WD 02/ 100116 PCT/ US02/ 17814 SELECTI VE CHROM NANCE DECI MATI ON FOR DI G TAL
| MAGES BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] The
present iwoentowamerel ates to digital signal processing. Meca/uspzcisid cally,
the present invention relates to an apparatus and nethod for selectively
decimating a digital image. Il. Description of the Related Art [0002]
Digital picture processing has a prom nent position in the general
discipline of digital signal processing. The inportance of human vi sual
per ception has encouraged SEL%GTJE@% ROMINANEGE ances in the art and
science of digital pictpRECIVIKCEFIONTFORDIGCIHALAMAGHES ansm ssi on and
reception of video signals, such as those used for projecting filns or
novi es, various inprovenents are being nmade to i nage conpression

techni ques. Many of the current and proposed vi deo systens nake use of

digital encoding techniq i s_fjeld | ude i mage codi ng,
i mage restoration, and ﬁﬁ%@@@@@ﬁﬁiﬂﬁwﬁ agz\?codi ng represents
the attenpts to transmit pictures of digital comrunication channels in an
efficient manner, making use of as few bits as possible to mnimze the
band wi dt h Ik ebjigld eftkhedhvéndiomt t he sane time, maintaining distortions
within certain limts. Inage restoration represents efforts to recover the
true image of the object. The coded image being transnmtted over a
communpgat i on chgRngbsent@yetinacRes o ai@pﬁg@g pRdCeYdid. OMRrd Set@ically, Jpair ce
of degradation may have arisen originally in creating the image fromthe
obj ect. Fedte¢scnt iguenionirelios ¢ an sppasatuhandsmpbed forselestivaly decimating e dighial es of
t he pictur g ch attributes nay be required in the recognition,
classificatiof, and decision in a wi der context. [0003] Digital encoding of
video, such as that in digital cinema, is an area which benefits from
i nproved i mage_conpr.essiqn techniques. Digital inmage conpression may be
general |y diadsexiption pf theRelatedAddor i es: | oss-1ess and | ossy methods. A
| o0ss- less image is recovered without any |oss of information. A |ossy
met hod i nvol ves an

[0002] Digital picture processing has a prominent position in the general discipline of

digital signal processing. The importance of human visual perception has encouraged
tremendous interest and advances in the art and science of digital picture processing. In
the field of transmission and reception of video signals, such as those used for
projecting films or movies, various improvements are being made to image compression
techniques. Many of the current and proposed video systems make use of digital
encoding techniques. Aspects of this field include image coding, image restoration, and
image feature selection. Image coding represents the attempts to transmit pictures of
digital communication channels in an efficient manner, making use of as fewy rbits as
possible to minimize the band width required, while at the same time, maintaining
distortions within certain limits. Image restoration represents efforts to recover the true

image of the object. The coded image being transmitted over a communication channe]

o~

originally in creating the image from t}\ngobj"égt. Feature selection refers to the selection
of certain attributes of the picture. Such attributes may be required in the recognition,
classification, and decision in a wider context.

[0003] Digital encoding of video, such as that in digital cinema, is an area which
benefits from improved image compression techniques. Digital image compression
may be generally classified into two categories: loss-less and lossy methods. A loss-

less image is recovered without any loss of information. A lossy method involves an



WO 02/100116 PCT/US02/17814 2 irrecoverable |oss of sone information,
dependi ng upon the conpression ratio, the quality of the conpression

al gori t hmvoandodiine i npl ement ati on of the algorithm  GenePalrlusp2/im8ssy
conpressi on approaches are considered to obtain the conpression ratios
desired for a cost-effective digital cinema approach. To achieve digital
cinema quality levels, the conpression %pproach shoul d provide a visually
| oss-1ess |evel of erfo mance._ As SUCQ% al t hough there is a mat henmati cal

| oSS of 1 nfBFFRYETEbNE 10550l T FHTOBRatiR LBGIHREPEh B GEBRESIPhAHorge
di storti on fiaHRLYt Dife ! SrfiprbQth %igmmn Dand | HP SRRkt Of k! AGHmHNder

normal view ng condi tions. [0004]° Existing digital | mage conpres

t echnol ogi dserieaally, Desy @mwmbsspmdapproa@tm@re cappldrediitd areain riberebnpfession
television s ns. uch t i.es -have nade desi es

appr opr | at oG SE T AR TREIE G Bh e Bg ot TReelierhaidanr feya
requi r ementgan8ereslsf Me EInRBRidA ﬁﬁﬁ’éﬂcﬁtdh@ﬂld fn%@ﬂié]a Dlsﬁhl‘lﬁhos@lé&@"[@vel of
conpr essi on t echnol ogy shoul d provi de the visual ﬂua ity that a novi egoer

has previ owpstipriesgrer i Aneist. althpagh there tsrﬁemth;e;mtwd adsi afynfeimatiqi as4 resithenn

shoul d atte to exc ed that of a hi a t fil t he
sane tine, Q?pﬁl %%ﬂ%’i’e A JHOF_E Wieq%%hgﬁﬁai é%\f@g‘ﬁﬁ Eyctﬁ%fl oﬁs eﬁhf‘)}qigl A§ﬁcy to
be practi cainpersptislt thediewke urder nogpdivivgvias tosdigosy refers to the bit rate

needed for the conpressed image quality to neet a certain aualltatlve
| evel .[06Ht eover Exisiingsdistid Hnage C@@Hieﬁﬁj‘)l% techrelggies Smwubegn dexelapasidor othes

fl bilit t t b f ve:
o DL nph e BB ool EEREAL R S 20 RO ROBRAPLERER Vo]
conmon nethmﬂqﬁmpheye@pﬂ@nm@dmmehéhmbmhmquﬂmﬁumﬁtbnnﬂedednksrﬂ&:qumﬁy

conpressed digital |nag s to reduce t.he spatial resolution of the
chr oni nanc &CIFRTERGeER UGS PEERREO Ry cause noti ceabl e i mage

d' st orpioap. Al t%’gﬁél' Méha c&nﬁf‘e@M&cHﬁ‘éll@%}ﬁsﬁ&ld fH%Yd%: 8RS u%‘h@F fnaPR 1S
to increase the bi't rate of the conpresse . This too IS not

desi r abl e, mevieddeehas peeaously abpeanebcetd r aieelly,sthla visuad dualdiycalr digitgl ginema
met hod and ggﬁ)@ agtle qoeﬁ%g%ci {m % ?ifeagwgh %ualaty rlelr(l:g epn%'fltﬁl An[tt égarﬁeht?mg utﬁé:" ty

level of tH
compression techmque should have high coding efficiency to be practical. As defined

herein, coding efficiency refers to the bit rate needed for the compreséed image quality
to meet a certain qualitative level. Moreover, the system and coding technique should
have built-in flexibility to accommodate different formats and should be cost effective;
that is, a small-sized and efficient decoder or encoder process.

[0006] One common method employed to reduce the number of bits needed for a
compressed digital image is to reduce the spatial resolution of the chrominance
information. However, this may cause noticeable image distortion. Alternatively, a
common method to remove image distortion is to increase the bit rate of the compressed
image. This too is not desirable, as often the available bit rate is limited. Accordingly,
a method and apparatus to decimate a digital image but maintain the quality level of the

digital image is needed.
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i nvention provides for selectively decimating a digital image.

Speci fi cawbyz/1oaiie digital inmage is divided into a plural iPCy/usb2/bisecks.
Certain ones of the blocks are selectively decimted based upon
predeterm ned criteria. Aspects of enbodinents allow for decimating the
chrominance resolution in areas with | ow amounts of chromni nance
information to reduce the bit rate, while naintai ning chrom nance quality
that is inmperceptible to the tﬁld%(ﬁ\/lé}@{ OFTHE BYHBYIL adaptive bl ock
size discrete cosine transform (ABSDCT) techni ques are uti lized to
determ ne whether to reduce the chrom nance resolution in a given pixel

area. [@oogps of MighnedntieRipieies fonkeledtiielyodeciBitthgWlighteldiuaed. Spedifisalyyt i on,
whil e areas of | ow chrom nance information are reduced in resolution

wi t hout dedhadigifgl imegeos <livided qmglaunlyrahwe@ﬁ 'glp@kﬁs Qﬁiffalb@nﬁ’hafeﬂ@rmac@%%k by
bl ock | evel
DK S PR b e Blothy ORI Bk d o SEE0E s TR i

Accor di ngl \allagpéat aemﬁlaan@o@le n@lﬂbmrphcanrel@ldtmn tonerst i owl adnctndi of t al

|magetoa422d|g|% or a 4:2:0. An apparatus and et hod of
deci mat i ng CRIOTYNRIEAD qrwaa@ Bee fhg bifi ratet yhile peadatanng %fgp@sr@ﬁfeea%w a

plurality |
functi on o?ﬂ%tﬁ%hﬁ%eﬁgérﬁ%r?anc%é H&g‘fl ?Ton o pgd“}“ock%ﬁf’%"ef Bk e dRschbe

e reso rtain ones of the
bl ocks ar e cokiee trapdfenn (ABSP B ¢eammigues al[eOIDiD@q:d fecdaserdiing Wwhethet toi redae ths pect

of an enbod ment ton]]p?](gw de. an ap aratlus an {Egﬂ‘i&}O deci nat a dll%; ital
i mage base(‘f EBACE FPRTR }ne%& Gt PSP fFRt § Rt &ieAi PTEgeRE 13 qrmatio
chrom nancerdfst felivoedlildlutloh, vhild ARG 6f 158 I@I%huﬁkfncé Mnferhadinnee tredu@ed
provi de an apparatus and net hod to reduce the bit rate in areas of |ow

chr omi nancén F@letlgtl ivathouf degr if}lng thei evezaibquadity. aBpeisipnpmay rbeémﬁédmrﬁeblpck 0

sustain a | t | nt ai ni e 388 ual | t 0012]
e Aot rPHEd RkeL Gel it s BRI Mot B DN TR e chpeSfikitnt y
l evel t hal’@nﬁieaﬂﬂﬁﬁé drid@tﬁbsf@'ﬁdlglthl information.

[0008] Accordingly aspects of embodiments provide for converting a 4:4:4 digital
image to a 4:2:2 digital image or a 4:2:0. An apparatus and method of decimating a
digital image where the digital image is represented by a plurality of pixels is described.
The size of the pixel blocks is a function of the chrominance resolution of the block.
Certain ones of the blocks are then selectively decimated.

[0009] Accordingly, it is an aspect of an embodiment to provide an apparatus and
method to decimate a digital image based on chrominance resolution while maintaining
over all chrominance quality.

[0010] It is another aspect of an embodiment to provide an apparatus and method to
reduce the bit rate in areas of low chrominance resolution.

[0011] It is another aspect of an embodiment to sustain a higher bit rate while
maintaining the same quality level.

[0012] It is another aspect of an embodiment to achieve a higher image quality level

than standard decimation.



WD 02/ 100116 PCT/ US02/17814 4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The
aspects, features, objects and advantages of the invention will becone nore
appar ent Woponiloies detai |l s of the description set forth belPecwushmnstieken in
conjunction wth the drawings in which Iike reference characters identify
correspondi ngly throughout and wherein: [0014] FIG 1 a bl ock di agram of
an i mage processing systemthat incorporhtes a decimtor; [0015] FIG 2 is
a block diagramillustrating details of a bl ock size assignnment; [0016]

FIG 3 is a flow diagram iBﬂbEFMSG&IRH@NQFsIHE/BRQBeWJ S on process of a
4:4:4 digital image; [0017] FIG 4a illustrates an exanple of a 4:4:4

bl ock of a chrom nance portion of pixel data; [0018] FIG 4b illustrates
an exgopie of a Phedisged, Bcdtured, objeetir Mdiad M Srep OF theOiRvation willl becstat aior@nd
[0019] FIG 4c illustrates_an exanple of a 4:2:0 block of a chrom nance
portion of appaent frepatthe duteile of theodesgimion sestzintdaw wienpekey inEOnvESHR PTI ON
OF THE PREEE E 02 er ci.litate digltal

transm ssi Sﬁﬁgﬁ%i %{%@%égg :}%—ﬁ‘g}]{ggaﬁg‘l e%%éyﬁ%%hgh&ggggeé%éghg}? n%og%ggoen% Imtgéy;/ it

i s gener al Ityrongloes aad wheeirenpl oy sonme form of signal conpression. To
achieve high definition in a resulting inmage, it is also inportant that

the hil§W44ual i t 167 | erbdockfiggramof an imAgs MECESSIRG SYHEP ARAt SCORMAPEt &t | onal
efficiency desimaigsi red for conpact hardware inplenentation, which is

i mportant in many applications. [0021] In an enmbodi nent, inage conpression
of "t hd001yent i oFIGs2 s bldck diadrant ileseatingaketail of pdhskeiznasOgiherttechni ques.

S IR R ENT TSN R R ) T -
: ' - digital image; :
[0017] - FIG. 4a illustrates an example of a 4:4:4 block of a chrominance portion of pixel

data;
[0018] FIG. 4b illustrates an example of a 4:2:2 block of a chrominance portion of pixel

data; and

[0019] FIG. 4c illustrates an example of a 4:2:0 block of a chrominance portion of pixel

data.



bl ocks, NxN in size. A two-dinmensional DCT may be performed on each bl ock.
The two-dinensional DCT is defined by the follow ng relationship:

a(k), fl (IwB2/100116 2m + 1) 79c 2n + 1)rl X(k,l1) - ) Z Zx(m mreasht/Piki4
jcosL(2N) J, O <k,l <- N-1 nmOn=0 1ifk-0 where a(k),,Qk) - 1, , and

~ 1fkO x(mn) is the pixel location (mn) wthin an NxM bl ock, and X(k,I)
is the corresponding DCT coefficient. [0D22] Since pixel values are

The most encr gy, PRTAEED DESURIAN OFAE FREEEIHoD RMBOLRESAS tner gy

is concentrated around the conponent X(0,0). This energy conpaction
property makes the DCT techni que such an attractive conpression nethod.
[ 0023][0020] has bégrnordbss s facilitdeatdigiod t tramsinissidn ofredigisal asignalmded ugnjof the at
relatively slow varying_areas, and husy areas such as object bouyndaries

and hi gh- c GATRPORAiNg X PeTEETs. 1Edh1geRSRIY 2653508 EQ FMMRIOY SRBIFeOTILRE SARPANt age

of this fa . aS S i1 : : i to
The l'eas bochprionS IR TRCatlhiGon hfs HISIBYSaBE SRE ARG ATAnIE
5,021, 891, tmpighlqaadlitykdatbe imegeBbeomiinBiine. | Fagentore cenputanont effoderands

Syst " dtoth i f th t i ti d. .
| ncor por at G8REIST FOBRACt P ARRIeTRRa B, R 5 dmgtiand i) Splicaiarsi n U
S Patigny No. 5140f aBoaiith et UOHRA30RHSHEGTIME0R/L 1814 of diddapt ve

Bl ock Size | mage Conpression Met System " assigned to the assignee
of the presesine impdomm GRCANEchniguesy obencsalhen éinaghip beproressedin thgdigitt | t he

use of the ABSDCT hni que in conbjnation. wit.h a Differential adt ree
Transt or - PERThGULT Be CrbBerlefiBkal U S0k o s airel BB lon Gy eiling e
"Adaptive Bligkk, $kKen slRRge twedRheSsomaN DI had bAp@rfonaédEon eachableek.a¥hé gned
to the assignee of the_present invention and incorporated herein by

ref er ence. tWRlimgrsiene Diilsis|dgeed binthe heliewipg aelatienship:

a(k) ) ’f”z"l [@Cm+Dak]  [(Cn+ Dl

Xk, = N x(m,n)cosL N _ICOSI_ N J,OSk,lSN—l
m=0n=0

h N IS B e
where  a(k),B(k) = . ifkz0
x(m,n) is the pixel location (m,n) within an NxM block, and

X(k,1) is the corresponding DCT coefficient.

[0022] Since pixel values are non-negative, the DCT component X(0,0) is always
positive and usually has the most energy. In fact, for typical images, most of the
transform energy is concentrated around the component X(0,0). This energy
compaction property makes the DCT technique such an attractive compression method.

[0023] It has been observed that most natural images are made up of flat relatively slow
varying areas, and busy areas such as object boundaries and high-contrast texture.
Contrast adaptive coding schemes take advantage of this factor by assigning more bits
to the busy areas and less bits to the less busy areas. This technique is disclosed in U. S.
Patent No. 5,021,891, entitled “Adaptive Block Size Image Compression Method and
System,” assigned to the assignee of the present invention and incorporated herein by

reference. DCT techniques are also disclosed in U. S. Patent No. 5,107,345, entitled



utilizes what is referred to as "intra-frame" encodi ng, where each frane of
image data is encoded without regard to the content of any other frane.
Usi ng t hewoB3D®@Ii16 t echni que, the achi evabl e data rate nayPog/usozaisiy

wi t hout discernible degradation of the image quality. [0024] Using ABSDCT,
a video signal will generally be segnented into bl ocks of pixels for
processi ng. For each block, the |um nan®e and chromi nance conponents are

passed to a hl ock i nter| eaver. For exanple, a 16x16 (pixel) block may be
presented t 6daIffWé BlaskSientlrge A@npressien HMehaérindg Sy#eaniasignednl ithtage

sanpl es wi thi fﬂlgg ﬁf’n} (ljgﬁés ﬁplnvpﬂtﬂﬁlkantdqnggr?gﬂﬂfeﬁ Hekaf %? E%%én&? e} etheI_H

sub- bl ocks o ata iscrete cosine transform ana
oper ator i ef dme ABSIIGH te¢hntquevir tombination rvatts anpifietersialy r@iadtréeo ".[aarfsfarquency

representati on of the sa si.gnal . B onvyerting to a. freqguenc .
r egr egent atseBRauE A% dieysse é‘PnIr? qﬁegatﬁ‘évlgo bééﬁ£ ngxfﬁmit]ﬁdaﬁ ZY‘DO%ZCW@I‘%}Z%i gh
level s of I;ﬁ%@%}?}re?{)}on Ao RPRAA B 3pidn, @aajs&sssgg% sh enagd &sgigw@f &g\e@ék’eﬂ@e of

the frequency dis ution chara erlstlcs of” an 1nmage. "In a pr
enbodi nent mven@omﬁ)djﬁc@@mramﬂ heaquplhyerdfdrmca fTihe systamsl discloged inabese§anBCTs

are applied.to a con orderin 6 4x4 lied to a third
ordering, ?llﬂjzeéz‘tv 5%’??‘1 oasd ﬁ‘iﬂ?‘% e Snﬁoql%r“f r%‘?%grﬁfaﬂjge of ipgssflate Ly

i mage procegided vﬁm@@%@gardttbeth@czfo&mr&t Mol dtliiarp@ﬁrﬁcor NBgin I\gnth@lABSD@ﬁt a
that is divided into an array of non-overl appi ng bl ocks. te that although

bl ock si zetechrigee, dhe aoliseablddatairateanay &g rggeatbyNvithow idissernible idsgradatiogi ohed
that vari ogl%v\%g 5%2[31 ies may be used. For exanple, an NxM bl ock size may
be utilize e I Nand Mare integers with M being either greater

t han mo24)ess t hagini. ABSDICEra ivf&éerii%mﬂ wiglpe&rerdlB bé Regméried Mtoodls of
divisible into at | east one |evel of sub-blocks, such as NixNi, NixNj,
N i xMj, abielstier pigeessing Bosgash bloek, the dyainancerndighermpinprce qowoegléprﬁr%r y

bl ock size NpbSexd nln i di ng
bl ock and g%g-%fyoc }sg)%ﬁsﬁ %%f{gfcolg I Cl ntsﬁlqg(tlé?élx%%?%g\r/}% nvi l.re%‘ﬁ‘i hat
vari ous ot therblock mtpeteavayethichsoriat mrwmlze@rth@dﬂagemaﬂmﬁs wighiti eachvagx Ige

used, e. Ox WO 02/ 0116 PCT/ USQ2/ 814 7.10 general, an inage
is divi dedbkoﬁ & Biogufesblge Sp‘?%oénﬂoéﬁe Rlogks Wd{ %égoéélllSGFete cosine transform

(DCT) analysis. The DCT operator is one method of converting a time-sampled signal
to a frequency representation of the same signal. By converting to a frequency
representation, the DCT techniques have been shown to allow for very high levels of
compression, as quantizers can be designed to take advantage of the frequency
distribution characteristics of an image. In a preferred embodiment, one 16x16 DCT is
applied to a first ordering, four 8x8 DCTs are applied to a second ordering, 16 4x4
DCTs are applied to a third ordering, and 64 2x2 DCTs are applied to a fourth ordering.
[0025] For image processing purposes, the DCT operation is performed on pixel data
that is divided into an array of non-overlapping blocks. Note that although block sizes
are discussed herein as being NxN in size, it is envisioned that various block sizes may
be used. For example, an NxM block size may be utilized where both N and M are
integers with M being either greater than or less than N. Another important aspect is
that the block is divisible into at least one level of sub-blocks, such as N/ixN/i, N/ixN/j,
N/ixM/j, and etc. where i and j are integers. Furthermore, the exemplary block size as
discussed herein is a 16x16 pixel block with corresponding block and sub-blocks of
DCT coefficients. It is further envisioned that various other integers such as both even

or odd integer values may be used, e.g. 9x9.



signal may be converted from RGB space to YCLC2 space, with Y being the

| um nance, or brightness, conponent, and Cl1 and C2 bei ng the chrom nance,
or col or,womnapenents. Because of the | ow spatial sensitiPCryusot/118e eye to
color, many systens sub-sanple the Cl and C2 conponents by a factor of
four in the horizontal and vertical directions. However, the sub-sanpling
is not necessary. A full resolution inmgé, knomn as 4:4:4 format, may be
either very useful or necessary in sonme ap catlons such as those

refer @@ o as dBVESPPIRY andimfse 46 d@rlﬁ%ﬁlt@ s 9bpixaly foryiraeessing. A color

ot of i ChiEpaY be bRl RUFSFEL B YepcP e ol YO BPEEIERA S

033| to e
variation m’r mightn‘dki\/compomerm&t@lmndmgme chdaﬁnanc{eOGQﬂdloxRebmpondh@ now
to FIG 1, ma cessi st em.100 whi ch i ncorporates _the |nvent|on
i s shown. wgéhfgi% ﬂ% §l¥ﬁ§{%ﬁf %Y@dﬁﬁ?hogéga nsyé‘i‘?&ﬁd;é]? sgpyple theat

conpresses @ L&F e, \cHf é%h%?b?'ég%ltor I éﬁ:qumeiﬁﬁﬂgﬁélg | vd c&lr Hb L ed

through a transm ssion chanhel recel ve eco he
decoder 106{cojmdehe sulheamploegj s et sﬁ@ﬁmryl At fuli rea@etlsmrrphm knmalvnn cak14rm«{y t hen
be di spl ayefd 28], 1n a prefer rtglg enbodi nent, ea ch}gl t.he Y, .Ch, and Cr
conponent s 1PER rB@é{sgeeﬁlt i YR LSS 19T DERTISPIY G 59TR 2PRIFAFARY, Fuhl 2% thPs% 16

bl ock of pirx@lsdits ap woerfﬁ?d‘dtg&al Bﬁemﬁwcquds@l%le T@?C%fb%@éi@ﬁtaé&% &ONRE | ses

a bl ock size assignnent elenment 108, which " perforns si ze assi gnment
i n prepar atYiéhrepsssentptier anc ther ¥5Y] rspresamatios, @@tb eff whichase wgHrmownahnghent

108 determ_nesthe i.on 0 bl ock sed on the
perceptual ¢ arItaJc%t aelé)(% §’§ %&g@@%@’”&?fh%)} ﬁavaé]altlﬂn th tﬁ% re%ﬁeéerﬁ zlén %nmant
subdi vi des ¥aety. 16x16 bl ock into snal I er blocks i n a quad- tree f ashi or“l
dependi n the activity wthi n a 16x16 bl ock. The bl ock size assignnent

el emerd0Z %bS gen&ei%ré@g 2oV paHlG rbendiamage reeterung syerpdR0qukish ingesrsattengt h
can be bet t sy Z es
Chat 5 2o fvindiifisTholint “Theltiifhe prbcesthPR S ROATMAREPRL EF BFS
is foll Owedhd])cofnpmsse:sddretelaahklldbotsgna]f Thaledmpressed eppolnditragsthivtet higrougtour

di vi ded 8x8 bl ocks Si ze aSSI s that a of the 8x8
bl ocks is &} @%gﬂ%{j&ﬁhﬁpg@i&&t ‘Wé’rfe??iu‘? Hal‘{“Ffo’?éﬁOg‘l '?F &FC‘FdeElégé decadeach
8x8 bl ock shbri¥ivEed o/l SntodMdEIsamples, which may then be displayed.

[0028] In a preferred embodiment, each of the Y, Cb, and Cr components is processed

without sub-sampling. Thus, an input of a 16x16 block of pixels is provided to the
encoder 102. The encoder 102 comprises a block size assignment element 108, which
performs block size assignment in preparation for video compression. The block size
assignment element 108 determines the block decomposition of the 16x16 block based
on the perceptual characteristics of the image in the block. Block size assignment
subdivides each 16x16 block into smaller blocks in a quad-tree fashion depending on
the activity within a 16x16 block. The block size assignment element 108 generates a
quad-tree data, called the PQR data, whose length can be between 1 and 21 bits. Thus,
if block size assignment determines that a 16x16 block is to be divided, the R bit of the
PQR data is set and is followed by four additional bits of Q data corresponding to the
four divided 8x8 blocks. If block size assignment determines that any of the 8x8 blocks
is to be subdivided, then four additional bits of P data for each 8x8 block subdivided are
added.

[0029] Referring now to FIG. 2, a flow diagram showing details of the operation of the
block size assignment element 108 is provided. The algorithm uses the variance of a

block as a metric in the decision to subdivide a block. Beginning at step 202, a 16x16



[0029] Referring nowto FIG 2, a flow diagram showi ng details of the
operation of the block size assignnent elenent 108 is provided. The
al gori t hmvogedodiine vari ance of a block as a netric in thecCiasSIzimsmMto
subdi vide a bl ock. Beginning at step 202, a 16x16 WD 02/ 100116
PCT/ US02/ 17814 8 block of pixels is read. At step 204, the variance, v16,
of the 16x16 bI ock Is conputed. The var Bance is corrput ed as follows: 2 1
N1 N1 1 N var = 2 X i,] Xij Ni=0_j= OvvhereN:16
and xi, is leék Bf R’éPlSilﬁf@caﬁe Attswpri% thet%nelmeumﬁ Wit Efrﬁ W&lﬁéﬂ s sPRRed At
step 206, *Fhézgme#ngg MR RARRE, Pﬂ(e@@ol d T16 is nodified to provide a new

(% he an va

threshold T ue of the block is between two

predet erm ned val ues, then the block variance is conpared agai nst the new
threshold, T 16. [0030] If the variance vl is not greater than the

t hreshold T16, then at step 208, Igﬁ%artl il re s of the 16x16 bl ock
is witten, and the R bit of V¥he id 7 bip to indicate that the
16x16 bl ock i s not subdi vi ded. T a?l’g?orlth tAER’ r €ads the next 16x16

bl ock of pixels. If the variance v16 is greater than the threshold T16,
then at step 210, the Rbit of the POR data is set to 1 to indicate that
the 16x16 bWheﬂeN-sl&, andg;; issthb gixel thettle i towvﬁbuasluﬁmSmﬂimdl&le[\Imk] Afhseepf our

8x8 bl ock 4, d |1y f furth
houn i n ot B4 55 ERBEE REHETETIE R momexAf piaide  tpay rpQoBb R ot
step 214.  fMNeaS{8Re éife bidcksié bét%eﬁ/ a¥d pRE&einh&P NSk, fRn itife BB (irBdcL R

provide a new threshold T the mean val ue of the block is between two
pr edet er m n@@nw¢®wln%ﬂ@mw@r€bh@dﬂ IWpari ance is conpared to th| S new

ISRt | 9922l | Gt it b T PR BRT
t he correspaadind@ddRekd 6f th&16x 16501661 istvitfen, and the R bit of the PQR data is set to 0 to
indicate that the 16x16 block is not subdivided. The algorithm then reads the next
16x16 block of pixels. If the variance v16 is greater than the threshold T16, then at step
210, the R bit of the PQR data is set to 1 to indicate that the 16x16 block is to be
subdivided into four 8x8 blocks.
[0031] The four 8x8 blocks, i=1:4, are considered sequentially for further subdivision,
as shown in step 212. For each 8x8 block, the variance, v8;, is computed, at step 214.
At step 216, first the variance threshold T8 is modified to provide a new threshold T°8 if
the mean value of the block is between two predetermined values, then the block
variance is compared to this new threshold.
[0032] If the variance v&; is not greater than the threshold T8, then at step 218, the
starting address of the 8x8 block is written, and the corresponding Q bit, Q;, is set to 0.
The next 8x8 block is then processed. If the variance v8; is greater than the threshold
T8, then at step 220, the corresponding Q bit, Q;, is set to 1 to indicate that the 8x8
block is to be subdivided into four 4x4 blocks.
[0033)] The four 4x4 blocks, ji=1:4, are considered sequentially for further subdivision,
as shown in step 222. For each 4x4 block, the variance, v4;, is computed, at step 224.
At step 226, first the variance threshold T4 is modified to provide a new threshold T°4 if
the mean value of the block is between two predetermined values, then the block
variance is compared to this new threshold.
[0034] If the variance v4; is not greater than the threshold T4, then at step 228, the
address of the 4x4 block is written, and the corresponding P bit, P, is set to 0. The next



The next 8x8 block is then processed. If the variance v8i is greater than

the threshold T8, then at step 220, the corresponding Qbit, Q, is set to
1 to indiwetoe/101a¢ the 8x8 block is to be subdivided int®Crawo2/41844 bl ocks.
[ 0033] The four 4x4 bl ocks, ji=1:4, are considered sequentially for further
subdi vi sion, as shown in step 222. For each 4x4 bl ock, the variance, véij,
is conputed, at step 224. At step 226, first the variance threshold T4 is

dified t d th d T 4 th I bl ock
o L0, e e PR o e L el o |

this new t Qfe%sm the &&%ndhrf b g P,?[isaééﬁﬁ‘) V4 indicad '@t Ql'éeﬁh%loéld“@rﬂo ‘b@e
threshold T4, then at step f the  address of the 4x4 block is witten,

and the corsub@mdnduln@ ﬁbubuﬁtxZ 1Fipj:ks i $n edditipn, the Ideesseodt thp@ @22 Hdocks Gare
PCT/ US02/ 17814 9 4x4 block is then processed. If the variance v4ij is
greater thal tHe threshol d T4, then at step 230, the corresponding P bit,

Pij , [bsspet tO TheltRresiSliCBI® TtShaﬁd ThenApt frb@sdniised cdnb@ntsS TRALH 1Y kAGEn 1 Nt 0

four 2x2 bl ocks. In addition, the address of the 4 2x2 bl ocks are written.
[ 0035] The asthebarg|desisione, Alrgmatively, 7 adaytl\tﬁeorpw%qcemm ey h«@dn@ﬂqmrged Thi s

s known ag (g DAL GGG A0 AL RINAL kel Yo B SUBRLLY®, She RLL LflagT Si on

may be i nplenen ecrsion varies res

vari ances dahendithg 20 2NhBlotkeq wher Bl canvisd 8.e4,0dr 2.hGhad\ahttidne @ she wiegne N
can be 8, 4, or 2. Thus, functlons of the nmean pixel values, may be used
as the t hr d¥idVayes, é@]us As therthyssheddsof | | ustration, consider the

follo exanpl €5 m rd,an fo
conpo\r?%(%tg] be 50 f%ilg %ér%d pﬂﬁ o&rﬁ%'lthhe&)‘?l gglié[hélS Own% é}g‘h{gﬁﬁ e{ e Y

respecti velpyedetanmmeldevanmcedﬁues‘ﬁmﬁls Fobthe YR&ompdh&i, beaFlt] 11006and 8$1Df0rl_thd: t he

range of n d 100. .S sethec t ed i a for the
ox36 bl ocdonis S Bl P BIRES rirervalBh TS Siise oo s e 0u e Lo aed {re
16x16 bl ockriigs= %g@duyét%g rhif¥eOof Riéhn &4fhes We- ﬂai%dﬁooSumgﬁ@e HRE cSAPR ui ed

vari ances for the 8x8 ocks are 1180, 935, 980, and 121 Si nce tvvo of the

8x8 bl ocks varianag foathealr@sé@ bidekitis 6kc8iade 8 and fe swan welus|99dk greates thanrEifer

subdi vi ded tltlé) 185(%1 $i6ck?is subdivided into four 8x8 sub-blocks. Suppose the computed
variances for the 8x8 blocks are 1180, 935, 980, and 1210. Since two of the 8x8 blocks
have variances that exceed T8, these two blocks are further subdivided to produce a
total of eight 4x4 sub-blocks. Finally, suppose the variances of the eight 4x4 blocks are
620, 630, 670, 610, 590, 525, 930, and 690, with the first four corresponding means
values 90, 120, 110, 115. Since the mean value of the first 4x4 block falls in the range
(80, 100), its threshold will be lowered to T°4=200 which is less than 880. So, this 4x4
block will be subdivided as well as the seventh 4x4 block.

[0037] Note that a similar procedure is used to assign block sizes for the color
components C; and C,. The color components may be decimated horizontally,
vertically, or both. Additionally, note that although block size assignment has been
described as a top down approach, in which the largest block (16x16 in the present
example) is evaluated first, a bottom up approach may instead be used. The bottom up
approach will evaluate the smallest blocks (2x2 in the present example) first.

[0038] Referring back to FIG. 1, the remainder of the image processing system 100 is
described. Certain blocks may selectively be decimated by a decimator element 109. A
common method for reducing a number of bits needed for compression of a digital

image is to reduce the special resolution of frames. However, this may cause noticeable

image distortion. However, by using adaptive block sizes, chrominance resolution may



total of eight 4x4 sub-blocks. Finally, suppose the variances of the eight
4x4 bl ocks are 620, 630, 670, 610, 590, 525, 930, and 690, with the first
four corrwepondiing neans val ues 90, 120, 110, 115. Si ncePChasorarsival ue of
the first 4x4 block falls in the range (80, 100), its threshold will be

| owered to T 4=200 which is |less than 880. So, this 4x4 Dblock will be
subdi vi ded as wel|l as the seventh 4x4 bll8ck. [0037] Note that a sinilar
procedure i s used to,assiﬁ% bl ock sizes for the color conponents Cl and

C2. The colbsrusedipderimats thejmage eabeimaeasdoiiewicherprinanse infapmation and got ipy

bot h. Addi t] : - h bl ock size assignnment has been
descri bed aag&g%gg}éh%%ﬁgégﬁgﬁﬁngﬁﬁlgMi ch the largest block (16x16 in the

pr eserio039gxanpl élhe sleeismhuad edecimatst may lkepdéndmuppn apprakth offactost @ad be
used. The bottqom up approach will evaluate the snalles | ocks (2x2 in the
present exézﬁﬁwg?ra?l?rrss .Ba‘[t@r@S‘BTluﬁféfl&‘rt @F?\Q%B’é‘kte& épgﬁale\fﬁ # Ketaloyghingbe of
the i mage py ' Pl S&el ifagtd &

sel ectively %@@cmﬂ%ﬁy Oiligde()(&:l?pr?gtglgf ﬁ{eel Jée}ﬁnglﬁ%&%OQ?ésglugég’cndTﬁf%r?gﬁh%%sﬁot ®for
reduci ng a desindzkbit adte bihe slesiemdimthge auakigniprds snddor it tdoaki gzd. alThe demdgetors t o

d th [ | uti on of frapes. wever hi.s. ause. not | ceabl e
e i ot dnBE Ead e G Pmion gropss, 5 Uhserinellon st D L e Rt it
resol uti on pRecMOHIGE DM, BETdddSfe2/ 17814 10 be used to decimate the

image only in areas of |ow chrom nance information and not in areas of

hi gh d#0hi nancellierfQR data; along (id3bs addressdeef b gelected blocksrarepmonided épand

Tt oa t 0.0 ket G; Ty BET SERBTORhe B pOR RS pofiint Sfered Shafly "

conponent , ttdasfoehs @AtRA BFEope&Ee|siel @R, tht ReleceAblaKs, Ol thelgslesed biidks r at e,
t he desired inmage qualit§ | evel , and/or the block size. The deci mator 109,
and the dedeadiq yrlcpledProgessig@scribed in greater detail in the

descrifgti;on Wt I . . T
Gt P W el SRBEGroceRifd Shtert PDRAL opdan St dutbise LOF BlendBE 1P2R
DCT el enentfodiducihp eheDEdumlaace anhodd the 3E sotffieicREFof diat BCTs. peDCaosffitiencr et e

cosine transforns of the appropriate. si S the sel ect ed bl ocks. Onl
t he sel ect g’ﬂ e)aqqge‘pggec{ at the to;? ﬁ)eft cF:)orner of eacﬁ?DC’?q:)locqg ‘The DC coefticients are, in Y

general, large compared to the AC coefficients. The discrepancy in sizes makes it
difficult to design an efficient variable length coder. Accordingly, it is advantageous to
reduce the redundancy among the DC coefficients.

[0042] The DQT element 112 performs 2-D DCTs on the DC coefficients, taken 2x2 at
a time. Starting with 2x2 blocks within 4x4 blocks, a 2-D DCT is performed on the four
DC coefficients. This 2x2 DCT is called the differential quad-tree transform, or DQT,
of the four DC coefficients. Next, the DC coefficient of the DQT along with the three
neighboring DC coefficients with an 8x8 block are used to compute the next level DQT.
Finally, the DC coefficients of the four 8x8 blocks within a 16x16 block are used to
compute the DQT. Thus, in a 16x16 block, there is one true DC coefficient and the rest
are AC coefficients corresponding to the DCT and DQT.

[0043] The transform coefficients (both DCT and DQT) are provided to a quantizer 114
for quantization. In a preferred embodiment, the DCT coefficients are quantized using
frequency weighting masks (FWMs) and a quantization scale factor. A FWM is a table
of frequency weights of the same dimensions as the block of input DCT coefficients.
The frequency weights apply different weights to the different DCT coefficients. The
weights are designed to emphasize the input samples having frequency content that the

human visual system is more sensitive to, and to de-emphasize samples having



need to undergo DCT processing. [0041] The inage processing system 100 may
optionally conprise DQI el enment 112 for reducing the redundancy anong the
DC coef fiwDeatiao1iaé t he DCTs. A DC coefficient is encountecadsar1sihe top

| eft corner of each DCT bl ock. The DC coefficients are, in general, |arge
conpared to the AC coefficients. The di screpancy in sizes makes it
difficult to design an efficient variablld | ength coder. Accordingly, it is
advant ageous to reduce the redundancy anong the DC coefficients. [0042]
The DQT el dFSMeEncyIoonRa that the viswal pystengh lesh semsaivedier fThei weights mayaso br2 at
atinme. St ks, a 2-D DCT is perforned
on the fou?d Elé%&%:%\ée%:@f%?gecﬁé}gQ&APhaS%éZ\QEEB%#a%fg g%[ I ed the differential

quad- t[o@e] t r ans fihffimam CodB@'ﬁre desfgned érohoeitheDhecmedsutedl @thsoretek statidtieg obC
coefficient of the Dgr & g.wth the three nel ghboring DC coefficients
with an 8x&MHIRAER: altday antoasw Haé mark naRyal ineages apsgnade pprefl gk ohe DC

coefficie ntrglagt,elg, f‘gﬁmf,]?%arﬁﬁg a?éagg 5‘3“} gfg%gh ‘an%ﬁé"" st dbo njeglcﬁoﬁi{d grﬂif fquh_

conput e the In"a”16x1 ere Is one true ICi ent
and the r es:lontraﬂt dexa@ec dédffinen eodess sithrfespendi-dgndio ttanefoDET smhohsD@D(E’DMB]

The transfor ients (both DCT and. ), a i de i zer
113 o g BaRTo DL et by ARUETIRE e iodh funPUs HERDER B GBS ar e
quanti zed Wdrkdareds! eﬁlu %1 Vﬁhm%h REAITR Seke (d:M)locﬁ@ﬁb @ab@égetatcba@me%nscal e
factor. AFWMis a tab frequency wei ghts of the same di nensions as

t he bl ock d¢ngﬂmpndthw¢n@©@f\fa1@8ents The frequency wei ghts apply different

wei gh the di ffer oef fici ent ht S0 deS|
enphaéléozﬁltgj)t he i ﬁ sanp Dec-{t hfragaa %tegggsr??% n?};ﬂgf ﬁ‘ﬂﬂ%ﬁ é/l sual
system i s I1for Gesgiing ttheveeitgﬁtm%amhsks)fdi%@mpca‘%oéeﬁcﬁaffp hsealsblasednﬂ MO/IEC

02/ 100116 PCT/ USO02/ 17814 11 frequency content that the visual systemis
| ess sensi tilfd ¢B. 10943 ik compagasionsamdisacodiag iof serfimpyedonsrstilldsmages - such

as vi ew ng S a 0 fs her
t he neasur ggh k ?)lgee |ng%lah8 %%%ﬁlégésr% é;%ﬂlﬁlééagd gﬁ%g %%g%fd en ogds gf ved
that nost neitich &lhereingesrmrscdagecfoencd. il genkraltwo TV Rsi ave HasighledWdne foar yi ng
areas, and EUf areas such as qbject boundaries and high-
the [uminance component and one for the chrominance componénts. The FWM tables
for block sizes 2x2, 4x4 are obtained by decimation and 16x16 by interpolation of that
for the 8x8 block. The scale factor controls the quality and bit rate of the quantized
coefficients.

[0046] Thus, each DCT coefficient is quantized according to the relationship:

DCT, (i,j) = | ————i;n]zgf)(lg + % |
where DCT(i,j) is the input DCT coefficient, fwm(,j) is the frequency weighting mask,
q is the scale factor, and DCTq(i,j) is the quantized coefficient. Note that depending on
the sign of the DCT coefficient, the first term inside the braces is rounded up or down.
The DQT coefficients are also quantized using a suitable weighting mask. However,
multiple tables or masks can be used, and applied to each of the Y, Cb, and Cr
components.

[0047] The quantized coefficients are provided to a zigzag scan serializer 116. The
serializer 116 scans the blocks of quantized coefficients in a zigzag fashion to produce a
serialized stream of quantized coefficients. A number of different zigzag scanning

patterns, as well as patterns other than zigzag may also be chosen. A preferred



contrast texture. Huffrman coders with frequency-domain transforns such as
the DCT exploit these features by assigning nore bits to the busy areas
and fewerwbiogodios t he bl ank areas. In general, Huffnan cederesoneises use of

| ook-up tables to code the run- length and the non-zero values. [0045] In
an enbodi ment, the weights are sel ected based on enpirical data. A nethod
for designing the weighting masks for 8%8 DCT coefficients is disclosed in
SO ITEC JTCL CD 10918, "Di gital conpression and encodi ng of |

cont i nuous-tedmitusemploysrixgddock siggstforthe Rgag penpingsalthoush ethes sizpremay be

I nternati oré%plﬁ%;eﬁndards Organi zation, 1994, which is herein incorporated
by reference.” I'n general, two FWV6 are designed, one for the |um nance
conporjerts] and or¥oté diat ttieezigruposehin adsridizeohigomen bs plathe eftiv befdat es aftérathe bl ock
Si zes 2x2, 4x4,ar? fbtained by deci mati on and 16x16 by interpol ation of
that for tayaniges it olhe nefresulis aredhe 3% controls the quality and bit rate

of th ntize I & . . fi.Gl |

quant 12 ccor dn B8 Ealr e Sk of Uiitacd cHgreRAGT, ProbiGRitoy Gl b
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DQT coefficients are also quantized using a suitable weighting nask.
However, rength poder takies g quantigedicocifigientscandgwtts thevomaydsheasasivocashitdiews t he
Y, Cb, and Cr omponents.. [0047]. The quantized coefficients are provided
Yo o 2i gradim i€ TR eSaye fdiclR® B NecP Gl o gt BRE of
quanti zed qegih vglued)tasd iafe éncail@% athd AGhs0essBePraliby e sepafi@dly @hdotied. i r eam
of quantized coefficients. A nunmber of different zigzag scanning patterns,
as wel | as 3patmledimeny; kg SeqeasHivE epcalicipRty e gerop¥alpeio 8. tha neneliesesgye WO

02/100116 %ggff}éé%?s/ A 8dft-zerbPvalues. Typically, the run length is from O to 63 bits, and the

size is an AC value from 1-10. An end of file code adds an additional code — thus, there
is a total of 641 possible codes.

[0050] FIG. 3 illustrates a flow diagram of selective decimation of a digital image 300.
After the block size assignment element 304 is performed (as described with respect to
FIG. 1), a decision 308 is made whether to decimate the block. In an embodiment, the
decision to decimate is done on pixel blocks, after the block size assignment. However,
the decision to decimate may alternatively occur in the frequency domain, after the
blocks have undergone the DCT/DQT process.

[0051] Referring back to FIG. 3, if the block has low chrominance information in a
given block, or corresponding frequency representation of the pixel area, decimation is
appropriate. If the block has high chrominance information, the decision not to
decimate is made and the data is passed to quantizer 312. Chrominance is not
necessarily, however, the only or overriding factor as to whether to decimate. The
decision to decimate may be based on a variety of factors, such as the desired bit rate,
visual quality factors, or other rate-based factors, such as the block size or chroma
component itself. For example, one could choose to decimate a single chroma
component Cy, or C; as opposed to both chroma components. It has been found that in
some instances, a single chroma component may be decimated without compromising

visual quality. In an embodiment, the decision to decimate is configurable based upon



t echni que enpl oys 8x8 bl ock sizes for the zigzag scanning, although other
sizes may be enployed. [0048] Note that the zigzag scan serializer 116 may
be pl acedweitchernibefore or after the quantizer 114. The meT/usexzulsis are
the sane. [0049] In any case, the strean1of guanti zed coefficients is
provided to a variable |l ength coder § The variable |l ength coder 118 may
make use of run-length encoding of zer § fol | owed by encoding Thi s

t echni i di d in detail f nt i oned
50021, 801, B¢ 1 STHRE ol HOYTOOUR e RSP JeAoHERE ft RSP

| engt h codanhE&g@emagﬁqgﬁﬂngéeyn&ﬁgff|C|ents and notes the run of
successi ve coefficients fromthe non-successive coefficients. The

succed8932 val uddpar ther edcasiore do deciamte, nelumie sigeimagiah JH$, isaprmmercedndwded.
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bits, and the size is an AC value from 1-10. ‘An end of file code adds an

addi ti onal rewdlecimatipgd24chBymencess Ihnetothgldatsris passed ixayaptisercdes. [ 0050]
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have under gone t DQT process. [0051 rrln
bl ock has Ictawmztnnonmlﬁﬁndaéodlmlm 1suloix bo, thcnbh)ckgs d@:mmbﬂedcllf therbl@dirsriMpdn:ssli ng

frequency rgpr ati.on i xel jare ecimation i s  appro

the bl ock HBE DB cHFbE HSfcdniPh e PBrblothe BBk FETBARAE Pol dHelifrat o
i's made angréfRevedalif ahGhOamRAIhOntaURN6l A818x8 blockEhfeQEcIRSE wrﬁlerm and
necessarily, however, the only or overriding factor as to whether to

deci mate. @ blonksiass woi deejmatash rieerenise deeishusprdcasn maydapénstan apuhbartodr s,
such as the _desired bit rate, visual quality factors, or other rate- based
factors, sHH™% D&% he bl ock size or chrom conmponent itself. For exanpl e,

one cqodsd)choosesel@tifelg daifatings biigke ifN4r8dB of the image with low amounts of
chrominous resolution reduces the bit rates in those areas while maintaining chrominous
quality. Concurrently, by not decimating chrominous resolution in areas of high
chrominance resolution, good image quality in those areas is maintained.

[0055) FIG. 4a illustrates an example of a 4:4:4 block of pixel data 400. Values are
given for each for each color luminance and chrominance component Y, Cy, and C; for
each pixel. Typically, decimation is only considered to be performed on the
chrominance components C;, and C;, and not the luminance component Y. It is not
always desirable to decimate the luminance component Y, because decimation of the
luminance component Y may be humanly perceptible. To decimate a block of
chrominance pixel data from 4:4:4 format io 4:2:2 format, filtering of each chrominance
component Cp, and C; is performed. In an embodiment, the filtering process involves
weighting column values by using a gaussian filter for a particular element with
adjacent elements. Column filtering is preferred in that it has been found that more
correlation exists in horizontal directions, as opposed to vertical directions. In an
embodiment, an element (n-1,m) in a 4:2:2 format is derived by taking the sum of 25%
of the (n-1, m-1) element, 50% of the (n-1, m) element, and 25% of the (n-1, m+1)

element. Accordingly, in 4:2:2 format, the new value of (n-1,m) is as follows:



conponent Cb or Cr as opposed to both chroma conponents. It has been found
that in sone instances, a single chronma conponent may be deci nated w t hout
conpr om swog@2/1wilsmwal quality. In an enbodi ment, the deci siPem/uSo2/dmed mate i s
confi gurabl e based upon WO 02/ 100116 PCT/ USO02/ 17814 13 the user's needs.
In yet another enbodi ment, the decision to decimate is dynamcally

confi gurabl e based upon user's needs. [3852] Upon the decision to decinate,
col um decimation 316 is conmenced, thus converting the 4:4:4 inmage into a
4:2:2 image. Optionally, another decision 320 of whether to decimate is

again made if it is desired degy t 4iods . If so, row
deci mati on 324 comreg@zfsiﬁﬁl f(b%gt , 9%&9{?%5 &?gzssgzgq_gg%uanti zer 312.
[0053] In an enbodi ment, areas of high chrom nance information, that is,

those with _small bl ock siz§?&§signnents, are not chosen_for. decing}ion
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assi gnent Ssledtls AR5 AMGGs hifisupAAGh FRG UBN AckBRey NGEr RIRALLARR of P! OCK

size assignnment Is a determning factor for ecimation. "I f the ock size
is 16x16, tdun dsdekn resnaled; b tisl vdldestanereplasented ivthe remdieimg cotunans utigl 6,

such as 8x8, 4x4 r 2x2, t | ock 1.5 not deci mte 0 that detail is

o eserved. h b RO S TR P UBRNE, Tritc PRGOS e ed. whi | o
4x4 and  2x2h&h&cksy B emPRYcd 8GEHERY Llrec ] MEntIRE Wi AREI WEGRIKY, Q&@SRatBY
depend on a nunber of paraneters. [0054]. Selectively decinmating bl ocks in

areas of t heach plggentismrlliphiednolidds of  chroni nous resol ution reduces the
DIt T3y N "R BEGRRAL LE RO AL080SERPLRBNS 4o bhnpe 420

Concur’ ngly, by ecl mat | om nous resolutron I n areas

chr om nanc edatg 6w Wekidiatiofl G et foBgR] GdiRd tHeysanie Whightn@EdRel &f 01BS Réradadkd.
[0055] FIG 4a illustrates an exanple of a 4:4:4 bl ock of pixel data 400.
Val ues ar e adjgceairelementeand0.68 forathe 121 ves| demenimiArsAtdinghancHeBent{anses in a

conmponent Yj.5! . : ' . ' _1degi i S
consi dered ‘%‘%’6?8313%# oerrfrr\gg bgﬁﬁﬁﬂ%me)éﬁlrnoorﬁ%génggh% %oﬁgg{%}egg@g%)do f((?tfr;Ié éﬁélnd
not the | unmpalement ang@Agndf tYe (h+1,im) alemental Megsdidel, imbi2d) foomde chemdve t he

| um nance conponent .Y, bfe(fause deci mati on of the
value of (n,m) is as follows:

(n,m) = (0.25 * 28) + (0.50 * 21.5) + (0.25 * 21.5) = 23.125.

Depending upon the resolution, the value of (n,m) may be rounded in either the
frequency or pixel domain. As examples, the various illustrative logical blocks, flow
charts, and steps described in connection with the embodiments disclosed herein may be
implemented or performed in hardware or software with an application-specific
integrative circuit (ASIC), a programmable logic device, a microprocessor, discrete gate
or transistor logic, discrete hardware components, such as, e.g., registers and a FIFO, a
processor executing a set of firm-ware instructions, and a convential programmable
software and a processor, or any combination thereof. @ The processor may
advantageously be a microprocessor, but in the alternative, the processor may be any
conventional processor, controller, microcontroller, or state machine. The software may
reside in RAM memory, flash memory, ROM memory, registers, hard disk, a removable
disk, a CD-ROM, a DVD-ROM or any other form of storage medium known in the art.
[0057] The previous description of the preferred embodiment is provided to enable any
person skilled in the art to make or use the present invention. The various modifications

to these embodiments will be readily apparent to those skilled in the art, and the generic



| um nance conponent Y may be humanly perceptible. To decinmate a bl ock of
chrom nance pixel data from4:4:4 format to 4:2:2 format, filtering of each
chrom nanwe 02aemmpeonent Cb and Cr is performed. |In an enbodCrarsn2/118ine
filtering process involves weighting colum values by using a gaussian
filter for a particular element with adLacent elenents. Columm filtering
is preferred in that it has been found at nore correlation exists in

hori zontal direction s opposed to vertical directions. .I.n

o boat mont RS Rd TerR R e BatEl 10 Eter i akiul e, wps, o7 ne
sum of  25%;n@dniivBGadulryl . THU) thel RERAL inveRferPls hbCiridhded tB)beelipiBatio RO 25%
of the (n-I, mtl) eleénent. Accordingly, in 4:2:2 format, the new val ue of

(n-1,m is embodiohé¢nsswhovwntharein tooisite bpeyaudabio1lig widest scope cansigfent with, thg *

20) + (0.50 * 3 + (0. * 28),. =28 Simlar calculations are nade for
every otheﬂ”g%ﬁ%#ﬁmggogﬁgﬁ§WF§9”?%@%1??ﬂa'in a table of elenments in 4:2:2
format as illustrated in FIG 4b. Accordingly, every other colum of data
has been renoved, but their values are represented in the remaining colums
using the above described weighted relationship. It is contenplated that
ot her weighting schenes may be enpl oyed, such as a three-point filter with
equal wei ghting, such that each elenent is nultiplied by 0.33. [0056] FIG
4c illustrates an exanple of a 4:2:0 format of pixel data. To conpute 4:2:0
data, row decimation is perfornmed using the sane wei ghting scheme of 0.25
for each adjacent elenent, and 0.50 for the given elenent. Accordingly, an
element (n, m ina 4:2:0 format is derived by taking the sum of 25% of
the (n-1, nm elenment, 50% of the (n, m elenent, and 25% of the (n+l, m

el ement. Accordingly, in 4:2:0 format, the new value of (n,n is as
follows: (n,mM = (0.25 * 28) + (0.50 * 21.5) + (0.25 * 21.5) = 23.125.
Dependi ng upon the resolution, the value of (n,mM may be rounded in either
the frequency or pixel domain. As exanples, the various illustrative

| ogi cal blocks, flow charts, and steps described in connection with the
enbodi ments di scl osed herein may be inplenented or perforned in hardware
or software with an application-specific



integrative circuit (ASIC), a programrabl e | ogic device, a m croprocessor,
discrete gate or transistor |logic, discrete hardware conponents, such as,
e.g., regwetensriamd a FIFO a processor executing a set @CTUSOmMmas e
instructions, and a convential programmable software and a processor, or
any conbi nation thereof. The processor y advantageously be a

m croprocessor, but in the alternative, “‘the processor nmay be any
conventional processor, controller, m crgﬁﬁﬁ@h‘%ol | er, or state machine. The
software may reside in RAM nenory, fla ry, ROM nenory, registers,
hard di sk, a renmovable disk, a CD-ROM a DVD-ROM or any ot her form of
storage nedium known in the art. [0057] The previous description of the
pref erdeldd enbodilrent A sefradvifdiedimation wébldigitahymagse theoh gisdiinhgairepreseied ar t
to make or uselthﬁgﬂﬁeseqt ﬁnve ti,on. The various nodifications to these
enbodi ment SV T2 PRI REROd SPmpHSgi ce skilled in the art, and the
generic WO 02/ 1QMidRgRbel dioihldmhgSflo a%ﬁrﬁ[t&%@blﬂcﬁé to find herein may be

applied to other enbodi nents wi thout the use of inventive faculty. Thus,
the present i nvdlgeinstingssalentiveky; epigan angs 196 the biacks) based: weon piedefaiminad s
shown hereicpjt t is to be accorded to the w dest scope consistent with the
princi pl es and nhovel features disclosed herein. WO 02/ 100116 PCT/ US02/ 17814
16 CLAIMS [cl] 1. A nmethod of decinmation of a digital imge, the digital

i mge represented byq a plurality of pixels, the pnethod conprisin

di vi dil$fd the di it al Theaphoheoseh fgiyindrliny L owherrbicie Prealé@rrﬁ@@fiﬁg?éﬂa is
sel ecti vel %’fuﬁ&{]oﬁqgjf@hé)&ﬁ ané{:ﬁf&h%ﬁgﬁ Opgéq)\?\%&pon predeterm ned criteria.
0 n

[c2] 2. The net as set forth i aim1, erein the predeterm ned
criteriais a function of the chrom nance information of the block. [c3]

3. Thefetiod as set forth L0 CLatml, aiier ol I Lhe RLSISLerm gl el ler @

a function of the contrast of the block.

[c4] 4, The method as set forth in Claim 1, wherein the predetermined criteria is

a function of the level of detail within the block.

[c5] 5. The method as set forth in Claim 1, wherein the predetermined criteria is

a function of the desired bit rate.

[c6] 6. The method as set forth in Claim 1, wherein dividing further comprises

utilizing adaptive block size discrete cosine transforms (ABSDCT).

[e7] 7. The method as set forth in Claim 1, wherein dividing further comprises

separating the digital image into Y, Cy, and C,; components.

[c8] 8. The method as set forth in Claim 1, wherein each block may be
represented as a plurality of elements within a plurality of columns (1) and rows (n),
decimating further comprising:

filtering each element of each column of the block, where given an m™ column,
weighting column m-1 25%, weighting column m 50%, and weighting column m+1

filtering further comprises 25%.



[c4] 4. The nethod as set forth in Caim1, wherein the predeterm ned
criteriais a function of the level of detail within the block. [c5] 5.
The met howoag/1em|te forth in Caim1l, wherein the predetermpegdSoriBesria is
a function of the desired bit rate. [c6] 6. The nethod as set forth in
Caim1l1, wherein dividing further conpriges wutilizing adaptive block size
di screte cosine transfornms (ABSDCT). [c71] 7. The nethod as set forth in

Claim wher ei n, di vidi n urt her .conpri.ses eparating.the digital inmge
into _\k,lg]Cb and conﬂﬁ’rfgﬁ%g& 4 %fo@%ﬁéﬂﬂét‘ﬁ& era‘?sor’?é%“\‘gort hin daimi,

wherei n each bl qpieriiBYeabR cldifdi T QAL FoRSofthB! BIGEN, ivinerdiiveh et Solintd)i n a
plurality of colums (m and rows (n), decimating further conprising:

filtering ddtening| Bwibar cofvpsiseh eghiing odw tid BP Be kyeighiinge rgwvenSQth, rmpdrr)
colum, wej ghting colu 1 25% weighting colum in 50% and weighting
col utm ml W“fqgﬁ‘t{“&?ﬁoﬁvg”#ﬁ??ﬁr conprises 25% WD 02/100116 PCT/ US02/ 17814
17 [c9] 9. The nethod as set forth in Cdaim@8, further conprising:

filtering each el ement of each row of the block, where given an nth col um,
filterdt®g furt hd comdie methodes st faith oGlaimil, Tgnher gonghisinggcoygrtingsve, and

i ghti 0 . d in daiml,
:‘Nﬁlr '? helr ngo:ng faglﬁﬁggecsfoo{%%gjﬁe?%%}%ﬁgfmg? g@%@@&@i&#}?’%ﬁp‘?x;r reglr (ransent ation

to frequency representation. [cl1ll] ' 11. An apparatus for decimtion of a
digital image, the digital img represented by a plurality of pixels, the
appar a¢Ud ' conpr ildi ng: AR RR&AFUS FCHi decdmRien 108 & Beitsl| imagagdhg digtad Bageal ity

of bl ocks; Ositdaay g ¥ebiXeldahE B ads SShb&if-ones of the bl ocks
based upon rg%?edeteryrﬁ?ﬁled lc$ifﬂgr?a’. [g%] 18.'2. T}?lenggpparat us as set forth in
Claim 11, wher eimeanhfﬁorp;ﬁeidﬁtgdherﬁigadl incage igo iaglurglity of btocks;on of t he

chromi nance i nf %gl%tsl o gglecttir\]/glybldgcclrl%ating certain ones of the blocks based upon

predetermined criteria.

[c12] 12.  The apparatus as set forth in Claim 11, wherein the predetermined

criteria is a function of the chrominance information of the block.

[c13] 13.  The apparatus as set forth in Claim 11, wherein the predetermined

criteria is a function of the contrast of the block.

[c14] 14. The apparatus as set forth in Claim 11, wherein the predetermined

criteria is a function of the level of detail within the block.

[c15] 15.  The apparatus as set forth in Claim 11, wherein the predetermined

criteria is a function of the desired bit rate.

[c16] 16. The apparatus as set forth in Claim 11, wherein means for dividing
further comprises means for utilizing adaptive block size discrete cosine transform

(ABSDCT) technique.

[c17] 17. The apparatus as set forth in Claim 11, wherein means for dividing

further comprises means for separating the digital image into Y, Cp, and C, components.



[c13] , 13. The apparatus as set forth in Caim1ll, wherein the
predetermned criteriais a function of the contrast of the block. [cl4]
14. The apparaouse as set forth in Caim1ll, wherein the preaatser/misned
criteriais a function of the level of detail within the block. [c15] 15.
The apparatus as set forth in daiml1, 1g,herein the predetermned criteria
is a function of the desired bit rate. [€16] 16. The apparatus as set forth

in dalmg,1l1l, wh in ans far dividing .furt.her. conprises ns for

uti 11 A6H adapt i e bl e Az 28 St g CRIME L in SPBIEH SotpRialymaY be

t echni que. rkpkddntek’as d pRirARp VT aldifendS within 4 Qhirility 'bf CoRinfs1(n) aMdebek Tnyreans
for dividing further conprises neans for separating the digital imge into

Y, Cb and CReans#¢ioieeimaing\igrthsr/copps®ePCT/ US02/ 17814 18 [c18] 18. The

2o a plurarity oPode e e birelem Bl SO0 bR 1B, Merd EREERE" )

nmeans for deicohinim)gnéanst foefilednp rfushergcontpeies nfeans ffod tveightifg @akimehement
of each colum of the bl ock, where given an mth columm, neans for
filtering f%?r%’f?@}ur’é‘bmqqg’é@dﬁ@wmg? 23 ghting colum m1 25% colum m
50% and colum m+l 25% [c 19] 19. The apparatus as set forth in Caim18,
nmeans for decimating further conprising: neans for filtering each el enent
of eadbl9low of tI9e blBekapparmue agisstefortaninnClaim ckd, umeans femdecimeating ifrtkeri ng
further cor@ri ses neans for weighting row n-1 25% rown 50% and row n+l
25% [c20] PHPHHE apparatus as set forth in Claim1l, further conprising

means for conveptdn@Gof Bﬁeﬁ'ﬁ%&&dﬁ' cleiB @ off a0 68 the BRLRSGRERIIRM 4Pn"
frequency representation. [c21] 21. An apparatus for decimation of a

di gital i necgéymn,heeanp §ort flkeringedyaherrcopipsisesmeahsdyr weightingkaw y-1025%i sl 8, t he

met hod co i,Sing:. a divjder configured to divide the digital inage into a
pl urali tynﬁdqfi aB@I{%V;V nqu i5%3.

[c20] 20.  The apparatus as set forth in Claim 11, further comprising means for

converting the digital image from pixel representation to frequency representation.

[c21] 21.  An apparatus for decimation of a digital image, the digital image
represented by a plurality of pixels, the method comprising:
a divider configured to divide the digital image into a plurality of blocks;
a decimator configured to selectively decimate certain ones of the blocks based

upon predetermined criteria.

[c22] 22, The apparatus as set forth in Claim 21, wherein the predetermined

criteria is a function of the chrominance information of the block.

[c23] 23.  The apparatus as set forth in Claim 21, wherein the predetermined

criteria is a function of the contrast of the block.

[c24] 24.  The apparatus as set forth in Claim 21, wherein the predetermined

criteria is a function of the level of detail within the block.

[c25] 25.  The apparatus as set forth in Claim 21, wherein the predetermined

criteria is a function of the desired bit rate.



a decimator configured to selectively decimate certain ones of the bl ocks
based upon predetermned criteria. [c22] 22. The apparatus as set forth in
Claim 21, weleneiims t he predetermined criteria is a functi @aTafSoy/imsi4

chrom nance information of the block. [c23] 23. The apparatus as set forth
in CGaim21, wherein the predeterm ned griteri ais a function of the
contrast of the block. [c24] 24. The apéarat us as set forth in Caim?21,
wherein the predetermned criteria is a function of the |evel of detail

wi thin the block. [c25] 25. The apparatus as set forth in Caim21l, wherein
the priegigt er i ned. Criteedppardns & &iT6#th @ Clhint ¢, d@siele thebdivideaie furtifer
02/100116 PCT/US02/17814 19 [c26] 26. The apparatus as set forth in Caim
21, wher ei ronfigured (g ¢Hizejadaptiyet sizeghgareje cering BangfemsAABpt) ve bl ock
size discrete cosine transforns (ABSDCT). [c27] 27. The apparatus as set
forth in Claim?2l1l, wherein the divider further conprises a separator, the
separ gtzm confi gared The agpeded as tshe fatilgin alaimm2de whekdn Yhe @ividan turtber
conponents. [c28] 28. The apparatus as_set_ forth in Caim 21, wheregin each
bl ock may KEMPFiEss LeePAtaEe]: HIS ssPHRIQF SPRHfprest tocieppaist Ge Wigity Fmagenipy ¥) Foy of
colums (m , the decimator further conprising: a filter
configured a{lg@gﬁ&?é@%ﬁh el emrent of each columm of the block, where given
an n(err) columm, the filter further conprises: a weighter configured to
wei ght _colum m_1 25% colum m 50% .and. col umm,_ . m+125% c29], 29. The
appar af4%¢ as setzjgf or t7C; PPl get r & ﬁkz{”ﬁ‘ezjf’i Ve Ea‘#’uﬁf’héﬁnay be

confi gur ed rbgedentddeds @?ﬁﬂi‘alﬁ& FeRimcAls WARR 4 ANty bR oRkR&Km) WheEwgighen an
nth colum, "~ the weighter is further configured to weight row n-1 25% row
n 50% and thedecimator r f@BPYSI®Y. The apparatus as set forth in Caim 21,

further conpri S8& & i\éﬁgetdetﬂ) filter each element of each column of the block, where

given an m™ column, the filter further comprises:
a weighter configured to weight column m-1 25%, column m 50%; and column

m+125%.

[c29] 29. The apparatus as set forth in Claim 28, wherein the filter is further
configured to filter each element of each row of the block, where given an n'" column,
the weighter is further configured to weight row n-I 25%, row n 50%, and row n+1

25%.

[c30] 30.  The apparatus as set forth in Claim 21, further comprising a converter
configured to convert the digital image from pixel representation to frequency

representation.

[c31] 31. A method of converting a 4:4:4 digital image into a 4:2:2 digital image,

the digital image represented by a plurality of pixels, the method comprising:

dividing the digital image into a plurality of blocks, wherein each block may be

represented as a plurality of columns (m), each column m comprising a plurality of
elements;

selectively filtering each element of each column of the block.



configured to convert the digital inmge from pixel representation to
frequency representation. [c31] 31. A nethod of converting a 4:4:4 digital
i mge i ntwoa240@1& digital imge, the digital image repr@sgnisen1isy4 a
plurality of pixels, the nethod conprising: dividing the digital inmge
into a plurality of blocks, wherein eact} bl ock may be represented as a

pl urali ty of colums (m, each colum Qorrpri sing a plurality of

el ement sel ectjvely filt ng eac t. of _each columm of }he bl ock.
W0 021558116 PCHAIS0TIE BE Odzgs Fﬁtsgiﬂ%f?aﬁ‘én ekt OSSR 37 g7 t 1SO1UT) ai m

31, where e qartmgr%ﬁ@hgﬁ’g, filtering further conprising: weighting

colum m1 25% hting colum in 50% and weighting colum mtl 25%
[c33] 33. A nethwghi?nmb}mnmh@S% 4:4:4 digital image into a 4:2:2 digital
image, the digita t (%?rer n %]d by a plurality of pixels, the nethod
conpri si ng: sep‘%?‘%lﬁ image into Y, Cb and Cr conponents;

di viding the Cb \edightia: @;plﬁm@ngrytys%nto a plurality of blocks utilizing
adaptive block size dg screte cosine transfornms (ABSDCT), wherein each

bl ock may be represented as a plurality of colums (in), each colum in

conpr i Eé%g a pl i ty 61? %fé)tﬁ%@l%ﬁm %”494%6&12%1'1}41%' 1nt})I téf%bntggl?a? %?geel ement

of ea ol um of "t he ere g ven an
filtering fthe tdigitalconpyel sgseseneidgbyi dﬂ@plﬁmhmfﬁpfkaﬁ%the vmetgbdl agnpmhngm in

°0% and vel ghtslepn:%at%% 31%1g%111n§a5g()é into Y, Cy and C; components;

dividing the C;, and C; components into a plurality of blocks utilizing adaptive
block size discrete cosine transforms (ABSDCT), wherein each block may be
represented as a plurality of columns (), each column m comprising a plurality of
elements; and

selectively filtering each element of each column of the block, where given an
m™ column, the step of filtering further comprises:

weighting column m-1 25%;

weighting column m 50%; and

weighting column m+1 25%.



