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[ 0001] The present invention relates to i mage processi ng and conpression.
More specifically, the present invention relates to a coding of DCT
coef fici WP} Gol onb- Rice. I1. Description of the Rdl 2A84%7 (0002]
Digital picture processing has a prom nent position in the general
discipline of digital signal processi ng. The inmportance of human vi sual
per ception has encouraged trenendous ihterest and advances in the art and

sci ence of digi ' ' | el 1.§sion and
recepti on of wlégjéf@@MP@@SE@ﬁM@GﬁE@W‘@!@Eﬁ@@ﬁ i1 s or

novi es, various inprovenents are being nmade to i mage conpressi on techniques.
Many of the current and proposed video systens nmake use of digital encoding
techni ques. Aspects of this field include image coding, inmage restoration,
and i mage feature selection. e coding represents the attenpts to
transmt pictures of di ngép QBQ%!ND(QR FFEEﬁXEWNn an efficient manner,
maki ng use of as few bits as possible to mnimze the band wi dth required,
while at the same tinme, maintaining distortions wwthin certain limts.

| mage resorEeidof the hiveneiohs efforts to recover the true image of the
object. The coded inmage being transmtted over a comruni cati on channel may
have been distorted by various factors. Source of degradation nmay have

ar | SegoRf | 91 Nalkk brledit GfdnfiGn folifed WP GRALS PR Bh8domiERIdH, © MBkeCT i ON
refers to the selection of certain attri he pi ct

at t ri but espevifycably, the priserdnyentioh eclates tya codmglpf Dtﬁ“smcfﬁicuatts using &otbmbteci si on
in a wder,.context. [0003] Digital encoding of video, such as that in
digital ci @a, is an area that benefits fromi nproved i mage conpression
techniques. Digital inmage conpression may be generally classified into two
categories: |oss-less and | ossy nethods. A loss-less image is recovered

wi t hout amy Dﬁ@lﬁlﬂmiﬁ‘fb#ﬁ@ﬂateéfiﬂx | ossy nethod involves an irrecoverable 29
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[0002] Digital picture processing has a prominent position in the general discipline of
digital signal processing. The importance of human visual perception has encouraged
tremendous interest and advances in the art and science of digital picture processing. In
the field of transmission and reception of video signals, such as those used for projecting
films or movies, various improvements are being made to image compression techniques.
Many of the current and proposed video systems make use of digital encoding
techniques. Aspects of this field include image coding, image restoration, and image
feature selection. Image coding represents the attempts to transmit pictures of digital
communication channels in an efficient manner, making use of as few bits as possible to
minimize the band width required, while at the same time, maintaining distortions within
certain limits. hmage 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



2 loss of some information, dependi ng upon the conpressi orn2%MARGH 200¢e
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[0006]

[0007]

B TR B8R Pk FRuh PRI SRl et
HegdiR ! RARR: efficiency refers to the bit rate needed for the compressed image quality to
meet a certain qualitative level. Moreover, the system and coding technique shouid have
built-in flexibility to accommodate different formats and should be cost effective; that is,
a small-sized and efficient decoder or encoder process.

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.

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

or at ed



DCT techni ques are also disclosed in U S. Patent No. 5, loﬂﬁ‘mﬂémﬂ'ﬁtled
"Adaptive Block Size |Image Conpression Method And System™ assigned to the
assi gnee of the 29 MARCH 2006 WO 03/003738 PCTI US02/ 19407 3 resent

i nvent i orAR&%938%r por at ed herein by reference. Further, PREUIEHINT t he
ABSDCT technique in conbination with a Differenti al QJadtree Transform
technique is discussed in U S Patent No. 5,452,104, entitled "Adaptive
Bl ock Size |mage Conpression Method At System " aI so assigned to the

assignee of the present invention and .incor ra ed rein r ce. The
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of data for discrete cosine transform (DCT? anal ysis. The DCT operator is

one et hosuakfasdbmY&iV.i ¥igsGr oriRfeB demnatpany also bamstd dBeedugmaf thedow spatéijuency
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the frequency
Accordingly, a video signal may be represented by four luminance components and two

chrominance components.

- [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 DCT's
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 entfddAREH120060ne
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 s@pbisdrsso a fourth ordering. [0010] The DCT operg@it/g8o29d4ces the
spatial redundancy inherent in the video source. After the DCT is
performed, nost of the video signal energy tends to be concentrated in a 29
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additional transform the Differential ad-Tree Transform (DQT), may be
used to reRUCBCThéveffas ertslanoy addinoil tiafsfblel, the Hifferneal Quad- Tk Trafeforh he
16x16 bl ock and each sub-bl ock, the DCT coefficient val ues and the DQr
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val ues ma en undergo frequency wel ntizati on, codi ng (such
as vari abl ﬂahmttgttbvoc&cﬂ lqb-blonkg)rse:pdxatsub-rbldod{s artd mghnﬂszlsub-blduks hoaygbe t he
ABSDCT tec ue descrihed above perforns remarkably well, it is

conput ati d F? OjTHRTEFf lmf‘ﬁ%éegﬂg% hpact hardware inpl enentation of the
technjogug may bﬂl@dﬂoﬁér?bﬂ'o&k of é&ﬁﬁhaﬁ@fdﬁﬂb%d&@ & ek Eﬂip@ﬂy BAasnd28 9N order

acconplished in the formof run si ze. er conpressi on net hods,
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such as Huffman codes, consist of a run of zeros followed by a non-zero
coef fi ci envellHtfis remPUiationally intsReiver Thisccompast hgrdvss nvml@ﬁwpw&on of the
probabilit tsynbol s are negative powers of two. However, in
t he case tflzélﬁ%@fe GZ%S{I Size pairs, the synbol probabilities are seldom
negati00E] power sVaIiabﬂa/\lcngﬂla@ﬂnﬂg lﬁurbbd:maqcompﬁﬁhedrin tledformy of egniiength andesimbe book

of pre- CO”B%teF %01%%93%31V0\'ﬁr1?1§mt083 bs?uch as Joint Photographic Experts Group (JPEG) or

*

Moving Picture Experts Group (MPEG-2), use a standard zig-zag scanning method over
the entire processed block size. Using ABSDCT, however, different block sizes are
generated, based on the variance within blocks of data. Some coding methods, such as
Huffman codes, consist of a run of zeros followed by a non-zero coefficient. Huffman
codes, however, are more optimal when the probabilities of the source symbols are
negative powers of two. However, in the case of the run-length/size pairs, the symbol
probabilities are seldom negative powers of two.

[0014)] Further, Huffman coding requires a code book of pre-computed code words to be
stored. The size of the code book can be prohibitively large. Also, the longest code word
may be prohibitively long. Hence, use of Huffman coding for the run-length/size pair

symbols is not very efficient.



stored. The size of the code book can be prohibitively | arMARCH2006he

| ongest code word may be prohibitively long. Hence, use of Huffrman codi ng
for the run-length/size pair synbols is not very efficient. 29 MARCH 2006
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and nethod to encode the run-lengths and anplitude of the quantized DCT
coefficients in a |lossless manner to achieve conpression is descri bed.
Specifically, Golonb-Rice coding is uséd to encode both zero runs and
non-zero anplitudes of the DCT coefficients after quantization. It is found
that the use of a scheme talUMMARYOEGEHEINYENTHOMNenti al di stribution of
data, such as Gol onb-Rice coding, allows for higher coding efficiencies
than alternate schenes. [0016] The present invention is a quality based

syst gsind net Aadapparatingad methpd es exovde e tunilbngtes aadaghplitedy ofi thed

bl ocks and sub-bl ocks of Discrete Cosine Transformcoefficlent data and a
qual i ty bawaotized BT sesffigignisdn) alosglessgnanngr ge dehiews compession it descabedaput t o
an encode n _ ri c | agsho ) e nt,
ahi oh seoNETRARe CRABkLSIP chaRy 8, HenCle ShéckioTh IS Nt il nohal ]

assi gnmenampltuiessafcthe DOThepeffivierns after quantization.Ipistfomdthiat thadsd off 4 svheme
subdi vi ded_Dbl ocks

.. In eneral , areas wi.th | er vari es are supdivi ded
hto Snal PEREEREE o 4 areauenial ARTEHPD af Ttk puctoes Calany Biceytine
subdi vi degliowy ¥ hilher {4 U rREKnAB N Andth@ ke, val ues  fall into
di fferent predeterm ned ranges. Thus, first the variance threshold of a

bl ocl0i@ nodi Thedpreseptn inventipaniinad qualitye baegserspistey @nd | msthodanf vimiage, and
then the variance aof . the block is co W t.h hres d ng, i.f the
vari ance FEbRBRiT Sar dnied afHfivkR, GPHP BcERy At B oS D Be R Doty
[0017] Therdakfoeds cobifieicnt 8ita and@a tuilRy bised iqdedizafod sdalefasop! AbkBEpixel Whi ch
transforns the pixel data intg frequency donmain data. The transformis

per f or meddaa|iy iRt tA anpenserer. adhe snendsr sorprises e bleck $ire GerignmAns RSA) ze

assi gnnmen . : I I.og: 1hr {Lzation
and seri a%lF%laF?o\%\&agisg t%E{Ztg?ﬁ%ﬁﬁﬂgfrﬁlg&é@??ﬂ%ﬁ%;ﬁcﬂgggb&@g}; gﬁg%?‘;@g&%ased on
an i1 mage apsggnivient sbiasgdoon the vhriazesnofStha irput ok and hatheasiyhditided blotks. despect

asi gnmenBeTn B W adirest ARuee 1 SO P B DI s
scanni ng, sthlP3aflnces 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.

{0017] The block size assignment is provided to a transform element, which transforms
the pixel data into frequency domain data. The transform is performed only on the block
and sub-blocks selected through block size assignment. The transform data then
undergoes scaling through quantization and serialization. Quantization of the transform
data is quantized based on an image quality metric, such as a scale factor that adjusts
with respect to contrast, coefficient count, rate distortion, density of the block size
assignments, and/or past scale factors. Serialization, such as zig-zag scanning, is based
on creating the longest possible run lengths of the same value. The stream of data is then
coded by a variable length coder in preparation for transmission. Coding based on an
exponential distribution, such as Golomb-Rice encoding, is utilized. Specifically, for
zero represented data, a zero run length is determined. A Golomb parameter is
determined as a function of the zero run length. A quotient is encoded as a function of

the zero run length and the Golomb parameter. A remainder is encoded as a function of



on creating the | ongest possible run |lengths of the sane vaiamardHeomt r eam
of data is then <coded by a variable Iength coder in preparation for

transm ssion. Codi ng based on an exponential distribution, such as

Gol onb- Ri ikNg, is utilized. Specifically, for zer nied data,
a zero rugﬁ?gﬂgﬁﬂki s determ ned. A Golonb parameter is dglt)éel?ir%g(%ggmgs a
function of the zero run length. A quotient is encoded as a function of the
zero run length and the CGol onb paraneter,. A remainder is encoded as a
function of 29 MARCH 2006 WD 03/003738 PCTI USO2 /19407 6 the zero run

| engt h, t hieGRicOMiA GEHRATRE SolomitspiraMer @id @B lquotéte. dheeddétQidtient andnle t he
coded remai nder are concatenated. For non-zero represented data, the nonzero
data is efrdsdaemaigder e roncatpnagd. « Her pranzese reprergnted\deta, dheypenzeredaindsh of

t he non-ze V. ") e J t [, r .SSi on
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for displ aYhe gAOHE] ddadesetitnitoyngh ial trinSmissioasPrsiel ab aadeceddrpohemerthe pixehot
require apriori code generation. 00_1&] It is another aspect of an

enbodi ment datyisFe¢onsigycied \ preparghion 97 digplakxt ensi ve code book to be stored.

[ 002 is an sanpect ”S-Hl? . ?E@:iéi . for
har d\ag(r)g] i npl eﬁ%%?%?'ﬁh%?%%%lfﬁﬁﬁn?gqgnot %&rlﬁglgtgg%gﬁg n eﬁb@fﬁgﬁg to
achi eve a gengtationdi ng efficiency. [0022] It is another aspect of an ~
enbodi nent to take advantage of th xponential _distribuytion of, DCT, dat a.
BRI EFOBEACR Pi fAF EHOTEERAR MEETDRRBIER! ot feamith B bsef SnRMARNGRID! | he
present | nysskitb®a sitkdd. becone nore apparent fromthe detail ed description -
set forth bel ow when taken in conjunction with the draw ngs in which |like
ref erl@828 char alitie aothereaspestyoican embpdimenh iy yeduhe cﬁhﬁgsimmea%d fonthardsiare
[0024] FIG ei N 'ol%l ock diagram of an encoder portion of an inmge

conpr essi Rl t%}o(zessi ng system [0025] FIG 2 is a block diagramof a

decodgozpor t i onlt ¢ andther Bx@et cfnRbRHdi et &nsthide adLgiscdlinSsificRty.
[0022] .- It is another aspect of an embodiment to take advantage of the exponential
distribution of DCT data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The features and advantages of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and
wherein:

- [0024] FIG. 1 is a block diagram of an encoder portion of an image compression and
processing system;

[0025] FIG. 2 is a block diagram of a decoder portion of an image compression and
processing system,

{0026] FIG. 3 is a flow diagram illustrating the processing steps involved in variance
based block size assignment;

(0027] FIG. 4a illustrates an exponential distribution of the Y component of zero run-
lengths in a DCT coefficient matrix;

[0028]) FIG. 4b illustrates an exponential distribution of the Cp component of zero run-
lengths in a DCT coefficient matrix;



[0026] FIG 3 is a flowdiagramillustrating the processi ngz2sMaBEH 2880l ved
I n variance based bl ock size assignnent; [0027] FIG 4a illustrates an
exponential distribution of the Y conponent of zero run- lengths in a DCT
coeffici eMOWIWOIBEK; [0028] FIG 4b illustrates an exponenthECAVUSHR/$2407 but i on
of the Cb conponent of zero run- lengths in a DCT coefficient matrix; 29
MARCH 2006 WO 03/ 003738 PCT/ US02/ 19407 7 [0029] FIG 4c illustrates an
exponential distribution of the C, conpdnent of zero run- lengths in a DCT
coefficient matrix; [0030} FIG b5a illustrates an exponential distribution
of t H8029] conporABHt 4efiliugtpies an gxporgnsial digtributiorr of dher €; eomapRneRhek z6te IPVO31]
FIG 5b il - gl distribution of the Cb conponent of
anpl i tude IL@%Q%?%?WQ%@' ﬂ(I:1|§(ént matrix; [0032] FIG 5c illustrates an
exporeoso] al di UG Bailkusrart ah kkpéiientialodip@ibatidn of tienyldoipdaentsif Zgnplitude DCT
coefficient matrix: [Q033] FIG 6 illustrates a Gol onb-R ce encodi ng
process; éﬁ&‘“f‘mf I@ENIMatIky st r at es an apparatus for Gol onb-Rice
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conput at i gpalin e e MedtSnatdgsi red for conpact hardware inplenentation,
which is inmportant 1n many applications. [0036] Before one enbodi nent of the
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[0035] In order to facilitate digital transmission of digital signals and enjoy the
corresponding benefits, it is generally necessary to employ some form of signal
compression. To achieve high compression in a resulting image, it is also important that
high quality of the image be maintained. Furthermore, computational efficiency is
desired for compact hardware implementation, which is important in many applications.

[0036] Before one embodiment of the invention is explained in detail, it is to be
understood that the invention is not limited in its application to the details of the
construction and the arrangement of the components set forth in the following description
or illustrated in the drawings. The invention is capable of other embodiments and are
carried out in various ways. Also, it is understood that the phraseology and terminology
used herein is for purpose of description and should not be regarded as limiting.

[0037] Image compression employed in an aspect of an embodiment is based on discrete
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



cosine transform (DCT) techni ques, such as that disclosed i2Mar@@eebdong U. S
Patent Application "Contrast Sensitive Variance Based Adaptive Bl ock Size
DCT Image Conpression”, Serial No. 09/436,085 filed on Novenber 8, 1999,
assi gned ww® d#3me373assi gnee of the present application and ipgaouseenedoed herein
by reference. Image Conpression and Deconpression systens utilizing the DCT
are described in co-pending U S. Patent Application "Quality Based | mage
Conpression”, Serial No. 09/494,192, fgled on January, 28, 2000, assigned
to the assignee of the present application and 29 MARCH 2006 WD 03/ 003738
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be processed i.n.the digital. domain.is .conposed qf pixel data, divi into
an array o‘f%%%lso‘i}’é'?m %%Pﬁ%‘xﬁll %&gl,"“i@l‘lzmoi aéTaé’é’% ng T%r-lﬁ?ﬂ%a‘glpﬁlfk&e may
be per f or rdsign eACkw&kRAksiGRIE P mEY TBRNBL@sAedDRT doth dGbEOEITRY rhbe
follow ng relationship: a(k)fl(l) "-""-" r{(2m:l)rrkl r(2n+l)id] X(k,l1)=E
x(nz, n)cos;llmggsmna}@CZEl,sMe ingd by thefplipowiing rglathpushid: (1, if k = 0 where .
a(k),Qk) _if k~0, and Qx(mn) is the pixel at location (mn ) wthin
an NxM bl ock, and X(k,l) is the corresponding DCT coefficient. [0038] Since

pi xel values are nopypomati-Me; the 2 ntres,Q.947i s al ways positive
and usual |y h’é&f))ﬁ%%eﬁg@ﬂh%aﬂﬁ %@ééalﬁrﬂs’tl of the
transformenergy is MOhMe e ed ar ound #Ne o n X¢@0,0). This energy :

conpaction property is what nmakes the DCT techni que such an attractive

conpressi on nethod. [0039] The inage conpression technique utilizes contrast

adaptive coding to achieve further bit rate reduction. It has been observed

t hat nost natural inmages are .ppde up of relatively slow varying flat areas,
gétef%aﬁn

and busy ay S gy % Pl dagjes and high- contrast texture.
Cont r ast adaptivg&(c%’gingb oBeifitst 0 ake advantage of this factor by assigning

nore bits to the busg_area_s and less bits to the | ess busy areas. [0040]
Cont rast adapt i ve(met dbe pixel atilocation {man within otk NEblpelbanilal processi ng)

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

f0038] Since pixel values are non-negative, the DCT component X{0,0) is always
positive and usually has the most energy. In fact, for typical images, most of the
transform energy is concentrated around the component X(0,0). This energy compaction
property is what makes the DCT technique such an attractive compression method.

[0039] The image compression technique utilizes contrast adaptive coding to achieve
further bit rate reduction. It has been observed that most natural images are made up of
relatively slow varying flat areas, and busy areas such as object boundaries and high-
contrast texture. Contrast adaptive coding schemes take advantage of this factor by
assigning more bits to the busy areas and less bits to the less busy areas.

[0040] Contrast adaptive methods utilize intraframe ceding (spatial processing) instead
of interframe coding (spatio-temporal processing). Interframe coding inherently requires
multiple frame buffers in addition to more complex processing circuits. In many
applications, reduced complexity is needed for actual implementation. Intraframe coding
is also useful in a situation that can make a spatio-temporal coding scheme break down
and perform poorly. For example, 24 frame per second movies can fall into this category
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 jerky. Intraframe coding is

also easier to standardize when both 50 Hz and 60 Hz power line frequencies are



of interframe coding (spatio-tenporal processing). |nterfralfeMABGH2PS

I nherently requires nultiple franme buffers in addition to nore conpl ex
processing circuits. In many applications, reduced conplexity is needed for
actual i nplO0dne37%38i on. Intraframe coding is also useful IRCTAUSHRMRHATI Oon t hat
can nmake a spatio-tenporal coding schene break down and perform poorly. For
exanpl e, 24 franme per second novies can fall into this category since the
integration tinme, due to the nechanical 9shutter, is relatively short. The
short integration tine allows a higher degree of tenporal aliasing. The
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conprises an encode at conpresses a recel vi deo si gna
conpr essedntegaynalucs maybamsed, eige8xUsi ng a transni ssion channel or a physical

nedi 8, an ecei ved. a decoder 112.. The d der 112 decodes the
rece H&gé? encod 85? %nqeﬂ’(lg%V?Fﬁjg LagRpracessing isxqﬁemﬁ;?) 81"??85’05@‘“ freceRy.

of configurable serializer. The image processing system 100 comprises an encoder 104

that compresses a received video signal. The compressed signal is transmitted using a
transmission channel or a physical medium 108, and received by a decoder 112. The
decoder 112 decodes the received encoded data into image samples, which may then be
exhibited.

[0043) In general, an image is divided into blocks of pixels for processing. A color
signal may be converted from RGB space to YC;C, space using a RGB to YC,C;
converter 116, where Y is the luminance, or brightness, component, and C; and C; are
the chrominance, or color, components. Because of the low spatial sensitivity of the eye
to color, many systems sub-sample the C; and C, components by a factor of four in the
horizontal and vertical directions. However, the sub-sampling is not necessary. A full
resolution image, known as 4:4:4 format, may be either very useful or necessary in some
applications such as those referred to as covering “digital cinema.” Two possible YC,C;
representations are, the YIQ representation and the YUV representation, both of which
are 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.



[0043] In general, an image is divided into bl ocks of pixel2 MaRCE2Sessi ng.
A color signal may be converted from RGB space to YC}C2 space using a RGB
to YCIC2 converter 116, where Y is the |um nance, or brightness, conponent,
and C ano@3e37ms the chrom nance, or color, conponents. pgan@esge0f the | ow
spatial sensitivity of the eye to color, many systens sub-sanple the ¢ and
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subdi vi de
[0045] - Referring now to FIG. 3, a flow diagram showing details of the operation of the

block size assignment element 120 is provided. The variance of a block is used as a
metric in the decision to subdivide a block. Beginning at step 202, a 16x16 block of
pixels is read. At step 204, the variance, v16, of the 16x16 block is computed. The

variance is computed as follows:

1 NN ( 1 EE )2
ar = -——— = X
Nz j=0 j=0 NZ i=0 j=0 !

where N=16, and x;; is the pixel in the i™ row, /™ column within the NxN block. At step
206, first the variance threshold TI6 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, T°16.

fon46) If the variance v16 is not greater than the threshold 716, 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 biock is not subdivided. The algorithm



[ 0045] Referring nowto FIG 3, a flow diagram show ng det a4 MARTHt2085
operation of the block size assignnent elenent 120 is provided. The
variance of a block is used as a netric in the decision to subdivide a

bl ock. Begiowswogrset step 202, a 16x16 bl ock of pixels is p@E@Es0Ab5t ep 204,
t he variance, v16, of the 16x16 block is conputed. The variance is conputed
as follows: 1 NI NI 2 1 NI NI Var= WEE i.i z EExi.; N ,=0 =0 N 1=0 ;=0
) 2 where N=16, and x1,/ is the pixel in the itb row, jth colum wthin the
NxN bl ock. At step 206, first the variance threshold T16 is nodified to
provi de a thewrdatls dishokxt T6x06 block fof pirelan Maheevathndehelhliogreates that deen two

i eahol o tpehnld 710 dhen o fen 400, Rebit el GEATR ol gituarcp iodlapo g e |
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Is witten into tenporary storage, and the R bit of the PQR data is set to

0 to [PG4dl cat e (ThatfourfxStaadks, il lare considered sbatientialdydfor Tirtheslsgtadi visiom &9 MARCH
2006 WO 03 03738 P Us02/ 194 then reads the next 16x16 ck, of

pi xel s. ‘H‘é‘%‘??gi[é 1%358“?‘ é)’é ‘é&‘f‘% & KRIIADFfreSir (1) PRIDPE ‘*Ff@Phjt erf*at step
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is to be subdivided into four 8x8 bl ocks. [ 004 The four 8x8 bl ocks, i=1:4,
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For each 8x the v8;, is conputed, at step 214. At step
216, fi rst% S’ﬁ sn%eé"%fﬁ?ségﬁgl d T8 is nodified to provide a new threshold

T 8 ifbosghe rremtheaba:ﬁneé v8h@ :hitogkate:s&iaﬁtmeeme&wma e dedre a1s8e @182 thees,
then the bl ock variance is npared to this new threshold. [0048] If the

vari ance vgetingaddemss gf thgt8xs bacrféms {FBten iRte JerBP eIy toTage, And the-qomsspondingt he
starting ggﬂf’tetﬁsls%fet IJ‘@ *%E@né%h%‘iﬁb'n 6‘% ﬁfheﬂi‘o&cgée Xg?ﬁ%qraﬁiwcesﬂﬁofs erdnd the

correspon rocessed.
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be. subdr v BRI e ind ol iR biEdT 11t The BxE Blockts fo

[0049] ~ The four 4x4 blocks, ji=1:4, are considered sequentially for further subdivision, as
shown in step 222. For each 4x4 block, the variance, v4;;, is computed, at step 224. At
step 226, first the variance threshold T4 is modified to provide a new threshold T4 if the
mean value of the block is between two predetermined values, then the block variance is
compared to this new threshold.

[0050] If the variance v4y; is not greater thaﬁ the threshold 74, then at step 228, the
address of the 4x4 block is written, and the corresponding P bit, Py, is set to 0. The next
4x4 block is then processed. If the variance v4;; is greater than the threshold T4, then at
step 230, the corresponding P bit, Py, is set to 1 to indicate that the 4x4 block is to be
subdivided into four 2x2 blocks. In addition, the address of the 4 2x2 blocks are written
into temporary storage.

[0051] The thresholds T16, T8, and 74 may be predetermined constants. This is known
as the hard decision. Alternatively, an adaptive or soft decision may be implemented.
For example, the soft decision varies the thresholds for the variances depending on the
mean pixel value of the 2Nx2N blocks, where N can be 8§, 4, of 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 variance thresholds for the Y component be 50, 1100, and 880 for the
16x16, 8x8, and 4x4 blocks, respectively. In other words, 716 = 50, T8 = 1100, and T4 =

880. Let the range of mean values be 80 and 100. Suppose the computed variance for



[ 0049] The four 4x4 bl ocks, j;=1:4, are considered sequent i22MARGI2006 ur t her
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is conmputed, at step 224. At step 226, first the variance threshold T4 is
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and the corresponding P bit, P;~ is.-set to 0. The next 4x4 block is then
pr ocessed.thg 16x16eblock is £Qc SinciG0 is gregiee thaprT/Ghand thtenean valuh 90 ds Betwedrn®h at

step 230, t 0, ing.P bt . P4  is set t 0 indicate that the 4x4
bl ock is taggggﬁ’ @éﬁgg%@g@gﬁnﬁ“@%ﬂ 1%?2‘355 %%'.%'qjlﬂcﬁ(id |uPP%Sﬁ,thet‘FPén ess of
the 4 2x2 Jatiefdes far the 8B bicRs ate 1 130! 93D IRO! IdSI2102Wincd WPt thd BLS biders hol ds
T16, T8, and T4 may be predeterm ned constants. This is known as the hard

deci si on. have ¥asances diatexcaed F8dhesewodiocksfare {natbersubdividad thareduse aetal ed.

For exanpl &,.: : | St ' ' S '
depend ng D de? SSLRER SERANbERHE iR o HE el RIS W8 o 4
or 2. Thus30f 67T%;t6G10NS9®F525n830,rand 690] with cotesr@dingtednd vahieg 9851207410,

t hreshol ds. [ 0052] For purposes of illustration, consider the foll ow ng
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[0055] Referring back to FIG. 1, the PQR data, along with the addresses of the selected
blocks, are provided to a DCT element 124. The DCT element 124 uses the PQR data to
perform discrete cosine transforms of the appropriate sizes on the selected blocks. Only
the selected blocks need to undergo DCT processing.

[0056] The image processing system 100 also comprises DQT element 128 for reducing
the redundancy among the DC coefficients of the DCTs. A DC coefficient is
encountered at the top left comner of each DCT block. The DC coefficients are, in
general, large compared to the AC coefficients. The discrepancy in sizes makes it
difficult to design an efficient variable length coder. Accordingly, it is advantageous to
reduce the redundancy among the DC coefficients.

{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



[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 w, ,29(51“,“‘%81906&. and
C,_Wil. The color conponents nay be deci mated horizontally, vertically, or
bot h. [0054] Additionally, note that although bl ock size assignnent has been
descri bedW&B4B B8y down approach, in which the Iargest bIFSIKCRIINE in the
present exanple) is evaluated first, a bottom up approach may instead be
used. The bottom up approach will evaluate the smallest blocks (2x2 in the
present exanple) first. [0055] Referring back to FIG 1, the PQR data, al ong
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enbodi ment, .t he DCT coefficients are %?ant I zed using _frequency weighting
masks ( FW(REIERhdcomprgssien 2 4d gincedinge of aeqnsinuoys-tepg/ stll aimagss e~ AT f Lequency

wei ght's ofpeglieAait® ol "BRALARE " AhtdchRioRhOStanBErdl NO¥Ehnibedort OROA! WhEA &

incorporated herein by reference. In general, two FWMs are designed, one for the

luminance component and one for the chrominance components. The FWM tables for
block sizes 2x2, 4x4 are obtained by decimation and 16x16 by interpolation of that for
the 8x8 block. The scale factor controls the quality and bit rate of the quantized
coefficients.

[0060] Thus, each DCT coefficient is quantized according to the relationship:

. .

- 2
where DCT(i,j) is the input DCT coefficient, fwm(i,j) is the frequency weighting mask, q
is the scale factor, and DCTq(i,j) is the quantized coefficient. Note that depending on the
sign of the DCT coefficient, the first term inside the braces is rounded up or down. The
DQT coefficients are also quantized using a suitable weighting mask. However, multiple
tables or masks can be used, and applied to each of the Y, Cb, and Cr components.

[0061] The block of pixel data and frequency weighting masks are then scaled by
a quantizer 130, 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,



The frequency weights apply different weights to the differ®mMARCH 2006
coefficients. The weights are designed to enphasize the input sanples
havi ng frequency content that the hunman visual or optical systemis nore

sensi tivewdes@ftgt 0 de-enphasi ze sanpl es having frequencycﬁggbtzﬂpjo.‘,t hat the
visual or optical systemis |less sensitive to. The weights may also

desi gned based on factors such as view ng di stances, etc. [0059] The wei ghts
are sel ected based on enpirical data. Agrethod for designing the weighting
rrasks for 8x8 DCT coefficients is disclosed in 1SOI1EC JTCL CD 10918,

"Digital chegrss Sk Gralefdtt@s coftesponding 26 AVeragOLS rited) € Unlike bthenB@pressiginr t 1.
Requi rements_and gui delines,"” International Standards Organl zation, 1994,

which is metbedsichias MREDE theipyerage &ateﬁt?els contrgiasbased onyibe AWRIEY &F dhe

desi gned, r plr;%o e for the chrom nance
conponent sﬁgéﬁ?ééaﬂ ?alt %téeggc? &b‘?ioc Sl zes ggﬁﬁg4x4 are obtai ned by
deci ngoé2pn and Tibintfeateycompressipnl fatther thefquiaitidedfcoefficidnes ﬂx@rdyﬁdbdlto aBban scale

factor control s alijt and bit r of the quanti . coefficients.
[ 0060] Thﬁnﬂé@éﬂgﬁc% izet ki sopns ﬁaglﬂck&%q%emcm %nt% fpeproduce a

|
rel ati Onsrﬂeﬂallig@Ts&emlngC%u coef? cobfficitnts \MZT{ona)g scahif Uiy arfiin ﬁw\/\}glrght i ng

DCT( i, J ) is the input I clent, I's the frequenc
mask, |ssanrh@ srgbe einployed, fhrndn‘ibefl' qﬁ dlfije)ent mgtdrgsaaummglm&ctns,-f\ﬁelbaae nt .

Not th t di th ff t
st de. ¢ PP U 3R S8R Ay Do e Th BroT e R ocraips B IO o
quanti zed gk Far mesagz dgb&:ﬁnﬂ@ A kighse Emiﬁnuldwm/@ianuﬂw édemﬁema ARpreser

masks can be used, lied to each of the Y, Cb, and Cr conmponent s.
[ 0061] Theth‘blcbweﬁ)ﬁ’f pmqoenteaag@ large fﬂlflleL?@beyal%@ﬁ eILE Agorres keheggnalythpere scal ed

by & auanl gt d 3ealing o38 flaf ob AR RUTRAN usAI AR Loy Of he DCT

coefficients re a-rarge reésults in

conpriesazion. | IThe fueainesfr eeaktrdd) duatized c3EfivieREHs 2006 dD003 A AODIS Eength
PCT/ US02/ 19407_14 there are 32 scale fg‘ct ors cor onding to average bit
rates. UnlSoRE Ltthed EBNISRERSGSiET SeRAHEY esqiaRtized M@E&emﬁ Hetvssathg e t rate

arget bi (TPare Sl cpaficfif shdl iPleskifed A REAF A EARAC HEF ﬁa'?*urt ner
t he quant i emszbdoneftf GDICEIHH-RIC&I‘ eodimgvs delizedo GokmamRice encoding is efficient in
- coding non-negative integers with an exponential distribution. Using Golomb codes is
more optimal for compression in providing shorter length codes for exponentially

- distributed variables.

[0064) . In Golomb encoding run-lengths, Golomb codes are parameterized by a non-
negative integer m. For example, given a parameter m, the Golomb coding of a positive
integer n is represented by the quotient of n/m in unary code followed by the remainder

represented by a modified binary code, which is l_log2 m_] bits long if the remainder is less
than 2/°%:"1 | otherwise, Llog, mJ bits long. Golomb-Rice coding is a special case of

Golomb coding where the parameter m is expressed as m=2*. In such a case the
quotient of n/m is obtained by shifting the binary representation of the integer n to the
right by % bits, and the remainder of n/m is expressed by the least k bits of n. Thus, the
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

pa(x)=ca o))



serializer 134. The serializer 134 scans the bl ocks of quan%iM4RCH 2006
coefficients to produce a serialized streamof quantized coefficients.

Zi g- zag scans, columm scanning, or row scanning nmay be enpl oyed. A nunber
of differWMt3®#{j3hg scanning patterns, as well as patter RETASHHI94han

zi gzag may al so be chosen. A preferred techni que enploys 8x8 bl ock sizes
for the zigzag scanning. A zigzag scanning of the quantized coefficients
inproves the chances of encountering d5l arge run of zero values. This zero

| d babi | d be eff ded
i R ran” 850 i Goragraatn el Pt Hie ery B he BRI Co 1 ot
I's provi dec‘lsgﬁcoe Eh@xp&ﬁasla‘gxi‘%ﬁﬁbe 50 is rﬁéxﬁntoxft?om[?a:{] Hﬂﬁ?g‘éé {é?&fat ©s

the quantize |C|ents etween” f zero e non-zer o b I cients,
and is desﬂégaegqmb@sﬁjﬁl@galmpyth respect to FIG 6. In an enbodi msnt

Gol onb-Rice Ccoding is utilized. CGolonb-Rice encoding is efficient in coding
non-negative integers with an exponential distribution. Using Colonb codes
is nore optimal for |on vi di orte Iengt codes for
exponential |y dlébﬂﬁbuﬂgd raB Q’B f UGﬂ?gﬂhrﬁbTo ghco¥ng run-1engt hs,
Gol onb codes are paraneterized by a non- negative integer in. For exanple,
given a paraneter in, the Golonb coding of a positive integer nis

repr gooss} ed by Alshitlugeated ant FIGIS. Ma, 45) 40any 33 dh, f 5, | sude dhd etdr@ms emai nder
represented by a nodified blnary code which is Llog z mbits long if the
renai nder amh{l@s;% in ¢ |gyantEed JaST coefliciant mstuve hayesexponentigl distyibitions. [Theg.

Gol onb- R ‘El‘f"sugéel\gloﬂg 1lltﬁuﬁthQﬁQ'1€]§eS%@ﬁ§sa% basd ﬁﬁtﬂa?fﬂbﬁxgre%;ﬁ?f%e}h%@a et er

inis expres case t quot| ent mis o tai ned
by shifti figustraes bihaaly compbmndiatﬁbntiomfemm@f i pdregam-lengths t Yeesusr refdtiveby k

bits, rand t he renmgi nde nl essed by the | east k b| of .n. Thus,
the Gol oft5a¥ENCE ngga&arﬁsg %{Iﬁé madeilvsiraes be Grand {ibcor@%mb iriPutieth ng
can be usg ) p % t t h t si ded
geonetric ?eztfg)orrlgrgtfe? g@)SbOééiag’t ﬁ%{})tel grﬁelggcglqegn 426( %Bécﬁ ({?G Zgg

2006 WO 03BO3ES thePCTORipOA¢ 1L Yisdribition qwaﬁﬁi;nphmqels)ze wris ralapm: trequeary.t hat

characteri_ze h ecay aof. t.he rob i and ci s, a. nor.nal | on
const ant . gf”ﬁiri}v ?ﬂ&( fﬁ’ arng HB% Fb’ ﬁﬁﬁ&@@&%“ﬁﬁ&?@f@éﬁ&g}?
i nteger V@izlé@z%rsﬁé‘f&l‘itﬁe%?éqh@ﬁd& 510 and 520, respectively. Note that in FIGs. 5a, 5b, and

Sc the plots represent the distribution of the size of the DCT coefficients. Each size

represents a range of coefficient values. For example, a size value of four has the range
{~15-14,----838,...,14,15}, a total of 16 values. Similarly, a size value of ten has the
range {-1023,-1022,---,-512,512,--+,1022,1023}, a total of 1024 values. It is seen from

FIGs. 4a, 4b, 4c, Sa, 5b and 5c that both run-lengths and amplitude size have exponential
distributions. The actual distribution of the amplitudes can be shown to fit the following
equation (3):
V24
p(X,,) = —-2—exp{— 22X, f k=0 @3
In (3), X,, represents the DCT coefficient corresponding to frequency k and ! in the

) . . , 1 .
vertical and horizontal dimensions, respectively, and the mean u, =—Jﬁ’ variance

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

optimal in processing data in DCTs.
[0067] Although the following is described with respect to compression of image data,

the embodiments are equally applicable to embodiments compressing audio data. In



Pa(x, =0)7? Pax, =-i1)> pa(x, =+1)>: Pa(xi =-2)> (2) [0066]29MARCHZSASr at ed
in FIGS. 4a, 4b, 4c and 5a, 5b, 5c, both the zero-runs and anplitudes in a
guanti zed DCT coefficient matri x have exponential distributions. The

di stri but wonm/dosissistrated in these figures are based on daiarfgemdoeal
imges. FIG 4a illustrates the Y conponent distribution 400 of zero
run-1engths versus relative frequency. Simlarly, FIGs. 4b and 4c
illustrates the Cb and Cr conponent distgibution, of zero run-lengths
versus relative frequency 410 and 420, respectively. FIG 5a illustrates

t he Y conpompnessiligdinagddétaothe 3@gebr wdpd siguaansy be fvecxamplc elithei neRGB,

f ) im | , 5b d5 t th d, Cr t
Gl ot bo 195Gk o5, 35 or 9.CB o 2B pRteriEu it iH b o oA 3o d o0,
respeggdsyel Y- NGGe 6lifddirated tl'fé ces@%ﬂow cn@dlﬁin %0 raﬂt?n@lln QLD oeRicRIaNtAd he

di stribution of the size of DCT coeff|C|ents Each size represents a
range of dbelXJTmatnx waﬂcawd Et@rzeeo(am;men Zeromozﬁ"lmmaeqﬁotﬁﬁsmd feparatehe range,
{- 15,-14,

4,15 f 16 val
val ue of t3%f Sﬁ%%“?‘ﬁgm r%‘?{d‘@“{ &dfﬁ%e gﬁf%%f’? ze@ﬁ"\{?&l‘%’ @@l}% ‘Ba&fﬁ{léf of
1024 val uggngthd ateSps@tR inteptis. FoFexafiple, fibthe 4Gn-16@sth @f@\ﬂﬂ faCbd A2theR0f h

run-|engths and anplitude size have exponenti al i stributions. The actual

di stri but i@elomb paremeteryni is sigtesmingd 4J2- slhownembodiment, fee Geldmiwpargmetsgist i on

3 P( X0 , 3 DCT
((:o)effif:i e) corregé)soﬁldﬁl n%%?n % %tgguréﬁﬁﬁg B )(I]rl %nl&ﬁéf eébbd{é‘?%’cg’?naﬁlgh%e
hori zont al aehmexS(holiEdetéxﬁﬁmbﬁymelfMlovaﬂgleqﬁMoﬂW r = 27 , variance or 2X = °

21 . Accordi ngly, the use of Gol onb-Rice Colgl ng in the manner described is
nore optimal in processing data |nml3&i%8 70d8Y] Al though the following is

d bed th t dat nbod t
caual PP | C TP oo TE HEb RBPES P sesH e JRPRT, RASGeRRIRER 2006
WO 03/ 0037&%@&?’6&@%@% éo%ﬁfé%r }%st&olms aa%%u%a mqengiﬁto@zerwﬁ hﬁﬁ&?‘%@ﬁs vi deo

signal may be, for éxa
conmponent snopded 6200k aroe::iboglmm,otliecqllptmal is \datelmmcd[a‘soasa}mtibﬁof @he run

| | ustrat t.h 60 di d ffi
the " DCT et of SO 3R b Colfpnt BRamelRE FAOURF Smbaurfant o ASUrE @ i essed
separ at el met@mmeawaﬁ@mdwﬁ%quﬁgén garo data, the length of zero runis
det erm ned 608. Note that run- |_12"'_| )
=|n

In an embodiment, the quotient @ is encoded in unary code, which requires Q+1 bits.
Next, a remainder is encoded 624. In an embodiment, the remainder is encoded as a
function of the run length and the quotient. In another embodiment, the remainder (R) is
determined u§ing the following equation (6):
R=n-2"Q (6)

In an embodiment, the remainder R is encoded in an m-bit binary code. After, the
quotient Q and the remainder R are determined, the codes for @ and R are concatenated
628 to represent an overall code for the run length of zeros n.

[0070] 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):

(M

_ 2x, if x20
- 2[x|—1, otherwise



| engths are positive integers. For exanple, if the run-length is found to be
n, then a Golonb paraneter mis determ ned 612. In an enbotf HARCH 208

Gol onb paraneter is determned as a function of the run I ength. In another
enbodi ment, the Golonb paranmeter (m is determned by the foll ow ng
equati on VORI 0g2 nl  (4) [00691 Optionally, the | erREHUMR/IPHA- | engt hs
and associ ated Gol onb paraneters are counted 616 by a counter or register.
To .encode the run length of zeros n, a quotient is encoded 620. In an
enbodi ment, the quotient is determined ¥ a function of the run length of

th | ter. | th di ment, th i i
ot enfiT L by CRESTOM ity VEHS T B AREAEES aeioint & CBSOTAIAHEL Y font
the quoti eptnte,idt 1€£i§tgf5!%32i|. i YO Heh E@étthineth63aVifMRE Wiphtudeid ghiate? -thaf\oxt. a

remai nder is encoded 624. In an enbodi nent, the renmainder is encoded as a
functi on ckualte zewpn If dngithe valve islencedediG40ras rwice thengivérevalegrbld abtrthet valueche

o an enbdtenHEd 4R o eBrdr R4t et O aeBabl ok fd spemplrtsd Febater A ¢ or
the quot iRepidg shembdal QR &d&ﬁglﬁyﬁ ETKCkS/ Wit Gn khia bﬁQdQﬁstanﬁis@ﬂ%‘d R

are concatenated 628 to represent an overall code for the run [length of
zeros n. [s7f|thewueisgotsesdedci ents are al so encoded using Gol onb-Ri ce.

S Fi ol iy > : e
necod® ©o° u ek sl 4 GRARABYRRNI O S 37 Y Busibe Migps
anpl i t ude.of Gi begiig éviee imspdrs and aegitive Ralusobecoatetodddafebersi Putther,iRisifapping he
anpl i tude may beéﬁxpressed as a function of the absolute value of the

anpl i t ude BEFETYeRhe  RjRbabAity shssisament of He 25ip| (-uda adyaniage fpenceding a5 y

usi g he i EoldaiguaeR Aot ine 1 5Bt krRSY Wit o> LGivethd 7) 29
VAROH 2004 B AR BRET ok lne 19 a#didluting Sl e it e moffedeht pésitd thd
negative numbers. After the mapping is done, y is encoded in the same manner as was

done for the zero-run. The procedure is continued until all coefficients have been scanned
in the current block.

[0073] It is important to recognize that although embodiments of the invention are
determine values of coefficients and run lengths as a function of equations (1} - (7), the
exact equations (1)-(7) need not be used. It is the exploitation of the exponential
distribution of Golomb-Rice encoding and of DCT coefficients that allows for more
efficient compression of image and audio data.

[0074) Since a zero-run after encoding is not distinguishable frém a non-zero amplitude,

| it may be heceséary to use a special prefix code of fixed length to mark the occurrence of
the first zero-run. It is common to encounter all zeros in a block after a non-zero
amplitude has been encountered. In such cases, it may be more efficient to use a code
referring to end-of-block (EOB) code rather than Golomb-Rice code. The EOB code is
again, optionally, a special fixed length code.

{0075] According to equation (1) or (3), the probability distribution of the amplitude or
run-length in the DCT coefficient matrix is parameterized by @ or 4. 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 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,



17 [00711 Accordingly, the value of a non-zero coefficient29MARGH2006al | y
counted by a counter, or register, 632. It is then determned 636 if the.
anplitude is greater than or equal to zero. If it is, the value is encoded

640 as twwasodidegragi ven value. If not, the value is encodegrfdédnrass@ne | ess
than twice the absolute value. It is contenplated that other mapping
schenmes may al so be enployed. The key is that an extra bit to distinguish
the sign of the value is not needed. [QQ72] Encoding anplitudes as
expressed by equation (7) results in that positive values of x being even

i nt egers ansipaeigelyl v follbwaty aprdor (6dthay bt eged 8s tHelRicb€Folomhb iparaiidyi 00
preserves the probability assignment of x as in (2). An advantage of
encodi ng a§ncode thesupdengthii n equation (7) allows one to avoid using a sign
bit to represent positive and nega ivelﬁg ers. After the mapping is done,
y is encoded in the same manner as e (pr the zero-run. The procedure
i s continued until all coefficients|haVevpgen scanned in the current block.
[0073] It is inportant to recognize that although enbodi nents of the

i nvent i on & smilaeprecedurcemapnbeaseddbr theafrplitident s and run lengths as a

functi of equatjons (1) - he exact, equation | ) - eed not be
used. .[q 3 's the ;1 6?&%‘”8;&@ 1tﬂ‘8 CompETERT imgee Eér’ﬁ tj(—%%,y B Tb- Ri ce
encodi ng ang4 ﬁ{ay%ﬁeﬁ?sﬁiﬂ}fskﬁf&dsu@kg% bafftOY42, f08 (AR Gans@hittbd tPihe deRBRLESSI ON-
of image and audio dafa. [0074] Since a zero-run after encoding is not

di sti ngui sAkbusing thertransmisaion shannekB08.tThedransinission\chmen $0% swy by atpbysical a
speci al preflix co of fix engt . rk the occurrence 0of the first
erosrun Featetiihok poREResEnon delife "Birfat BiRE" B SRR of imSe: o
anplitude basvebars preaynberapfaraluld. SHehPORS @ata, | Whibhycddtaifi® ke dlddkCis@Bt to
use a.code referring to end-of-block ﬁECB) code rather than Gol onb-Ri ce
code. ‘The EXSnEsabinfermatign; is alsooproyidad ¢ thedespdari IR FlGeh- | Hsglerodesdd2
[0075] Acc Mg ' : reeapil it ' | DUty of the
pl it ude. SoEbRGs o R4 8 b bl debhn dedfa RS RhCy'decld dhe OB YT | "3
or A The waiped amdith®non-serotvahikes.t The caxibblegendth idesoeler Y68 aperites inguimyiedcbutf t he

ppr opr | at BPSSIFBTRETAS Ak EHEDE MG Rcode  ho quantity  of I nterest may
e L
val ues and17hthat cwiersetbe ovafficignis webedingfto thensean s¢hemesamrpiopedy Honexamplay €.  For
exanpl e, | L n%}rt]t%rer ce)péi%:[z%é sct:a%ning, vertical scanning, and horizontal scanning were used, the

inverse serializer 172 would appropriately re-order the coefficients with the knowledge

of the type of scanning employed. The inverse serializer 172 receives the PQR data to

assist in proper ordering of the coefficients into a composite coefficient block.

[0078] The composite block is provided to an inverse quantizer 174, for undoing the
processing due to the use of the quantizer scale factor and the frequency weighting
masks.

{0079] The coefficient block is then provided to an IDQT element 186, followed by an
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 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.

[0080] 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, 2 counter or



store the cunul ative val ue and nunber of el ements accunul at@g{' & Bock and
N,,, 29 MARCH 2006 WD 03/003738 PCT/ US02/ 19407 18 respecti Sﬁ HAY

fol l ow ng equation (6) nmay be used as the Rice-CGolonb paraneter to encode
the run-length: 1(6) A simlar procedure nay be used for the anplitude.
[0076] Rewertsidg3back to FIG 1, the conpressed inmage si gR&T'GEHEMET ed by
the encoder 104 nay be tenporarlly stored using a buffer 142, and then
transmtted to the decoder 112 using tlgi transmi ssion channel 108. The
transm SSI on channel 108 may be a physi | medium such as a nmagnetic or
opti cal Vi C r o] i.rel. C e or
hpar at us, RERAT AR R fr” ltht BrieRn O i BliERS 80 MELRCEBl e A2

i nf or mat i On&spdctivabﬁmuhnw ivalads tnd theecatrspairtingl Admbdr 6F tidgs tlﬂihmcliea:oﬁle& 112

conprises a buffer 164 qﬂg a var| abl e | ength decoder 168, whjch decodes the
run- | engt hOSCYE @@sm&ﬁeert HsAderch Buatignt &9 awﬁéuwpaﬁthe r@hljnatho@éda@r 168

operates i | Aes

[0077] The@o%t pléHrér tﬁ?@eaﬁgg%eilgengﬁe%%%&a&a 63 prow ddﬂ&th@
i nverse s enunabmgha,r Golo#tid pdrameter,dmd sjubtientc defahi atieamates embmhnﬂnm @n¢calet M22 scan
schenme enpl oyed. For exanple, if e of ZI ag. sca ertical
scanni ng, a5 SBSRPS BORZEI @aﬁﬁlanfgmmmﬁ@sdmt% B ahe n@éﬁ? Yigp LEIG172
woul d appr R jead Qhis Ja&eoaﬁ%ﬂédi'&a&f?eﬁlk'&h?éﬁt éﬂh{:sileﬁa?@m‘égg%ﬁg%ﬂxe

type of scanning enpl oye e inverse serializer 172 receives t
to assi stvalee.proper orderi ng of the coeffici ents into a conposite

ffjcient block. [007
coant O 7a for iPREHITPIER R TRERsa TRt e eikal bipths, Hovisfadh s BERS cr
scal e fact@scrtd ihtOnhdcaaH LY theeindivdiments BRSISed h6ih ShayTheirssiahbnwsd opt

bl ock is then provided to an |DQT el ement 186, followed by an |DCT el enent

190, if tr@rfgm%mhﬁrd‘am@éaﬂwa@évﬁ ahaﬂwﬁmqm@mnn@quédmmhﬁm se,
th ffi | |
ol emon T oaRSt, 18Pl RUACtidhoE bty dOmbO Nt BlERLe haftwalt® 1 OOT

produce a dninqrdnenrﬁ suohas) e. gatraglstmeanrll KEO, dairacessor dxlaamdgaa/eettoﬁ frenware

i nterpol ated, converted to an m and_.then stored for future di sagl ay.
instructions, any conventional programmable software and a processor, or

dat

combination thereof. The processor may advantageously be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller,
or state machine. The software could reside in RAM memory, flash memory, ROM
memory, registers, hard disk, a removable disk, a CD-ROM, a DVD-ROM or any other
form of storage medium known in the art.

[0082] The previous description of the preferred embodiments is provided to enable any
person skilled in the art to make or use the present invention. The various modifications
to these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

[0083] Other features and advantages of the invention are set forth in the following
claims.

What we claim as our invention is:
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[00801 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 to FIG 6. A determner 704 determines a run length (n) and a

Gol onb paraneter (nm). Optionally, a counter or 29 MARCH 2006 WD 03/ 003738
PCT/ US02/ 19907 19 register 708 is ad for each run-length and anplitude
size value to conpute the respecti cunul ative val ues and the

correspondi ng nunber of times that such a value occurs. An encoder 712
encodes a quotient (Q as a function of the run length and the GColonb
paraneter. The encoder 712 also en ghe remai nder (R) as a function of
the run length, Golonb paraneter, and quotient. In an alternate enbodi nent,
encoder 712 al so encodes nonzero data as a function of the non-zero data
value and the sign of AM@hod$Mndding (iaitied BbdiRncyrefiRbenddanal Me dfd6 i s used
to concatenate_the%Qa val ue vvithotilhe R value, [00811 As exanples, the
various i CPTIRESNg zetaand sgnzere dpfedak wethod URAISMEs . and steps described in
connection with the enbodi nments disclosed herein nay be inplenmented or
perfornmed in har dgpys, @a-SOftware with an application-specific integrated
circuit (ASIC), a programmable |ogic device, discrete gate or transistor

| ogi ¢, discrete Hgicommms a zemrpoiragihds);such as, e.g., registers and FIFO a
processor execut 'thgrnﬂnﬁigé torit) SFRRYG (m) 854 fulGtidn YR The ARVrufi %gﬁ[‘&h&g&ﬂ ly
progranmabl e software and a processor, Or any conbination, ereof. The

pr oces s@plomh paramotan iy ifedstesmipedyesing the espafipnaeeflegrnl; but in the alternative,
the processor nma . { . [ oYals\s

m crocontrol |l er, )én%%l@g?g&%gﬁ@n%@%gﬁ% t&grzgmc%lﬁ}llé rdégfi%tehei%mg&kﬂ menory,
fl ash nmenor yparRB4r; nenory, registers, hard di sk, a renpvable disk, a CD ROV
a DVD-ROM or any f - [ ' 82] The
previ ous descri pte?%)(;r;tﬁlg% afﬂé%?&f@%%@% &rfryggtg 29%“'6‘98‘%}5@@%:‘30°%’2gb| e any
person ski | | pajatheter; dndl the quatientheikle or use the present invention. The various
nodi fications t . £ ' M S deY rent to those
skilled in the a?ﬁ&%ﬁgﬂfﬁgpgggﬂ%ew#?F\@jﬁg?es ddg’ia%gg&her ein may be
applied to ondregereddidi nents without the use of the inventive faculty.

Thus, the pr esentenh%ﬂ}(@ﬁr}ia g{i}%ﬂeﬁ) OB agl anﬂlﬁ&gﬁq)étégaf[ﬁﬁ gk‘ w@ eﬁgeltOQia{arﬁd a si%n of

enbodi nents shown I's to be accor st scope consi stent
with the the non-zero data.

2. The method set forth in Claim 1, wherein the quotient (@) is

determined using the equation @ =[n/2"].

3. The method set forth in Claim 1, wherein the remainder (R) is determined

using the equation R=n— 2" Q.

4, The method set forth in Claim 1, wherein the encoding of nonzero data is

determined to be a value of y, using the equation

2%, if x20
y= 2x|—1, otherwise
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principles and novel features disclosed herein. [00831 O her features and
advant ages of the invention are set forth in the followng clains. Wat we
claimas our invention is: 29 MARCH 2006 10 CLAIMS 1. A nethod of encoding
guanti zed frequency represented data, the data conprising zero and non-zero
data, the nmethod conprising: for ro data: determning a zero run |ength
(n); determning a Golonb paraneter (n) as a function of the zero run
| engt h, wherein the GColonb paranmeter (m is determ ned using the equation m
= [loge n]; encoding a quotient (Q as a function of the zero run length and
the Gol onb par r emai_nd function of the zero

ter, i
run | engt h, thea"g3 eg’?wjgt eg%ﬁ%’ca%}%é’?fheéﬁa'szﬂgdgaﬁ% ?gr%f’?edand concatenating the

coded quotient and coded renmi nder; and for non-zero data: encoding the

nonzero data as fungtion of val ue of the non-zero data,and .a sign of
t he non-zero dat g 2.&1’ Fi%naF?g‘fsﬁgﬁengg‘#ng %thegrfw@j‘%‘ic?‘r{effes\eimﬁq %F‘h tlf"hdé{"‘quoti ent
(Q is detercomeitingZerognt hen-ecto dhtaghe Hparah’d comprisig: 3. The nethod set forth
in daim1l, wherein the remainder (R) is determ ned using the equation R =
n-2""Q 4. The rrgc’tr%r& ¥ forth in aim1, wherein the encoding of nonzero
data is determ mems f@ dorrminitglaweroain fengthgk)g t he equation |, 2x, if x > 0
2lxI'1 o the -, rwtse . .

means for determining a Golomb parameter (m) as a function of the zero run

length, wherein the Golomb parameter () is determined using the equation m = [log; a].

means for encoding a quotient {Q) as a function of the zero run length and the
Golomb parameter;

means for encoding a remainder (R) as a function of the zero run length, the
Golomb parameter and the quotient; and

means for concatenating the coded quotient and coded remainder; and for
non-zero data,

means for encoding the nonzero data as a function of a value of the non-zero data and

a sign of the non-zero data.

6. The apparatus set forth in Claim 5, wherein the quotient {{) is determined
using the equation Q = [/ 27].

7. The apparatus set forth in Claim 5, wherein the remainder (R) is determined

using the equation R=n-2" Q.



29 MARCH 2006 21 where x is the anplitude of the non-zero data to be
encoded. 5. An apparatus for encoding quanti zed frequency repr¥®eckePotat a,
the data conprising zero and non-zero data, the apparatus conprising: for
zero data; nmeans for determning a zero run length (n); neans for

determ ning a Golonb paraneter (nm) ag a function of the zero run | ength,
wherein the Gol onb paraneter (n) is determ ned using the equation m= [|oge
n]. nmeans for encoding a quotient (Q as a function of the zero run | ength
and the Golonb paraneter; neans for encoding a remainder (R) as a function
of the zero run length, the GColonb paraneter and the quotient; and neans
for concat enati ngdt he Th® @erpraftid st dorth drfelaing dchereinghe ergodingrpd npezerodafa- zer o
dat a, neansisfd@{engiggd)giugg%ﬁ@opﬁ,%ﬁ%%éﬁhﬁi&s a function of a value of the
non-zero data and a sign of the non-zero data. 6. The apparatus set forth
in Cdaim5, wherein the quotient (Q is determned using the equation Q =
[n/ 21. 7. The apparatus set forth in Caimb5, wherein the remainder (R) is
determ ned wusing the equation R2x% nfx20 Q 29 March 2006 22 8. The
apparatus set forth in Odaim»%; ‘Qﬂf}ﬁ—rlei thtepugisencodi ng of non-zero data is
determined to be a value of y, usihg’the eqLFation 2x, if x > 0 2Ixl - 1,
ot he where x is the anplitude of the non-zero data to be encoded. 9. The
apparatus set forth in Claimb5, further conprising nmeans for counting the
zero run-1ength and non-zero anplitude value and the correspondi ng nunber of
times such values occur. 10. An apparatus for encodi ng quanti zed frequency

represent ed dat ayhdrd'@isdR @nplitude of the non-zero data to be encoded.

9. The apparatus set forth in Claim 5, further comprising means for counting the
zero run-length and non-zero amplitude value and the corresponding number of times such

values occur.

10. An apparatus for encoding quantized frequency represented data, the data
comprising zero and non-zero data, the apparatus comprising:
for zero data;

a first determiner configured to determine a zero run length (n);

a second determiner configured to determine a Golomb parameter (m) as a function

of the zero run length, wherein the Golomb parameter (m) is determined using the equation m =

[log; n]:
an encoder configured to encode a quotient (Q) as a function of the zero run

length and the Golomb parameter, and configured to encode a remainder (R) as a function of
the zero run length, the Golomb parameter and the quotient, and for non-zero data, coding the
nonzero data as a function of a value of the non-zero data and a sign of the non-zero data; and

a concatenator configured to concatenating the coded quotient and coded remainder.



conprising zero and non-zero data, the apparatus conpri si ng29 MARCHep® dat a;
a first determner configured to determne a zero run length (n); a second
determ ner configured to determ ne a Gol onb paranmeter (m as a function of
the zero run length, wherein the Golonb paraneter (m is determ ned using
the equation m= [10%2 n]; an enco?ﬁr configured to encode a quotient (Q
as a function of the zero run |eng and the Gol onb paraneter, and
configured to encode a renminder (R) as a function of the zero run |ength,
t he Gol onb paraneter and the quotient, and for non-zero data, coding the
nonzero data as a function of a value of the non-zero data and a sign of the

non-zero data; and a cgncatenator .configqured to concatenati .the coded
quoti ent and codeﬂ'rengf‘]%??é’f“.atuﬁéetlgﬂ%ﬁq C%@‘G‘G&Z?girﬂn tﬁ‘h‘é“%‘ﬁﬂa@iﬁfgt?@l“e orth

in Caiml0, i ugtjmnt (Q is determined using the equation Q =
[n/2"]. 12. ?%@Eg}%pf P%tpﬁs@sgf}?grth in Caim10, wherein the remainder (R

is determned using the equation R=n - 2" Q 13. The apparatus set forth
in Caim10, wherein the encoding of non-zero data is determned to be a
val ue of y, usingldhe dheuenrpamtuspepberthiig Claim 10,ovhergin theremaipdergfinisslstephined x
is the anplitude of the non-zero data to be encoded. 14. The apparatus set
forth in O a“#ng8he cAWAoRE = Borp sing a counter configured to count the
zero run-length and non-zero anplitude value and the correspondi ng nunber

of tines such val ues occur. _ ' ' _
1 The apparatus set forth in Claim 10, wherein the encoding of non-zero data

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

2x, if x20
y:

2x|—1, otherwise
where x is the amplitude of the non-zero data to be encoded.

14. The apparatus set forth in Claim 10, further comprising a counter
configured to count the zero run-length and non-zero amplitude value and the

corresponding number of times such values occur.





