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DI G TAL | MAGES BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001]
The present invention relates to digital signal processing. Mre

speci fi cal WO ovH@116pr esent i nvention relates to an appar atREI/EGHA1884 hod f or
selectively decimating a digital 1image. H Description of the Related Art

[ 0002] ..l | ct ure processing has a prom nent position in the general
di sci E‘ﬂmmﬂmmﬂﬁw tal signal processing. The inportance of hunman vi sual
perce ouraged tpge ' ances in the art and
sci ence of*ldisgfi tal picture 8$§‘ﬁéﬁ¥® ﬁﬁkmﬂgﬂf transm ssi on and
reception of video signaDE TEON FORB REGITAI: IMAGESti ng filns or
novi es | ous i nprovenents are being nmade to i nage conpression
technimmﬁ@wmmmw f the current and proposed vi deo systens nake use of
digita techni ques. Aspects of this field include inage coding,
I mge restom@Nt on, and i MEgR CKGEROUND OFCTHEANVENTRH®NCOdI ng represents
the attenpts to transmit pictures of digital comrunication channels in an
efficient manner, making use of as feWbits as possible to mnimze the
band w dth rﬁgLﬂiElﬂ%Mv‘é‘nﬁ&n the sanme time, maintaining distortions
'Tmts.

within certain m nmage restoration represents efforts to recover the
true image of the object. The coded image being transnmtted' over a

conmuni l,on chappel have been .di,storted by varioys fact ~ jurce
of " dogr SORHT on’ e B BRr ST gy aged AR e Bioptiiner § R S5 leB. ot
thi ee bject. pfeeitiiveniol @4didsab ah aparatus andihethodior @élééﬁi’e@fdeeimatiﬂ% digital
attributes of the picture. Such attributes nay be required in t
recogni tion, Me8eassification, and decision in a wider context. [0003]
Digital encoding of video, such as that in digital cinerma, is an area which
benefits frominproved i mage conpression techniques. Digital imge
conpr essi on IhaPessrinioncof 4he RelatedAdti j ed into two categories: |oss-1ess and
| ossy methods. A loss- less image is recovered without any | oss of
information. A |l ossy nethod involves an WO 02/100116 PCT/ US02/17814

[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 few';bits 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 uansnﬁged"(;ver a communication channel
may have been distorted by various factors. /§Gi'irce of degradation may have arisen
originally in creating the image from @bjﬁét. 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



2 irrecoverable | oss of sone information, dependi ng upon the conpression
ratio, the quality of the conpression algorithm and the inplenentation of
the algorithm Generally, |ossy conpression approaches are considered to
obt ai n t he W@API0ssi on ratios desired for a cost-effecti \RETASGLIBI4 ci nema
approach. To achieve digital cinema” quality |levels, the conpression
approach should provide a visually |oss-lgss | evel of perfornmance. As
such, although there is a mathematical |10Ss of information as a result of
t he conpressi 'gqg% .St ontd QR \ bSics . | d be
inperceptib|39?89é9@?§§%%5€§%§r noFﬂ%QEV?ékﬁﬁggggﬁﬁﬁ??éﬁé&h?Sngﬁnégﬁgting
di gi tal i magquaitppsfetisi compresdion |latgpritian,hank the émpltmeatatioe doff the algbrithm.
applications,, nanely for television systens. Such technol.ogies have .nmade
desi gn - complEAFENS 955 GHPPEION BPPrEdchey A CHRISHOIEH P! QiR dhe COmPISYORof
neet the quakdto¥ deSifdUfof @ ERE IfedBRAGditdl Vinetha ipRodeh.c TR Uchicve Bi%it{apélﬁéﬂla
Digital cinema conpression technol ogy shoul d provide the_visua uality

that a novi G4EHY levels, ghegoprsssioneanyerack fheld orepds pyvisuae lwéﬁaﬂe%@f ity
of digital thgﬁ(?ﬂgnééoﬂk guc?ﬁ Eﬁ@gh HREXGERGhENEcal oséoﬁfn%}ﬁﬂﬂ hd ¥ rdsflk €aS€

print film sanme t1ne, conpression techni que shoul d have high
codi ng ef fi ciofrthy comphessipn aprocass| the Anagef distertionheausédh bycthdl dess eshiildi beicy

refers to the bit r. needed f e .image quality to neet a
certain qual ?TE?F?P@‘%*%\?&V}%P‘e“%é‘%’&ga{l&%@é&?@ﬁﬂg’ﬂgacodi ng techni que shoul d
have buidgosi n | eEkistihg Higithloinage compssicn @tldotugieathahe begt developedsion vtidr be
cost effective;., that 1s, a sml-sized and g:‘]ficignt decoder or, encoder

process. [ 00@BRlica@nse HAmEHY fﬁf!ttﬁ HSORpTSEY: t Ghe dGERelogies El‘f?bg}ad‘?)ﬂeﬁglf s
needed for acoﬁﬁfm&%%@r@;@t& fr théBktended {;ﬁliéeﬁféﬁ? Sut 6 P e lthe g@ﬂitw ion

of the chrom nahce 1 nfor I on. However, IS may cause noticeabl'e iTmage

di stortion. rquisements peqded for cinesiansesepietiofod to renove i nage distortion is
to incr t he biy: . ' Rl st '

tos! r abi®0hs " or ¢ Digifh bfictlh cbiBreS AP ERRTey. dBRATro R T Bl ol that o
net hod and appaiegbershdsopreeiousinterpaiedeegi t Heallyyethe visusl qualitit ef digithlecinerad i ty
Fevel of the Ol ot 1 BEed hhal SPLETn quhey 718:30 Btk £l ALIDG satithite, the

" compression technique should have high coding efficiency to be practical. As defined

herein, coding efficiency refers to the bit rate needed for the compressed 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.




SUVMARY COF THE | NVENTI ON [ 0007] The invention provides for selectively
decimating a digital image. Specifically, the digital inmage is divided
into a plurality of blocks. Certain ones of the blocks are selectively
deci nat ed B¥@BYIHEN predeterm ned criteria. Aspects of eMéTESIEEBE al | ow
for decimating the chrom nance resolution in areas with | ow amounts of
chrom nance information to reduce the bit, rate, while maintaining

chrom nance quality that is inperceptibl/e to the hunman eye. In an

enbodi ment, adaptive bl ock size M gﬁvm rm ( ABSDCT)
techniques are utilized to dete Pﬁglleﬁ# 1\? chrom nance
resolution in a given pixel ar ea Ar eas of h| gh chrom nance i nformat I on
are not reduced in resolution, I e are | ow cgl%rq pance | nf tion

are redi84 in rEhepinyenipn W’Y‘F’f C‘frﬁém%@ RRESH |SP9°1 b si ons
my be made gp B dgit '&h%’é e ﬁyledQEgmtJ) %\iﬁﬁmm?'&fhﬁ&kk“ deh%npdﬁéelof ARMBbdks e | N

the frequency S opposed to the “entire frane or franes of digital
i nformati on. s@l@@ﬂ@]y dtwuatdd rhgsed amnepneéetmmmd)gmemm&smf@wfd@andnments

converting a e It e

appar at us anaﬂ%tﬁf)adeg?ﬁ%elgi ﬁ‘ﬁt gﬁaﬁmﬁaﬁ% rgsPl%flgﬁ %ag%le e%ra}g1 tl | gl fs 8 | mage
is represent eldobynaﬂcepinfomidutm t@fedpeexthe SIintlrate,cl\!af]m(mr mhaimtkining bhrosnmce)i]uahm;e

pi xel blocks is.g funct he chroni nan resolutl

Bt ai - omeo gt i RS TEPE g hiar, s Toc ot it Dlods s fiscrel
Accordi ngly, cédind SandforRSABSDCL) tédhnRfiBPAH: WHREed!t defefiiting SviRthepRPRAWeRe and
met hod to decimate a digital inmage based on chrom nance resol ution while

mai nt ai ni ng clrpminaacg resplulieR ima Eiven piel eipa. Agepsoyt high chyominsnercinformation  of
an enbodi ment.to, PLANL A B0 ARHA WAl waf gggfdsw; Gi¥ninince RbHRIdT e Mductt © 11

areas of | ow chrom nance resol ufio 'S anot er aspect of an
enbodi nent tmssrﬂmmmwahdmtglhg:adlbgtthermmllvqﬂahw Drgisiina immayrize mérde %m@omal ity

| mage qual 1 by bloskfe @ RshEian B350 Bnaf b BR ety BuB e orPesh 3 70 1
4 BRI EF DESCEtifd ffahie Or frhides BFRAYt di@Formation.
[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.



[ 0013] The aspects, features, objects and advantages of the invention wll
becone nore apparent fromthe details of the description set forth bel ow
when taken in conjunction wth the drawings in which like reference

char act er s WQIBHt0i% correspondi ngly throughout and wher eiB¢TYOYIBI4 FIG 1
a bl ock diagram of an inage processing systemthat incorporates a
decimator; [0015] FIG 2 is a block diagramillustrating details of a block

size assignnment; [0016] FIG 3 is a flow4di agramillustrating the selective

deci mati on process of a 4:4, (e T j : a illustrates
an exanple of a 4:4:4 bl OCKBWE%%WOEO*F@OHH&%WI |(§<Sgl data; [0018]
FIG 4b illustrates an exanple of a 4:2:2 block of a chrom nance portion of
pi xel data; and [0019] FIG 4c illustrates an e le of a.4:2:0 block of
a chroml@®#ce por h%?\spé¢t3'§F¥‘é‘les’ @%5.”@@735%‘18{%%%‘%‘1%8‘1@3 gore
DETAI LED DESGERH: B Uil BF AR JaMPOR! M BRiobORREH takeh 8 ciifunon

e

facilitate digital transmssion of digital signals and e.rtuoyt i

cor respondi n@ithethsf idrawings inswhisheliks | plerence seharactery idendify ycareapondingly of
signal conp L QR j.eve high definition in a resulting image, it is
al so i mortaﬁ?&%gﬁm%ﬁ%ﬁ%}%h quality of the inmage be naintained.

Furt her j@14), conpHIGtli obletk difigramiof an ymage prabessingsysteny thatdngraparatbsa dwar e

i npl enent at i ﬁn,. V\{ni_ch is inportant in nmany applications. [0021] In an
enbodi nent, FHEPB°Eonpression of the invention is based on discrete cosine

t ransf oggp1§)PCT) t RN 9 d Bfock GRipindilludtrating defdBO6f 4 Blotlesipy fsighment; i n t he
digital domain would be conposed of pixel data divided into an array of

non- ovel®4gi ng - BiGAds a agramiustrating the selectiveg decimationwrecesyof 344
per f or med on@gﬂn}ghgck. The two-dinmensional DCT is defined by the
following re ronsAi’p: k I NI N1 2m+ 1)7&1 2n + 171 X(k,l) = n)cosL 2N
JcosL 200171 N m=oRL® 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.



I fk=0 where a(k),Qk) _ 1, , and ~,ifkO0O x(mmn) is the pixel |ocation
(mn) within an NxM bl ock, and X(k,I) is the correspondi ng DCT
coefficient. [0022] Since pixel values are non-negative, the DCT conponent
X(0,0) is AYQBYWO1160sitive and usual |y has the nost ener gyPCTU$OME8E4 £ or
typi cal images, nost of the transformenergy is concentrated around the
conponent X(0,0). This energy corrpactiog property makes the DCT techni que
such an attractive conpression nmethod. [0023] It has been observed that
nost natural inmage [ ' as, and
busy areas such as%ﬂ@wgﬁmbﬁﬁﬁﬁ‘r%? @m%ﬂt%%%m&qﬁtrast
adapti ve codi ng schenes take advantage of this factor by assigning nore

bits to the busy areas and |ess hi.ts to the |ess.b areas. .Thi.s
techni ql929ls di scinooulertp Yacilitgte fﬁ@tﬂirﬂanmw@ 19@?“&% FeAngdaemig 8% i ve
Bl ock Size | pReaGy &I SeRdrRy) At hRdedNy ne®si9No emphyi @ned firtn b &ig@fsi gnee

of the present iﬁventlon ar]d i ncorporated herein by reference. DCT

t echni ques as@mnpressiond Be pehiesg high definitiondinactesullipg imageoit inalso ipRrtant tat o
02/ 100116 P . anﬂé' inBhGK MRS R4S niRRbES SfRedyh i1 0d
And System Cﬁ{eﬁé}?é%%y?%&teﬁ@g assilﬁglrrllgjle&gf t he pr_es’en?ﬁi{_anvention_ a{%[gl

i ncor por at eddésineé for coynpactthardsvacssimplemenitasion, which issigponsant tih mappepiivatianshni que

i n conbi ion with a Different.i S t | i
e R A S S I e e

| mage Conpr eggsindtravefor@dDETY t&haigass. GemiAly, asihapead be prdchsed asthgrggitabf t he
present invention and incorporated herei n,bg?(geference.

The systens
di scl osed i ndemaiscwod e comppsed pf pixel,dafp divded, fnip 28 Arkay sn°“|‘$<“teflﬁpm?%me"
encoding, wWhgfgre frwb! | G fbritied B EhcH BI9RE.ITH t he
content of aﬁ{/ ot her H%%R@:@f'nﬁg%@%m@ﬁg ni que, the achi evable
dat a rate naywedingneianaDGT isdsfinedibytbe following relagioaship:i on of the inage
quality. [0024] Using ABSDCT, a video signal will generally be segnented
into bl ocks of pixels for processing. For each block, the |um nance and

chr oni nance congongnt &(I?Vﬁ(i' thZ_lx(m,n)cosil:(Zm;;)ﬂc}cos{(zn;;)ﬂl}, 0SkI<N -1
m=0n=0 ;

T i,
where (BB ={ 5 ep g 0
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



passed to a block interleaver. For exanple, a 16x16 (pixel) block nmay be
presented to the block interleaver, which orders or organi zes the i mge
sanpl es within each 16x16 block to produce bl ocks and conposite sub-bl ocks
of data foWQPEWIHEe cosine transform (DCT) anal ysis. Th@CBOBOYpStat or is
one nethod of converting a time-sanpled signal to a frequency
representation of the sane signal. By cogverti ng to a frequency
representation, the DCT techni qgues have been shown to allow for very high

| evel s of ca i i i 4 van e of
t he frequency‘{%trgﬁggtsri cl,llct ig‘%%%g%g%ac@hrieg ic?&gﬁ%:‘é%ﬁ@é}g& I ?\dgsgg%(rae errﬂ?egd
enbodi ment , assignéetof the PESent invertpyml anddndoopaxated heeindrydeferenge. Farther,8h@udaCTs

are applied to,a ordering, 16 .4x4 s al.ge applied to third
ordering, arﬂf_ [ éﬁgB%%T?CW%ueang?IB@nxtbma%ﬁ ﬁ\ﬁ?}?ﬁi&] ii‘&dhf%gi‘gff%

| mage procesgiisque s RESAssed tifl QU. LS TP AR 4. | 452, F4D ehddbd TeAUDAvd BiRk it a
that is divided into an array of non-overl apping bl ocks. Note that although

bl ock si zes Image Compeessiondetbeddrd Systapei’ lponassignad tejtheassignes of depreserined

t hat vari ous ' ﬁ gﬁ% . e mi : ' may
be utilized W éé‘?ﬁesgl%g{lﬁﬁ and. aer'lg%?iqﬁ e%g‘éer's%w ﬁﬁmsgﬁ;ﬁc%%ﬂtﬁg% %Feégst er
t han or | essutilizeswhat ig\refirtedrto asrfintra-framed eproding] where bach frame of ioage data is

divisible into at, | east one .level of sub-bl ock uch as, Ni xN j XN |,
NixMj, anoeng?%.d Wﬁg?‘l:f fegardqto ﬁ‘&r %°‘i“’ﬁ¥e°5e“i‘§/. Ot?—‘ﬁrr ?rﬁglie'rmijél,ngt ﬁg @éﬁ%ﬁr y
bl ock size aschnijusctiestlichsbiedaairateandold Greily eithbhtodibceniible degradstimosti Ny
bl ock and sub-bl ocks of DCT coefficients. It is further envisioned that
vari ous ot hePe TRgs@aYsuch as both even or odd integer val ues may be

used, €qfpg) 9X9. \@i%wﬂiéﬁ Eﬁiﬁelaisﬁgipaﬂ@ﬁ‘igeﬁe&ﬁga%@i seFﬁieﬁ@ﬂ'Qﬁtﬁ'bloﬁ@ iifgage

Is divided into blocks of pixels for processing.” A color signal may be

converted frroxelRiem pseressing. oForcacipblopk dhe lupinancy apdehrgmingacs eampoage are or

component 5. PRBAIR SRR ol Bl il 0F: G DAy bl

many syst ensthe block dmpileave) evhidhlorderd ofarganivpo theritragd yansplésawithin eaéh 1@U6 i n

the horizontgl .and vertical difrections. , However he..sub-sanpl i ng.i s not
necessary. Aﬁ‘P‘ai [y PF%‘&‘}F :l}ch an ,OS%ngégf?&?tﬁtforf Gichete ,cosrr{%ytr fot her
very useful @CT)RARS§E" Thé DCIOsFrAOPDk i0hé hictidd of ¢6hveRing! Mame-samplekigasl t 0 as

covering "digital cinema." Two possible YCLIC2 representations are, the
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 uséd. 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/ixIN/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.



YIQ representation and the YUV representation, both of which are well known
inthe art. It is also possible to enploy a variation of the YW
representation known as YCbCr. [0027] Referring nowto FIG 1, an inage
processi ng WO 8¥®H118600 whi ch i ncorporates the invention i PEASR1I8The | nage
processi ng system 100 conpri ses an encoder 102 that conpresses a received
vi deo signal. The conpressed signal is tgpnsn1tted through a transm ssion
channel 104, and received by a decoder The decoder 106 decodes the

receive nal into | e sanpl.es I n

a pref e?qoé@genbod Theer ’g%fl:hm’; 1 ﬁl&w%'eg gﬁlﬁf %rep%%%g n%‘ﬁfe%ylgg ;Aggégsed
wi t hout sub- sigf@l haigbe &inuatedaffommn sphﬁe&)Yﬁiﬂg&pbdeQWthf bihg tledumminangepvi ded
to the encoder 102. The encodercqi gr@rls | ock size assi gnnent

el emont 108, ORFIBITSSbEOMBORERLAY i 5, FE AT, PE BSIPR EPBROIBI vi deo
conpr essi on. glBgibbPMmE 16 %ﬁauﬁ&%iﬁﬂﬁ?ﬁfﬂ@'e?@ﬁ‘éol&oﬁn RS- sHﬁﬁ]th@Ck

deconposi tion of the 16x16 bl ock based on’the perceptual characteristics
of the imageGirendHe: eompauents|hyck fantoreofafoyr gnﬂmﬁonzgmhmd yersicd directionsi 6

bl ook Tnto Ly el SaPifk 4471 pbEShr] AN ARREATIAR, Wowh he adch | Vi 1Y

wi thin a 16x sl ze assignnen enerates a
quad-tree dafematahhe de teitheP@ydntnl onhmessssdre rigtsome aapplieativas \smﬂnasltlnml 21

bits. Thus, if ock size as nent dete 16x16.bl ock S to
be di vi ded, %"?459.%“8?’31% 5@%@%&% @9&0333@8%@6?3%%8“ ey e

addi tional bie repretentition 26 W@Ymﬂﬁbpf&eﬁtéhdnhﬁothfdl’%xdi are Al &o&nblhcm&s | f
bl ock size assignnment determnes that any of the 8x8 blocks is to be

subdi vi ded, @Renltfip@lsoppgsibledaAmmey @ variation gf ther ¥ U Ve rpresaniation krgwn as
subdi vi ded argy,@dded. [0029] Referring nowto FIG 2, a flow diagram
showi ng detai'l's of the operation of the block size assignnent el ement ‘108
i s provi@2d The Refpoing how te &G+ henvimage poasesingasysiold0 which ingarparates n t he

d ubdi vi.d | ock
PeT! Uso2) 17 T VIR 8 SHORT ErE Sig Hatilhsdthg Siefty 108 sopd ¢ 4 atodiEnes 1O
of the 16x16 tHak e@;hpnegsesameived videdstgndlar Thensoepressedbsignal ésctransmitted| theoggh N- 1

N1z N Ia t%gm%s1on channel 104, and received by a decoder 106. The decoder 106 decodes

the received signal into image samples, 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



var x i'1 (V2 xlj N 1-0 i=0 i=0 i=0 where N=16, and xi j is the pixel in
the ith row, j h colum within the NxN bl ock. At step 206, first the

vari ance threshold T16 is nodified to provide a new threshold T' 16 if the
mean val ue W@ 0O¥H€116] ock i s between two predeternined val uPSTUHYNSthe bl ock
variance is conpared against the new threshold, T 16. [0030] If the
variance v16 is not greater than the threghold T16, then at step 208, the
starting address of the 16x16 block is wrtten, and the Rbit of the PQR
data is set t { ety h C The
al gorithmt heﬁrilocg(e S eltlﬂig r%%x?t il% 0%3' g’f QIE&)@? t‘}|ollgxégﬁslé l&ggtbgg&ggy?gﬁggde

i s greater tHEe vatiendelis echmitetl a8f6llowhien 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 bl ocks. [0031] The four 8x8 blocks, i=1:4, are considered
sequentially for further subdivisipR.y-1as slioywg iy step 212. For each 8x8
bl ock, the variance, v8;, is QQJEDHE@Z@?,JSE%WNEQ JAt step 216, first the
vari ance threshold T8 is nodifi edN d=opoovi d Téw threshold T 8 if the
mean val ue of the block is between two predeterm ned val ues, then the bl ock
variance is conpared to this new threshold. [0032] If the variance v8; is

ot g et of Al NaS6 S5Ol ph i HET® B, Pt Biti e NENRISN Bty o5

of the 8x8 block I's wri corresponding Qb , 1s set

The next 8x8 206ofitst the vtahencephmhs%@'é‘w isjmodified toaprovide @ nv's thnegh%ci Ed6df thFhan
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[0033] The fmumﬂﬂalghmstkhenéwmiesﬂoldar’%consr dered sequentially for further

subdi vi sr on hown in ste 222. For ch, 4 v4 i,
is conputd@¥ at stslgﬁ‘ez‘ﬂlanceAY Gsls ot g%terﬁ}apgpe ﬁr&@geﬁﬁ%i‘&%rﬁ they s
modi fied to pg hgﬁdﬁese%ﬂhkhsﬁmbacﬁ vitieh, anumeemmfwft@zeitaﬁmtwmk i s
bet ween two pr erm ned val ues, then the blo variance is conpared to

this new t hr einfiste thitabeApx16 blogk iy aet wbééﬂdﬂdr j heS algepithyy thep apads e ne¥fe
threshol d T4, I]gglo%ic Eb%glszgéhipﬁﬁnc@dfgﬁ a%?ﬂ*aﬂ%e“rﬁfésﬂl@q{%'tﬁeﬂ‘ﬁt'siépen

and the corresp Is set to 0. The next

210, the R b1t 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 v8; 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 cotresponding 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 T4 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, Py, is set to 0. The next



WO 02/100116 PCTI US02/ 17814 9 4x4 block is then processed. |f the variance
vdij is greater than the threshold T4, then at step 230, the correspondi ng
P bit, Pij , is set to 1 to indicate that the 4x4 block is to be

subdi vi ded Woo2100tér  2x2 bl ocks. In addition, the address PSTUNEIBIDyD

bl ocks are witten. [0035] The thresholds T16, T8, and T4 may be
predeterm ned constants. This is known t he hard deci sion.

Al ternatively, an adaptive or soft decision may be inplenented. The soft

deci si on varj, fb{ogx?ls éﬁﬁ%ﬁﬁm fIPfhethﬂan‘é@rvh%mcggéatéil%,rtﬁé ﬂﬁ%s‘ﬁﬂldth’fiﬁ tHER AP

pi xel val ue ocks, where N c :
functions of stbpéSOcEthm compispenidingP bissP;; niayetie lutodndigate thaé therftxddrlenkds to be036]

For purposes il t d
pr edet er m neﬁ" ?%PH'(E} ?‘hl gisl’?%oﬁ@%t orﬁ{ faﬁcﬂﬁ?ﬂ %Ar’r%%%t %%X%I%%Ck%and 880
1‘58r tl_ge iflségv&tteﬁ)(;B Tigd 4>é4810bl ocks, respectlvel y. In ot her words, T16 =

= an = f I 80 d
Suppose [@0R& conp utBgthreshelds fde. ’1%80 Fm‘i ﬁg %re%ptggﬁl%pg \é%ﬁyan%r s 1 6‘?@1‘% 1?? s
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8x8 sub- bl oc uppose the conputé€ variances for the 8x8 bl ocks are
1180, 935, 93'n¢ sefih decigion vaBisnibe thregholss fonthe grbanses depending\an the meah P&l t hat

exceed T8, ie 8&@% 2,&_:9%5(% o%tcse W ﬂeé pa0gliavigfod 40,sPf -ft?ﬁﬁ.'&f% & thd Hedh Of

ei ght 4x4 suB pose Fne Vari’ances of e eight 4x4
bl ocks are piXe] vahits, mﬁi&uﬁﬂ@sttﬁgﬁrpsl@kﬁ 930 and 690, with the first four

i et aSOB ock 1B Porhei, o Ihgeetiops songtiny e (i gpRc R, [ e 11

Lg\gglr eddtag Tp fba&lgf)nmgd frﬁhmﬁe ltl&é?tﬁldiamr ﬂt|80Y If&n %%dgt be 4041100, andk 886 For the
Vi as wel | as the seven x4 bl oc

procedure i sl6xkd8k$ @éﬁxdrbl?ﬂkéd@s&el"% nyPO'th Eﬂ] JP% coﬁtt)pg'heniid@fﬂ@
C2. The col ofpgOMRENERLS 4iXBy, ﬁgel&ﬁfﬁagxé s Berdozad 800.Y Su ﬂ&étthé:%xhﬁute@r

both. Additionally, note that aIt | ock size assi gnrrent has been
descri bed asvmatmpfatdhml@ﬂﬁrbhmkhs 60. nSmhq: 60 andhigs mamgté@me?ﬂlﬁ@e%ermmt the

ﬁ;ggtantrheegg E‘%’ b@ﬁgllg%@ﬁg\mdﬁl ! @aﬁoug%%t it 1pre§ ocks ?@hgtél n the
present ex a”ﬂhﬁﬁncés flos 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



[0038] Referring back to FIG 1, the renai nder of the inmage processing
system 100 is described. Certain blocks may sel ectively be decimated by a
deci mator el enment 109. A comon nethod for reducing a nunber of bits
needed for W@M0BHSi on of a digital inmage is to reduce tRETHSAUIIZI4
resolution of frames. However, this may cause noticeable inmage distortion.
However, by using adaptive block sizes, Qrom’ nance resol ution may WO

02/ 100116 PCT/ US02/ 17814 10 be used to di imate the inage only in areas of

| ow chrom napce and no n A

i nf or mat i on. g‘fﬁfﬁg&?%’f‘ﬂ Leotg?éq]%ﬁ? qnb'ﬂeaé?agé’? Z&Nrrgrwﬁlg endﬂt&;%él)}r?ﬂ&pvg@r?oét% of

}‘act;)rsfagd a.{élﬁs’ISﬂ}ﬂ airbmﬂﬁncd%aﬁtrmaﬁod ncl ude, but are not limted to, the
evel o etail within the ck and within each col or .co

chroni n898Y r esol §h¢ ofECIsigne tEo&ﬁcﬂra%tF may g de: B& PRR B t"a?%f'yngpr%ﬁ‘étmiﬁeé?&ed

i mage qual i t ¥odsfié@dtion® N Fabtorst in€luéd, Qﬁk afd A& linlifsd Wt Rvarof detd wahid thée

deci mation process, Is described in greater detai [ in the descri ption with
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need to undergo DCT ogescg%% 041] The i mage processing system 100 may
optionally c ot b, "for reducing the redundancy anong the

DC coef fdoapjent s ofhé %%szm aloﬁg Qﬁh&ﬂ@ﬁ&dré‘sbésrﬁf thd s‘eldét”e@QﬂtEHkE ra@élpraiidedd 6o 4 0p
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advant ageous to reduc edundancy anong the DC coefficients.
The DQT el ensead to badeyge D§Tprogessn®CTs on the DC coefficients, taken 2x2 at

on e B " pc”cdh FndippLRtin e J0n e, ARRSR olintie® T demaae” e

qua]ccj tree trforséducing the rdﬂ@ﬂdancpﬁmbﬂr@thﬁm cdefficierss 6f the &I Ts. A\BL: coeffiveenDC
coefficient of the al on h the | ghbqri DC coefficients
with an 8x8 M %R“%{ETSJ 'gBVlMifgﬁ?)‘i‘}?re"f{ %ﬁmgiogge&rh% coefficients ae, i

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
atime. 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 (FWM:s) 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



Finally, the DC coefficients of the four 8x8 blocks within a 16x16 bl ock
are used to conpute the DQI. Thus, in a 16x16 block, there is one true DC
coefficient and the rest are AC coefficients corresponding to the DCT and
DQT. [ 0043Wareiopriansf orm coefficients (both DCT and DQr) P&TASRYBIded to a
gquantizer 114 for quantization. In a preferred enbodi nent, the DCT
coefficients are quantized using freque ry wei ghting masks (FWvs) and a
guanti zation scale factor. AFWis ata of frequency wei ghts of the

i gt s appl Jore bR AR Pl el | FEER L Toe il hBELRY

wei ghts are d&g’x@dedseﬁ@némndn-aswxeastvmvmgmuhnmmw es having frequency

cont ent th t the n sual st sensitjive. to, d to

o empn@Ol < armpHBHIRA 643 ks iehed BommeeiBer e asamrombnacre Rl iy of
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I n general, idgdhma tieosRrrovdigeslise of Iook up tables to code the run-
| ength and _the non-zero val ues. [0045] In_an enbodi nent, the wei ght quﬁre

sel ect efPhdsed onh@ﬂﬁmb@gpe‘ﬂéhﬁweﬁhﬁﬁ%%“tqd&as%% efAPiFigalidate. Aimeth
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Requi rerrent s C@ﬂ@?el& TRigjtal qmsmlmﬁanc@rmﬁanongn@ugzme iigages1994,

which is herg&rp %ggﬂhgﬁtg 48 %Ilgéllﬁ%%n(i maﬁccailgag %&f&or tﬁggaﬁ Wiiorf! fo94

desi gned, am nanc hrom nancé
conponent s. Wh&hﬁmmmbhmporﬁted bp refedencel Zn gertxdl, twhdWascare designed,coniefor

deci nat | d.16x16 terpolat f that for the 8x8 |
Fact or cont r Bedopiane dmspeniadant e e cbpminediometionh ThoePMndRt S,

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:

.~ | 8*DCT(,j) , 1|
T Jj)=|—=t=
DCL(.5) [fwm(i,j)*q 2]

where DCT(i,j) is the input DCT coefficient, fwm(i,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




[ 0046] Thus, each DCT coefficient is quantized according to the
relationship: 8 * DCT(i, j) +1 DCT 61 j) =L e fw(i,.1l) * q 2 where
DCT(i,j) is the input DCT coefficient, fwr(i,j) is the frequency wei ghting
mask, q i WORYIEK| e factor, and DCTq(ij) is the quanti zdCTAHRSLMTES ent .
Not e that depending on the sign of the DCT coefficient, the first term

I nside the braces is rounded up or down. 2The DQr coefficients are al so
guanti zed using a suitable weighting mas k- However, multiple tables or

masks can be, us j . 1 he .Ch, d onents.
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116. The seemploye&r 116 scans the bl ocks of quantized coefficients in a
zigzag f ion to produce a serialized streamof quantized_coeffjcients. A
nunper SR8 £ or NPl Penditionh geraizer LB TReY Srupidhst ek Tosie o AbSbmer
than zi gzag gaamtiRbsSA4PThe AeSesults Areth@apid, €d WO 02/ 100116 PCTI US02/ 17814 12
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addi ti onal csideis-antACisalue fremel-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 C, 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



is atotal of 641 possible codes. [0050] FIG 3 illustrates a flow diagram
ijfs sel ective deci mgtion of a digital imge 300. After the block size

assi gnment el enment 304 is performed (as described with respect to FIG 1),
a deci si on “508%1%1ade whether to decimate the block. |n @CTendeedisient, the
decision to decimate is done on pixel blocks, after the block size _
assi gnnent. However, the decision to deghmate nmay alternatively occur in
the frequency domain, after the blocks have undergone the DCT/ DQI process.
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[0054] Selectively decimating blocks in areas 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, Cyp 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 to 4:2:2 format, filtering of each chrominance
component Cy 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:



deci mation. I n another enbodi nent, block size assignnent is a determ ning
factor for decimation. If.the block size is 16x16, the block is deci mated.
If the block size is less than 16x16, such as 8x8, 4x4, or 2x2, the bl ock
is not deci'hWBO¥YWOUS that detail is preserved. In another TSty , 16x16
and 8x8 bl ocks are deci mated, while 4x4 and 2x2 bl ocks are not deci mated
The preci se decision process nay depend gn a nunber of paraneters. [0054].
Sel ectively decimating blocks in areas of 'the inmage with | ow anounts of
chrom nous resol ution reduces the bit rates in those areas while

mai ntai ni ng chrom nous quality. Concurrently, by not decimating chrom nous
resol ution in areas of (nhl.gh = (02631300 a{0.50 *S2pk(0.2HM 283008 i nage quality in
those areas is maintained. [0055]' FIG 4a illustrates an exanple of a
4:4: 4 bl ock of pixel data 400. Values are given for each for each col or

| uni nance an8imilercalculationg aeOMBEY Yo bve HnfH '

Typically, decimation_is only consi dggﬁ?ﬂbe p%%l%?nﬁgg&glﬁﬁgﬁrggmme of
chronmi nance SGMEUHINT:&2dgrmatas dlustratedinddC 4t Adcordinglyeseryotiponelnmn s 1t i s
not always dfshisHeks L Be ] opponent. Y, because

deci mation of the | uﬁﬂ?‘bggg,gd corrgo‘;r?jgﬁ% L@%rg%gﬁtgdﬁnumﬁ?@m‘b’@gﬁﬁlﬂf'ﬁnﬁl‘%‘?g To
deci mat e a bthgaRovsrdescribed werehtaskrelotionshipd dt ia contemplated:tHat biiePWeightng: 2: 2

format, filtggln ?@% | han conponent .Cb and Cr is performed. In
an enbodi ment, tﬁseﬁ%)f ter ‘ﬁgé"g@é’@géé%‘?’rWB%%@%m eigHingntuch thaties by
usi ng a gauseachslefrientie multiplied by®33i cul ar el ement with adjacent el enents.

|t has been found that nore

Col i i i d i t hat
cor r et alP01°Ci 9 0, HE flsBhisE an hepmpfe.ofia 4548 foret G peldtta lesmputed 20
di rections. date,aow cﬁ&hﬁdbﬁr@@beﬁ@ﬂxe@hﬁﬁggﬁe( é\a%lelw%llﬂ)i& fchél{ng of ofggg;;&gt?a f\e

derived by tﬁii ng he sum of 25% of t el enment’,

(n-1, m el , %ﬂb@nﬁ&ﬁqmﬂ(&@m glemgnt. dceomdingly, An clemibint@l, y) iha 4: 2: 2
format, the 2wy ; [ : 02/ 100116_P S02/ 17814
14 (n-1,m = (0. 2@3’?&2%5"&‘{}%??8%&3%% &ﬁ(sgé) Yt Y’?&)HZ’L&%‘% ﬁﬂﬂwe 3

cal cul at i ongmhelemeridand 2% of de/(nef jwm) eleolkenmA cordh@YERt4E2:0 fe%: [the Gedn 2

tabl e of el N4 22 format as illustrated 1n FIG 4b. Accordi ngly,
every ot her ‘%{)@&Eﬁn,fél?ls%s%oﬁows.

(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, eg., 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



data has been renoved, but their values are represented in the remaining
colums using the above descri bed weighted relationship. It is

contenpl ated that other weighting schenes nay be enpl oyed, such as a

t hr ee- poi ntW@ P16 t h equal wei ghting, such that each SHGIMER0L/11834
multiplied by 0.33. [0056] FIG 4c illustrates an exanple of a 4:2:0 format
of pixel data. To conpute 4:2:0 data, rgﬁldecination is performed using

t he sane wei ghting schenme of 0.25 for eac adj acent el enent, and 0.50 for
the given el pfinples A FaridhedéihYma 'BeEhEﬁ&l“ efbodi o i's
derived by tgki ng t he sum of 250/%a0f ? e (Er(l)_-??ern;cﬂle)?%lﬂngﬁﬁs,&g%%%é{)@?%%{n,

m el enent, Hygntsofagelty. n Thug,the pigsery iavention iscobrinfendgdyto benlishitad Go fthe nat

the new val : ' . f : = 25 * 28) +.(0.50 * 21.5)
025+ 21 B Simte Phoehcttn At 18 Be adoBrdkl o et oo by B (1 hy
may be r oundpdndiplesandhevel fagturel disclosadcherein. pi xel dommin. As exanpl es, the
various illustrative |logical blocks, flow charts, and steps described in
connection with the enbodi ments disclosed herein nmay be inplenented or
performed in hardware or software with an application-specific integrative
circuit (ASIC), a programmuable | ogic device, a mcroprocessor, discrete
gate or transistor logic, discrete hardware conponents, such as, e.g.,
registers and a FIFO, a processor executing a set of firmware
instructions, and a convential programmable software and a processor, or
any conbi nation thereof. The processor may advantageously be a

m croprocessor, but in the alternative, the processor nmay be any
conventional processor, controller, mcrocontroller, or state nachine. The
software may reside in RAM nenory, flash nenory, ROM nmenory, 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
preferred enbodi nent is provided to enable any person skilled in the art
to make or use the present invention. The various nodifications to these
enbodi ments will be readily apparent to those skilled in the art, and the
generic WD 02/100116 PCTIUS02/ 17814 15 principles to find herein may be
applied to other enbodi nents wi thout the use of inventive faculty. Thus,
the present invention is not intended to be limted to the



enbodi ments shown herein but is to be accorded to the w dest scope
consistent with the principles and novel features disclosed herein. WD

02/ 100116 %AﬂhM PCTI US02/ 17814 [ClIl 1. A nethod of decimation of a
digital i rrajvg%, [4Lt6y; gital image represented by a pl ural irCr/so2/pisxel s, the
met hod conprising: dividing the digital inmage into a plurality of bl ocks;
deci mating, selectively, certain ones of ¢ he bl ocks based upon
predetermined criteria. (c2l 2. The method as set forth in daiml,
wherein the predetermned criteria is .cpaAfyytion of the chrom nance
information of the block. [6] 3. The method as set forth in Caiml,
wherein the predetermned criteriais a function of the contrast of the

bl ock. f[aptl 4. Thg net £ 0r. i i-m.1. .wherei.n the

pr edet e£ aned criteri a‘b?‘g&ﬂﬁ? uné’?n?gél'bgép etgllllen%?’ %?&ﬁzﬂdwﬁgwepww%e

bl ock. [0] 5Py Fplaralist efcrixels, theamethod tdmprising: ai m 1, wherein the predeterm ned

criteriais af Lo of. the desired bit. rate. [c6] 6. The nethod as set
forth in daim 1%3#@%3?%‘11&“&%%39‘“%QIH‘@L%%H’E%‘(%S utilizing adaptive

bl ock size di scr etecinmtingnseléctinelsf o3 6r3IIGh: - ! iy set
forth in d aj n 1, wherein divi d?ng further con&géﬁggagege@ﬁﬁ%%&ﬂﬁ@
digital inagcé-l?%o Y, Cb and Cr conponents. [c8] 8. The nmethod as set forth
in Cdaiml, wherein each block nay be represented as a plurality of

el emsntls wi thin plurality of col urm:mérr) and rows (n), decinmating

furt herlBonpri si %g: f e gethag as setrforh im@laim df wherein the pretetenfinédieitbliORK,

wher e gi ven z3inédon of He'thtomi . ny1 25% weighting colum m
50% and wei ghti nglg1 col um H##.We?ﬁo%rg%oﬁ%k%%%c& conprises 25% WO
02/ 100116 PCT/ US02/ 17814 -

(c3] 3. The method as set forth in Claim 1, wherein the predetermined criteria is
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 (m) and rows (n),
decimating further comprising:

filtering each element of each column of the block, where given an m™ column,

weighting column m-I 25%, weighting column m 50%, and weighting column m+]
filtering further comprises 25%.



17 [c9] 9. The method as set forth in Caim@8, further conprising:
filtering each el enent of each row of the block, where given an nrh col um,
filtering fvg%ﬂer conprises weighting row n-1 25% weighting row n 50% and
wei ghting r 1M1%505 [c10] 10. The nethod as set forth iRCTAISaR/MsLY
further conprising converting the digital imge from pixel representation
to frequency representation. [ci |] 11. p& apparatus for decimation of a
digital image, the digital imge represented by a plurality of pixels, the

appar at (] conpri sPng: TRamethb@ss st Forth iR C14iRE8, Rirktiel BmprBge 1 nto a plurality
of bl ocks; neans {,or_sel ectively decimating certain ones of the bl ocks
based upon pr edeti&§THEngagh Slemexit jof eaghc 10y of the tlaek,awhese @ives asnEedluhmth in

Caimll, Wah&ids Flithep’ ' Lgriteria g function of
chrom nance i nf o%rrati gﬁ o? it Eée bi g%ﬁlpg(}g%]n,ﬁﬁ%’%ﬁﬁ%’}%r’%‘?u@ %@g’sé{‘dfort h
in daim 11, weaghtieg xow #rel B¥%deternmined criteria is a function of the

contrast of the block. [cl4] 14. The apparatus as set forth in Caim1l,
wherein the predetermned criteria is a function of the |evel of detail

Wi thin k@ bl ock. 10 c15Thelinethdd @s 3RPRFALH Tlam fefunhéelfs%dr?nedéﬂg}gt &leg%réiillg erein

t he predeter&inﬁd criteria,is a function of the Cc16]
16. The appal'8i#dmage xp Pixs! fapTesentetion tenfrequengy eapegsentatiomas f or di vi di ng
further conprises nmeans for utilizing adaptive block size discrete cosine
transform. (ABSDCT) technique. [cl7] 17. The apparatus as set forth in

d ai m 1€ hiher ei rllmearfy fapparaiug i fat rgcinfation hefr a odigital | isege,MeRNdigitalr image

separating th IntHdt i 10t 0..Y Cr_conponents. WO 02/100116 18
PCT/ US02/ 178112r 6%318]@1381#]@E§’ %%%’%%Sa%hﬁggg%&@awm “in daim1l, wherein
each bl ock nmay beneaneforedding theadigital thagedhtotayplerhlitglofBRBkS Wi thin a
plurality of col Ydans (fop )seﬁe@gverl)? ercig{]:)ﬁhg certairi 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.



means for decimating further conprising: nmeans for filtering each el enent
of each colum of the bl ock, where given an nil], colum, neans for
filtering fyrther conprises neans for weighting colunmm m1 25% colum m
50% and céﬁéﬂﬁ"ﬂﬁ%ZS@b [c19] 19. The apparatus as set ,f@amwsop1fBi4ai m 18,
means for decimating further conprising: neans for filtering each el enent
of each row of the block, where given anjgth colum, neans for filtering
further conprises nmeans for weighting rown-1 25% row n 50% and row
n+125% [{18P0] 20. 18he Tnpappicatss a6 soetorkOf biai G, okt ealt HloBRmay be
conprising neans fo converting. the dl%%tal | mage trom pl xe

i

represent at i BerPr‘?SB“‘FﬁEéﬁaéW%hWé}fne&@mSaw A .2 pluality oficolvimnsa@paandtrows (o)

deci mati on Omegnsfofidcithati ericBipdkigst @l i mage represented by a
plurality of pixels, the et OJ COR’pI‘I ing: a divider configured to divide
the digital i magemegnsdon fietmgedchyelenienbloheich; columie of ﬂ‘ﬁthSckQWthegglOéﬂaﬂ 0

sel ectively gecl ' nes qQf .the bl qcks based upon predeterm ned
criteria. [cng]é 59 ’%g&égfﬁgr@ use ELOTBRies Mepngyfas wershtingysalumnymt he

pr edet er mi ne& % cedlywas ne50i%, aad tolaginipr? 2%t he chromi nance i nformation of the
bl ock. [c23] 23. The apparatus as set forth in Caim2l, wherein the
predetermned criteriais a function of the contrast of the block. [c24]
24. The[cagipar at usi®|S SEie ippatakusi ' efgli erm ned
criteriais a function of I?ElteEhlseév}’eéla g?ﬁﬂdg}lg}#ﬂmﬁ?t#eﬁhgﬁ%lpgﬁgg%ng@g T 25,
The appar at PBRESHEE forth in Claim 21, wherein the predeternmined criteria

Is a function of ' b . 02/ 100116 19 PCTI US02/ 17814 [ c26]
26. The appar at usﬁlgagls ggfﬁ]{t%&gﬁéa%lh e%}ngp%&gﬁcgm\grogtw %Wﬁk'dyt%‘?r?j&vei‘ §“f”§'rt her
confi gured taslum,imees fotffiteriug firtherbomprises Moot WeiGRELSBw 5-2MSHPLF £

(ABSDCT) . [ . Th aratus as set forth in aim 21, wherein the
di vi der furggh)g,a%ZrovJ—nglag%. .

[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.



conprises a separator, the separator configured to separate the digital
image into Y, Cb and C conponents. [c28] 28. The apparatus as set forth
in Claim2l, wherein each block may be represented as a plurality of
el ements wWiYRPHIQII) urality of colums (nm) and rows (n), EdTeUSIREIsIRt OF
further conprising: a filter configured to filter each el ement of each
colum of the block, where given an nh geolum, the filter further
conprises: a weighter configured to weight colum m1 25% colum m 50%
and colum m125% [c29] 29. The apparatus as set forth in C aim 28,
ured to filter each el enent of each

V\,hereint%g]efilteﬁ is,btjjrther confi% C ) )

row of (& bl ock, 2&her B RRRSFAtUSASSef, Torh imflaim: Ho whereimther dividef ds further
configured tgonfigusBito bEM e dip ¥l . 509 + %~ €30] 30.
The apparatus as setoforth i% d a?d%%gf@s?%ﬁ%og@g&%?&w nverter
configured to convert the digital inmge from pixel representation to

frequen repre t at4n c31] 31. t hqd. of _converting a 4:4:4 digital
i mage i ﬁ%i%] a 4'2:72 digi ea’flpéafé'{f]e?s 8 th’g’“gﬁﬁi &gfmi%d’éhqf%fbr@gé%‘ﬂé@ fayther
plurality ofcquptisbsa sépacatorptheaepeaoPédnfighed télseparhtd the [diGtalliideahtol YRGS | Nt O
a plurality of, bl ocks, wherein each bl ock may él?e reptrdie%ente gléoa ’
plurality of S GRMEOUSHS. each col unm m conprising a plurality of

el enents; selectively filtering each el enent of each colum of the bl ock.

WO 02/100116 20 PCT/ US02/ 17814 [c32] 32. The nethod as set forth in Caim
31, whel@lgi ven 2% m rTheoanpasatustas| gee forthy int (Haite R1.cwhpeinseach: blockeimgitbeng

col um M 125%reseffRldoitd PRraHeY B BeMbmd Witnfil's pllﬁsﬁltg pI3Hye Ry l(%?nanc{nr*-olwsz(‘rr’zg/,o
the decimator further comprising: '
a filter configured to 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+1 25%.

[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-1 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.



' [ s 4. i gi [ [ :2:2 digital
. A nethod of converting a 4:4:4 digital image into a 4:2:2

Fﬁggé,BBthe digital image represented by a plurality of pixels, the PEFhod
conprising: . separating the digital imge into Y, Cb and Cr corrpo_ne_nn ;
di vi di ng t REOBHIMLYS conponents into a plurality of bl ocﬂ@r/uggp)lysqgcﬂ
adaptive block size discrete cosine transforms (ABSDCT), -V\:hGLEI nI erm .
bl ock may be represented as a pl urallty28f colums (in), eac ?Of!]lteri i
conprising a plurality of elenents; and™mh columm, the step o [ g

- - ; webghting col um m, 50% and
further [cjpri ses32. weTHEthétBo 34 WA fdBhl 7P Wailes & Jumn,
ngrghti rEg g& ym mel 25% sel ectl vgq]yﬂhl ﬁserl ng ga‘é’h rgl%ﬁféhta“df‘ &8 ol um
of the bl ock IR Wrgescompsising:

weighting column m-1 25%;

weighting column m 50%; and

weighting column m+1 25%.

(c33] 33. 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:

separating the digital image 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 (mm), 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%.



