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GOLOVB- RICE  BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001]
The presewD wmuvEndi on rel ates to i nmage processing and conpcagasopn1shor e
specifically, the present invention relates |ossless coding of DC
coefficients in the frequency donmain using Golonb-Rice. Il. Description of
the Related Art [0002] Digital picture processing has a prom nent position

in the general discipline of digital signal processing. The inportance of
human visual pel&MNLIEYS MERAFB@&WEMCQDMWDK} GIOMRB-RICE advances in

the art and science of digital picture processing. In the field of
transm ssion and reception of video signals, such as those used for

projecting filnms or novi BACKGROUNDI QPR TEICINVENTON bei ng nade to i mage
conpression techniques. Many of the current and proposed vi deo systens
make use of digital encoding techniques. Aspects of this field include

i mage coding, image restoration, and i mage feature selection. |Inage coding
represents the attenpts to transmt pictures of digital conmunication
channel s in Heldedffthe Ievemtioanner, maki ng use of as few bits as possible to
mnimze the band width required, while at the sane tinme, nmaintaining
distortions within certain limts. Inage restoration represents efforts to
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over a communi cation channel may have been “distor various factors.
Sour ce of smgfmélat itlsn preagnt Hiavention; daicolosglepmicpding ercD@aWQf@Clemh dnj thage

fromthe 112% ﬁﬁEn Selanrgz‘%lgﬁ%llg@?refers to the selection of certain

attributes tributes may be required in the
recognition, cl aSSI f| catl on, and decision in a w der context. [0003]

D gital epgcodi ng, of vigdeo u as that in digital cinema, is an area that
benefits Tfrgwﬁ?rﬁﬂi‘%%‘g‘%%&é ‘Qéﬁﬁresm on techniques. Digital image
conpression nmay be generally classified into two categories: |oss-less and

| ossy methods. A loss-less inage is recovered without any |oss of
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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 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



conpression algorithm and the inplenentation of the algorithm Generally,
| ossy conpression approaches are considered to obtain the conpression
rati os deworoa@dos7or a cost-effective digital cinenma approch/usip2ashi eve
digital cinema quality |levels, the conpression approach should provide a
visually |l oss-less | evel of performance. As such, although there is a

mat hemati cal |oss of information as a rResult of the conpression process,
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built-in flexibility to accommodate different formats and should be cost effective; that is,
a small-sized and efficient decoder or encoder process.
[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 technique 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



WO 03/ 005700 PCT/ US02/21157 3 present invention and incorporated herein by
reference. Further, the use of the ABSDCT technique in conbination with a
D fferentwalo3Qusrdi ree Transformtechnique is discussed i ®CU/USE/2RaTent No.
5,452,104, entitled "Adaptive Block Size |Image Conpression Method And
System " also assigned to the assignee of the present invention and

i ncorporated herein by reference. The3systens disclosed in these patents
utilize what is referred to as "intra-franme" encodi ng, where each frane of
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[0009] Using ABSDCT, a video signal will generally be segmented into blocks of pixels

for processing. For each block, 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 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.

[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



[ 0010] The DCT operation reduces the spatial redundancy inherent in the
video source. After the DCT is perforned, nost of the video signal energy
tends to weomspmwentrated in a WO 03/ 005700 PCT/ US02/ 21157 pPCA/tiSem2 DET
coefficients. An additional transform the Differential Quad-Tree Transform
(DQT), may be used to reduce the redundancy anong the DCT coefficients.
[0011] For the 16x16 bl ock and each sul-bl ock, the DCT coefficient val ues
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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 further 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.



Thus, first the variance threshold of a block is nodified fromits nom nal
val ue depending on its nean value, and then the variance of the block is
conpar ed wotod/oes70¢ hr eshol d, and if the variance is greaterCrhsn2/2her

t hreshol d, then the block is subdivided. WD 03/005700 PCT/US02/ 21157 5

[ 0015] The bl ock size assignment is provided to a transform el ement, which
transforns the pixel data into frequernmcy donain data. The transformis
performed only on the block and sub-blocks sel ected through bl ock size
assi @akEnt . FoFhe\lock eireassignmend is pravidedrtgna tw@‘s@rmmmemdwhg:be&nsfoam ng
through quant | nd serialization |zat|o of r rm data
o quant | BdH i n P B R ThERPRLOAT R aBhed i en BERREE " ha
adj ust s waddsubesip&Stselebted AiYbHLAS block ORE faksigiént.C BUNAC éléq*n@ntdl thé ebhdferh
density of the block size assignnments, and/or past scale factors.
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usi ng ol Rice., [0016 7 C in n ect of an
enbodi nmen ul%o aBrCé)\gll1 e én‘loéib uls)eg}lgg({ % %bﬁx;g&nen# i msgl lon Ciho?%
| ossl ess GolvpiteRREE efcodji}) 18] It i s anot her aspect of an enbodlnent t hat
conpr esses di%é%I@Flna ge and audio information |osslessly in a nmanner
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[0016]

[0017] Accordingly, it is an aspect of an embodiment to provide an apparatus and
method to efficiently perform lossless compression.

[0018] 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.



WD 03/ 005700 PCT/ US02/ 21157 6 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0022] The
features and advantages of the present invention wll becone nore apparent
from t he wetoaiobsdo descri ption set forth bel ow when taken iPeTA®02/2M611 ON
with the drawings in which |ike reference characters identify

correspondi ngly throughout and wherein: [0023] FIG 1 is a block diagram
of an encoder portion of an inmage conprgssi on and processing system

[0024] 1 FIG 2 is a block diagram of a decoder portion of an inmage
conpression and processiBEY DESGRIRIOULEY Off THEDRA WINGSw di agr am
illustrating the processing steps involved in variance based block size
assignnent; [0026] FIG 4a illustrates an exponential distribution of the Y

conpmoent of Zghe féduites AtN@ivastaidy of tREPred@Rfihventien tvilleednié noddepflarent FI G
~4b illustrates an exponential distribution of the Clerr) conponent of zero

run- | engfRBE! ithe ge clewcripfien esst etk rhotow [whzgfaken Gn aenjunctignt Visk ébe an
exponent i I StTd ). O, O o p in a
T coot ¢ e IhgS L SRk Shestepfee bt 1ERAS or@inch B Mou B0 b3

di stri but wheretf: t he Y conponent of anplitude size in a DCT coefficient
matrix; [0030] _FILG .5b illustrates an exponential _distribution of the

Cler KOP2%Jonponeﬁ¥G-§ lsdﬁﬁﬂq*ﬁ%gra@i Fean} ANCRUPIIOTEGR Of (2R 1BIES FRIMPTERSION @Rd 1]
FIG 5c i}blsdidtsiemn exponential distribution of the Clerr) conponent of
anplitude sizein a DCT coefficient matrix; [0032] FIG 6 illustrates a
CGol o624 ce enEHdi Zgs pridecksdiagfa008Bp dec@ler portidrust pmtimeganompreasion asd f or
Gol onb- Ri ce encodi ng; cand [0034] FIG 8 illustrates a process of encoding
DC conponBRECHIEREE™ ™0 03/ 005700 PCT/ US02/ 21157 7 DETAI LED DESCRI PTI ON OF

THE j0BESTERRED ENBCDIMVEMDS dia@Rab]illdstatiid eie %@cés@iﬁk'skdp@tiﬁvélb@ {rabariance
transm ssll)aggd%{chlsgz%tagslignsnlle%gal s and enj oy the
- [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 distribution of the Y component of amplitude
size in a DCT coefficient matrix;
[0030] FIG. 5b illustrates an exponential distribution of the C, component 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. 8 illustrates a process of encoding DC component values.



correspondi ng benefits, it is generally necessary to enploy sone form of
signal conpression. To achieve high conpression in a resulting imge, it
is al so iwpaswesthot hat high quality of the image be nai ntPairnsd2/21157
Furthernore, conputational efficiency is desired for conpact hardware

i npl enentation, which is inportant in many applications. [0036] Before one
enbodi nent of the invention is explaingd in detail, it is to be understood
that the invention is not limted inits application to the details of the
constructi on aRETATEED DESERHION OFHEHEFRRBRERRER #EMBODIMENTShe

followi ng description or illustrated in the drawings. The invention is
capabl e of other enbodinents and are carried out in various ways. Al so, it
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conpr essi @fﬁreémdmgedpenﬁlt&n itgdp eeneraly m@C@WMdtwml% spElg efPronodisignekt e
cosine tr ng
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| mage Conpression”, Serial No. 09/494,192, fil on January, 28, 2000,

assi gned wigletstepdatial dheenghtiphds m%dlemtedapplltscaimhoatlcmnd) then desaifro of ttlesd

herein by ref erence, Generall cess in the digital
donai n 1 <SSR ey o e SRt e SLRREFFES Ko Mah SGelhRiibpi ng
bl ocks, NxNIlubtfated &€ theAlrawirgsi IMRSiheddion DETapuble bEoher Embomaleid agaake bl ock.
The two- dinensiagnal DCT is defined by the follow ng relationship:
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V\D OB)OB)’OS?OO PIﬁTa!gE‘JSGﬁipﬁﬂsSJBﬂ entplogel i jn as.pecm anmmlsxlpoclmmgasmn dl:sefeta cient.

cosine transform (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 utilizing the DCT are described in co-pending
U.S. Patent Application “Quality Based Image Compression”, Serial No. 09/494,192,
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) = “(k)ﬂ 0 iNZ_lx(m n) cos{ (2m + 1)k } cos [(Z’ZVIW },0 <kl<N-1

m=0 n=0

1, ifk=0
where a(k),ﬁ(k)={ﬁ iFl%0 , an

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



[ 0038] Since pixel values are non-negative, the DCT conponent X(0,0) is

al ways positive and usually has the nost energy. In fact, for typical

i mages, meoto3obs7ohe transformenergy is concentrated arotad/tUSez206nponent
X(0,0). This energy conpaction property is what nakes the DCT techni que
such an attractive conpression nmethod. [0039] The i nage conpression
technique utilizes contrast adaptive cg@ding to achieve further bit rate
reduction. It has been observed that npbst natural imges are nade up of

rel atively sl ow X@dyistie ¢drespendaasDCandelfigent.ar eas such as obj ect
boundari es and hi gh- contrast texture. Contrast adaptive codi ng schenes
take advantage of this factor by assigning nore bits to the busy areas and

| esspobidis to thmcd ?ﬁﬁel bytgyesahRafion-hOS4i0¢, FRNDICES compamdit VROt Rogva 111 ze
intraframe coding (spatial processing) instead of interframe coding

(spat i o- t E9Ribeaind petadly shasgine mastedrergyine It daitnferi Hpweak ampgesy awpgt ok ghe

mul tiple f S | i 5l pPHRCESSI ircuits. In
many  appiieaonetSrE sk Bl sRnlitd R RE R AR S eBiraiin 56 on.
| nt raf r anpropextly 3gvhat makdsshe DEEF wbhiiquessush b aftiactive dvaiipresionaktBod

spati o-tenporal coding schene break down  and performpoorly. For exanple,
24 fI0938 per sEHHBRGFOATBRICEEMN fegﬁvlqwlell%qsi conirasted3piive SpHiag to Rehieve

i ntegrati Qmmt} B rard BRIt God. R HABBERNGH:RNeE Bt hffst nathral Ghalds YRl Mad@ b _The
short integration tine allows a higher degree of tenporal aliasing. The

assunpt i orelasivelyrdome viarying flahvarca®rand| sy areabsactk ss dbjspt bamdesigsi ahdniigh-on as

it becones jerky. Intrafra adi ng i.s | so easier, tqQ st ardi ze .when
bot h 80 roPiiie g SRRATradiBh Seln cPadRsr @R BhviMod B R B 4
current | yassioafigihdrs b Gk Sust aread Ah@neR Bitkito 1BE 160 bl ardide use of an.
intraframe schenme, being a digital_ approach, can adapt to both 50 Hz and 60

Hz 8 at i on, Contrast adapiiye methqdspilize inteadiagiedcading Spatip} nrpcessing) ivsteadt r ame

rate ver sus: i : gt | : i q [ ses, the
DT oper o SRS Lodi RPsHE kA or I e bl R ey LR o
non- over | mphiphy flamecksferbdh eaddit@in &b trhare gloniglec lpradegssg caceitdi dousagd
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are integel® Wetdd idvh RRLABnEhENGH HRQAL gjatibﬂé}ﬂ?&ﬁl_ LR8Se EdhRMe MreRRARET
|

i nportant aspect is that the block is visible into at | east one | evel of

sub- bl oc kand @f@ﬁn@sow i Koy qxampje, 2tyfragng ger secand araviqsean Yl ingy 'fh}s cagagaryet c.

there ! Al oL bR, oGS DR Bk S TR LA B Sty

sub- bl ockisitepfatid TinAAIRI/sCOHZRE degitl UB&Apdtdl aliasing. The assumption of frame to
frame correlation breaks down for rapid motion as it becomes jerky. Intraframe coding 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
that is divided into an array of non-overlapping blocks. Note that although block sizes
are discussed herein as being NxN in size, it is envisioned that various block sizes may
be used. For example, 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/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



9 coefficients. It is further envisioned that various other integers such
as both even or odd integer values may be used, e.g. 9x9. [0042] FIGs. 1
and 2 il lwetmsabzoan i nage processi ng system 100 i ncor por atcagisoheri6pncept
of configurable serializer. The image processing system 100 conpri ses an
encoder 104 that conpresses a received video signal. The conpressed signal
is transmtted using a transm ssion channel or a physical nedium 108, and
recei ved by a decoder 112. The decoder 112 decodes the received encoded
dat a i nt ocaftigientsaftph égthenbindioned/thehiearioge othex Mitégersediich 29 048] even ogedér al |,
an image is divided in é&‘(ﬁbl ock f pixels for processing. A color signal
may be co ee%f‘f(\é%l 507 eépa%Z’"?o YC(err)C(err) space using a R&B to

YC(efoodf(err) FRONYQhE 2lilldshte AMigTage Erdc%ssﬁﬂ'gesykt@ﬂ? T06EorpYatikg tHalbRapS .
component, and Cl and C2. are the chrom nance, or color, conponents.

Because off eondisueablesssaielizar. Jbagmegs progessing weteerywﬂ eamprises en eneadpr 304t ens
b- lg.th b f t al
S S2TD) it Dl R0, G2 RRROBPRERNL IR LBHRIR eb 8 e R 2271 21

resol ut i omansiEgEon k}mmﬂ @sa phykichl in@sdimh, 1081aynd)mceﬂvte@<bly &/ @scHdeSEfI| ThE
necessary in sone i cations such as those referred to as covering

"di gi tal €598l fmadf‘ﬁdh% raselres cperdes deeripio imagp semles-avhishanayrten bhe Y1 Q
represent atjigigeg@nd the YUV representation, both of which are well known in
the art. It Is aI so possible to enploy a variation of the YUV

repr 8431t at i onlrk penemal asn ¥@hger is dibided matp blecksuof pigelshioolpestessitg @ddoland even

corrponents Accor di ngl in.an di nent resent ati Y-e Y- odd,
Co- even, Sigpal Jaay %&&Q\xl%lﬁed %Pmog‘gﬁ%o SPHER. IYF%%%& aCFnuSéngFe]?@Prté’d¥%nC2

enbodi nendonveAEN Y, WHBR €\emchchiRse Yor Sight?ls Smpe@BRORANES andl €,RkOCessed
wi t hout sub-sanpling. Thus, an input of each of the six conponents of a

16x16 bl 0¥R chfompingrdes oy eplos; @Wlﬁ@rwntSo Bepause o€ 8dpw spatial sewsitivifyueft thaeyon

pur poses, ;t co Simlar
encoders ar%?%réggﬁngt?ﬁgélb%nd%g Clonen?2 ]g&gggesnﬂyzan%c 3&6@} g lgéh
conponentisorizbheal and @dﬁballcﬁﬁ:ctlmmpﬂbweseratml mblsamplz@ assdtgeo@siryel/efEnt 120,
whi ch performs bl ock size as in preparation for vi deo conpression.
The bl ocki®&? 2@%%@%@% ‘gﬁ%ﬁg? 3o TR DB CHIFTSETY PITERLIOr HERESEREX hifRS ti on
of the 16xHucRgaskubPseHo@eliRdREES ENeHAL “8i 51661’15&1521’3@&&136&1&&1?(:1@?399 in

t he bl ock. "Bl ock size assignnent subdi vi des ch 16x16 bl ock 1nto snaller
bl ocks, swpteserdatdxg,are)ythe Yé@deﬁlﬁﬁe,ntatwnaanduhd XU éaepraschiationdeqk mdiwigclon t he
activity WI il well known in the art. It is also possible to employ a variation of the YUV
representation known as YCbCr. This may be further broken into odd and even
components. Accordingly, in an embodiment the representation Y-even, Y-odd, 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 performs 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



a 16x16 bl ock. The bl ock size assignnent elenment 120 generates a quad-tree
data, called the PQR data, whose length can be between 1 and 21 bits.

Thus, if wWbhaskozbeze assi gnnment WO 03/ 005700 PCT/ US02/ 2115PCTAG022LIST M nes
that a 16x16 block is to be divided, the Rbit of the PQR data is set and
is followed by four additional bits of Q data corresponding to the four

di vi ded 8x8 bl ocks. [If block size assi@gnnent determ nes that any of the
8x8 bl ocks is to be subdivided, then four additional bits of P data for
each 8x8 Btteukineuthd: vildst6 Alogk asitebe djvideds therR fhitr f the FQRvdets ixset and isa f1 ow

di agram Sggi"‘wgg ﬁﬁ%é%jlt?%igﬁanQrf {4 O@re@{)%ﬁﬁ(ﬁ(tobtlhg?&lr?l%ﬁecﬁ% A

el enment 1 nce Is'uséd as a netric in

the deci Slﬂlfloél@s@é«lbﬁigﬂnﬁﬁlt aetbhmé;s thBegiynsti thg 8a8 bidckpisA0de sabdiGidta, theack of
pixels is read. At step 204, the variance, v16, of the 16x16 block is

conput ed. f%éddlvanaIM@f P§a@JﬁWE§X§§IOPE|SPW§dC@Lalr@raﬂd?@1 1 N1 N1 Var= 2

6 t he
o Xeﬂooﬂsn] o er %n[l\%, hmfa th “§ Co?w cf?a %‘ﬁ% de@g]%g @&%gan)s?ﬂe%e e
first t hebmklsmacasighmﬁhdhmeﬁmm 8 pmvidéd ed‘hte ovapinmael afea hlqukvis ukrdeghol d
T 16 if the _nean val ue of th ween two rm ned val ues,
then the Bielikin/He; dgsiston to sud Wtflfr 8105ga|b§%%‘mf‘ﬂ% ahéﬁ?@ﬁg’e%ﬁéw gl? ck of

[ 0046] |If n 6 t ) tfihen at
tep 208, PP A S R o Lo ol Y

terrporaryvsmamcagaec;onarrmiectasefonb\mt of the PQR data is set to O to indicate
that the 16x16 bl ock is not subdivided. The algorithm then reads the next
16x16 bl ock of pixels. If the variance v16 is greater than the threshold
T16,. then at step 210, the R bi bplN;he P (;thNqi 2set to 1 to indicate
that the 16x16 bl ock is tgQyhe E; 8x8 bl ocks. [0047] The
four 8x8 blocks, i=1:4, are cobEi d seqNé Ilﬂ/ for further

subdi vision, as shown in step 212 For each 8x8 bl ock, the variance, v81,
is conputed, at step 214. At step 216, first the variance threshold T8 is

o0, 10, ot SELE SR TS b IR T i VHED 4R, Bk ik 1
this new e esbolhd.valie&hrekhioldl ITe 6 i@ kicafe toGkovide Aqiewaheaheld TGt thee
threshold T8, then at step 218, the
mean value of the block is between two predetermined values, then the block variance is
compared against the new threshold, 7’1 6.

[0046] If the variance vI6 is nb‘t greater than the threshold T16, then at step 208, the
starting address of the 16x16 block is 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 vI6 is greater than the

‘threshold TI6, 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 value of the block is between two predetermined 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



starting address of the 8x8 block is witten into tenporary storage, and
the corresponding Qbit, @, is set to 0. The next 8x8 block is then

pr ocessedwoOloB/ob31e0 vari ance v81 is greater WO 03/ 005700 PCPCUSGAZ2357 11
than the threshold T8, then at step 220, the corresponding Qbit, @ , is
set to 1 to indicate that the 8x8 block is to be subdivided into four 4x4
bl ocks. [0049] The four 4x4 blocks, jiHLl:4, are considered sequentially for
further subdivision, as shown in step 222. For each 4x4 bl ock, the

vari ance, thya&e thepsalddidt Gan ahtter 22, tirxprregpondingd bixp@; . isiselde litpindicats ance
threshol dy,J thE%x%Bﬁ;'cﬂ'is @ deQuBbi eﬁ?nt@f&ﬁgxﬁ%ﬁo%ﬁgm d T4 if the mean value
'S between two prede va

of the bl oc erm ne ues, then the bl ock variance
i s - wosgjar ed tDhe fousdxneblotky, gshdl ate chddddd deuehially dor fanher subdivision, aot
greater than the threshold T4, then at step 228, the address of_ the 4x4

bl ock i's WoMHBRICPATE- RS cagh fd Bloski the VIiaice, vl 1 coppuicdy 2k ¥er224Thdt next
x4 bl 0CKsiks 23 BARROGERRES thybdhold'Fy NARAELIAERHE h Tiw! rdlf AT Y irfian the

t hreshol d en at step 230, the correspondi ng , s set to 1
t o i ndi cameart tvdte ofhthe blotkhb betiwees two pledetesuibdd valdes] thent tbe blwgk va2xdhcbliocks.

In addition, th dress, of. the 4 2x2 blocks are witten into tenporary
st or age. f%’éi%aiﬁdet?ﬁglsflﬁ?'égﬁ?ﬁl?cgg' T16, T8, and T4 may be predetermn ned

consfoasd]s. Thig thé vkAMME vASistdde didited HAE R BReshbid &7 Nikeh \i@lsiep 208, atapti ve
or soft decision may be inplemented. For exanple, the soft decision varies
t he t hr es#fisiress of the dxHdlocks is avretten, andbibaapresponding & bitrdanissetiel0. vidkewexobf t he

2Nx2N bl o r oy T. I pi xel
val ues, rr%gts l%lgwufs%etge‘{e\llgl%? ﬁsespc?hrﬁé[gﬁgfl%d)z{srlc gr%i?%?eaﬁ%ﬁﬂ%%{rh%ggrggﬁoﬁ 9?1 ﬁhlgqu??ati on,
consi der $tbe230 thovomespenxding Pebit, LY id dee to preedrdiestaiting dhes 4x4 dlock id forigs hol ds
ek reATRRITai % FoheR o bt el 16 it nitaoo
Let the randRPbraPabrakal ues be 80 and 100. Suppose the conputed variance

for the 16x16 block 1s 60. Since 60 is greater than T16, and the nean
val ug0®0 i s betlwetbresBalds didd, THGndtTHemaGhel preBetouhined consbatits/ i ‘Hias is krtogvf our

8x8 sub- bl ocks. d ' for.the 8x8.block

o0 S B G CHRRISE o IGRRTRY, 5 v BESER S bR RBFAREAL . e

exceed T8Fortdxaﬁ1P1et, W Wfoadssian Qarfids! thé Efresholidi fot d@dvdrﬁn@d‘scuﬂpﬁlﬁiiﬁ%]b@&lﬁal of
g

ei ght 4x4 sub- bl ocks. Fi nalgé/, suppose the variances of the eight 4x4
bl ocks ar®egppixel vahg, of ghn2NgAly blegys whepsN aande Safidorsd oThug fumctiansof&isondi ng

means val yes, I%Qel vJal?ugs, njfé!}pbe used as the thresholds.

[0052] For purposes of illustration, consider the following example. Let the
predetermined variance thresholds for the Y component. be 50, 1100, and 880 for the
16x16, 8x8, 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 716, 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 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 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.



115. Since the nean value of the first 4x4 block falls in the range (80,
100), its threshold will be lowered to T 4=200 which is |ess than 880. So,
this 4x4 wbweskoswdé | be subdivided as well as the sevent hPe&sAISOY/o0RT WO
03/ 005700 PCT/ US02/21157 12 [0053] Note that a simlar procedure is used
to assign block sizes for the | um nance conponent Y-odd and the col or
conponents, Cb-even, Cb-odd, Cr-even amgl Cr-add. The col or conponents nmay
be deci mated horizontally, vertically, or both. [0054] Additionally, note

t hat[0833 hough Nbiscthatsi semidarsprgeademe ihasedoweassigoshloilh edes orathe tlomimioom

approach, _in whi t.he | est bl ock 6x16 ip the,prese exanpl e), is
eval uat ed WIFOQF?th"QSgtapgﬁ%ﬁa%ﬁ?%g%r}?%ﬂ?aﬁfvﬁ‘s é%e%éveﬂg%cgbf'%e %f%18lfn up
appr oach ddnh]%oneﬁt‘é@ia@%@e&ihﬁtmﬂz@ﬁﬁllw\Q@ﬂféﬁll Zotdott) the present exanpl e)
first. [0055] Referring back to FIG 1, the PQR data, along with the

addrl8d¥ds of tAddisenalyt sete thatodihough hlodkr veg astenmenh hOreesl daseniiedizsa  The
DCT el e %ﬁéﬁ POR: r i I f.orms of
t he app?g%%)i ate 'é? @@g&gﬁnt ecge gc%ag%fsgﬁ([)c{? s{%g)ln(?gﬁ etglge}ﬁ g%b{;g?géﬁﬁgf (1)§ng
need to undbrago ] apooaaspi apgroabh dy]instéeel benmgd Phobetseh ng apyvhenwilD0 al so
conpri ses el ene 128 for redycing ther ndancy anong the DC

coef fi ci entd a%ﬁta‘?ﬁ@&%@'épcﬁ @&Eé‘bgﬁﬂr‘gﬁe@rﬁxap@gg‘ﬁ%oyntered at the top left
corngiss9f eachrBETingl K o Fie. Deh& POR iifth &My W thd drdESStahe sdidi&e
conpared to the AC coefficients. The discrepancy in sizes makes 1t

di i cul tblpeksdemsipgovidad tefa DET etrmaent A24bTae DEAgtlbmenidkd. uséctho PRy 10 i t i S

advant ageous to.. reduce the redun cy anong the DC.coeffjcients. 057]
The DOT - SR ISEAEe BFre PSS SRS HoORRe bl S e leclsf T8 s a
a tinme. theaslbitedblotksmedd 2o bh D@Ttftbseséingd bl ocks, a 2-D DCT is performed
on the four DC coefficients. This 2x2 DCT Is called the differenti al

quadf93%de t r anEcoinage grocersing Hten RR0 plso comprizes PQT eleapang 128ortredyding DC
coeffi ci o] 1 . ej ori flcients
wthin antg, BpafpPIndp ol e boBfiGR! 18 w8 PETR0. A9RErSRRLET I N,
DC coef f i ancewdtsredfat tthe tdpo laft 8w@eblobckch WG Thibiock. 1Bhd ®®Icoefficens aseth to
conpute the . Thus, in a 16x bl ock, the is one true DC coeffi.cient
ond the FoeRTarEeAS s fo AL oRsienbngiiy G RECHET SRt TS it 0058]
The tr ansdiﬁidﬁlt?t@%ii?lﬁ 'hg BEffciéd VR a b Terfl c6%F) At%ﬁtgrdﬁf [0RChdl fht&ecBUAR | Z€r

for quantization. preferred enbodi nent, coefficients are
quant i zedegdyderihe redundancy among the DC coefficients.
[0057] The DQT element 128 performs 2-D DCTs on the DC coefficients, taken 2x2 at a

time. Starting with 2x2 blocks within 4x4 blocks, a 2-D DCT is performed on the four
DC coefficients. This 2x2 DCT is called the differential quad-tree transform, or DQT, of
the four DC coefficients. Next, the DC coefficient of the DQT along with the three
neighboring DC coefficients 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 quantizer for
quantization. In a preferred embodiment, the DCT coefficients are quantized using
frequency weighting masks (FWMs) and a quantization scale factor. A FWM is a table
of frequency weights of the same dimensions as the block of input DCT coefficients.
The frequency weights apply different weights to the different DCT coefficients. The
weights are designed to emphasize the input samples having frequency content that the

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



frequency wei ghti ng masks (FWWMs) and a quantization scale factor. A FWMis
a table of frequency weights of the sane di nensions as the bl ock of i nput
DCT coef fwoioanozoo The frequency weights apply different Wwergiso%2t167t he
different DCT coefficients. The weights are designed to enphasize the

i nput sanpl es having frequency content that the human visual or optical
systemis nore sensitive to, and to deignphasi ze sanpl es havi ng WO

03/ 005700 PCT/ US02/21157 13 frequency content that the visual or optical
syst em i sfrequency emstbmti thet the visTH ervopiigh systemyis lesh senshivedes iThn agightsmdy on

factors s i nces The weights are sel ected
based on §§DP€? é%n glzﬁa eddo atf’ﬁosbwl?gﬁ'wa I}gg(??]ﬁ% T wei ghting masks for
8x8 [eFojcoef f i Themesshts aﬁls‘é&bt@,ﬂfbdsddnoﬂ Sbirkcal da&&l EDndBSd or des@hﬁigttﬁé
conpr essi on, and encodi ng of continuous-tone still ima

Requi  emeHEENER rwkaé@ﬁ 6 DCT pacdfimans halsciea dn s Tor G L 6D & w181994,
whi ch i s ‘T)%g@ e r@éél era%H”eHé/odE e&fe%ﬁund sSGRETRL #ﬁges

desi gned, um nance onent one for t nance
corrponentReqﬁ[fmldﬁwvmmtguﬁkhﬁm” Irhhmakorsaﬂ zSisnczlxds Ofgahizatien,o b9 %, nehiclbys

deci mation and 16 é b tht ol atj on of that t he, 8x8 bl ock T e scale
factor colfPHrEse Uﬁlbiytrﬁe Cpi 0 gHEERlofYe o i9psigned; quer §og Aot s |

[0060] Thiggnin&Reho n@rﬁ@ﬁaﬁ'dﬁb ef&t tHesch%&ﬁﬁlrahgee&xﬁm@ﬁ@l ﬁgletmw@abms for
relationship: DCT 8*DCT(i j) fw(i, j) * 21 where DCT(i,

i s the inplack BiEgs a@%féfﬁ%are@{vtamedn’qy cgqcymatgmtm@ k%éwnnwmtmtqfﬁgat@sk j )q
|s the scgl es:{@% o%k #d qu%ggr)cohé %'lﬁe gﬁ?ﬂ&' ?Z%’%pﬁ rs{ P‘tl?e”&ua Ngéc? t hat

dependi ng on gn of 2oetTic erm FASIdé t he
braces i scaefficiehes. up or down. The DQr coefficients are also quantized
usin sui tabl e wei However tabl es or masks can be
usedf%oémd appl LB F%F CB‘??FWBtun?ﬁlzegﬁﬂcoﬁslnéé‘?wﬁ‘ﬁﬁ"elﬁtf@s hipho61] AC val ues
are then separated 130 from DC val ues and processed separately. For DC

el enents, a first DC conponent val ue of each slice is encoded. Each
subsequent DC conponent val i)%ﬁg(i ﬁadr%*sl])C’fe J) It hen represented as the

difference between it and th ’ O'rqq}gqﬁrp ’rléedcpreceedl ng it, and
encoded 134. For | ossl ess encodi ng, the |n (g conmponent val ue of each

slice and the differences are encodi ng 138 using Gol onb-Ri ce, as descri bed

with respect to FIGs. 6 and 8. Use of Gol onb-Rice encoding for the
where DCT(i,j) is the 1nput DCT coefflclent fwm(i,]) 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.

[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 preceeding it, and encoded 134. For lossless encoding, the initial DC
component vélue 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 advantageous 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
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val ue  neeg. enbid psc E&Bb@l%ﬁl@tvﬁﬂe@sgth’éﬂ%oﬂkﬁﬁe@rﬁﬂ?%e%ﬁﬁ"ﬁ@%dﬂpoﬁm Valig, i rst
value. This process is repeated for each DC conponent value of a slice.
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slices of a frane, and all of the franes of the file are processed. [0063]
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resi deual gy@lgies. . it hRBGriRe DRSS u'iéwd‘sf}{es! e &egssfe:agatwsso gpe DC

coefficient’ conponent value contributes t maxi mum pi xel ener gy.
Ther ef or ethelmgxndiceqs asitievedn§04, tahé tHoGprocsp oepents undil al of thehdicenof afiamepf t he

residual s i educed. [0064]. For AC el enents, the block of data and
frequencyaﬂéﬂlg?ﬁﬁﬁg‘%éfeg&’ﬁ}ﬁée PREPCEER ed by a quantizer 146, or a scale
fact e ement An QugBdtveabf QBssRs teHé‘ocQ_%T of Coef Ebrﬁb@r&% \faﬁféb’%%oagér@fﬁé
nunber of themto zero which results in conpression. In a preferred

enbodi mentesideted nalugs sh@dend & bateaz loy yasaceedparstigngClls, e G geetificient at es.
Unl i ke O bt G OPY 888 LOMEED Mot flbnr B BBy, MoK A uak i ' S
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 blocks of quantized coefficients to produce a
serialized stream of quantized coefficients. Zig-zag scans, column scanning, or row
scanning may be employed. A number of different zigzag scanning patterns, 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.



based on the quality of the processed image, instead of target bit rate and
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represented by a nodified binary code, which i _(err)l'o%(err)_ m bits |ong
i f the reiearasensed bysa meddiedibinasy ppdegwhich ig plog, w|hids langeéf the rerg@ndarjivless | ong.
Gol onmb-Rice coding is a special case of Golonb codi ng where the paraneter
mis expréesdd” '"3 —m ~otherwise, r| legyoh | bitsdorge GolembeRige Peding &2 speeinl easobt ai ned
by shifting the binary representation of the integer n to the right by k
bits, andGolembr eavbinighddereothe pammelerrpisesxpedsdslyas e=28astInksubh tascasé the. Thus,

the Gol onb-Ri de is.th t epat | f the two. .Col onb- Ri di
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In (1), a Is a paraneter that characterizes the decay of the probability of
x, and  Golomb-Rice code is the concatenation of the two. Golomb-Rice coding can be used to

encode both positive and negative integers with a two-sided geometric (exponential)

distribution as given by
p.(x)= col 1)
[0068] In (1), oris 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
p.(x; =0)= pa(x,. = —1)2 pa(xi = +1)2 pa('xi = _2)2 - (2)

[0069] As illustrated in FIGS. 4a, 4b, 4¢ and 5a, 5b, 5c¢, 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,



c is a normalization constant. Since pa (x) is nonotonic, it can be seen
that a sequence of integer values should satisfy pa (xi =0) > P. (xi
-1) >- pawop/oos7ed) >- pa (xi _ -2) > ... (2) [0069] As ilrcugtSozeEd7 in
FI GS. 4a, 4b, 4c and 5a, 5b, 5c, both the zero-runs and anplitudes in a
quantized DCT coefficient matri x have exponential distributions. The
distributions illustrated in these figuses are based on data fromreal
images. FIG 4a illustrates the Y conponent distribution 400 of zero
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coefficient corresponding to frequency k and | in the vertical and

hor i zont af9U@HAR6Ri ons, respectively, and the mean ux = /_, variance a 2x =
2i . Accordingly, the use | omb- Ri ce_coding in the nmanner described is
more optimal in prg&gfgknggggzg{ijﬁ_ ks}k{pQ@O] Alghough the following is
described with respect to cdnpressio of i mge data, the enbodinents are
equal l'y plicable to enbodi ts conpressing gudio data. | ressi ng
i mage dat ,bt)’h il FEBES S &?dgg%sﬁoﬁﬁéﬂqgmﬂsgon £ e maypRey ’gia{l‘iizggithe RGB,
or YIQ or YUY, or Y Cb O conponents with |inear or |og encoded pi xel

val ues. [RBddl dnliChorfrohtal WShéRIAS, tEPeRIVRBESHdGRE ManeC i Z@Inadd

non-zero coefficients. As

o’ = EYR Accordingly, the use of Golomb-Rice coding in the manner described is more

optimal in processing data in DCTs.

[0070] Although the following is described 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 integers. 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 (rn) is determined by the following equation (4)



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
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function of the run length. In anotherl@&nbodi nent, the Gol onb paraneter
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r emai nderdétmﬂg(pg@glqunﬁvmggwlbgr(%pf the run length and the quotient. In
anot her enbodi ment, the renai hder determ ned using the follow ng

equation (6): R=n - 2°'Q(6) In aerﬂm}re( the remainder R is encoded
in an mbit binary code. After, the quotient Q and the renmai nder R are
det er mi nely, art peabedigest, fthe q@ﬂmd QR’ISa(rr@Od@huauthede vafieh t@qunrepgaslelms an

over al | for th run I zeros n 7 Nonzer o. coef |ents are
al so enco 139?} ﬁsrlerr?ﬁl | G- CEC‘ bogHé‘T’r% %L‘erﬁ]fnam Fpl®i G ?fn be

posi tive fuhctigget thé€un leTngIhS‘anﬂelﬁ‘fBQL&ﬂi’eMt tm dhSeheembOdinkht, R @namdengdds t he
absol ute value of a given anplitude. G ven the anpli tude of the non-zero

coeffi ci eﬁlﬁtemléﬁ?qﬂ@“%th?ﬁ‘é“%ﬁﬁ‘i%@nﬁ% be expressed as a function of the
absol ute value of the anplitude and t\rl%e, @ Accordingly, the anplitude
may be expressed as y using the ol f'o r% Euatlon (7): 12x, if x > 0Y

21x1-1, Ofgh& Wh$Bdindant| fﬁ97léﬂllaf%9&okdis”éﬂc)ﬁde& e a¥ 3h ¥ Qhaid QB ZREE:, the

coeff|0|ent is optionally counted by a
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 y using the

following equation (7):

2x, if x=20
= : (7
2|x]—-1, otherwise
[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
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that the coding efficiency may be improved if the context under which a particular DCT
coefficient block arises. An appropriate Golomb-Rice parameter to encode the quantity
of interest may then be used. In an embodiment, counters or registers 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

R
1 o 6
[ng N,;l (6)

A similar procedure may be used for the amplitude.

encode the run-length:

[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



store the cunul ative val ue and nunber of elements accunul ated are R(err)
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IDCT element 190, if the Differential Quad-tree transform had been applied. Otherwise,
the coefficient block is provided directly to the IDCT element 190. The IDQT element
186: and the IDCT elefnent 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.

[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 a 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 parameter. The encoder 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



[0083] FIG 7 illustrates an apparatus for Col onb-Ri ce encoding 700. The
apparatus in FIG 7 preferably inplenents a process as described with
respect twOMB@5760 A determiner 704 determ nes a run | en@Ch/qsel2and a
Gol onb paranmeter (n). Optionally, a counter or register 708 is used for
each run-length and anplitude size value to conpute the respective

cunul ative val ues and the correspondi 20 nunber of tines that such a val ue

occurs. An encoder 712 encodes a quotient (Q as a function of the run
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‘What we claim as our invention is:



clainms. What we claimas our invention is: W 03/005700 PCT/US02/21157 21
CLAIMS [cl] 1. A nmethod of |ossless, intrafrane encoding of digital

f requencywo®sm3Too dat a, the data conprising a plurality offC3ltisozsiieach
having a plurality of blocks, each block having a DC conponent and a
plurality. of AC conponents, the nethod conprising: receiving a first DC
component value of a first slice; encnding the first DC conponent val ue of
the first slice; receiving a second DC conponent value of the first slice;
encodi ng the second DC conponent vallJeAlMSthe first slice as a residual

val ue, where the residual value is the difference between the first DC
conponent value of the first slice and the second DC conponent val ue of
the [kirst slice. [c&]mehodloé lmudagdm&eﬁrarﬁ@reh&bdmg Gfaiilg"nal fregh@icgidomalie

digital frequency domain datais |nﬁg§ dat a The nmet hod set forth
in dai mciata \ﬁh%rdéﬁarfsqm@smggatp&mrah%%f E%/e%F@nJBﬂVh“g aa&larallef alublogksa §8) [ c4]
4. The

val ue uti IZGS %O?f i g ghCO |%1“gd Wh@%‘félgyt%é@ng&ﬁﬁoﬂgﬂset ?ort e%?n(pudaleu m

1, mherelmmumsngncodlng of the residual value conprises encoding the

residual value as a f %ﬁg of th r.esi f Walue and the sign of the
resi dual val ud®qe8e? lrSt CREPREE %1{16? F P PHFeD ai m 5, wherein the

encodi ng of t%oécﬁﬁ%d&é&ﬁrstD@'c@&ﬂoﬁerﬂ@hﬁé@fﬂﬁ‘hr&t‘%h@@ a value of y, using the
equation 2x, if x>0 21x1 -1, otherw se where x is the anplitude of the DC

conponent val uecaivinge sesrnddld componrst vosro0heaTstsBeR/ 21157 22 [c7] 7. In a
digital cinemg, g¥sheme Bl PRY BlupSRIPLERE P Ind itk Bitdhs L TBGGual Ve,

where the residual value is the difference between the first DC component value of the

first slice and the second DC component value of the first slice.

[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 encoding 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.

[c6] 6. The method set forth in Claim 5, wherein the encoding of the residual

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

{Zx, if x=0

y= 2|x|—1, otherwise

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



i mage conprising pixel data, the pixel data separated into color
conponents, the nethod conprising the acts of: reading groups of a col or
conponentwofo3fpived data, each group conprising a DC val uecanoazpbural ity
of AC val ues; generating a block size assignnment to divide the group of a
col or conponent of pixel into sub-blocks of pixel data; transform ng the
sub- bl ocks of pixel data into correspofzling DC and AC frequency domain
representations; scaling the AC frequency donain representations into an AC
strekf of data/- whereiigitthenewe spitescaniethpdi of doaxpeebsing aadigitall inage. e ri ¢
correl ati wth t.h gl i f th i e, ri.alizin he, AC str of
data: runiresserogReR Haale s gel Bl b Shlo CaRobssh e afidd”

di stri but ¢anmprisigwedewof:t he first DC frequency domain representation; and
encodi ng the secgnd DC frequency domain representation as a residual val ue,
where the resi@aENS BEAUPE Of & QO IPIROBPRMYE @I Cgide pAohHEEOUR EFRBIIEE # Déquency

domain r ] irst DC frequency domain representation.
Tﬁagﬁﬁeéﬁi% @Efa‘ﬁ'{k/ ?P‘IQC Lafnek

[c8] 8. set" forth inClaim?7, wherein the act of scaling further
conpri ses the gaeratihg parucldsing assignmaan em divideeihggrewp ofis koloo cemponentibf bl ocks

of pixel data, s hat the frequency weighting mask provides enphasis to
t he porti@ﬁ@‘BﬁDSPH'g’TO‘iﬁ(ﬁﬁglef’ﬁ%ta’t he human vi sual systemis nmore sensitive,

and provides | @sRfRMMRThS sub-bldtks SOpidep NEtLlintbNEortdipafihfadCt fi Awman
visual systemis |less sensitive. [c9] 9. The nmethod set forth in Claim?7,

wher ei n tfiequgaey ¢Imaip sepsesentafiggs;perforns a Discrete Cosine Transform

10] 10. Th . i i i 1
berforms & D Sy ecAG REbehel ool PtesoHIGOE! hud AR AL, sford FPRIGY' T 0
Tr ansf or nwh€in(Bé 8€t5of GOalR(gTis UakEd ¢hild Gualit thefrid ¢drreldtingAnitia preaqualitysof friog

| ossl ess,. intraframe encoding of digital frequency- domain data, the data
conprisi "g*%&Cplurality of slices each having a plurality of blocks, each

bl ock havi ng aR4iiSRmMRNeOLwalE ofiathural ity of AC conponents, the method
conprising: 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, 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.

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

a Discrete Cosine Transform.

[c10] 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.



means for receiving a first DC conponent value of a first slice; neans for
encodi ng the first DC conponent value of the first slice; neans for

recei vi ngwa is@exynd DC conponent val ue of the first slice; Pegarse2/buas7

encodi ng the second DC conponent value of the first slice as a residual

val ue, where the residual value is the difference between the first DC
conponent value of the first slice andthe second DC conponent val ue of
the first slice. [cl2] 12. The apparatus set forth in Claim1l, wherein the
digital frequency domain data is inmage data. [c1l3] 13. The apparatus set

forth{{in C ai m{i1, er el b Ol ] i | io
dat aﬁal{]c 14] 14.1%Thexgp%§ﬁ%tt%£?%€? &s'fs f(g)?gt hlfnlhﬁﬂ g%ﬁ%@mﬂefl g%?%ﬁtf‘f]%uwodi ng
of the redomaialdatay gheudntaicorhpresg eqglaabityRfcdcesnmollihaging [aclbialifysof Alheks,

t t, f h i im1ll, wh in the I f th id
e oo b b acb b phEaCE e onbtf R3HEY g
val ue andcglﬁ@isi]%gn of the residual value. [ci6] 16. The apparatus set

forth in Claim wherein the encoding of the residual value is
det erm ned to mmeans foricord vioR afirstlCrgmphacs yalue obafigsslica;f x >- 0 y 21xl -1,

W0 031 005700 P B ET Y Be Horip ety TN el Sy o om an

appar atus for seprfessteiving adegirddDCicom@enent vilee bfgdirsiahipe; si ng pi xel

data, the pixel data separated into_col or conponents, the method,

conpri si ng t heM§RtsdORFncoRag i ¥6pnd Phdionpogruupliest the st diceapapwidint of

pi xel  dat gy, 30 Ohe WRiduaPMhd R1tAOdieRincd B erihd fRstidd atpbien®lalfiCor al ues;
means for generating a block size assignnent to divide the group of a col or
conponent thefiirgisked andrthe secand PilCoekspaientyates ofdbe first sligns for transform ng

t he sub- bl ocks of pixel data into corresponding DC and AC frequency domain
representations; nmeans for scaling the AC frequency donai n representations

intocegy AC stream ofhe apparatus set forth in Claim 11, wherein the digital frequency domain

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 Golomb-Rice encoding.

[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 x=0
"T2d-1, otherwise

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



data, wherein the act of scaling is based on a quality nmetric correl ating
with the quality of the image; neans for serializing the AC stream of

dat a; nmeawe Boos7puN- | ength coding the AC serialized data w®€Tgpoa157
exponential distribution; neans for encoding the first DC frequency domain
representation; and neans for encoding the second DC frequency domain
representation as a residual value, where the residual value is the

di fference between the second DC frequency domain representation and the
firskclDC frequéhcy Homdigiak @peras system, amappeots]fol gompiessinppaligitaligmagst fort h

in daimJl7,. wherein the act, of al i.n rther. conprises the act of

brovi ai nos PHES (ORBy B GRY fianbe i it Dfe BERGORF 2ohir bl suc
that the heg@uedsiprival aitdcamfimask provi des enphasis to the portions of the
i mge that the human visual system.is nore sensitive, and provides |ess
enphasi s to thBeansofar GALNSTLTONRS Ofrely €OIOR LoMIRBeIH upfa RIXE] <dafa, eRgBtEAIR s | ess

sensiti vecorﬁﬂ%lg 1Bc \;QRE a?ﬁ%%tflﬁfaﬁ@g{oéfe%%fvgﬁlw in daim17, wherein the act

of transfor performs a Discr sine’Transform [c20] 20. The
appar at us set feaishfdarrgeatraiing h9blovk eizei assighmentcto divider thesgronpiofica cqler f or s

a Discrete Cosine Transfor | Jowed hy a Differential Quad-tree Transform
WD 03/ oo?ﬂiﬁp@@?@%ﬁﬁ‘ig‘%%&g{ﬁ %}eﬂi‘gfﬂa’ An apparatus for |ossless,

intraframe encedhfiofoptrafiféintial the QAMBIREN of dNRE dAtRkA colrdiPof@h@ DXOARY | Si Ng
a plurality of slices each having a plurality of blocks, “each bl ock having

a DC conpbhdimquaney emsinreardsestayinsAC conponents, the method conprising: a
: i o . " val ;
eceiver N Gl ol 868 SGERS B PO RIMBARIL ISR il

successive slices; a 0 enco i'rs
conponent datalwiereih tigawhobdchlieg Brtdsed on £geailg nstivaosslaviag Bahohepedrnbs val ues
as residual .val ues, where each residual value 1is the difference between

t he curr i "B&%onponent val ue and the preceeding DC conponent val ue.

[c22] 22. The QpRATEtsiagahe RIA silbarfbfiidh;21, wherein the digital
frequency domain data I's 1hage 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 transforming

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.



[c23] 23. The apparatus set forth in Caim2l, wherein the digital
frequency domain data is audio data. [c24] 24. The apparatus set forth in
Cl ai m 21, watafei7no t he encodi ng of the residual val ue utilPCTas0ti16ND- Ri ce
encodi ng. [c25] 25. The apparatus set forth in Claim2l, wherein the
encodi ng of the residual value conprises encoding the residual value as a

function of the residual value and the25sign of the residual
26. The apparatus set forth in Caim25, wherein the encaodin

resil@@dl  val uéli s OBt ePdTaHEd fero laseless. \intralsare gpcodiag (1 fligda

val ue. [c26]
of the
ATPEPESN- 12X,

X > Oaofigifl dbla, il o DEMiSy WRRRSIY dr31ibdiCelRikihl A58ty St Bbeks,

conponent v e enc

each block having a DC component and a plurality of AC components, the method

comprising:

a receiver configured to receive successive DC component values for successive

slices; and

an encoder configured to encode the first DC component value of each slice and

to encode successive DC component values as residual values, where each residual value

is the difference between the current DC component value 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.

[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

2x, if x=20
I = 2|x| -1, otherwise

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



