10 U 10 U: MLO%
U&' () - &&! 10%1U&a(h)y b¢ g'bldﬁf’/ﬁﬁi;tﬂbx(lém sh¢iP8&A8aBdev@e. The efficiency and ease of

1098&*M 10% . &I"‘i (V Y, t110% & () -1 10%&@&%( 8% & " 10% & ()-8f8
88" 9y99dE~ ¥ %‘é‘si )ﬂt‘?IP%‘P“%W s the gdy %TO (i hieh quality,

410% & ()-T¥ ,,&:ié?i%o@n(&am%%%/ @vﬁgﬁcﬁ)wﬂ%%ggg 7@&& %91@5 rved in a better manner than
10907& () - @ " &10% &' ( - 10/;
T10% & () - <w]1@(§6&@rﬂ©ﬁ)ll§dﬁﬂh@orﬂ.f)%ﬂﬂﬁues Thoug,h the invention is described for an R,
G and B CFA, it can be applied to any of the numerous CFA schemc such as MWY
(Magenta, Whitc and Yellow).

Figure 6 1s a system diagram of one embodiment of the invention.

Ilustrated is a computer system 610, which may be any general or special
purpose computing or data processing machine such as a PC (personal computer),
coupled to a camera 630. Camera 630 may be a digital camera, digital video camera, or
any image capture device or imaging system, or combination thereof and is utilized to
capture a sensor image of an scene 640. Essentially, capturcd images are processed by
an image processing circuit 632 so that they can be cfficicntly stored in an image
memory unit 634, which may be a ROM, RAM or other storage device such as a fixed
disk. The image contained within image memory unit 634 that is destined for computer
system 610 is enhanced in that the loss of image features due to conventional scaling
and indcpendcent color interpolation is greatly mitigated by better preserving edge
featurcs. In most digital cameras that can perform still imaging, images are stored first
and downloaded later. This allows the camera 630 to capture the next object/scene
quickly without additional delay. However, in the case of digital vidco camera,
especially one used for live videoconferencing, it is important that images not only be

) quickly captured, but quickly processed and transmitted out of camera 630. The
invention in various embodiments is well-suited to providing fast throughput of color
image data to other parts of the image processing circuit 632 so that the overall speed of
transmitting image frames is increased over typical scaling techniques which do not
color interpolate by their very nature.

Image scaling and color interpolation is carried out within the image processing
circuit 632 in this embodiment of the invention. After the image is scaled/interpolated,
it may also bc compressed for transport. The decompression of the transmitted image
data may be achieved using a processor 612 such as the Pentium® (a product of Intel
Corporation) and a memory 611, such as RAM, which is used to store/load instruction
addresscs and result data. In an alternative embodiment, scaling/color interpolation may

15
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or memory 611. It would be readily apparent to one of ordinary skill in the art to
program a computing machine to scalc and simultaneously color interpolate an image in
accordance with the methodology described above. Further, the various embodiments
of the invention may be implemented onto a video display adapter or graphics
processing unit that provides scaling and color interpolation.

Computer system 610 has a system bus 613 which facilitates information
transfer to/from the processor 612 and memory 611 and a bridge 614 which couples to
an I/0 bus 615. 1/0 bus 615 connccts various I/0 devices such as a display adapter
616, disk 618 and an I/0 port 617, such as a serial port. Many such combinations of
1/0 devices, buses and bridges can be utilized with the invention and the combination
shown is merely illustrative of one such possible combination.

When an imagc, such as an image of a scene 640, is captured by camera 630,
they are sent to the image processing circuit 632. Image processing circuit 632 consists
of ICs and other components which execute, among other functions, the scaling down
and simultaneous color interpolation of the captured image. The scaling/interpolation
technique discussed herein, may utilize image memory unit to store the original CFA of

) the scene 640 captured by the camera 630. Further, this samc memory unit can be used
to store the scaled/interpolated image data. Once all pixcls are scaled, processed and
transferred to the computer system 610 for rendering, the camera 630 is free to capture
the next image. The nature of the scaling technique in color interpolating allows for
camera 630 to act as a motion camera that is color rather than gray scale even though it
is not more complex than a pure gray scale type camera. When the user or application
desires/requests a download of images, the scaled compressed images stored in the
image memory unit arc transferred from image memory unit 634 to the 1/0 port 617.
1/0O port 617 uscs the bus-bridge hierarchy shown (1/0 bus 615 to bridge 614 to system

bus 613) to temporarily store the scaled and compressed image data into memory 611

or, optionally, disk 618.
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size than the orlgmal captured scene. This is desirable in many image applications
where the original sensor capture size of a scene is not needed. In a videoconferencing
application, the image data in its compressed and scaled form may be communicated
over a network or communication system to another node or computer system in
addition to or exclusive of computer system 610 so that a videoconferencing session
may take place. Since scaling and color interpolation are already achicved on-camera in
one cmbodiment of the invention, it may be possible to implement a communication
port in camera 630 that allows the image data to be transported directly to the other
node(s) in a videoconferencing session. Wherever a user of computer system 610 also
desires to see his own scene on monitor 620, image data that is scaled and color
interpolated may be sent both to computer system 610 and transported over a network
to other nodes. Further, the various embodiments of the invention allow also for
efficient software scaling to be implemented if desired. As discussed earlier, the
scaled/interpolated color image will have more visually accurate edge features than
typical in scaling operations due to the enhancement in the scaling process and the
simultaneous nature of the color interpolation which is in effect an embedded process.
The end result will be a higher quality rendercd scaled image 650 that displayed onto

) monitor 620 or other nodes in a videoconferencing session as compared with even
typical scaling methods which do not color interpolate, but leave that task to another
device/process or stage of the imaging session.

The exemplary embodiments described herein are provided merely to illustrate
the principles of the invention and should not be construed as limiting the scope of the
invention. Rather, the principles of the invention may be applied to a wide range of
systems to achieve the advantages described herein and to achieve other advantages or

to satisfy other objectives as well.
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What is claimed is:

1. A method comprising:

defining a scaling region in a CFA (Color Filter Array) image; and

generating a super-pixel which is a downscaled version of said scaling region, said super-
pixel being fully color interpolated, by applying a mask to a sub-image region of the CFA image,
said sub-image region having pixels of all the same color plane and normalizing the result of
applying said mask to form a color component of said super-pixel, said color component having

the color associated with the sub-image region.

2. A method according to claim 1 wherein said CFA has each pixel associated with only one

of three color planes.

3. A method according to claim 2 wherein said color planes are Red, Green and Blue.
4. A method according to claim 2 wherein said CFA is arranged in a Bayer pattern.
5. A method according to claim 1 wherein said down scaling is 4 to 1 down scaling.
6. A method according to claim 3 wherein full color interpolation for each super-pixel

denotes that each super-pixel has components for all three said Red, Green and Blue color planes.

7. A method according to claim 1 wherein said mask is configured to favor a central portion
of said sub-image region while maintaining the ability to represent edge features occurring

elsewhere than said central portion,

8. A method according to claim 2 wherein said color planes are Magenta, White and
Yellow.
9. An apparatus comprising:

a scaling and color interpolation unit configured to transform CFA (Color Filter Array)
pixels, each associated with only one of multiple color components, into downscaled super-
-18-
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region of the CFA pixels, said sub-image region having pixels of all the same color plane and
normalizing the result of applying said mask to form a color component of a super-pixel, said

color component having the color associated with the sub-image region.

10. An apparatus according to claim 9 comprising:
a memory coupled to said scaling and color interpolation unit, configured to store said

super-pixel data.

11. An apparatus according to claim 9 comprising:
an image sensor coupled to said scaling and color interpolation unit, said sensor

providing in a Bayer pattern data for said CFA.

12. An apparatus according to claim 9 wherein said scaling and color interpolation unit is

incorporated into an imaging device.
13. An apparatus according to claim 12 wherein said imaging device is a digital camera.

14. An article of manufacture comprising a computer readable medium having instructions
stored thereon which when executed by a processor cause:

a scaling region to be defined in a CFA (Color Filter Array) image; and

a super-pixel which is a downscaled version of said scaling region to be generated, said
super-pixel being fully color interpolated, by applying a mask to a sub-image region of the CFA
image, said sub-image region having pixels of all the same color plane and normalizing the result
of applying said mask to form a color component of said super-pixel, said color component

having the color associated with the sub-image region.

15. The article of manufacture of claim 14 wherein said CFA image has each pixel therein

associated with only one of three color planes.

16. The article of manufacture of claim 15 wherein said color planes are Red, Green and

Blue.

-19-
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18. The article of manufacture of claim 17 wherein full color interpolation for each super-
pixel denotes that each super-pixel has components for all three of said Red, Green, and Blue

color planes.

19. The article of manufacture of claim 14 wherein the medium includes further instructions
which when executed by the processor cause said mask to be configured to favor a central portion
of said sub-image region while maintaining the ability to represent edge features occurring

elsewhere than said central portion.
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