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GOLOVB- RI CE BACKGROUND OF TH | 1. Field of the Invention [0001]
The present invention relat ej“m“wmmmerocessi ng and conpression. More

speci fi cHO83/00578@ present invent ensst el at es | ossl ess codi /80220157
coefficients in the frequency donmain using Golonb-Rice. H Description of
the Related Art [0002] Digital picture processing has a prom nent position
.in the general discipline of digital &ignal processing. The inportance of

human vi sual per | { ncou e remendous i nt erest_and advances in’
the art and scmgggmmwigﬁgﬂ@ﬁwq%%'m(@d of

transm ssion and reception of virdeo-signals, such as those used for -
projecting filnms or novies, various inprovenents are being nade to inmge
conpr essi on techni ques. BNMUKGROUWND OF/THEINVENTIQNosed vi deo systens
make use of digital encoding techniques. Aspects of this fi '

| mge codi ng, inage restoration, and inmage feature selecti oﬂmmlmgmmm"ng
represents the attenpts to transmt pictures of digital conmuni gAaCtTll on
channels in an efficient manner, making use of as few bits as possSi Bie to
m ni m ze k hBieldhobthgilnventionqui red, while at the same tine, maintaining
distortions within certain limts. Inage restoration represents efforts to
recover the true imge of the object. The coded inage being transnmtted
oVer[o@o1goMmuniTiat peRethanationnBatbave iiRge preéesiing tad SomMassials Negd or s.

Source of degradation may have_arisen Qri ?l nally Tn creating the image
from t he SBefiBEally fthe Ripsents Byvertion, felates dpsslasy cofimgsel BXG icepffigientsein hen
attri but ggE 82k Glikd GoloiteRicat tri butes may be requiredin the
recogniti or%l,g %ﬁytacgsbg?%ca{# 03,0%51 decision in a wider context. [0003]

Di gital encoding of video, such as that in digital cinema, is an area that

benefits ,,from i.nprov i e.conpression techni ques. Digital inmage
conpressi%‘n lﬁwnﬁﬁon gﬂ@r@%ﬁd&rﬁsi fied into two categories: |oss-1less and

| ossy methods. A loss-less image is recovered w thout any | oss of

information. A | ossy nethod involves an irrecoverable
[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
technicllues. Aspécts 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, taintaining distortions within
certain Iirpits. Image restoration represents efforts to recover the true image of the object.
The coded image being transmitted over a communication channel may have been
distorted by various factors. Source of degradation may have arisen originally in creating
- the image from the object. 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 that 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 irrecoverable



WO 03/ 005700 PCTI USO02/21157 2 |oss of sone information, dependi ng upon the
conpression ratio, the quality of the conpression algorithm and the

i mpl ement_at f the algorithm Generally, |ossy conpressiQ roaches
are consi {’32@5%)8 obtain the conpression ratios desired f%‘ﬁ@gozg%%

cost-effective digital cinema approach. To achieve digital cinema quality
| evel s, the conpression approach should provide a visually | oss-1ess |evel
of performance. :As such, although the?e.Ls a mat hemati cal | oss of

i nf or mat i ' f ‘essi,on __process, the inage distortion
caused byoPritssdhul S, aSendDE bEDF R coBBRERGT sy bl 5 e

vi ewi ng eﬁm@fdsﬁi&mﬁldgo&mﬁﬁﬂhnﬂhstﬁﬂmm&rﬂétm| of MRy elgeflimni.cSSemrallyedbyipl 0gi es
have been devel oped for other applications, nanmely for television systens.
. Such t ecKPBPESHAR approachen e gensidpted & Aptabnths comnpspssinp satipe desied o a -

I nt ended ' | @0 10 et quald | [ eeded for
l:i nema pF g@%k{egﬁéogigtfoéggﬁg L@ghagﬁ ' C'Il‘&nr(é‘?rrné‘g‘(y:éoLlf rtéls glﬁlgl%gé@gﬂﬁgﬁe ?)egl€f tEgoul d
p& ov: fje tbmmeis;iumh;rpno&dh: s!hyultlh?bvi_de awﬁuh&g%s—ldsaibﬁarl yepfdShance X A@rshéhr,lceg.

| deal | y, e yisual, quality o ital, cinema should attenpt to excee
that  of  altheugh. G istd Tashabicaliqbs ot nformmeien ok Seghl o e compeEssion’
conpr essipAletS G IR GRSHidh SAN& ByQHiSQ?Q' dHoufel B%grhﬁ%}t@é’ptfb‘i’e RFa RiRRE! cal .

As defined herein, coding efficienty refers to t rate needed for the
conpr essagdénmogoalgiewing gonditiomseet a certain qualitative-level. Mreover,

e cUB T Bk AeF P SBrRor e Pionigt bl oy Goped b P
smal | - si applictions fdanelefor daewdsion §stetidcodRth RectiRisEies] AAROaliE Mésign

conpressi on techni ques avail| abl e offer significant |evels of conpression,
but r esulCPMPFPISes ARPIRRIAAS fon the irtended) application, Hauit\daj@et sneghahe qusliy cal |y,

t echni qu‘f%%ﬁl?@egfsﬁl%ﬁ%ﬂiﬁ%afﬁﬁpéﬁmq I nformation require the conpressed

informati o e transferr at a constant bit rate. [0007] One

confodski on t Eugital girenmagrmipressidn ethmlogyystoulihploviderthe Ivisnel guality thatpr essi on
whil e preserving,the desired |evel .of, quali f.or .video signals utilizes
Rdapt i vergp aseost e PRty EeefifSoseo ey, B cvittiah ‘wpld, 8f aeiema °°
Tr ansf or ghédEerfiprad fek6éednthatdift Phigh-HabEtylrElehei i il | AdAE Sini ey thoe

referred to as the Adaptive Block Size Discrete Cosine Transform (ABSDCT
met hod. FAMpresgen tqchnigue shepld have bighi ¢pding efficienei ta beypractisal 0 2ss dedined -

enti t ed hoROARbANE offlc Ry ReS ob B FRIRLASE ke tnd EouliEssoR bRy 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 éfﬁ_cient decodér or encoder broéess.

[0006) Many compression techniques available offer significant levels of compression,
but result in a degradation of the quality of the video signal. Typically, techniques for
transferring compressed information require the compressed information to be transferred
at a constant bit rate.

[0007] One compression technique capable of offering significant levels of compression
while preserving the desired level of quality for video signals utilizes adaptively sized

- blocks and sub-blocks of encoded Discrete Cosine Transform (DCT) coefficient data. "
This techniéue will hereinafter be referred to as the Adaptive Block Size Discrete Cosine
Transform (ABSDCT) method. 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 “Adaptive

Block Size Image Compression Method And System,” assigned to the assignee of the



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, 34 I1)ed "Adaptive Block Size |Inage Conpressi 0 nd
Systenl"ﬁggggéﬁﬁh)to t he assi gnee of the WO 03/005700 PCT?EE%%&Q@?%? 3
present invention and incorporated herein by reference. Further, the use of

the ABSDCT technique in conbination with a Differential Quadtree Transform
technique is discussed in U S PatenB No. 5,452,104, entitled "Adaptive -

Bl ock Size | e ressi on Method. And System, " also assigne ‘he
assi gnee Wsﬁgvﬁﬁﬁm %“ﬁ%ﬂ?‘-"éﬂ*%"riaﬁm CBS?';%‘EH’“’ ‘éﬁerf’?lﬁl% ggﬁt) nce.
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"intra-frame" "encodi ng, where each franme of inage data is encoded w t hout

regard tontUheS. Ratant Bk 5962.4%; estitled “Adantive Bletkniyzet nega\CBDpTession Mithpde, t he -

hi bl at . d 1.5 hillion bit
cecond L BhBohin AsT Mg, & RREREHeld R e elEn inveion Y nttilrid, o
degr adat i lpteiafbyt leferéritBg Thel $ptérhy disC108dBh thére paRataGlilibe what [ ueferfed tdgs used
to conpress either a black and white or. _a color inage or signal

r epr esent TiRga-frame]’ gpepdingrmderesash fraps of impgmdata isspcodsdiwithputaegardito theat |
W th Y bel ) Pl oY mB@?éTLS" l.e, . i t he
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known f orbrateslucesiirbmasourndel .Y billiory B CperosectiiaBtd apprmdimatalyystamiltion dits pexd .

Because of the lLow spatial. ,sensitivi .0f - the eye to color, nost research
has s_homnsefﬁ%cfwg‘gog _cggﬂﬂ?ge%? af‘ﬁgoég'?édfna.gﬁﬂ\ﬁ%%ents by a factor of four

i n tipgod)or i ZonThd ABSDOE tdchhighe fHaltelised $o compRASQNRPh Black s WHIGIRYH V- 2
video signal may be represented by four |um nance conponents and two

chr oni narkdorcimags s ignal fepopentingsthadmagspEie caloy iinfubsighajrmey be in agdReral | y
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| um nance an rom nance conponen 'sTare SS
For exanptheominahée bb célpt,sempleb farcdachdyl:der geeesadfrzthat.. 0OtHee khdvwr Kormats

I nterl eaver | C or nizes the i page sanples within each 16x16
bl ock to $ b 38 Qe TR Rt RER . Fsemayplse e Bred- dicoanse o thyy logh snapiak
cosi ne trpstQfof eldye RIS hidst 13 haORRMA @bt 4 SutR8EnfE bR 9 Qlor

converting a time and spatial sanpled signal to a frequency representation
of the sasampaingntslby Bfacternefdionr inytheoheriZontad wad oprticaledirestions strieasopablhe DCT

hni . | f hi.gh .| I f i on,
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chrominance components.

[0009] - Using ABSDCT, a video signal will generally be seémented into blocks of pixels
" for processing. For each biock, the luminance and chrominance components are passed
to a block interleaver. For example, a 16x16 (pixel) block may be presented to the block
interleaver, which orders or organizes the image samples within each 16x16 block to
produce blocks ‘and composite sub-blocks of data for discrete cosine transform (DCT)
analysis. The DCT operator is one method of converting a time and spatial sampled
signal to a frequency represehtat’ion 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 édVanfage 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.
[0010] The DCT operation reduces the spatial redundancy inherent in the video source.

After the DCT is performed, most of the video signal energy tends to be concentrated in a



di stribution characteristics of an inmage. In a preferred enbodi nent, one
16x16 DCT is applied to a first ordering, four 8x8 DCTs are applied to a
second orderi 6 4x4 DCTs are applied to a third orderin n 4 2x2
DCTs are‘ggé’r‘%&"?lo a fourth ordering. [0010] The DCT ope&’ﬂﬁ@ﬂﬁ?ﬂa—gces t he
spatial redundancy inherent in the video source. After the DCT is

performed, nost of the video signal energy tends to be concentrated in a WD
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recover t e exact manner

Enmbodi WEHWSI]QOKmbn@ﬂtauoﬂal}ymteylmbe.sed system and met hod of image
conpression that uti Iﬁgﬁes adapt*vely si zed bl ocks and sub-bl ocks of

Di sclY Cosi nkurther, athoneh, BisePr iths SRSYaT s visuallyclosgpsspiikds semetimess i nput
to.an -encgﬁg Sble tHGeSVeP St in ARIRKAC %nﬁlexgigxoﬁﬁlcﬁ' f%a?%ﬁé&l@@e Hor iy
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recover it exactly in its native domain. -
SUMMARY OF THE INVENTION

" [0014] - The -present invention is an apparatus and method for compressing data that
allows one to be able to recover the data in the exact manner in which the data was
encoded. Embodiments comprise a quality based system and method of image
compression that utilizes adaptively sized blocks and sub-blocks of Discrete Cosine
Transform coefficient data. A block of pixel data is input to an encoder. The encoder
comprises a block size assignment (BSA) element, which segments the input block of
pixels for processing. The block size assignment is based ‘on the variances of the input
block and furthér subdivided blocks. In general, areas with larger variances are
subdivided into smaller blocks, and areas with smaller variances are not be subdivided,
provided the block and sub-block mean values fall into different predetermined ranges.
Thus, first the variance threshold of a block is modified from its nominal value
depending on its mean value, and then the variance of the block is compared with a

threshold, and if the variance is greater than the threshold, then the block is subdivided.



bl ock and further subdivided blocks. In general, areas with | arger

vari ances are subdivided into smaller blocks, and areas with smaller

vari ance be subdivi ded, provided the block and - b mean
val ues fgﬁf&ﬁwgg%different predet ermi ned ranges. Thus, Hﬁﬁ@?§¥ﬁgh9arlance
threshold of a block is nodified fromits nomnal value depending on its

nmean val ue, and then the variance of t e block is conpared with a
threshold, and if the variance is er than the threshold, then the
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dat a i nt ¢hd pireluRecitaifteqiencyiddmain GaQ. Tha hahdoi isSpafirinet BRE ¢ithy bivekt he
bl ock and _sub-bl ocks sel ected_t hrough bl ock size assignment. For AC

el ement s 2nd gab-Plogksssednctad thepugh tbm SEﬁ%Péﬁg'@iB@ms@&F ﬁ%ekmea@gweq{aarrfpmat ion
and seri %iaztﬂéﬂ ﬁfﬁ%er QQEélﬂlﬁtthfb‘ﬁ umﬁan&f Qrﬂﬂe‘?{aﬁ‘z& ?cf{xg . Qﬁ J us‘% b ased

on an i mage q metri e SUCH or T
r espect ttmnsfon‘h datatis qnzmmfzéd basedtoncantintage gadlity (thesﬂi@ rsitlpas adedls fdc;br@lﬁatt he

bl ock size, assignnents, and/or st scale f ors riali za ion, such as
zi g- zag §§Aﬁﬁu"ﬁ5‘ mﬁps%t&sceatra%ﬁoeﬁ@s&m s Héte 2}@9{1» ‘g‘@é’é)’ Bf the lm Si#Rgt hs of
the sanepy, nts! RRARE gﬁﬁ@baﬁé 563, Sénathaﬁﬂm sRdesk gg-z%é gséaat h
coder in préparation for transm ssion. di hg may I ng, or

codi ng nmep cb@tlbaﬂwdomsmssb]mnerhn%s Qﬂltlﬁtsmi@maiwn Thwfahamspf d&almthgan ce
encodi ng., o t irst DC nt val.ue o ach slice is
encoded. %b%&%@%ﬁ%ﬁ?ﬂgﬁtc@% B’nB’ﬁ"PaR?‘g?‘ﬂE &a‘éséﬂlﬁmg?‘l cé ?gg rﬁ%‘? ggent ed
as a reSlI-Hlfﬁhan/@bdiﬁg, beicoding t gy Mef based nare ab adxpoRchtial distfibuticl, Waclangd the DC
conponent_ val ue preceeding the current value. The initial DC conmponent

val ue of GoiembHiceencadingt he residual val ues are encoding using
ol onb- Ri | $atih di t
0 ce. [FPHE com J{cﬁgﬂtz,]a fifsf %{)@&b{%ﬂgﬁ%??e %ﬁl%e?@f&cﬁ%ﬂ?&fs (Zészl[ qigapdi men

to provide an appar at and net perform ess
conpr essisebseqfidid X} componcnanaiubn of eadpsimb mfepmsemnﬂcad ianmesiduslvalues beipgesses

digital image. and | ess I n.a nmanney c ndu0|ve to
mast eri nd? ea% CEFP%?#HFenp?P géga E‘WB%WFOIP@ AbY# RS Pee cupgent

enbodi MeRhlieO ThERliGATENC caMpERHOJAIRE oSE6HE BEcel ad th@feﬁid%ﬁﬁl'a\lu&(%ﬂ)érﬁﬁéln@c
conponent val ues. [Q020] It i s anot her aspect of an enbodi nent to gener ate

resi dual uingSiolompRicaave a | ow
[0016]

[0017] Accordingly, it is an aspect of an embodiment to provide an apparatus and

‘method to efficiently perform lossless compression.
[0018j ' It is another aspect of an embodiment that compresses digital image and audio
information losslessly in a manner conducive to mastering and archival purposes. -
[0019] It is another aspect of an embodiment to implement an encoding scheme to

losslessly compress DC component values.

[0020] It is another aspect of an embodiment to generate residual values that have a low
variance.
[0021] It is another aspect of an embodiment to utilize an encoding scheme that takes

advantage of data in an exponential distribution. . -



vari ance. [0021] It is another aspect of an enbodinent to utilize an

encodi ng schene that takes advantage of data in an exponenti al
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DRAW NGSW@@%M% features and advant ages of the pr esenF&%%lgn wil |
become nore apparent fromthe detailed description set forth bel ow when
taken in conjunction with the draw ngs in which |ike reference characters

,:ﬂdentl fy correspondi ngly throughout an wherein: [0023] FIG 1 is a block
i agram of an encoder po ) mlg% processi ng
system [0024] 1 FIG 2 Pmﬁmgwgn@@%m rtion of an inmage
conpression and processing system [0025] FIG 3 is a flow diagram

illustrating the rocessing steps involved in variance based bl ock size
assilgé@@nt; [0 atares; and adyantages of thespresentinyention will beflosne ipre: 4pparept t he Y

conponent ar c Mt 0 Fl G
4gp il ufg @es&)%%}égx%%’n E Fét f&EhD%IS&O ng?ehf{ag%{e' 85)'%8%’8 \gz%fthier o]
run- | engdrhwmgs ia Whith dikefrefepéreet chiabdctery iddnti®y brrédpbndifigly thirstsdhioat afid an

exponential djstribution of the G conponent of zero run- Iengths in a DCT
coeffici eWRerB@ ri x; [0029] FIG 5a illustrates an exponential distribution

of t compogeNty Rfa g{j&] ICB;H 030]
FI G[B@bﬁl | | ustrat esig‘an@ﬁen;(l%)(!‘)ﬁr%1 nt a ?egltc{r;ﬁl% tion &?&i ?1]%%&0 %éﬁ&eﬂ}] 9

anpl i tud@ro&ssmglsystm,DCT coefficient matrix; [0031] FIG 5c illust rat es an
expon ial di ut f.the Cr c onent of | {tude size_ in a DCT
Con P92 ent naflfc{f DBk dingiameof, 4 diader portion ohAn,ipess cumpiesien AR
process 18686kding s(ﬁgm7 illustrates an apparatus for Gol onb-Ri ce encodi ng;

and & 4] FI G illustrates a process of encoding DC conponent val ues.
WO dev25d5700 HAAE. Iste flowsliagram illustrating the processing steps involved in variance

based block size assignment;

- [0026] FIG. 4a illustrates an exponential distribution of the Y component of zero run-
lengths in a DCT coefficient matrix;
[0027]- FIG. 4b illustrates an exponential distribution of the C, component of zero run-
lengths in a DCT coefficient matrix;
[0028] FIG. 4c illustrates an exponential distribution of the C; component of zero run-
lengths in a DCT coefficient matrix;
[0029] FIG. 5a illustrates an exponential distributioﬁ of the .Y component of amplitude
size in a DCT coefficient matrix; | '
[0030] FIG. 5b illustrates an exponential distribution of the C, compdnent of amplitude
size in a DCT coefficient matrix;
[0031] FIG. Sc illustrates an exponential distribution of the C,; component of amplitude
size in a DCT coefficient matrix;
[0032] FIG. 6 illustrates a Golomb-Rice encoding process;
[0033] FIG. 7 illustrates an apparatus for Golomb-Rice encoding; and
: [0034] FIG. 8illustrates a process of ‘enéoding DC component values.



7 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0035] In order to
facilitate digital transm ssion of digital signals and enjoy the
correspopdi efits, it is generally necessary to enpl f or m of
si gnal ng@pon To achi eve high conpression in a resgﬁ’%%gﬁl ge, it
is also inportant that high quality of the image be maintained.

Furthernore, conputational efficiency | s desired for conpact hardware
i mpl ement ation, which is jinportant in ny appl ications. [0036] ‘Before one .

enbodi nent of I under st ood
t hat the |nvem¥ﬁm§¢&m@e@%2m¢wmépm% s of the
construction and the arrangement of the conponents set forth in the

follow ng description or illustrated in the drawi ngs. The invention is

capd®¥38] of ot Aerorderhbali faeilitase digitalr wanspuissiore of odigithh siguelsoerd wajay. the so, it

pur pose. spiaeetdife, beARaR SRkAERaNG Heck el 28 Sftlo Bete BHE. & 0B | mmge

conpr essicompsgibnyTd achiead highpogipressionin & M3alingERiage sit mwu@mdmsmmet e
cosi ne transform DCT) techniques, such as that disclosed i.n co-pending

U.S. Pat Sigh apglisy 1 iob GPaBE: Paaingth (HFBEre, Sh@evBien okBeisReW/ & Bl ock
> 28 DCT dbiiRAAGor SOMpicPRAUR A impfemeitaiidh, whith 19 hnfbipnt I St PiboliesRRe! 8,

1999, assigne to t'he assigne e present I ca |ncorporated
her ¢Do86by r ef Before eonel nmbedm@utmf dbsiinventiod @ewcp}pnextsn adetaily sit dsreto Uhel | i zi ng

the DCT ar escrj hed in co:pend pl i cation "Quality Based
| mage cor‘r‘B&eég ‘gﬁhg %&MF“ 1s0§9 ]éﬁ“l%fgfn l‘%lsf |aPE]6°Aa§9 1 519 é}m‘gg %QE%O

assi gned chistiuBgoratd 18 @.&a@gen&dmme 86MbormB de€ FirthoiR tﬁ@fbudwmg)ddaeﬁ dd
herein by reference. Generally, an image to be processed in the digital
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PCT/ US02/c34iAé fransform (DCT) techniques, such as that disclosed in co-pending U.S. Patent
Application “Contrast Sensitive Variance Based Adaptive Block Size DCT Image
Compression”, Serial No. 09/436,085 filed on November 8, 1999, assigned to the

assignee of the present application and incorporated herein by reference. Image

Compression and Decompression systems utiﬁzing the DCT are described in co-pending
U.S. Patent Application “Quality Based Image Compression™, Serial No. 09/492»,192,
filed on January, 28, 2000, assigned to the assignee of the present application and
incorporated herein by reference. Generally, an image to be processed in the digital
domain is composed of pixel data divided into an array of non-overlapping blocks, NxN
in size. A two-dimensional DCT may be performed on each block. The . two-
dimensional DCT is defined by the following relationship: |

X (k1) = “(7‘)'3 G z'l"z-fx(m; )cos[ @m + D’”‘] [9"7*;)—”1],0 SEISN-1
m=0 n=0

1, ifk=0
N2, ifk#0 2"

x(m,n) is the pixel at location (m,n) within an NxM block, and

where ao(k), B(k) ={



8 X(k,l) is the corresponding DCT coefficient. [0038] Since pixel values
are non-negative, the DCT conponent X(0,0) is always positive and usually
has t he y. In fact, for typical images, nost of the transform
ener gy igpfié‘?@oﬁ{fat ed around the conponent X(0,0). This é’ﬁgﬂb%?ya]o‘%action
property is what nmakes the DCT techni que such an attractive conpression
met hod. [0039] The inmage conpression technique utilizes contrast adaptive
~coding to achieve further bit rate reduction. It has been observed that
" nost natural i , .aLe made up. of  _relatively slow varying flat areas, and
busy areas sucmgﬁdﬁpﬁc‘:{o”ﬁmﬂ@ﬂﬁ%@ﬁ ¥i#9h- contrast texture. Contrast
adapti ve codi ng schenes take advantage of this factor by assigning nore

bits to the busy areas and less bits to the | ess busy areas. [0040]
Cont[PQE8] adaptdinee pixehomduest aei pen-negativé,r theeDETdicompeaenit XH),0)pisoaleays ng)

I nstead of.interfr odi atio-te ral .processi.ng). Interfrane
codi ng i APEMYS G ?sg'gﬁ}' ﬁ}?g tﬂ%’nﬂ(@ pre et am%ﬁ%‘f f%r @P}ﬁ@f éﬁ’g & &Psf 8}% e
conpl ex pfReRFRieNerg)iis Condefitratbd afdaRd thedtthponeht X(T50). BHeRIgFOYaeNdd Y | S
needed for actual inplenentation. Intrafrane coding is also useful in a

si t uat i orPTEPREtY it WhatrrplesheDOTT technigrssiugh ar atraptiveseamepressierempthadwn  and

per f poor | F - 24 . S€ ' |, 4.nto this
Cat d§EP)POo! el fioefHrEicht wbhile fa s RIRRTe CBnG Hp schhe ¢

rel ati velfurthérobit ratéTieductioon. tIt hasnbeegrabiservad tharencst hatwel ambgeghes medgaref of

t enpor al i.asi ng. The.assunption qf frane to, fra corre] gtion, breaks
down for "PLaHveY Ry SRS A Bew fod sy ees sheh 3 Ot BOUIHGeS & igbo

easi er t%@hﬁﬂq@xﬂf@ecdﬂﬁ&t%ﬁi@cbmng@sh&&s | eqwamh%e;rsf %@q&%}%fs are

i nvol ved. Television currently transmis signals at eit Hz or 60 Hz.

The. use ofssigningmare bity torthe busycareas apdilesg bits tn thiedess bugipareash, can adapt to
bot Hz an [ . 24 fra r ond .npvi £s by
tradPB of £ °f reistaydeBREs Bobitds oRliaf Hibhelher ol (Rl S RRRND) ied
processi ngf inttrfmiﬁesodiﬁgl&pmtmmrﬂtﬂrﬁdfbshiagpMtéﬁfﬂi@cdﬁin%irﬁ@ienﬂﬁ?@uir&d’lat i s
di vided intg, Elr:\ arrag/ f non-pverl appi n% bl ocks. Note that although bl ock
sizes arBulipl: ffameOHfiare T additinn foy etk GamRle% Progegsing cliryitsi dRe@amhat
vari ous toh §dd G e

Vo D o iparnd 2 R PR cofleiR9dh ncel %%@??%L?H‘I’Eﬁ‘ﬁﬁ'.m‘n‘?"éi‘?’Héﬁ‘g'g?é“&?‘ﬁ t han
or |ess tinatsoNsefahin & eitudtiopdhatanan maksexspatio-temporal covding scheknei treaki davai bl e
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as since the integration time, due to the mechanical shutter, is relatively short. The short :

integration time allows a higher degree of temporal aliasing. The assumption of frame to
frame correlation breaks down for rapid motion as it becomes jericy. Intraframe cpdirilg is
also -easier to standardize when both 50 Hz and 60 Hz power line frequencies are
involved. Television currently transmits signals at either 50 Hz or 60 Hz. The use of an
intraframe scheme, being a digital approach, can adapt to both 50 Hz and 60 Hz
operation, or even to 24 frame per second movies by trading off frame rate versus spatial
resolution.

[0041] For image processing purposes, the DCT operation is performed on pixel data

3 ' that is divided into an array of non-overlapping blocks. Note that although block sizes'

are discussed heréin as being NxN in size, it is envisioned that various block sizes may
be used. For example, a 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/ixMJj, 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



di scussed herein is a 16x16 pi xel block wth correspondi ng bl ock and
sub- bl ocks of DCT WD 03/005700 PCTI US02/ 21157 9 coefficients. It is further

envi si on arious other integers such as both even gr i.nt eger
val ues rrggohg&gg%d e.g. 9x9. [0042] FIGs. 1 and 2 iIIust?gF&ggﬂnﬂ%ge
processi ng system 100 incorporating the concept of configurable

serializer. The inmage processing system 100 conpri ses an encoder 104 that
conpresses a received video signal . Thé’_ conpressed signal is transmtted

using a .. nsnl s§i. 0 hannel. or physi cal, nmedi um 108, and receiv by a
decoder f f%ff%ﬁ{'gg Igéscgﬁgé?ﬁw‘;sl%eggﬁgtgv%%sp ’é’l"\?eé't rseﬁ‘fﬁﬁﬁ%ﬁc’tgaﬁvﬁn PheY i mage
sanpl es, infegedvalis nidybe used, egslokdi ted. [0043] In general, an inmage is
di vided into bl ocks of pixels for processing. A color signal may be

conl@M2kd fr orFIRsH! ahe dlussate@ndmagp prosessivigriystamri@B ineorparatdize the conaept er

the’ chr orheRniEerole seifloBe " 26 ihad oA e OO R hsef B tsngf fod =

sensi ti vithat cimprbssesy eecelved 0dde signdlhMPhesytiipBited bignsloigRtaAshitRd @hingnd C2
conponents by a factor of four_ in the horizontal and vertical directions.
However , tfanamissionschapnel 05 & physisal medius 40§, and regeived pyaotesodesli2nebe known
as 4:4:4 tq, ' l._Qr. Ly J

2ol | cat 1 SR 112 RYocRE uft fedfied Bldbadd Sl infl AL RARGRY ot B e be 1,
possi bl e extibiXd. r epresentations are, the YIQ representation and the YUV

repr tation, both,of which I |1 known jn the art. It is also
po_E SEL (o orly speml V%égfdﬁ ﬁvlﬁfﬁmvﬁaweﬁ pelair Pfﬂ?eﬁémﬁ'mAg%olqat:bq.
Thi s may sheal Whidy18E cBRRRA fréthOROBA spitd @V?@lcgjfeﬁélg_eﬂgggﬁa xggggg‘yegz_\/, in

an enbodi nent the representation Y-even, Y- od even,
Cr- odd i sonvester J160whire 'Y isathsrleminanee, emirighitness tcompanéntodnd Geawd/ €pasend odd

ot each” g FhpsREEET chlor, CorhQHRRa" Bl BP Ui 15y Aol Bris ey e ol ("
t he encode!colk@fmaﬁpsysttehﬂstmgfsamipwmptm,pmﬁl%d 2 cddi@neﬂtg Ctefaf%%f 5@1& é% e Y-even
conponent is ilJustrated.  Simlar_encoders are used for e Y-o0
conpopenﬁ‘?néﬂﬁa{e%‘éi\‘.’%@g &Jacwsarﬁowveeoﬁhﬁéﬁéﬁ%@pl}%@ noh aeerssary.0 full
conpr i sesedldCinagk 280da s AR ThrtMeARY be LAfer vely ek BQ{(eEﬁrgin%ﬁes' ze
assignnment in preparation for video conpression.” The bl ock size assi gnnent
el ement Bpplichsions sucheas thash eefiotred ko aecavering fdigital caferait Thexpdssiblel BYEICHased

on the p%ﬁr%?etnga"gong glaet ﬁfet ﬁd Sntaf)r(e:ssengtio%ha%d the YUV representation, both of which

are wc_sll known in the art. It is also possible to employ a variation of the YUV
represéntation ‘known as YCbCr. This may be further broken into odd and even
compbnents. “Accordingly, in an embodiment t‘he representation Yi-even, Y—c;dd, Cb-
even, Cb-odd, Cr-even, Cr-odd is used.
[0044] In a preferred embodiment, each of the even and odd Y, Cb, and Cr components
s processed without sub-sampling. Thus, an input of each of the six components of a
16x16 block of pixels is provided to the encoder 104. For illustration purposes, the
encoder 104 for the Y-even component is illustrated. Similar encoders are used for the
Y-odd component, and even and odd Cb and Cr components. The encoder 104
comprises a block size assignment element 120, which be'rfc;rms block size assignment in
preparation for video compression. The block size assignment element 120 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, such as 8x8, 4x4, and 2x2, in a quad-tree fashion depending on the activity within
a 16x16 block. The block size assignment element 120 generates a quad-tree data, called
the PQR data, whose length can be between 1 and 21 bits. Thus, if block size assignment



I mage in the block. Block size assignnent subdivides each 16x16 bl ock into
smal l er bl ocks, such as 8x8, 4x4, and 2x2, in a quad-tree fashion

dependi n activity within a 16x16 bl ock. The bl ock _size I gnment
el enent ggg&ﬁ%ﬁﬁpates a quad-tree data, called the PQR d5§§®§%ﬂﬂigllength
can be between 1 and 21 bits. Thus, if block size assignnent WO 03/ 005700

PCT/ US02/ 21157 10 determnes that a 16x16 block is to be divided, the R
bit of the PQR data is set and is f ol {bwed by four additi.onal bits of Q.

1

‘data corrgspondi to . di v ded. 3x8, 1l S I : Sd .
assi gnne ,ﬂ%?égglgrg,s gﬁ"ﬁeas lé’gl% {ﬂg&rs\%/ lsgﬂfo l%ehgiqgi%’ %]ch:) Eé qfst h‘% gQg'e‘?ag% lloszl%e\%/ ?3%&5 t hen
four addifbilewed bpifds additfondbbits dfad daacdon8agbndingals thefoui divided 8xBeblocided.
[0045) Referring nowto FIG 3, a flow di agram show ng det ic{.js' OJ Ehe

oper at i orkf Blockisie HFIEBIEE: eberaiassghcty of ekt bipgks 530 be swbdigded. then

vari ance i 1 G Lo i lL.skan to subdivide a

bl ock. B {lrnzr?ﬂdﬁég&caér blﬁ %fp? g%ﬂ?&aﬁi%%ﬁrgﬁ%%:@d?ﬁ&%iﬁggﬁgﬁi s read. At step
204,[004%¢ var i aReferringlifow € FIGE3, haiohé digesmk showing dptailedf thEhuperation iofinke 1 s
conmputed as follows: 1 N1 N1 1 N1 N1 var 2 EYx21,1- n x1.1 N 1-0 J-0
1.0 jso )blockwigs @ssignmment glement 120;ig PE‘P\‘@dfiﬂ-x%he ivatanee of @rblpgknis sed a8 um
W thin t " t o Lk St . | I S
modi fi ed %&%%%gg&gs@gvﬁﬁﬁgﬁ%%b@%ej*ﬂftﬁh‘%ﬂnﬁﬁ%jﬂ@é@ tgﬂ&eigf ock is
bet ween tpirelpiedeitier At seg 204, thesyariahes; wheobtheciéxlérbilenkcie domputednplhed

agai nst the new thres al d,. .7 16. [0046] If the variance v16 is not greater
than t he YARFBSHECH™FY aPﬁ‘é‘PPV%& step 208, the starting address of the
16x16 block is witten into tenporary storage, and the R bit of the PR
data is set to O to indicate that the 16x16 bl ock is not subdivided. The
algorithm then reads the next ;léxk& bl ogk jok-1ghxe §. If the variance v16
is greater than the .thresmlzi—LfE,Zvﬁaﬁ%;i%x% 0, the Rbit of the PQR
data is set to 1 to indicate tNafotfle. 2eX16°Pock is to be subdivided
into four 8x8 bl ocks. [0047] The four 8x8 bl ocks, i=1:4, are considered
seqqentially for further subdivision, as shown in step 212. For each 8x8
bl ock, t hghat8 N=A6C &nd ¥,$is the pixePiHe 8 rovali" ebRinr?WithinAbe NENeilock] GAt dtep st t he

variance threshold T8 I's nodified to provide,a new threshold T 8 if the
206, first the variance threshold 776 is modified to provide a new threshold 716 if the

mean value of the block is between two predetermined values, then the block variance is

compared against the new threshold, 7°16.

[0046] If the variance vI6 is not greater than the threshold TI6, then at step 208, the
starting address of the 16x16 block 1s written into temporary storage, and the R bit' of the
PQR data is set to O 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.

[0047] 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 78 is modified to provide a new threshold T°8 if the
mean valué of the block is betweén two prédetennined values, then the block variance is
compared to this new threshold.

[0048] If the variance v8; is not greater than the threshold T8, then at step 218, the
starting address of the 8x8 block is written into temporary storage, and the corresponding

Q bit, Q;, is set to 0. The next 8x8 block is then processed. If the variance v8; is greater



mean val ue of the block is between two predeterm ned val ues, then the bl ock
variance is conpared to this new threshold. [0048] |If the variance v81 is
not grea he threshold T8, then at step 218, the ' ddr ess
of the 8%68%@%2@3 witten into tenporary storage, and tﬂé*@gwﬁgﬁﬁndi ng
Qbit, @, is set to 0. The next 8x8 block is then processed. If the
variance v8t is greater WO 03/005700 PGT/US02/21157 11 than the threshold
T8, then at step 220, the correspondi Qbit, Q., is set to 1.to indicate.
t hat the 3.0l A ' hah ' Wrn fx44bl: ' The
Four axa ‘B pupaftehalq 7. ngF abur ) BB TohBlrinblio B op iPSitin K flale

subdi vi sithat,th&8x8 block\s torbestibdivizied intd-four da4 bloéksl bl ock, the variance, v4;f,

IS co t ed, sfep,224. At . step 226, first the_variance threshold T4 is
oo ¢ o praﬁ\?iftaalp@“ﬁéwﬁwiﬁ@ﬁoﬁa casiglered seguentialiy for farther suhdiviienEAsoCK | o
bet ween t I ' ¥ ' | dto
Chi o new 1oy B S 22, T o4t MEF blobl iR bafncs B4, I SRLRIER, Mbep RIS

t hr eshol cstepA226; fiest thet vasiaape h2dhold B is avdifiesito piovidea davt threstold T4 ifithiet t en,
and the correspondi i.t, Pt is set tq O he next, 4 bl ock |s then
pr ocessed2eqiV "}?e&i}ﬁg Pg’ﬁgés betiween E“"b?‘é&ft%‘i““f‘%}‘?]??f‘e H'Fﬁ rﬂé%h@é'ﬂ"aﬂf}“’? Ken at
step 230,cohﬁﬁre@Q6rﬂﬁ§ﬂ@wdh@g]d?d.bit, P,~, is set to 1 to indicate that the

4x4 block is to be subdivided into four 2x2 blocks. In addition, the
addr(e@¥] of t hdf shexariasicecdy iamet \graater dhan thet thrasholdoF4rthes abstepd28] UB51] The

t hr eshol , 4. e._nr ) ast.ant s, . TR s.1S_known
as the hgarﬁgl:[3 éggﬁt-sﬁ?(%a%%c}érs na Ie@w&tﬁ%ﬁ&?&éﬁﬁlﬁ%ﬁﬁt, 'E}fl% E%fé%p'sﬁ‘gﬁn% be

i npl ement4ad. blodkois thetpprobessed. NI the Wariaes 4 i0 greater it the ehrbshoRkbTW)|thén 4tor t he
vari ances dei)endi ng on t he maanrfpi xel value of the 2Nx2N bl ocks, where N
can be 8,5t 23 the corprsponding £y bib fy, isset il toingdicats that thedxdellockistorhe ysed
as the t ; [ ; ' t | | derdils
Fol | owi ng" S aief fntoi Ot 22 PIBLsD hi3ERESn, e sackbiniciBng £2,2 RRRL BEwdelR
conponentintogempPoratylfocagend 880 for the 16x 16, 8x8, and 4x4 bl ocks,

res Lvely. J4.n ot her Spo 116 .= 50, T8 = 1100, . and, T4 = .83Q. Let the
rangggg&? nean ’tl}fl tﬁ’féﬁ?}g‘g\g’gg’a%% afgd?l TRy PSR RRIIp e FRmStats, TS KIOPD: ¢t he
16x16 bl agkhé &m@odecﬁimeAﬂﬁrﬂaﬁvﬂP',eﬁ gdaptib@or $36 dedibidn th8y b& fipl¥ménted.90 i s
between 80 and 100, the 16x16 block is subdivided irnto four 8x8

sub- bl ocKEor examples the sodt desision xaries\the thaprbielss ffor thervarignees islependingaenethe1 80,

935, 980 ’m@dﬁ%i@ nglue%f REENNEN ‘Bioci(_?,%v}éi‘egN ta:laﬁ) Bga 4, or 2. Thus, functions of the

mean pixel values, may be used as the thresholds.

[0052] For purposes of illustration, consider the following example. Let the
predetermined varjancel‘ thresholds for the Y compon‘ent' be 50, 1;100, ‘and 880 for the
16x16, 8;58, and 4x4 blocks, respectively. In other words, T16 = 50, T8 = 1100, and T4 =
880. Let the range of mean values be 80 and 100. Suppose the computed variance for
the 16x16 block is 60. Since 60 is greater than T16, and the mean value 90 is between 80
and 100, the 16x16 block 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 blocké
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 corresponding rheans 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 7°4=200 which is less than 880. So, this 4x4 block will be
subdivided as well as the seventh 4x4 block.



have vari ances that exceed T8, these two bl ocks are further subdivided to
produce a total of eight 4x4 sub-blocks. Finally, suppose the variances of
the eig 4 cks are 620, 630, 670, 610, 590, 525, 930, and 690, with
correspgﬁmﬁg’o%gns val ues 90, 120, 110, 115. Since the Pm%}é?ﬁ@ of the
first 4x4 block falls in the range (80, 100), its threshold will be

| onered to T4=200 which is | ess than 880 So, this 4x4 block wll be

subdl vided as-well as the seventh 4x4 18| ock. WO 03/ 005700 PCT/ US02/21157 12

00 Not e t rocedur.e is,used.to K zes for t he
ORISRt by e, BERFRHLE e 5 idhonBER' s ShEET Rl
Cr even’ am éHen0YoddTdirl thelcolor e6MPONEl, TyIRY dggddd@peue;r&h@d: hﬁr mhe%ﬁir! Y,
vertically, or both. [0054] Additionally, note that al t hou bl ock si ze

assi gnrreﬁ@mﬁ%!!@nﬁééw bredesimasediherizontallyoyertieally, @rmﬂtbach in vvh| ch the |argest
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to FIG 1, the PQR data, along with the addresses of the selected bl ocks,

are provFPYaleptedfigt, B@P“@%%?Rpf‘laﬁ! mayastersibenssre dhe bottomgwsapprrackr@ildat a t o

perform ate sizes on the selected
bl ocks. %ﬁaﬁﬁit@%lﬁgﬁ%ﬁlﬁ?%&ec E?‘ggﬁ%n&jnpgxﬁ%@?g%ﬂ DCT processing. [0056]

Tﬂe[ooiﬁge pr oRefesrimgybackgo d-'t'IG:LD,ahaf f IPQR damapalosewithe addressas ofLthe sfélacted educi ng
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are, EW @iscreleosifie GRAFTMAOf ﬂ’xetabﬁro?@a € 38k bf iR defectet BloblisS BARancy in

S|zes makes it difficult to desi an e cient variable |ength coder.
Accor di nfieyselected |bé00§sjmdttagédmson%31 PIggessingt he r edundancy anong the DC

codlPi Cnt o ThEte 2 Ceartd U0 S coRf S PR R8I0 i

bl ocks, the2rddubdanclySamexg aheTddC ocodfficiets UsT tHBCDIDI:‘Sf fi Al DU wcoeffitient 42 DCT

U

IS calledthe differenti uad-tree transform of .the four DC
coef fi ci ERfiountergd, pt t@ﬁepaétg@mlq,fl eagh %@Ttm%ckDQThSI gcc’@'afﬁ%e%éf% iR ee
nej ghbor e ACIEE8 khingh@atts i LACN: bl t gt he
next Ievgl rDQT.E@\l naP , tt he DC cg’eéﬁc?eé?sentlgﬁg‘h%rﬁp&?gﬂ? %xeg ocks wthin

a 16x16 Biffiewt tor designean efﬁ@lento\rmbb lengsh poifer. Pngerdingly.dit iscadv@ntagemis tot her e
I's one tfe%c%e%@ﬂnﬁén%&%ﬂl n%'ﬁ% ]5& coefficients.

[0057) The DQT element 128 performs 2-D DCTs on the DC coefficients, taken 2x2 at a
time. Startmg with 2x2 blocks within 4x4 blocks, a 2-D DCT is performed on 'the four
DC coefﬁc1ents 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 within 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.

[0058] The transform coefficients (both DCT and DQT) are provided to a quantlzer for
quantization. I a preferred embodiment, the DCT - coefficients are’ quantized usmg
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 or optical system is more sensitive to, and to de-emphasize samples having



rest are AC coefficients corresponding to the DCT and DQrI. [0058] The
transform coefficients (both DCT and DQl) are provided to a quantizer for
quantizay o&./ 5%0a preferred enbodi nent, the DCT -coeffici entg gle:

guanti ze Q%4 frequency wei ghti ng masks (FWW) and a qtﬁw Q41PN scal e
factor. AFWMis a table of frequency weights of the same di nensions as
the bl ock of input DCT coefficients. The frequency weights apply different
. weights to the different. DCT coeffi ci didts. The wei ghts are designed to

or opet <ol lo? AP RESOREY o oL MR Borlind ) e Sl BB 0
WO 03/ 003TdbeRiedighiilB4sed &R faclots stichad WRivWaHg REMESY, eichat the visual -or

optical systemis |less sensitive to. The weights may also be designed
basd@58h fact drhe weighis fe selesigdbpsed on smpidcal dlata. [fooBHiod e designing thear e

sel ected pased o ggpq': IoCal t . 1Bt ho desiciH | I ng
masks for 86 nl%(lﬁ&acoe E is(élge]?] S clgg'ﬂ@feg'g gs‘glaé 1|8{$d| %WFE@&%&%%

" Di gi tal “Digipal esempressio ant cdicodingf of ogdntitiGwsstoh@Netilst inhdges MageEt - 1:part 1
Requi rements, and gui delines," International Standards O ganization, 1994,

which is R%H%fpﬁ@g Andgeyidslines,” dpternationgl, Standards {Asgamigation; \W§9k\wikicky is

desi gned, ) e n ORadk C ce
corrponenfué. fi hré@éﬂ#iﬁgbw;{;@f or bﬁgggéglgliggawgéf g?sgggegt gﬁ%refétn%

deci mat i dumanadcel ortporient amd enepfoir dhe chliromiindnbeacofmponeritd) e Tha FWilaakles Tdre scal e
factor cqontrol.s t ual ity and bit rate of ntized coefficients.

[ 0060] Tﬁ’i‘]@li‘ %%Fér#]x%c%’@ 8%t %t?}f“’e"ngy decimation P&%Eg’éﬁ Hitsrgolation e that for

rel ati onghd [Bx8 Sl6cKXCTHe, sdale facfor ¢dntBls! thie) quhlity dndsit PatPk(thk )quadtizdae | nput
DCT coefficient, fwn(i,j) is the frequency weighting mask, g 1s the scale

factor, éiﬁﬁfﬁBGFEF(-ij) I's the quantized coefficient. Note that dependi ng on
t he hon of t | 4 . 11 ns] de. braces is
rour{(()j%gfJ up or g\?\h%q‘?e&f %ﬁcg%tet? % (ﬁ"tc}lﬁg% c{sa%rgl?}gﬁ{zﬁm S 5“%}52%0%@@% using a

sui tabl e wei ghting nmask. However, nultiple tables or masks can be used,
and applied to each of the Y, Cbh, an 9 conponents. [0061] AC val ues are
then separated 130 from DC vlgbyeg E.QF&LME& eparately. For DC

el ements, .a first DC conmponent ¥ e phméigphgsi2ge is encoded. Each
subsequent DC conponent val ue of each slice is then represented as the

difference between it and the DC _
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 stitable weighiing' mask. However, multiple
tables or masks can be used, and applied to each of the Y, Cb, and Cr components.

[0061) AC values are then separated 130 from DC values and processed separately. For
DC elements, a first DC component value of each slice is encoded. Each subsequent DC
component value of each slice is then represented as the difference between it and the DC
component value preceedjhg it, and encoded 134, | For lossless encoding, the initial DC
component value of each slice and the differences are encoding 138 using Golomb-Rice,
as described with respect to FIGs. 6 and 8. Use of Golomb-Rice encoding for the =
differences between successive DC component values is advahtageous in that the
differentials of the DC component values tend to have a two-sided exponential
distribution. The data may then be temporarily stored using a buffer 142, and then
transferred or transmitted to the decoder 112 through the transmission channel 108.

[0062] FIG. 8 illustrates a process of encoding DC component values. The process is

equally applicable for still image, video image (such as, but not limited to, motion



conponent val ue preceeding it, and encoded 134. For |ossless encoding, the
initial DC conponent val ue of each slice and the differences are encodi ng
138 usi nqxg%&ﬁ@gm ce, as described with respect to FIGs, 6 and 8. Use of
Gol onb- Ri W ng for the differences between successmwg@/%lbﬁponent
val ues i s advantageous in that the differentials of the DC conponent

val ues tend to have a two-sided exponential distribution. The data may
then be tenporarily stored using a buf¥er 142, and then transferred or

transmitted to the decod 2. thoough the transm ssion chapnel . 108, [ 0062]
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the first C onent val ue,, .and th |fference, or residual, is_encoded
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of the file are processed. 006SJ An objective of [ ossless encoding of DC
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component value contributes the maximum pixel energy. Therefore, by not quantizing
the DC component values, the variance of the residuals is reduced.

;‘ [0064] " For AC elements, the block of data and frequency weighting masks are then
scaled' by a quantizer 146, or a scale factor element. Quantization of the DCT
coefficients reduces a large number of them to zero which results in compression. In a
preferred embodiment, there are 32 scale factors corresponding to average bit rates.
Unlike other compression methods such as MPEG2, the average bit rate is controlled
based on the quality of the processed image, instead of target bit rate and buffer status.

[0065] To increase compression further, the quantized coefficients are provided to a scan
« serializer 150. The serializer 150 scans the blot:ksaof quantized coefficierts -to'pro'dﬁce a'
serialized stream of quantized coefficients. Zig-zag scans, column scanning, or row
scanning may be employed. A number of different zigzag scanning pattems, as well as
patterns other than zigzag may also be chosen. A preferred technique employs 8x8 block

sizes for the zigzag scanning. A zigzag scanning of the quantized coefficients improves

the chances of encountering a large run of zero values. This zero run inherently has a

decreasing probability, and may be efficiently encoded using Huffman codes.



coefficients reduces a | arge nunber of themto zero which results in
conpression. In a preferred enbodinent, there are 32 scale factors
correspongdi average bit rates. Unlike other conpressio t hods such
as NPEGQ?Q¢Hgm§3Qrage bit rate is controlled based on th%ﬁﬂﬂgﬁﬁFygof t he
processed image, instead of target bit rate and buffer status. [0065] To

I ncrease conpression further, the quantized coefficients are provided to a
scan -serializer 150. The serializer 190 scans t he bl ocks of quanti,zed

1 .
coefficients pr.oduce. a’ . .seri al i zed eam.of guanti zed, coefficjents.’
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can be u
encode both positive and negative integers with a two-sided geometric (exponential)

distribution as given by
pa(x)=ca¥ )
[0068] In (1), ais a parameter that characterizes the decay of the probability of x, and

cis a normalization constant. Since p, (x)is monotonic, it can be seen that a sequence of

integer values should satisfy
Po(x, =0)2 pa'(xt = _—1):2 pa(xl = "'1)2 Pa(-’_‘l = _‘2)2 2

[0069] As illustrated in FIGS. 4a, 4b, 4c and 5a, 5b, 5¢, both the zero-runs and
amplitudes in a quantized DCT coefficient matrix have exponential distributions. The
distributions illustrated in these figures are based on data from real images. FIG. 4a
illustrates the Y component distribution 400 of zero run-lengths versus relative

frequency. Similarly, FIGs. 4b and 4c illustrates the Cb and Cr component distribution,



encode both positive and negative integers with a two-sided geonetric
(exponential) distribution as given by Pa(x) = caw (1) [0068] In (1), ais
a paraneter that characterizes the decay of the probability of x, and c is
a nor mal i%2M8R " ™®onst ant. Since pa (x) i s nonotoni c, it c%l'f\:u TH82848 t hat a
sequence of integer values should satisfy Pa (xt 0) > Pa (xi = -1 Pa (xt
= +1)'a Pa (X -2) > ... (2) [0069] As |IIustrated in FIGS. 4a, 4b, 4c
and 5a, 5b, 5c, both the zero-runs and 6arrpl|tudes in a quantized DCT
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equation gq%%\%org%la(x k,r) = 2 exp{- 42_A]X,, 11 k,1 #0 (3) In (3), Xk,i

represent coeffrcrent corresponding to frequency k and | in the
vertical and horizontal dlmSI ctively, and the nean Px = 2L ,
vari ance - | . pX,))=— exp{] 22 Xk, k,1#0 3

In (3), X,, represents the DCT coefficient corresponding to frequency k and ! in the

vertical and horizontal dimensions, respectively, and the mean x, = , variance

1
V22
1 )
o = E-ﬂ-.— Accordingly, the use of Golomb-Rice coding in the manner described is more

__ optimal in proceesing data in DCTs.

[0070] Although the following is descrioed with respect to compression of image data,
the embodiments are equally applicable to embodiments compressing audio data. In
compressing image data, the image or video signal may be, for example, either in RGB,
or YIQ, or YUV, or Y Cb Cr components with linear or log encoded pixel values.

[0071] FIG. 6 illustrates the process 600 of encoding zero and non-zero coefficients. As
the DCT matrix is scanned, the zero and non-zero coefficients are processed separately
and separated 604. For zero data, the length of zero run is determined 608 Note that run-
lengths are positive mtegers For example, if the run-length is found to be n, then a
Golomb parameter m is determined 612. In an embodiment, the Golomb parameter is
determined as a function of the run length. In another embodiment, the Golomb

parameter (m) is determined by the following equation (4)



Accordingly, the use of CGolonb-Rice coding in the manner described is nore
62x optimal in processing data in DCTs. [0070] Although the following is
described with respect to conpression of image data, the _enbodi nents are
equal |y aF¥RI%PO%P t o enbodi ments conpressing audi o data. PERUSEHMMPESSi ng

| mage data, the inmage or video signal may be, for exanple, either in RGB,
or YIQ or YWV, or Y Cb O conponents with |[inear or |og encoded pi xel
val.ues. [0071] FIG 6 illustrates the.y(ocess 600 ,of encoding zero and ;
‘non-zero coefficients. As the DCT rrghr i X i]s canned, ‘the zero and non-zero

Ognd sgg

coefficients are processed separ at é’f? arated 604. For zero data,

‘t he th of : ' r . t -Je r
posi tolﬁv i nt ege sl.Bn{'—l(})v; tgie{ kg,om@ﬁgﬁn%%uﬁ- eeﬁsgottc&?%ds qég%% Hq%&%gerg,a%?hen a
Gol onb pacamedde6161by 2 cdetter ot wgistefi1 To ehbodethe fxO bnIANYS . zetd3:, @Qfuetibnt is

' rmpned as a function of the run ['ength. In another

2?%33? trrgﬁﬁ,cséwg%@i dRAn embedimenty the ayotient iedeterminediang furation f| thairny
i 1,,(4). [.0Q72) .
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count ed 6ddernyined by thetfeHowing eqwitioh€f): To encode the run length of zeros n,
a quotient is encoded 620. In an enbgldi ment, the quotient is determned as
a function of the run length of z&®»/2id tB Gol onb paraneter. In another

enbodi nenj, the.qyotien .is _determped by the follow ng equation (5):
Q= Ln/ iz' an FmPg?JWPﬁ"’ ‘heg%‘m r%?ﬁ?“cPH%é{] HuBRarg §pdep Whichs FragiresiOrhd Bifsar v
code, whi Rbxt! @0rehdafiideRtsleltiolsd 624Y X, an & ' | Smfi agla an
enbodi nent, the renai nder i s encodegagsngb%m?{ljéggﬁhgr{&g?ﬁ?ﬁgﬁ?e&gg%gng% and

t he quot i fmetion af theaumdengthranddherguotient. Hin anether exibodifuht, the rechainden(R)dsl usi ng
the foll oy . . (B i :REn- 2" 6) In an enbodi nent, the remainder R
S encodegétigi%ngg&ﬁ%ltg&eg@%‘@gS%l%fé’.ogﬂé er, the quotient Q and the

remai nder R are determ ned, the cgdeg_heig Qeand R are concatenated 628 to
represent an overall code for the run length”of zeros n. [0073] Nonzero
coef fi ci el an @mbodimentetheodedindst Ryis@icodddt B af.m-Bitrisigary vdde 0eAftegithet

quotient Q and the remainder R are determined, the codes for Q and R are concatenated

628 to represent an overall code for the run length of zeros n.

[0073] Nonzero coefficients are also encoded using Golomb-Rice. Since the coefficient
amplitude can be positive or negative, it is necessary to use a sign bit and to encode the
absolute value of a given amplitude. Given the amplitude of the non-zero coefficient
being x, the amplitude may be expressed .as a function of the absolute value of the

amplitude and the sign. Accordingly, the amplitude may be expressed as yusirig the -

following equation (7):
2x, if x=0
Y ~{2|x]—1,_ otherwise M
[0074] Accordingly, the value of a non-zero coefficient is optionally counted by a

counter, or register, 632. It is then determined 636 if the amplitude is greater than or
equal to zero. If it is, the value is encoded 640 as twice the given value.” If not, the value
is encoded 644 as one less than twice the absolute value. It is contemplated that other
mapping schemes may also be employed. The key is that an extra bit to distinguish the
sign of the value is not needed.

[0075] Encoding amplitudes as expressed by equation (7) results in that positive values
of x being even integers and negative values become odd integers. Further, this mapping

preserves the probability assignment of x as in (2). An advantage of encoding as



anplitude can be positive or negative, it is necessary to use a sign bit
and to encode the absolute value of a given anplitude: Gven the anplitud

of the nQn: oefficient being X. the anplitude may d as a
functi onwo}? @¢?§70§bsol ute value of the anplitude and thebﬁq’gﬁ.&{iéi rdingly
the anplitude may be expressed as y using the followng equation (7): 2x,
If x 2 0 121x+ - 1, oth e rwse (7) [,Q074] Accordingly, the value of a

e

non-zero coefficient is optionally counted by a .counter, or register, 632.
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[ 0075] Eng e digireat®lotit.udes as expressed by equation (7) results in that
positive values - of x being even integers and lr;ggiative'val ues becone odd

i nt dO¥65.  Fur tihds impagtant fgpiseeggizepthet altheught pmbedioisatsi of the fventipmmarg of x
as in (2) . ' /005700 PCT/ USQ 1157 .18
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[0076] | teffiSeht B8R @g{ontopiﬂagggggghmotdg?t al t hough enbodi nents of the
invention are determ ne values of coefficients and run | engths as a
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after encoding is not distinguishable froma non-zero anplitude, it may

necessar Womityfechas bes epcqunisreds jIn sugh sasss, Rtimaydbe merr efficisnhior wsermeode
occurr e”‘i@feﬁ{ng to end-of-block (EOB) code rather than Golomb-Rice code. The EOB code is

again, optionally, a special fixed length code.

[0078] According to equation (1) or (3), the probability distribution of the amplitude or
run-length in the DCT coefficient matrix is parameterized by « or A. The implication is
that the coding efficiency may be improved if the context under which a particular DCT
coefficient block arises. An appropriate Golomb-Rice paraineter to encode the quantity
of interest may then be used. In an embodiment, counters or registér§ are used for each
run-length and amplitude size value to compute the respective cumulative values and the
corresponding number of times that such a value occurs. For example, if the register to

store the cumulative value and number of elements accumulated are R,and N

>
respectively, the following equation (6) may be used as the Rice-Golomb parameter to
encode the run-length: '

g[logz_-gi.] ©)
d

A similar procedure may be used for the amplitude.

[0079] Referring back to FIG. 1, the compressed image signal generated by the encoder
104 may be temporarily stored using a buffer 142, and then transmitted to the decoder
112 using the transmission channel 108. The transmission channel 108 may be a physical

medium, such as a magnetic or optical storage device, or a wire-line or wireless

be



the first zero-run. It is common to encounter all zeros in a block after a
non-zero anplitude has been encountered. In such cases, it nay be nore
efficient to use a code referring to end-of-block (EOB) code rather than
Gol onb- RYRIYYWIH® The EOB code is again, optionally, a sBeEUI2341xGe

| ength code. [0078] According to equation (1) or (3), the probability
distribution of the anplitude or run-length in the DCT coefficient matrix
is paranmeterized by a or A The inpliégtjon is that the coding efficiency
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generate : rl I S§ r 142,
and 1 hen 17k ORAFOGREBEMCIG, ABYUNE HTBP Rl schdipE itpired E AL L,

108. The atmixhweriof gigezagcicanming, veoBahseantiag sandrhyorizonatal scandingrwers usdd, ae a
magneti c.or opti.cal rage,device, or a wire-|i or wireles 3/ 005700
PO Usoa P8 Aexighizes Macyia epppieuel rsrondisile soetficiopmemisbiniRerteddt cr
cont ai ns of lte §He&F ssartng ERPloYeHIERE ih Ve SEMaliofh 1725reabiv6s Rle @ the
decoder flz (FIG 5). Thge dggoder .1112_ 1rcorrprailse-s a fouffer fanﬁgt&a&

vari abl e apsifign propecerdeving efghe gpriffitsients indd @esompesitagoefiigientplockal ues and t he

non- val u o ' I ecoder 168 oper In_a,simJlar but
opp L rannane sBHokRE bl pEAled (FEP SRerse uBRE LA SO ufacie tiee

vari abl e prazessing dee adahe 168 of she goatitited stde dFactonurd 3iee BrRGucHcY ARdighting2 t hat
orders the coefficients according to the scan schene enployed. For exanple,
it a moBkE of zi g-zag scanning, vertical scanning, and horizontal

sca wer e : r V.

;ao DRy S THERPelTiclitn bloCK T RERTRhA] Ll QT itach R, BBl Ben

enpl oyed IDCHelément 190, if ¢hd Diffarential Quad-tree transfarm had BEgR applied.t Otherwise,

“the coefficient block is provided directly to the IDCT element 190. The IDQT element
186 and the IDCT element 190 inverse transform the coefficients to produce a block of

pixel data. The pixel data may then have to be interpolated, converted to RGB form, and
then stored for future display. o . | o |

[0083] FIG. 7 illustrates an apparatus for Golomb-Rice encoding 700. The apparatus in
FIG. 7 preferably implements a process as described with respect to FIG. 6. A determiner
704 determines a run length (n) and 2 Golomb parameter (m). Optionally, a counter or
register 708 is used for each run-length and amplitude size value to compute the
respective cumulative values and the corresponding number of times that such a value
occurs. An encoder 712 encodes a quotient (Q) as a function of the run length and the
Golomb i)drarriei_er. The encéder 712 also encodes the remainder (R) as a function of the
run length, Golomb parameter, and quotient. In an alternate embodiment, encoder 712
also encodes nonzero data as a function of the non-zero data value and the sign of the
non-zero data value. A concatenator 716 is used to concatenate the Q value with the R
value.

[0084] As examples, the various illustrative logical blocks, flowcharts, and steps

described in connection with the embodiments disclosed herein may be implemented or



assist in proper ordering of the coefficients into a conposite coefficient
bl ock. [0081] The conposite block is provided to an inverse quantizer 174,
for undoi rocessing due to the use of the quantizer_ _scale factor
and the f‘?@&%{@%&}’omi ghting; rmasks. [0082] The coeffi ci S RCTIRIRSE | hen
provided to an 1 DQT el enent 186, followed by an [IDCT elenment 190, if the
Differential Quad-tree transform had b%fn applied. G herw se, the
coefficient block is, provided .di.rectly'2 o the I DCT el enent 190. The | DQT

el enent ’ € 1190 | e transformthe (& ents
o pr oduderarmpL i AaEvaiel o5t G i ansB o S b Rl Fefa TS )

i nt er pol ai @eograramablet dsbit adeWicB, fdiscrate afate drh@ansistor degit Odisctétel hardwae! ay .
[00831 FIG 7 il Iust{lat es an apparatus for Gol onmb-Ri ce, encoding,  700. The
appar at uscompongntg; sugh as¢.8, segisters And HHEQ; 3 P&°‘i§ﬁ%e@‘§°‘&@£d%§%‘r¢ﬁ-é@%@ h
respect t; . ! : Ardeibf YoRSSin n)..and, a
Gol onb paﬂr?satﬁ{g e?sg(ﬁﬁd%‘??ﬁ(;ﬂn@ﬁ yprzgr counﬁa;goor ?eé‘?agtdefﬁ}%%scfr’s 0urse for
each r un-doarbiiatioanhereoip| THeyptecessaranajeddventageanslypbi £ ntidreprocesspig but incthe
curul at i ﬁ val.ues. and t he corbezgondi ngt}éluair‘oer of tines_ that such ﬁ val ue
occurs. Ahematixgdhe ProsessRE By be ghy epveliianal pjocessos, qontellerymicgpcanrglier,

length ang &die m4RAIRTOTRESBIRAR! could fesRIRCRORAM %G%x?gﬁg fRSE %%ﬁ)ri,hﬁg%

remai nder (R) as a function of the run Ien&%h, par amet e
quot i ent . m¢morynregisters,zard diskba demevable dislc dEP-ROM, aDYD-ROMdeenyotheer o

data as funet.i -ze ata value and the sign of the non-zero
dat a val gﬁﬂf%tg%gg?%eﬁ%%rkgg%ﬁ@gﬂgéd to concatenate the Q value with the
R vioss. [ 008me phevieusdpdctiption bfthe prdferied ethboditentsi iy %rdﬁ@&tdenb&ledkﬁ,

flomcharts, and, steps, described in connection with the enbodipents
di scl osedPeROR feﬁ‘dp theeart fymakiop Usg th PropsTh HYsoHow0 The Yty modifeations)

per f or rre%itﬁbsgéfﬂmﬁfn@en@g wipbd vafy é@ﬁcak)eég% #RA% SEiflel 3 URPEE ahll e EBHC 21 ©C

circuit (ASIC), a progranma vice, discrete gate or trtansistor
| ogi ¢, dipiciples definddehresein auaypmeplied te wtherambodiments vdtliost thesuseraf theé FO, a

processor. executing. a st _of fir r.e _i.nst.ructi.ons, copventi.onal

Dt or amiBrasehdnd SHfiysolns, BERR iventiBR 6 ot JBRBHAL IS o IHEPL.OF e

pr ocessoreniBtidiraénts Rhege Nefdiny blieisato BeCdcarded ths Videsp deopecdnbistenBlvithIth@t i ve,
t he processor may be any conventional processor, controller,

m cr ocont Prcipies andgrovel fgatureggisslosed herei. sof t ware coul d reside in RAM
memdfhee | 2SN HREP ¥aturBO¥hd advantages of the invention are set forth in the following

claims,

‘What we claim as our invention is;




menory, registers, hard disk, a renovable disk, a CD-ROM a DVD-ROM or any
other formof storage nediumknown in the art. [0085] The previous
description of the preferred enbodinments is provided to enable any person
skilled iWOHEYPY to nake or use the present invention. MWE/URA2E5

nodi fications to these enbodinents will be readily apparent to those
skilled in the art, and the generic principles defined herein may be
applied to other enbodi ments ‘wthout t&k use of the .inventive facul ty.
Thus,” thé present invention is not B@ﬁ }d to be limted to. the

enbodi nents shown herein but is to rded the wi dest scope consi stent
with the principles and novel features disclosed herein. [0086] O her

features and advantages of the invention are set forth in the foll ow ng

clailell. What we cl afrmnethod of lopsless: intraframe enpwling/afodigicd fegmenssadonmin 57 21

| . i.Lr af . i ng..of .digjtal
r equency i e Qetifoiisisfie = 9 3aRR0 or Rk BR0eRRyiRR 5 ey of Pl Hah,
having a Wlbek dlaving af D eokdponeschnd bl QhiralitgvbNoAG BSmpeERRNaRS M&Ho@

plurality of AC conponents, the nmethod conprising: receiving a first DC
conponentCORTEof a first slice; encoding the first DC conponent val ue of

the first sli C"ééei"iﬂgﬁﬁifwm°6“ﬁ%ﬁ9ﬂﬁaﬂg°f9?ﬁ§@§9é value of the first slice;

encodi ng the secon conponent val ue o I'’st slice as a residual
val ue, wher e enheding thedirat DCxougpanentivialedif tliecfimhsiizebet ween the first DC

conmponent value of. the fir slice and the . second DC conponent val ue of
ShereiTet o dedtfiphSseddd B cRpSRerk BElup 8F e T Mo 3. " wher e mt he
digital frequesneydidgnid Becol@dC iconipdRé veRiedof the rst3slicd RS a'Rtined vale, forth

in aiml, wherein the digital frequency domain data is audio data. [c4]

4. The mevhfsel theotesidyal velpenisctha differencgrheruean tha dirgriRCdomponentivabierafshelual
val ue utigizgRe (Rl AR BARYRM value of the first slice.

o
-

[c2] 2: The method set forth in Claim 1, wherein the digital frequency domain
data is image data. :

[c3] 3. - The method set forth in Claim 1, wherein the digital frequency domain

data is audio data.

[c4] 4, The method set forth in Claim 1, wherein the enco&liing of the residual
value utilizes Golomb-Rice encoding.

[c5] 5. The method set forth in Claim 1, wherein the encoding of the residual
value comprises encoding the residual value as a function of the residual value and the
sign of the residual value.

- [6] ° 6. The method set forth in Claim 5, wherein the encoding "of ithe residual

value is determined to be a value of y, using the equation

2x, if x20
y= 2|x]—1, otherwise

where x is the amplitude of the DC component value to be encoded.



[c5] 5. The nethod set forth in aim1l, wherein the encoding of the
residual val ue conprises encoding the residual value as a function of the
residual yvalue and the sign of the residual value. (c6] ' 6. The nethod
set fOI‘tth%HO:’éo%?IOPn 5, wherein the encoding 'of ithe resi REHUSQPANR | s
determned to be a value of y, using the equation J 12x, if x > 0 2Ixl -
1, othe where x is the anplitude of the DC conponent value to be encoded.
WD 03/ 005700 PCT/ US02/ 21157 22 [c7] 722In a digital ‘cinema system a .

" meth f ) | digital i . the i i sing.pj xel data, the’
o xelThat o sopdr at e PGt SiEmaSREEh ol RecomoRmRe & SR Ehtes Pho act <
of : readi ifiagl Onidrisifg FixE1Ua8d, thOPPRENG se?ha@dﬁﬁl'o'd&?&r%o ﬁ&tg,rtﬂé‘ﬂlcgﬂogc ‘

conprising a DC 'value and a plurality of AC val ues; generating a
si ze assi eempnsing thedctsiafe t he group of a col or conponent of pixel into

sub- bl ocks of pj xel X ) he .subs bl ocks of pixel. datg.into
cor r espondi ng %&é@ﬁﬁw ?é%ﬁ@éﬂ%ﬁﬁﬁa{ ﬁfe?léérqgg%ﬁf’ E’ES’HB;CC’E@QFIPHQaQQe AC

f requency valagehda pripalitg o AL valils; | nto an AC stream of data, wherein the
act of scaling is based on a qualjity netric correlating with the quality of
the image; seBengratngmpyblogk sige aspigamentor divide the group & graslercwmpgnentieof AC
seri al i zeg dpfa USLHgcAb gt ial distribution; encoding the first DC
frequency (}OHB.I n representation; and encodi ng the second DC frequency
domai n repr esetransformingstha subsbldcles of gpixed, datatiatee cofrespoadingUBC wrd WECi s t he
di fferenc?\eret wegn the second. DC frequency domain representation and the

first DC FPRYHEN OMAT FEPSeUalo08ent ati on. [c8] 8. The method set forth in

Caim 7; , whgiahg thd A@Gteq@bndiCabiid rfepiebdh®itions GHIB! A AT shEarR Uf Ata,
providing a frequency weighted nmask to said sub-Dbl ocks of gl xel
wherein the act of scaling is based on a quality metric correlating with the quality of the

image;
serializing the AC stream of data;
run-length coding the AC serialized data using an exponential distribution;
encoding the first DC frequency domain representation; and
encoding the second DC frequency domain representation as a residual value,
‘where the residual value is the difference between the second DC frequency domain

representation and the first DC frequency domain representation.

[c8] . 8. The method set‘:forth in Claim; 7; iwherein time abt of scialing': further
comprises the act of providing a frequency weighted mask to said sub-blocks of pixel
data, such that the frequency weighting mask provides emphasis to the portions of the
image that the human visual system is more sensitive, and provides less emphasis to the

portions of the image that the human visual system is less sensitive.

[c9] 9. The method set forth in Claim 7, wherein the act of transforming performs

a Discrete Cosine Transform. - s ’ , T

fc10] 10.  The method set forth in Claim 9, wherein the act of transforming performs

a Discrete Cosine Transform followed by a Differential Quad-tree Transform.



data, such that the frequency wei ghting mask provi des enphasis to the
portions of the image that the human visual systemis nore sensitive, and
pr ovi desgl,((ﬁiil & hasis to the portions of the image that_the human vi sual
system i W Whsitive. [c9] 9. The nmethod set forth i nPEVES215 her ei n
the act of transformng perforns a Discrete Cosine Transform. [Cl0] 10.
The nmethod set forth in daim9, whergin the act of transform ng perforns
a Discrete Cosine Transformfollowed a Differential Quad-tree Transform
WO 03/ 005700 PCTIUS02/ 21157 23 [cl1l1l] 11. An apparatus for | ossless,
intraframe encodi ng of digital frequency- domain data,.the data conpri sing
a plietidl ity of 1l i chrs appatatusafornipssiess, unwifrdme ehcdding lof, dighalc frefheaey- havi ng
a DC conmppnent and.a plurality of AC comgo,ents, t he nethod,, conpri_sing:
means f ordOmAiR datanthe data QQ?PrE%‘&GESHﬂEMP \§£‘Pet§é"a‘31‘ haying a plurglity of blogkgans
encodi ng i 0, f fl hf6nentdTRAD

recei vi ngetag*?glaécd(i)czga ggﬁrrgone onég @ gfplﬁlﬁgty f él)f; sgtb 2{)@1gg?enﬁéans§?%@d
encodi ng comprisingond DC conponent val ue of the first slice as a residual

val ue, where the residual. val is the difference. betyween the first DC
conponent val J8BP °rtrﬁ%elYngggﬂéléégo'ﬁﬂﬂ’q‘hﬁg@é}c&%’swc&rrponent val ue of
the first sli Gfeank®drzhcdding HegirsDE compendie Valhobt theifistGligé;m 11, wherein the
digital frequency domain  data is _imge data. [c1l3] 13. The apparatus set

forth in O ai inaans fopiesedying aseconddIE epmponsnt eatug of thedirst sliekst a i s audi o
data. (cl14] 1 . At I r el odi ng
of the residua eaL\Q/Z?fl?ggﬁtPl # P%ess%&é% lggt?g ﬁbg%egég%lg%?jﬁgé \ﬁ,}ﬁ[s‘?fgj‘g %%?@%‘e
appar at usvahet wheretthe fesidGhlavainelis therdifference beteeshrthe first DOforhpenehewdlokiel
val ue conprij.ses,.encqdi ng the_resi dual valJ ue_as function of the residual
val ue angﬁ?hg?sg‘?e 83‘?" %ﬁ%ﬂ‘f@&%ﬁfmmwwaﬁqufe‘f}stl Ce.-The apparatus set
forth in daim15, wherein the encoding of the residual value is

determ ned to be a value of y, using the equation vy
[c12] 12.  The apparatus set forth in Claim 11, wherein the digital frequency domain

f or.

data is image data.

[c13] 13.  The apparatus set forth in Claim 11, wherein the digital frequency domain

data is audio data.

[c14] 14.  The apparatus set forth in Claim 11, wherein the encoding of the residual -
value utilizes Golor"‘nb—Rice encoding.. ' L S '

[c15] 15.  The apparatus set forth in Claim 11, wherein the encoding of the residual
value comprises encoding the residual value as a function of the residual value and the

sign of the residual value.

[c16] 16.  The apparatus set forth in Claim 15, wherein the encoding of the residual

value is determined to be a value of y, using the equation -

_ 2x, if x20
y= 2|x| ~1, otherwise

where x is the amplitude of the DC component value to be encoded.



12x, if xZ0 21x - 1, othe where x is the anplitude of the DC conponent

val ue to be encoded. WO 03/005700 PCT/US02/21157 24 [cl1l7] 17. In a digital
ci nema system an apparatus for conpressing a digital imge, the inmage
conpri si nYOPO8 % at a, the pixel data separated into col orPCEAPRRES s, the
met hod conprising the acts of me ans for reading groups of a col or
conponent of pixel data, each group conprising a DC value and a plurality
- of AC val ues; neans for. generati ngla.-b%ck size assignnent to divide the

"

group.af a col C nent .of pixel into sub-blocks of .pixe| data; neans
for @rlglnsform' ﬁz thi“nggkg-‘ EEE@ES?'S%WX@T aRP&f%"ﬁé?fSOIPBWFg g&ﬁh@ﬁg IW88%nd AC
frequencythdopiige ¢RMPrRARNGIREI A8, thEEARE dabd s@famhdd thtd *&810%%05{3%9&%,%ed0@' n
representations into an AC stream of data, erein the act df scaling is
based on methes domprisingithecactoefi el ating with the quality of the image; neans.

for serializin he /AC sty eam of dat a; ans for rup-leng coding the AC

serialized dat etﬁ % rﬁ@ ?ﬁ&ggpg%ﬂ% ioil a c&ﬁ?t?‘?‘?ﬁ?f‘?’gn?%]rpgéﬁriséﬁq%reaéhcg"@f’ﬂg t he
first DC ésmpising y DOvbeandeDplestins 6t AQRaluegld nmeans for encoding the second
DC frequency donmin representation as a residual value, where the residual

val ue is the dffeRBY &fcEenpmiingenblogk sizecassignment teodivides the growpiof a color

r epr esent gt 08 LTSt .domai n representation. [cl1l8] 18.
The apparg(%%g&,segpg%%??ﬁﬂtma%bggﬁ égﬁa\%nrﬁe%{aéi n the act of scaling further
conpri ses the amanoforraosforthing the Sutebloekcyf pirelodute thtoresitespondiag DG whd bl ocks
of pi xel ég’?{a SUCEI that the frequency weighting mask provides enphasis to
the porti requepgy.domatn pepresentationsa yman vi sual systemis nore sensitive,
and” provi des I ffeanefopbaadihg tHeOAC TRqueksyldofiien R "reEé}ﬁaﬁéfﬁgﬁtotMCtsPﬁaIHWn
visual systemis |ess sensitive. [c19]y 19. ' The apparatus set torth in
'O aim 14ata,yeereinthe acs ofisqaling is based pwp gualify metrict comrelating Wit the iguallty of ne
Tr ansforrqhe[iﬁ%gé. 20. The apparatus set forth in Caim 19, wherein the act
of transformng’

means for serializing the AC stream of data;

means for run-length coding the AC serialized data using an exponential
distribution;
means for encoding the first DC frequency domain representation; and
means for encoding the second DC frequency domain representation as a residual
value, where the residual value is the difference between the second DC frequency
domain representation and the first DC frequency domain representation.
‘: , : ) : . _

[c18] 18.  The apparatus set forth in Claim 17, wherein the act of scaling further
comprises the act of providing a frequency weighted mask to said sub-blocks of pixel
data, such that the frequency weighting mask provides emphasis to the portions of the
image that the human visual system is more sensitive, and provides less emphasis to the

portions of the image that the human visual system is less sensitive.

[c19] 19,  'The apparatus set forth in Claim. 17, wherein the act of tran:sfor:ming

performs a Discrete Cosine Transform.

[c20] 20.  The apparatus set forth in Claim 19, wherein the act of transforming

performs a Discrete Cosine Transform followed by a Differential Quad-tree Transform.



perforns a Discrete Cosine Transformfollowed by a Differential Quad-tree
Transform WO 03/005700 PCTIUS02/21157 25 [c21) 21. An apparatus for

| ossl ess,__intrafranme encoding of digital frequency donmain data, the data
conpri si NYOM/ITPUI ity of slices each having a plurality SCTHSS¥RHST each
bl ock having a DC conponent and a plurality of AC conponents, the nethod
conprising: a receiver configured to rfiei ve successive DC conponent val ues
for successive slices; and an encoder“tonfigured to encode the first DC .

' co nt val of C L.cesan en e successi v .C onent val ues -

as mr)lgghﬁdual va Ues,gah%rp%a(&e cﬁé}r gossls‘%fofalmégﬁfﬁe §NEOo¢iRG (gfl E}C%ﬁa]gg%gu%heen

the curr eddmdd darphendind coimprisinga plurkigry WTRlCR 08 hbbing GPTRANE G BISEKSE - '
[c22] 22. The apparatus soei?ﬂ)forgtah@i n aim 21, vvherei% the di@ré?tal
f r equencycadbridesk hening a BC; ¢arppongnt and peplaralis of Ao campanentsisheanethed th in .
Caim?21, .4 '5:1“[3 &2 the digital frequency domain data is audio data. [c24]
24. The appdratis set forth in daim2l1, wherein the encoding of the
residual val ueractiver eadigiedaotredsivecsuecsssive DIC cobmpolen? valued fre sagieadivé us set
forth in aim21, wherein the encoding of the residual value conprises
encodi ng &% 8¢ dual value as a function of the residual value and the
sign of the reg thel i i m 25,
wherein the eﬁa?:iogtiwﬁge.r\(?h? ereégii@l}jclﬁlé m%ﬁﬁb?@?’ﬁ%ﬁ?ﬁﬁ%‘%% %J&Bgﬂg%a ue of
y, using toleacedesuiceessiva D conipopgt velues 4 residualovaiasywhere véach essiduabvaline

anpl it Udels %etcl}ﬁm%gcec BERREE Hhe ‘éﬁ'u&% f)& nggé‘lfe?m?%%'lue and the preceeding DC

component value.

[c22] 22.  The apparatus set forth in Claim 21, wherein the digital frequency domain

data is image data.

[c23] 23.  The apparatus set forth in Claim 21, wherein the digital frequency domain
data is audio data.

[c24] 24.  The apparatus set forth in Claim 21, wherein the encoding of the residual

value utilizes Golomb-Rice encoding.
‘ £l : .. .

[c25] 25. The apparatus set forth in Claim 21, wherein the encoding of the residual

value comprises encoding the residual value as a function of the residual value and the
sign of the residual value.
- [c26] 26.  The apparatus set forth in Claim 25, wherein the encoding of the residual

value is determined to be a value of y, using the equation
i B - 2x, if x20
Y 2]x| ~1, otherwise

where x is the amplitude of the DC component value to be encoded.



