1 DCT COMPRESSI ON USI NG GOLOVB- RI CE CODI NG BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention [0001] The present invention relates to i mge
processi ng and conpression. Mre specifically, the present invention
relates to a coding of DCT coefficients 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

i nportance of hunman visual perception has encouraged trenendous interest
and advances in the art and science of digital picture processing. In the
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projecting filns ‘or novies, various i nprovenents are nma 0 i mage
conpression techniques. Many of the current and proposed video systens nake
use of digital encoding techniques. Aspects of this field include inage
codi ng, image restoration, and inmage feature selection. |Inmage coding
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m nimze the band width required, while at the sane tine, maintaining
distortions w thi certain . limts. Imge restoration represents efforts to
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over a comuni cation channel nmay have been distorted by various factors.
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vi deo, such &ca.hat in digital cinema, is an area that benefits from

i nproved i mage conpression techniques. Digital inmge conpression may be
generally classified into two categories: |oss-less and | ossy nethods. A

| 0ss- | ess i mgge DescriptiviDofthe Revdtedawt any | oss of information. A | ossy
met hod i nvol ves an irrecoverable 2 1oss of sone information, depending upon
the conpression ratio, the quality of the

[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 répresents the atternpts 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 recognitioﬂ, 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
ratios desired for a cost-effective digital cinema approach. To achieve
digital cinema quality |evels, the conpression approach should provide a
visually |l oss-less | evel of performance. As such, although there is a

mat hematical |loss of information as a result of the conpression process,
the image distortion caused by this | oss ghould be inperceptible to a viewer
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signal. Typically, technidues for transferring conpressed infornmation
requi re the compiostsssdappietamionkhe intonded applicatipnelut de ngt doees tthg tquility
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meet a certain qualitative level. Moreover, the system and coding technique should have

built-in flexibility to accommodate different formats and should be cost effective; that is,
a small-sized and efficient decoder or encoder process.

[0006]) . Many compression techniques available offer significant levels of compression,
but result in a degradation of the guality 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



DCT techni ques are also disclosed in U S. Patent No. 5,107,345, entitled
"Adaptive Block Size |Inmage Conpression Method And System ™ assigned to the
assignee of the 3 present invention and incorporated herein by reference.
Further, the use of the ABSDCT technique in conbination with a Differenti al
Quadtree Transformtechnique is discussed in U S. Patent No. 5,452,104,
entitled "Adaptive Block Size |Image Conprgession Method And System " also
assigned to the assignee of the present ifivention and incorporated herein
by reference . ' L. e tal i i
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Accordingly, a video signal may be representéd 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 DCTs
are applied to a third ordering, and 64 2x2 DCTs are applied to a fourth ordering.

{0010] The DCT operation reduces the spatial redundancy inherent in the video source.

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



di stribution characteristics of an inmage. In a preferred enbodi nent, one 16x
16 DCT is applied to a first ordering, four WDCTs 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 spati al
redundancy inherent in the video source. After the DCT is perfornmed, nost
of the video signal energy tends to be concentrated in a 4 few DCT
coefficients. An additional transform tha D fferential Quad-Tree Transform
(DQT), may be used to reduce the redundancy anong the DCT coefficients.
(0011] For t Hew T¥xI ecdffigiehtsandin addifional iranifomi, the hutfepemial dasadi Tree dransfirmes

and t he DQT . ne the nunber
of bits requi'r ggx)lqm()} l;een‘%:stl‘g' uéeapy&%%daﬂéﬁ%ﬁg%%'é%ﬁ%ﬁ c%lﬁ{etgnbl ock or the
conbi nat[o@n] of suﬁebﬂhedlﬁslﬁ biatk anidegiich ssblotle theDST coefifiaint wdludsi dnd theoDEAT0de
is chosen to re n e i mage se nt.. exanp x8 sub- bl ocks,
si x 44 sub- blvﬁegéefs'gﬁé)é?g‘ﬁtus ag?rje sto n%x?e orél%ﬁlpefd’f%étﬁrrég‘?—}f:ﬁd

i mge SegnemencoﬁQQﬂezgloa@%r%b%ﬁ)@kbl'[%K e bfd&ﬁmrﬁﬁé EQAbiRhticUEr RIbAAESks! atl hen
properly arranged in order into a 16x16 bl ock. The DCI/ DQT coeffici ent

val ues may t mspirenidedspet tumsbnrohbis toatesistis plepser trtepicsent tgrimagnergmsnt-nbor such
oo A0Le LERAD £OF SR b RIBKE DL Ak Al blois | LBNSBCES P b HOEROHAD dee

ABSDCT t echni"que™ descr | above ns - renar
conput at i onakhgsen nd epeesar thelimage segmqnact har dvvare [ rrpl enent ati on of the

hocompi TEHER i - e pissen block ahevhiiRiondt quap bets Beffarots iR BOgrbn Fthods,
such as Joi ninFPhol ea6apIBLE Emeemcsrmptu@eﬁf&l%ﬁﬁ)va&es R&Agvmag uRﬂéi' b'rf&qtﬁérﬂﬁ_‘yr ts

G oup (MPEG 2), use a standard zi g-zag scanni n%i met over . e entire
processed bl glelhengequankizatignABKRORing Gurly ay variabler lepgthtcopingl i Bﬁefé@nam gor
gener at ed, b 3AC A pY Aty SsgéFEGIﬁlg LG, ods,
such as Huf man codﬁ %t%%rm st of %@1;3#10 ﬁggg%;nb? P%We y a%h%n Hixg{yh
coef fi ci ent . wellf ftnarcomputidionallyoineeneive. has, nmr@mphmwarmmemmauon of the
probabilitie h r nbols are negative powers of two. However, in
t he case of ?ﬁ?g‘“ﬁ&eg‘r"iﬁéf‘ﬁfg‘?ge pairs, the synbol probabilities are seldom
negat i vgoqaewer s oW atiuisle Ie(r@ﬂalékﬁlr@tﬂars hbeasn adcbrihplishied 60 tHerforni efjtinrlesgth acd sige.book
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P rrpuOthf:r comprcssmn me%ogs such 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 large. Also, the

| ongest code word may be prohibitively long. Hence, use of Huffrman codi ng
for the run-length/size pair synbols is not very efficient. 5 SUMVARY OF
THE | NVENTI ON [ 0015] An apparatus and nmethod to encode the run-|engths and
anplitude of the -quantized DCT coefficients in a |ossless manner to achi eve
conpression is described. Specifically, Golonb-R ce coding is used to
encode both zero runs and non-zero anplitudes of the DCT coefficients after
quantization. It is found that the use of5a scheme t aki ng advant age of an
exponential distribution of dat - B ing, allows for

hi gher coding efficiencies thanggpﬁgﬁﬁg?Z“§®h§g§£5k$gg§§? The present
invention is a quality based system and net hod of inage conpression that
utilizes adaptively sized bl ocks and sub-b] ocks of Di screte Cgsine

Tr ansf ol Joef f i chBrAPPAREY a0 methpdafe Epcaissty gndaegtbaend papidyde phdher . A
bl ock of pi -Llat BrSed ] . %m{'s | ock
si ze assign r?{l n%%sﬂglﬁs%c%egﬂiﬁmﬁt% Hlv\ﬁ iri%sﬁﬁgée)gﬁgﬁr-smt C'Z‘Qf}éﬁgﬁ‘?"‘% (l)c iso@%’??(ég[ s for
processi ng. Steeifishlby.k Gelomb-Rigs stagimge s usesl basachdenbaothezerarianaed wh-zehe

i nput bl ock and..further di vi.ded bl.ocks. ..l n. ner al reas wi.th | arger
Vo o s i s Ble PUR atteRER s ar o oytdton HERh R i i Bseldria Yohhd
vari ances arwkin@tadientsgebell i esbnemiad \disteshtioheofldaes kuangs Gulonkt-Rivs svamg,

values fall jntao different predeterm ned ranges. Thus, first the variance
t hreshol d ofa”&“mfefclveghegcoa#aa?fffc&dlcw&Wiaﬂgmms%? €Sval ue depending on its
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t hrough quanti zation.and serialization Quantization of the transform data
i's quanti zea‘"ﬁffﬁgﬁd W(S‘hc%aﬁeﬁn??&&emﬁd&?‘?tt €l°ﬁ]§t°?ipd’,‘é§ Lﬁ%thpﬁ’ges&m&a_fréc #’i@?‘o?‘zﬁ hat
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Seri al i zat i c3Fnetaly PaRSVish lpres yamanseh IfgsubMividsddaty 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.

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 I engths of the sanme value. The stream
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 onmb-Rice encoding, is utilized. Specifically, for zero represented data,
a zero run length is determned. A Golonb paraneter is determned as a
function of the zero run length. A quotient is encoded as a function of the
zero run length and the Gol onb parameter. 6A renai nder is encoded as a
function of 6 the zero run length, the Gol onb paraneter and the quotient.
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aspect of an ?L% frent to achieve a high coding efficiency. [0022] It is
anot her aspeégt of “an enbodi nent to take advantage of the exponenti al
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features and. a °$1§§>n'§fa59°e of the present invention will becone nore apparent
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the draueops in Ehiscinoktiek aspeef of amemboliatenc tee tsilubel ettt 4t/ nexied dspbadwag! v

t hr oughout and wherel n: [0024] FIG 1 is a block diagramof an encoder
portion of afPKEGEREMmression and processing system [0025] FIG 2 is a
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{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 C, component of zero run-

lengths in a DCT coefficient matrix;



[0026] FIG 3 is a flow diagramillustrating the processing steps invol 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
coefficient matrix;--[0028] FIG 4b illustrates an exponential distribution
of the Cb conponent of zero run- lengths in a DCT coefficient matrix; 7
[0029] FIG 4c illustrates an exponential _distribution of the C conponent
of zero run- lengths in a DCT coefficient7matrix; [0030] FIG b5a illustrates
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of the Cb colepgtheima DCTawpfficientdmatrisi;ze in a DCT coefficient matrix; (0032]

FIG 5c _illustrat n .exponential distribution of t Cr conpopent  of
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CGol onb- Ri ce ghcRi HOTRhEESRAt made: [0034] FIG 7 illustrates an apparatus
for Gol omb- Ri ce encodi ng. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
(0035] [@934r der tBIG: gbiillpsteptes aiegperentiel disisihutéan efrthe Cs dbyipendnt of gmalimdand
enj oy the Cg%éﬁsa%@?ic &ﬁgﬁﬂﬁéﬂg&ﬁ’ it is generally necessary to enpl oy sone
form of signal” " conpression. To athi eve high conpression in a resulting

| mage, [0032)s al soFIGMSenillsnitet hatexpitieptialqliatibhitjonodf the €, comgendae ofmmplindeed.
Furt hernore, conputational. efficiency is desired for conpact hardware

i mpl ermrent atiﬁFF,l"\ﬁﬁ? CPLYUCPLPIERt i n many applications. [0036] Before one
embodi NppB310f  t heprgNg eiist@Rs h Goforb-RifeAcobdingplodss; addt 1S to be understood
that the invention is not limted inits application to the details of the
const r ud034n and ¥le7 dllustratge A Appacitug foe GobmpoRinseacading.f orth in the

followi ng description or illustrated in the drawings. The invention is
capabl e of other enbodiments and are carried out in various ways. Also, it
I s understood that the phraseol ogy and term nology used herein is for
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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 in co-pending 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,
assigned to the assignee of the present application and incorporated 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, filsd on January, 28, 2000, assigned
to the assignee of the present application and 8 incorporated herein by
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at location (mn) within an NxM bl ock, and X(k,l) is the correspondi ng DCT
coefficient. [0038] Since pixel values are non-negative, the DCT conponent
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{m,n) is the pixel at location (m,n) within an NxM block, and

X{(k,1} is the corresponding DCT coefficient.

[0038] 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 coding (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



[ 0040] Contrast adaptive nethods utilize intrafrane coding (spatial
processing) instead of interframe coding (spatio-tenporal processing).
Interfrane coding inherently requires nultiple frame buffers in addition to
nore conpl ex processing circuits. In many applications, reduced conplexity
I s needed for actual inplenentation. Intraframe coding is also useful in a
situation that can nmake a spatio-tenporal coding schene break down and
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[0042] FIGs. 1 and 2 illustrate an I nmage processing system 100 incorporating
the concept inkgeronailPymanbe sseslee.gadhiSzer. The i mage processing system 100
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recei ved encoded data into i.mage. sanpl es,_whi ch ey t.he;l be . ,
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
ta 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.



exhi bited. [0043] In general, an image is divided into bl ocks of pixels for
processing. A color signal nmay be converted from RGB space to YCI C2 space
using a RGB to YCIC2 converter 116, where Y is the |um nance, or

bri ght ness, conponent, and CI and C2 are the chrom nance, or color,
conponents. Because of the | ow spatial sensitivity of the eye to color,
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[0045] - Refemng 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, vI6, of the 16x16 block is computed. The

variance is computed as foliows:

1 N-! N-1 . 1 N=1N-1
R 5 TR

i=(} j=0 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 776 is modified to provide a new threshold 7776 if the
mean value of the block is between two predetermined values, then the block variance is
compared against the new threshold, T"I6.

(0046 If the variance vI6 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 block is not subdivided. The algorithm



four additional bits of P data for each Wbl ock subdivided are added. [00451
Referring nowto FIG 3, a flow diagram showi ng details of the operation of
the block size assignnment elenent 120 is provided. The variance of a bl ock
is used as a netric in the decision to subdivide a block. Beginning at step
202, a I6x16 block of pixels is read. At step 204, the variance, 06, of the
| 6x1 6 bl ock is conmputed. The variance is,conputed as follows: 1 NI N1 1
NI NI var~-:-Zz ij- 77TZzxl.j N i 5% (Nj.5j=0) 2 where N=16, and
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[0049] - The four 4x4 blocks, j=1:4, are considered sequentially for further subdivision, as

shown in step 222. For each 4x4 block, the variance, v4y, is computed, at step 224. At
step 226, first the variance threshold 74 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 v4; 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 v4y; is greater than the threshold 74, 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.

[00511 The thresholds T16, T8, and T4 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, or 2. Thus, functions of the
mean pixel values, may be used as the thresholds.

[0052] For purposes of illustration, consider the following example. Let the
predetermined 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



that the 8x8 block is to be subdivided into four 4x4 bl ocks. [0049] The four
4x4 bl ocks, j;=1:4, are considered sequentially for further subdivision, as
shown in step 222. For each 4x4 bl ock, the variance, v4;~, is conputed, at
step 224. At step 226, first the variance threshold T4 is nodified to
provide a new threshold T'4 if the nean value of the block is between two
predeterm ned val ues, then the block varignce is conpared to this new
threshol d. [0050] If the variance v4y is t greater than the threshold T4,
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bl ock WI[(li l 5] : 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 comer 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 D<C 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



subdi vided as well as the seventh 4x4 bl ock. [00531 Note that a simlar
procedure is used to assign block sizes for the | um nance conponent Y-odd
and the col or conponents, Cb.IImC,,dd, C -",, and C Gdd. The col or
conponents may be deci mated horizontally, vertically, or both. [00541
Addi tionally, noté that although block size assignnent has been described as
a top down approach, in which the |argest blocL (16xl6 in the present
exanple) is evaluated first, a bottom Uﬁgapproach may i nstead be used. The
bottom up approach will eval uate the. |l est bl ocks (2x2 in the present
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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 guantized
coefficients.

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

8*DCTG.)) , 1 |
DCT,G.5)= [fwmo,;)*q 2]

where DCT(1,j) is the input DCT coefficient, 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] 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,



of frequency weights of the same dinensions as the block of input DCT
coefficients. The frequency weights apply different weights to the
different DCT coefficients. The weights are designed to enphasi ze the input
sanpl es havi ng frequency content that the human visual or optical systemis
nore sensitive to, and to de-enphasi ze sanpl es having frequency content
that the visual or optical systemis Jess sensitive to. The wei ghts may

al so be designed based on factors such asi4iewing distances, etc. [0059] The

wei ghts are elect al data, th f [ i gnin
Wel ght 1 ng. madRES s AT BeT e B premanaae; S itaed WIRGEY bk R Steh
10918, " Di ginlettiods GoclpascSPEGL, aitdavenpe ditgteok c@ﬁm@merwmsd bAnke §idlity of tHRgeSs -
part 1. Requirenents and gujdelines,” International Standards Organization,

1994, whi ch |P§°°e$sﬁ%691£6r1§§t§€ﬂ pidargenbibate anduBieE#atup.n general, two FW are
desi gnegggeepe for T hx?creésé‘ B&@g@%ﬁﬁ%ﬂ@ﬁ %tqu@WLeﬁ'&geffﬁ@fenﬁs%e Px%'irﬁi@?i PR ecan

conponents.” The FWM tabl es ock si zes are obta
deci mat i on anetidligsr B4b\he semalizet 334 ssancothe bloaks dloquantitesl @eficidntsctio. prﬂ'dvec scal e

factor cont roI ) t ual i {fa of t he quantized coefficients.
(00601 Thus. B of izt eltilsiin ZiEresckaPiRg e SPaing of B

rel ?L i onshi Fscm Iﬁ%y]’c bd émﬁloyedS*DGﬁénbct of ?ﬁﬂre?tzi%mg gcahping pﬁ:&n%@ WE%T( i)
the. scal o T aBREIS ST METERMPRE oS |/ B oo R B NGRS Rk
dependi ng on gh8efor Mg s&mn%m%%g b&hﬁ% ,oftu?]ate%dahﬁﬁd doBftBienBSinfifoldie

braces is rounded up of coeffici are al so quanti zed using
a suitabl e wélegHuanges qﬁmkounmm\m}argwmqueéo valugs ddisozerongak énberently dasiged,

and applied %gﬂ;) e bl ock of
pi xel data atﬁi% ?ﬁﬁ‘gtl’gnbé;’ﬁﬁ%\gnﬂ@ﬁé’%%géﬁg“ (ﬁﬁg%ﬁ%}f& co-dr% guanti zer
130, or {@é3kal e f &be swrcasd efmmtahz@a]uamtmd woefﬁoﬂentshe pEﬁfdecddBfaf variablet Isngthduces
a | arge nunbe to zer s in referred

t c ressigon. In a
abodt ment ,  Eoer 18y A a1 edR SPortiet e CuPubpo R na T Vel frrp
rates. Unli keoft the mofi@pior @eickhts, Bl hodsscabithinadedVPR{R redpb@ 8VRIGAGE [Rah rate
is controlled based on the quality of the processed. inmage, instead of
target bit rgpgocgmn%lﬁqlgpb-gﬁx ling is utilized. Golomb-Rice 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 |_1c>,t;;2 m_lbits long if the remainder is less
than 2/“*"! _m, otherwise, Liog, m |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 #/m 1is 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

Pax)=cal )



[ 0062] To increase conpression further, the quantized coefficients are
provided to a scan serializer 134. The serializer 134 scans the bl ocks of
guanti zed coefficients to produce a serialized streamof quantized
coefficients. Zig-zag scans, columm scanning, or row scanning my be

enpl oyed. A nunber of different zigzag scanning patterns, as well as
patterns other than zigzag may al so be chasen. A preferred technique enpl oys
8x8 bl ock sizes for the zigzag scanning. A zigzag scanning of the quantized
coef fi c{omss]s i nprinv@dy o ishepahmeee shaothaadeaires diei degapof the peobabllitpbf a€rand

val ues. This zero run inherently has a _decreasing praobabi Iit%/, and may be
ef ficiently EHARAERRLIASLAR CRRMA YN AeEE) 1S MORIINIGHECA Yesarh bel atearence oéd,
quant i zed coe&fi cients iLa Erog ded to a variable length coder 138. A
run-1ength cBEFSF AFAFAIHASaY quanti zed coefficients between the zero from
the non-zero coefficients, and is described in detail with respect to FIG
6. In an enbodinent, Golonb-Rice coding,is utilized. Golonb-Rice encoding
is efficient in codpsg FON2nrdat+ve)2 ot byerd) nip,kr,an-2Rponent al

di stribution. Using Golonb codes is nore optimal for conpression in
providing shorter length codes for exponentially distributed variables.
[0064] jedzo! omb gNGRdARAr NFIEH0b1S4b, G QHP 00ES R SolPIRBLEFLPY 2
non- negative integer in. For exanple, 'given a paramefer in, the Golo

codi ng of a puplitedesdn aj quastizad RCTscoeEiant aratnist hivye exponential distributibndN Thé n

unary code foll. d b remainder _represe a_modi fi bipary code,
which oot o tfiEine Mpdtied FPRL Fayred RRFSROLE Q¥ P TR yrkaBh. "I, da
ot herwi se, [iliagraty] ket & | @fgponésn! distittice 400dion0zers MAnd@Rthsalvesas gelative

Gol onb codi ng where the paraneter in is expressed as m= 2k . In such a case
the quoti enfeagFnay) rﬁlmél_“-'gbt Credb By dnillupdes hr LoAndrRoompoPey ShtBRYoN. of
the integer & £QothR-ledgithvels KelQﬁJésfre@.[éqc*hqor:ﬁﬁaumefesﬁgcti%]y.n_ FiG. 5a
expressed by the least k bits of n. Thus, the Golonb-Rice code is the
concat enat i oflugifatastthe ¥vgompoewsrdistibaioncyliof gmplitndosingsvetsus eelativedordietnyt h

posi tive andg.np e £ S. W - Sl Li g (ex nt

di stributi on81§§ﬁg$"\/ﬁg§§'b§/u %g%'(c) XE%FQT%Q@@E@%%%??%% d’(s%bﬁlﬁgglgg%&b@%%net er

t hat char actgze wesustréleti defiapiendy, Shé apd 520 bispedtivelyt Note aradircFIGsasa, Sb, and

normal i zation gonstant. Since pa (x). IS notoni.c, 1t can be seep that a
sequence of g‘c tche pﬁots represent the Histn(buzion of r:crl?c size of the lDC’[C coefgcwnts. Eacal gze

represents a range of coefficient values. For example, a size value of four has the range

{—15,—14,---—8,8,...,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, 5a, 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(Xy)= TGXP{—~/ X k120 @)
In (3), X,, represents the DCT coefficient corresponding to frequency & and ! in the

. . . . . 1 .
vertical and horizontal dimensions, respectively, and the mean k., =:/—2_~/l-, variance

ol = 5.1): 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



i nteger values should satisfy P.(XI =0)>_ P.(xr =-1) > pax; =+1) > p (xi
=-2)>... (2) [0066] As illustrated in FIGS. 4a, 4b, 4c and 5a, 5b, 5c, both
the zero-runs and anplitudes in a quantized DCT coefficient matrix have
exponential distributions. The distributions illustrated in these figures
are based on data fromreal imges. FIG 4a illustrates the Y conponent

di stribution 400 of zero run-I|engths Ver sys relative frequency. Simlarly,
FIGs. 4b and 4c illustrates the Cb and Cr conponent distribution, of zero
run-1 engths 8 r&sg@ﬁ?l I 5a
illustrates %ﬁgﬁl\%%é%%n?ggﬁtgm f%? ir:Hléﬁﬂt8 yeﬁé&g%gﬂgfﬁﬁ%ﬁ |ft ude |éz/§h¥/%r1§tfs@ B,

rel ative freqQu¥Hayor Y@mrﬁéﬁ:b;ﬁr @H@nemwﬁhﬁnwwldmmqul elueh and Cr

conpone strib i tude ‘versus_relative f 10 and
5207 r olt9E8 Pvel y FIG IR bitcEss TR clfpitiacts ol poEcsh SRR 20
t he d| st ri buttiedDCOfm4thie isSkcaanad, thdgerPedd ao:e-fzéﬂoczﬂoeﬂicsemsEae prédeged seppateBent s

a range of coefficient values. For exanp a size value of four has the
range {- 15, 2adsseparated 604. Far zene daty, tbe!&&gth&rf 2419 warﬁ%em@%ﬁﬂérwe thatgyg-a

val ue Of ten éﬂgﬁ:staﬁl@go&ﬁw égei!so%% c%%ﬁ if, éjr?m hls%&: 44234, then 20t al

of 1024 val ues seen rom 50 t'hat both
run-1engt hs Mmmguensxsz@tdmdeﬂ@onbma atbochimsntr tttm‘ﬁolomb pdf4metecisual

di stri but I t b fit,.th ol..| i
(3 o1 " i 3R SEER ithe " AR, | bpdpbe fmbindfl e GBBbS
t he DCT coef bmmetat(mp&ﬁa&mﬂddbgmeqolﬂdvaﬁglemok(@nd 1inthe vertical and

hori zont al di nensi ons, respectively, and-the jyean u, = 727" variance a 2X =
2 . Accordi ngly, the use of Col onb-thlie"l_d?B:hﬂg (#h t he manner descri bed |s

gg;grl b ®6§jlat hre %g‘g’le ﬂ%oﬁ?g‘%@sigf W’Eﬁ“b h%rgaglg%sﬁp\cggtggttﬁ& @ﬁb%%m l OWIs r e

equal |y appl bmbddeﬁmyeﬁbadnmtrégﬁeﬂpr@eﬁoﬂe thdnqmgm af zdrbs 4.6 quiERI RSSI Ng

i mge data, the i m%goe or VI deo signal may be exanpl e, either in RGB,
or YIQ or YerFodes @p cmhogunais @evamﬁem lﬁéla'imélrﬂeﬂ@@ 2o fHRgtiRIY Of theeun
val ues. length of zeros and the Golomb parameter. In another embodiment, the quotient (Q) is

determined by the following equation (5):
g=|n/2"] )

In an embodiment, the quotient Q 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 ueing 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 Q 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):

2x, if x=20
y={x v ™

2|x| ~1, otherwise



[0068] 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 praocessed separately and separated 604. For zero data, the
| ength of zero run is determ ned 608. Note that run- |engths are positive

I ntegers. For exanple, if the run-length is found to be n, then a Colonb
paraneter mis determned 612. In an enbgdi nent, the Gol onb paraneter is
determ ned as a function of the run | ength. In another enbodi nent, the

Col onb [g8&Etlamet er A¢eprdinglydéheevalumerf bynonizero obddffigientgiseoptimalby codyted rby—a[ | oge

par amet er's. ar e a e 1§y It iR, G L, SR RS BCardie oy o
l ength of zegqal idzerd mmﬁltsmaluels R66dRAEd0 G2 fvicd theasivenVaRe] MEYL, the RElue
gquotient is determ ned as a function of the run length of zeros and the

Gol onb par anBte@Foded pd4rasiomerlessiihativienthe abpeluiguesiveentt iy cyntqraplatgd that piheed by
he foll
encoded i n URaPOHELRhe Hay ok ciblobey) i R0 iEHRIEH) BRM bit [DRBAIGRE O 1S

encoded 624. s@moﬁhheeaﬂhcdmv&nte;dedhe remai nder is encoded as a function of

the run gth a uot i I n ano enbo nt r ena nde R) IS
det er ni u5| ngng?f"é’g%qﬁnmtkﬁ“ﬁ S 38 GAPTFH ?:g)eqquoﬁd(gf%s?l& I tﬁaté??s’é%da(

the remai ndeﬁf Rotifig even0d@gers An@ Reghkive tvalbemercwms@da intéddr€ FurthétSthi it plﬁ@t Q
and t he renai nder are determ ned, the codes for Q and R are_concat enat ed
628 to repr eBERIVEnths RIPRANILIFoRsiENEIEnt RE X A% 1t dBlyt An dvantagss of, GHTQWYE)PS
Nonzer o coef rgl;)gTﬂ

coefficient fll'au&‘nt%?tfl%ﬁxéelfugtéﬁl@aﬁl@%ﬁ%ﬁ%é&‘%x;d?%g%%ﬁve &&1 geﬁ%ég%g ary to use a
sign bit andnetg@tlemmudeers héfteaﬁsohwpeng/mldgee,df 1sapngu>dndnnatmosamwdameeawast he

I de of : | i b
cxpresseq ascaiemoE R e iiRl eotPuRl sy MR Reh MO Y b

si gn. Accor dinrth¢ yurrenhisloalapl i tude may be expressed as y using the follow ng

equat i op c 12x,, i.f x>-0 .
a [009 Zfé 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 from 2 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 A. The implication is
that the coding efficiency may be improved if the context under which a particular DCT
coefficient block arises. An appropriate Golomb-Rice 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,



2 xI 1 omtl e rwzse (7) 17 [0071] Accordingly, the value of a non-zero
coefficient is optionally 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 twice the given value. If not, the value is
encoded 644 as one |less than twice the absolute value. It is contenplated
that other mapping schenes may al so be eT?oned. The key is that an extra
bit to distinguish the sign of the value'I's not needed. [0072] Encoding

anpl i tudes aseSXRVERSUE RYloRHiEALduatiod (0) hePbt hised & $Q§icdl@§i6rﬂxﬁlgar¥ﬁale£é?$o of

X being even integers and negative val ues beconme odd integers. Further, this
mappi ng  pr egasodeshe wa-lpngdivabi 1 ity assignnent of x as in (2). An advant age
of encoding as illustrated in equatien (7 |l ows one to avoid using a sign
bit to represent positive and negatiyg,ndb r' 6 After the mapping is done,
. . _ g5 )

y is encoded in the same manner as wa$ ~done| for’ the zero-run. The procedure
I's continued until all coefficients have been scanned in the current bl ock.
[0073] It is A sipdlat protednee mey bguseddot thatmalittdeugh enbodi nents of the

i nventi e determ.ne valu 0 oefficients and run | engths as a

Funot | oD cquat RETREHTA poek (D FIG. {8 Somhieea st St cepepdy Byet isden.
used. It is t1pg nexPbedlchipbiadily Rbrddh@imxPenEat 142, and iRkl kit ©fthéabaer Ri ce
encodi ng and of coefficients that allows for nore efficient conpression

of image and 1d&4piag the transmpsipn chainet $08, The tgosmission ehannel i08dnagby aphisical
di stingui sha .fro : - . T To I € ¥ o

speci al pref ?é(ﬁé%n%eg%@ ?h?ge@gé%ﬁgpﬁg tb gﬁ%grsﬁorﬁieeﬁgﬁgﬁr?rg%gxgﬁ% wt&ﬁew#? f:egs?
zero-run. |t cpeveyauneoprocess et apparetus.allhe ZRQRBsdata, avhidho ckntafns etheablook-sizy o

anpl i tude has _been encountered..ln such e i re.efficient, to
iob & code - PETETTEGUPERG. el R NP LRERE Bocder THY 036, 5 Ted peseteR
code. The EOCBogpeesiashuiRg 264 andP et lefigthalesquize 168, Whikle dedodegihd repdmgth

[ 0075] According to equation (1) or (3), the@ﬁ{obabi lity distribution of the
anpl i t ude or VajUEhanddhg Pen-FerovAWERCTh  WaRbledsngHt decadsr L8Siopergics b paHia Bt by a

or A The i MRLb&@k rinkSs that described in FIG. 6.

(0077 The output of the variable length decoder 168 is provided to an inverse serializer
172 that orders the coefficients according to the scan scheme employed. For example, if
a mixture of zig-zag scanning, 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 199, 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, a counter or



that the coding efficiency may be inproved if the context under which a
particular DCT coefficient block arises. An appropriate Gol onb-Rice
paranmeter to encode the quantity of interest may then be used. In an
enbodi nent, counters or registers are used for each run-length and
anplitude size value to conpute the respective cunul ati ve val ues and the
correspondi ng nunber of times that such al%al ue occurs. For exanple, if the
regi ster to st_oregtghe currulf;ti ve val ue and urrbgg'_i of el enments accunul at ed

are Ri and Negistef dOBdstyso fpr epple rpnstangt are egwHINdS st ) algyOnPMREY s t he
Ri ce- Gol onb patRMBLEuntiati RNGALS dndahs BBmdspOstify nimber of 138 Maf such @BYaifid A

simlar procedure may be used for the anplitude. [00761 Referring back to
FIG 1, the cwawsedsgdcodengd? sneptlas agrateri(Qd aby funmsiopraf dbierun Ieogth mng the

172 using  nt R el B e R et oR e PR e O T e

a physical  rafligngh, Colbmb parmEegNeid guadiento i moditefiadd a@Bodig¥hte encodér 712
wire-line or wireless conv;eqyance process or apparatus. The POR data, which
cont ai ns t he ahjogeeodssAwnzeg Jatpnareh funchen ehihe; nom:zere; datp s@lus and thre sigh of thee

decoder 112 %‘n%g@&ﬁyglﬁed% géteﬁ%& 7f6°i%'éécﬂ%5coﬂ\c/%’ﬁafté9€heJ@%alﬁ@%f’h g/ abl e

| engt h decoder ‘deco e run-length ues and the non-zero
val ues. The walieabl e | ength decoder 168 operates in a sinmilar but opposite

manner at described in FIG 6. (00741 The out of the variable | ength
decoder a@%%ﬁl s provide Sted‘aﬁwlersh@&v ousHpsiratiye Ogl%ilglqck%uf{%@ﬁalgﬁsa?%gws
coef fici ent s dasgivediimgodrectidiewiE alle SfbsliBetidisoloesll hdréih rBasetinglerhéntedor

m xture of zig-zag scannjng, vertical scanning, and horizontal scanning were
used, the i bemecip A pr spvaR Bt 2B ApRliSBHoTaEREFIfic iRt gTRtRd CirpRig (ASIC),

coef ficients gWiptdprih@alBolbRAdEvicOT dkfiBie! ¥RE & tALAAD 188 MRlse%RA harlire
inverse serializer 172 receives the POR data to assist 1Tn proper ordering
of the coef f icOmpanents, Fieh as. cahp@sistess sk iacprocassas ckecyting 78%et PhErEvRPOSI t e

o'l AR,y RSO Bhe L 0 hpr Spi
masks. 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:



[ 00791 The coefficient block is then provided to an I DQl el enent 186,
followed by an |IDCT elenent 190, if the Differential Quad-tree transform
had been applied. Gtherwi se, the coefficient block is provided directly to
the IDCT el enment 190. The IDQTl elenent 186 and the IDCT el ement 190 inverse
transformthe 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. (00801 FIG 7 ill#htrates an apparatus for Gol onb-Rice
encodi ng 700. The apparatus in FIG 7 preferably inplenents a process as
described with respect to FIG 6. A _dge ﬁ iner 704 determnes a run |length
(n) and a Gol onb paraneter (n). Opti é/n a counter or 19 register 708 is
used for each run-length and anplitude size value to conpute the respective
cumul ative val ges and ghfiRs@Pr fof SRR GuitZBE frieddy TRprdsBitba e e Val ue
occurs. An encoder 712 encodes a quotient (Q as a TyUI’lCtIOI’l of the run

| engt h androcksor @ofigwed par anet er. The encoder 712 al so encodes the remai nder
(R as a functi,gn of the run |engt onb paraneter, and quotient. In an
al ternate enboﬁ“(f%m{“?aé‘ﬁ%&ﬂt#“ﬁ&'%@@% codes nonzero data as a function
of the non-zer getellife ¥ BolétbANGarhdi& (%) 89a Ainclidiof tA®Perd Alirdle h@ayal ue. A
concatenator 716 is used to concatenate the Q value wth the val ue.

[0081] As exanpicede arqvetign () @s 2 fupetipnr oft the @etogyn denstih (cing, the Godamiart s, and
st eps deg%@gp@n connection wth the enbodi nents disclosed herein nay be
i mpl ement or E) fformed in hardware or software with an

appl i cati on- spewofle @ tentaingen(Bdasca rfondtion (ASh€ero mnplength gr)rahe Gdlanp
device, discrete gateg or transistor |logic, discrete hardware conponents,
such as, 8?@@?6&8&@5&%@&!&“&9 d™a processor executing a set of firmare

instructions, gaihtaeRAY BRico@PducBERANndBBRAEnSAddWar e and a processor, or any
conbi nation, thereof. The processor may advantageously be a m croprocessor,

but in the alternative, the processor may be any conventional processor,
controller, mgroconttoller Qr, stat. chiine, The.so [ uld reside in
Rt ooy, 11 Ssh e Brocrsor SirRbRUR GTRER 21 Brerelf £36 CaIGRE patiufist ool o
di sk, a %ﬁéteﬁnﬂ\é&lﬁﬁw' aft e =f18gm,pf storage nmedi um known in the
art. [OO%NT e previous dg cri u|91E1)n g:‘ [hgz p-Feferred enbodi ments is
provi ded to enabl e any

3. The processor set forth in Claim 1, wherein the quotient (Q) is determined

by using an equation Q = |_n / 2"’J.

4, The processor set forth in Claim 1, wherein the remainder (R) is

determined by using an equation R=n~-2"0Q.

5. The processor set forth in Claim 1, wherein the quotient (Q) is determined

by using an equation ( = n/m.

6. The processor set forth in Claim 1, wherein the processor
concatenates the coded quotient with the coded remainder or the coded

remainder with the quoted quotient.



person skilled in the art to nake or use the present invention. The various
nodi fications to these enbodinents will be readily apparent to those
skilled in the art, and the generic principles defined herein may be
applied to other enbodi nents without the use of the inventive faculty.
Thus, the present invention is not intended to be |limted to the

enbodi nents shown herein but is to be2dccorded the w dest scope consi stent
with the principles and novel features disclosed herein. [0083] O her
features and advantages of the invention are set forth in the follow ng
claims. What we cl aithe &goeseon spEdatthon ¢laimol wherginthe repreganted datsy f or

ot or m ne ARDHpE Bk, SR AP o FBlsF I L MR, g R JeRRRCARIY bRl e e
(M as a {yihotht QBrdath/\Rid Prétebsd eRipfufthicP bonfBiedeo:a quotient (Q as a

function of the zero run length (n) and the Golonb paraneter (n); encode a
remai nder (R) ewodethmoen-gercodath he afendionuf the nghizefolatatveducol onb

parameter (m and the quotient (Q; and concatenate the coded quotient and
coded remai nder. 2. The processor set forth in Caiml1, wherein the CGol onb

parameter (mgis de¢hepRERer Bt fhNA ARnEIUAheRM e prblBds Bheods tHd1€
processor set forth in daiml1, wherein the quotient (Q is determned by

usi ng an Bejueary dafa by usingay equation 4. The processor set forth in Claim1,
wherein the remainder (R) is determ.ned by using an equation R=n - 2" Q.
5. The processor set forth iqygl Fﬂﬂif‘ﬂﬁerein the quotient (Q is

determ ned by using an equatio 2|q—-1,nbmen€i,ge The processor set forth in
Claim 1, wherein the processor concatenates the coded quotient with the

coded remai ndewhde x isre e@fRMde of the non-zero data to be encoded.

9. The processor set forth in Claim 7 further configured to count the zero
run-length (#) and non-zero amplitude values and the corresponding number of times

those values occur.

10. A method for encoding quantized frequency represented data comprising:

determining a zero run length (n) of the data;

determining a Golomb parameter (1) as a function of the zero run length (n);

encoding a quotient (Q) as a function of the zero run length (#) and the Golomb
parameter (m);

encoding a remainder (R) as a function of the zero run length (n), the Golomb
parameter (m) and the quotient ({); and

concatenating the coded quotient and coded remainder,

11. The method set forth in Claim 10, wherein the Golomb parameter

(m) is determined by using an equation m = [log, 7].

12. The method set forth in Claim 10, wherein the quotient (Q) is determined

by using an equation g = |_n / 2’”J.



remai nder with the quoted quotient. 21 7. The processor set forth in Caim
1, wherein the represented data conprise zero data and non-zero data and
the zero run length (n) is associated wth the zero data, said processor
being further configured to: encode the non-zero data as a function of the
non-zero data value. 8. The processor set forth in aim7, wherein the
processor encodes the non-zero data by2using an equation ' 12x, if x ?2 0 2
xl - 1, oth e rwise where x is the anplitude of the non-zero data to be
encoded. 9. The processor set forth in Claim7 further configured to count
the zero run-l®ngt Ahe npetind seprforbr i@ &gimi i Odavheedindtbe anqmainder ¢B) riespondi ng
nunber of dtti nes ..t hose val ues opcur. AQ. A nethod for encoding quantized
frequency ?Elbm %de}mlgglgtﬁteﬁu% Fs'f_n%): "determining a zero run length (n) of
the data; determ ning a Golonb paranmeter (m as a function of the zero run

| ength (n); encoding a quotient (Q as a function of the zero run length
(n) and the Goldnb Theareteieset fonth;in EldmdiOnyhereinatiraiqnatéent (@B) is dstemanihedict i on of
the zero {Dun,length é&% the Golonb paranmeter (m and the quotient (Q; and
concat enaP¥ RY"E Ho3 Qchb’f"’r ent and coded remai nder. 11. The met hod set
forth in Caim210, wherein the Gol onb paraneter (n) is determ ned by using
an equation m= [loge nl. 12. The nethod set forth in Caim 10, wherein the
quotient (Q i §5.det dhei method bsetufirtly imnClgmmafllomwligreinl thé @ncaten@on

comprises concatenating the coded quotient with the coded remainder or the

coded remainder with the quoted quotient.

16.  The method set forth in Claim 10, wherein the represented data
comprise zero data and non-zero data and the zero run length (n) is associated
with the zero data, said method further comprising:

encoding the non-zero data as a function of the non-zero data value.

17. The method set forth in Claim 16, wherein encoding the non-zero data
comprises using an equation

2x, if x20
r= 2[x|—1, otherwise

where x is the amplitude of the non-zero data to be encoded.

18. The method set forth in Claim 16 further comprising counting the zero
run-length (n) and non-zero amplitude values and the corresponding number of times

those values occur.

19. An apparatus for encoding quantized frequency represented data
comprising:

a first determiner to determine a zero run length (n) of the data;

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

zero run length (n);



13. The method set forth in Caim 10, wherein the remainder (R) is

determ ned by using an equation R=n - 2' Q 14. The nethod set forth in
Claim 10, wherein the quotient (Q is determned by using an equation Q =
n/m 15. The nethod set forth in Caim210, wherein the concatenation
conprises concatenating the coded quotient with the coded renmai nder or the
coded remai nder with the quoted quoti @t. 16. The nethod set forth in daim
10, wherein the represented data conprise zero data and non-zero data and

the zero run | engt ssoci ate with the zero data, sald nmet hod
further conpri¥l %tf"d%nt&fﬂf‘ﬁ% 3 gRotiS éé @ﬁ‘it’é’"aéf e £t Ismetr(n) aed non- zer o
dat a val ugie GolomB ParaiRkd Q) 284 td eidole 'a'}erguﬁﬂép (;ksi as \M]ﬁﬁ&ioﬁ &Qﬁe%ﬁguﬁ he

X -,

non-zero data conprises using an equation
rwise mhekegtk(ﬂbanﬁﬂbe@ﬁﬁgmbtmwlmf(mh@ldﬂmqmt(Q))tendco be encoded. 18. The

met hod set f Oréd?lc%lgna%r% %lilcgtetlﬂl‘: h{l dgcp ortlle 1 88%%3%%%@9t he Z€ro

run-1ength (n) non-zero a ues 2ah %Spondl ng nunber of
times those values occur. 19. An appar atus for encoding quantized frequency

repr esent ed daé(ﬁ cgﬂgl& ng: a fi r?t deter ner to determne a zero run
length (n) of fthe d appatteh dsede ?de?reﬁ‘fh%@naﬂ@) el r anet er

g[}%t ?Zn? l%a%]l%'e{e?gmﬁjsn%ett%&gngg%ﬁ%{‘nzglﬁelg%méw&ﬁo% ) gﬁgder to encode a

21. The apparatus set forth in Claim 19, wherein the quotient (Q) is

determined by using an equation Q = Ln/ 2" J

22, The apparatus set forth in Claim 19, wherein the remainder (R) is

determined by using an equation R=n-2"0Q.

23. The apparatus set forth in Claim 19, wherein the quotient (Q) is

determined by using an equation Q = n/m.

24.  The apparatus set forth in Claim 19, wherein the concatenater
concatenates the coded quotient with the coded remainder or the coded

remainder with the quoted quotient.

25.  The apparatus set forth in Claim 19, wherein the represented data
comprise zero data and non-zero data, further wherein the zero run length (n) is
associated with the zero data and further wherein the encoder encodes the non-

zero data as a function of the non-zero data value.,

26.  The apparatus set forth in Claim 25, wherein the encoder encodes the

non-zero data by using an equation



the Gol onb paraneter (m and to encode a renmainder (R) as a function of the
zero run length (n) and the Gol onb paraneter (n) and the quotient (Q; and
concatenater to concatenate the coded quotient and coded remai nder. 20. The
apparatus set forth in Caim219, wherein the Golonb paraneter (m is
determ ned by using an equation m= [loge nl. 21. The apparatus set forth in
Claim 19, wherein the quotient (Q is determ ned by using an equation Q =
Ln / 2'" J. 22. The apparatus set fort¥# in COaim 19, wherein the remai nder
(R) is determined by using an equation R=n - 2' Q. 23. The apparatus set
forth in daim19, wherein the quotient éQ) is determ ned by using an
equation Q = n/m 24. The appar. 2ds 4et2Porth in Caim 19, wherein the
concatenater concatenates the dopid] qugep®sé W th the coded remainder or
the coded remainder with the qu d quotient. 25. The apparatus set forth

in Caiml9, waREeikis thB8mbRRUESLIRE A6n-HatbAata9BPEARReFEr O data and non-zero
data, further wherein the zero run length (n) is associated with the zero

data and further wherein the encoder encodes the non- zero data as a

function of thg, non-ger V. e, 26~.Th ratus set forth in Claim
25, wherein th?'encgégra%g%g‘%@%ssa Eoé—[h Wog!ainé?c?aﬁ‘g@g BOMERYIG) 250 8604 i on 24
2%, if x Zouhtdhd zdiohrunXlength Qnf ahdVnd8-z2ékeehfphtuds vhles anw!thd 'égﬁ‘es@_fmdiﬁ'%
non-zero data tq be encoded. 27. The apparatus set forth in Caim25 further
conpri si nguBby@fitimes those valersifccdthe zero run-1ength (n) and non-zero

anpl i tude val ues and the correspondi ng

28. An apparatus for encoding quantized frequency represented data
comprising:

means for determining a zero run length (n) of the data;

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

means for encoding a quotient ((3) as a function of the zero run length () and the
Golomb parameter (m);

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

means for concatenating the coded quotient and coded remainder.

29. The apparatus set forth in Claim 28, wherein the Golomb

parameter (i) is determined by using an equation m = [log,n].

30. The apparatus set forth in Claim 28, wherein the quotient (Q) is

determined by using an equation Q) = I_n /2" J

31 The apparatus set forth in Claim 28, wherein the remainder (R) is

determined by using an equation R =n-2"Q.

32. The apparatus set forth in Claim 28, wherein the quotient (Q) is

determined by using an equation Q = n/m.



nunber of tines those values occur. 28. An apparatus for encodi ng quantized
frequency represented data conprising: neans for determning a zero run

|l ength (n) of the data; neans for determning a Golonb paraneter (n) as a
function of the zero run Ilength (n); means for encoding a quotient (Q as a
function of the zero run length (n) and the Golonb parameter (n); means for
encodi ng a remai nder (R) as a functioR5of the zero run length (n) and the
CGol onb paraneter (m and the quotient (Q; and means for concatenating the
coded quotient and coded renmi nder. 29. The apparatus set forth in C aim 28,
wherein the Golonb paraneter (m is determ ned by using an equation m =

[l0og2 nl. 30. Fhe aRa’ Aptiafifil sétoférﬂl'ﬁi @léih{nzg&w}i‘é}%ﬁ?'tﬁetﬂ%aﬁél%f ent (Q
is determned by using an equation Q = Ln 2'""J. 31. The apparatus set

forth in @mamnaﬁngmacmnatbhﬂw emrbadwdemhe(xﬁ)wnﬂs thelevpdedrrerndinkiyr osithey an
equation R=n - 2'Q 32. The apparatus set forth in Caim28, wherein the
quot i ent ?QSEdi @m%‘il%!'r‘@ﬂthélée qyotgdigHgtisnt. equation Q = n/m 25 33. The
apparatus set forth in Caim28, wherein the neans for concatenating
concat enates the coded quotient with the coded renai nder or the coded

remai nder w th34.he Thetapparitos seforthdh Clhha 28ppaieadit the eépiesérited idat"l ai m 28,
wherein the represented data conprise zero data and non-zero data and the
zero run femprie gerp datagansboonzer defiatand the zesp gundengths@) ds agosiatadus

further co neans,for en t he non-zero data as a function of
the non- 2816 BacE Aac 4 SPPAR I SRS EASPESG or th | Ol ai m 34, vherei n
the means for ﬁ@ﬁﬂé’f&gertctiamg“% F&H-2erdad A S S i tiBA YR the hon-zero data

value.

35.  The apparatus set forth in Claim 34, wherein the means for encoding the
non-zero data uses an equation

{2x, if x20

|2x-1, otherwise

where x is the amplitude of the non-zero data to be encoded.

36. The apparatus set forth in Claim 34 further comprising means for
counting the zero run-length (n) and non-zero amplitude values and the corresponding

number of times those values occur.

37. A computer readable medium embodying a method for encoding

quantized frequency represented data, the method comprising:

determining a zero run length (#) of the data,

determining a Golomb parameter (m) as a function of the zero run length (n);

encoding a quotient (Q) as a function of the zero run length (n) and the Golomb
parameter (m);

encoding a remainder (R) as a function of the zero run length (#), the Golomb
parameter (m) and the quotient (Q); and

concatenating the coded quotient and coded remainder.



2x, if x> 0 2Il 1th x -, o e rwise where x is the anplitude of the
non-zero data to be encoded. 36. The apparatus set forth in Caim34 further
conprising nmeans for counting the zero run-length (n) and non-zero
anplitude val ues and the corresponding nunber of tines those val ues occur.
37. A conputer readabl e nmedi um enbodyi ng a nethod for encoding quantized
frequency represented data, the netho@6conprising: determning a zero run

l ength (n) of the data; determ ning a Gol onb paraneter (m as a function of
the zero run length (n); encoding a quotient (Q as a function of the zero
run length (n) and the Golonb paranmeter (m; encoding a remainder (R) as a

function of th%.zerqﬁeugbr}lnig{g%]{ggaéaﬁ)ee %%@Eﬁl%tth RoERARL 87 ‘8 re@iPhd D€

quotient (Q; and concate quotient and coded remmi nder. 26

38. The dGdiptiteparaprealfhs indetbtimnedby windah 8q@tin-37[lophel.ei n the CGol onb
paranmeter (nm) is determ ned by using an equation m= [loge nl. 39. The
conput er readable nediumset forth in Caim37, wherein the quotient (Q 1is

determ ned by i ng.an equation =Ln,/ 2'" J. 40. The conpyter readable
meci um set forth i nTEF OPRYEr XeHBbE Fedhe S?tefpéﬂwbﬂlm s et ined by
usi ng an | @7 i RiFabinaddh : 0 readabl e nedium set forth
in Caim %%%@éﬁ]&?&énedgog&%ng%%eﬂ%?ﬁpygﬁlé?x ‘'ned by using an equation Q

= n/m 42. The conputer readable nmediumset forth in Caim37, wherein the

concat enati on conpri ses concatenating the coded quotient with the coded
40. The computer readable medium set forth in Claim 37, wherein the

remainder (R) is determined by using an equation R=n-2"0Q.

41. The computer readable medium set forth in Claim 37, wherein the

quotient (Q) is determined by using an equation Q = #/m.

42, The computer readable medium set forth in Claim 37, wherein the
concatenation comprises concatenating the coded quotient with the coded

remainder or the coded remainder with the quoted quotient.

43. The computer readable medium set forth in Claim 37, wherein the
represented data comprise zero data and non-zero data, further wherein the zero
run length (n) is associated with the zero data and further wherein the method
further comprises:

encoding the non-zero data as a function of the non-zero data value.

44, The computer readable medium set forth in Claim 43, wherein encoding

the non-zero data comprises using an equation

2x, if x20
y:

2|x| -1, otherwise

where x is the amplitude of the non-zero data to be encoded.



remai nder or the coded remai nder with the quoted quotient. 43. The conputer
readabl e nedium set forth in Caim37, wherein the represented data
conprise zero data and non-zero data, further wherein the zero run length
(n) is associated with the zero data and further wherein the nmethod further
conprises: encoding the non-zero data as a function of the non-zero data

val ue. 44. The conputer readable nedi @h set forth in Caim43, wherein
encodi ng the non-zero data conprises using an equation 2x, if x ?2 0Y 2lxl
-1, otherwise where_x is the anpljtude of the non-zero data to be encoded.

27 45. The conput er The eI tRsablgimedatm £ forth in{lay 3y whereipthermasthod he
met hod T HrdhBelonGRIEY doaBEnS A LN tlé?l%thzﬁﬁ Ond AH-2e28 glrlr:rlghl(laé vAREs H@nLer o

anplltude values and the 'Torrespondi ng hunber of s those val ues occur.
46. A pr oewsspondingmugbspolf tirgesghesstvaligslodensquency represented data, the data
conprising zero and non-zero data, the processor configured to: for zero
data: determine a zero run length (n); determ ne a Golonb paraneter (m as a

function of thes zera prdfesk@niat buco\ﬂh@rcﬁhﬁnzeaffﬁ:qwic9rf@prs@hﬁ:ﬂ&ta&r tHeMatd S
determ ned by using an equation m=[logs n]; encode a quotient (Q as a

function mmnmeagzzemndm@mzemiam Mrmesoemﬁrguredpa:r amet er; encode a

remai nder (R) @3 ,é gtgctlon of the zero run length, the Gol onb paraneter
and the quoti ent 7 ?aﬁ concat enate the coded quotient and coded renai nder;
and for nOﬂ-Ztﬁt@'rrﬁi&Heﬁz'er@ﬂmdéegﬁﬁbﬂ nonzero data as a function of a value of

the non-zero data and a sign non-zero data. 47. The processor set
forth in O ai riesmingPolt b wgalaata'{ "Bfs A fgpetion of thé 7ero'run length, wherein

the Golomb parameter (m) is determined by using an equation m = |_lc’g2 n-|;

encode a quotient (J) as a function of the zero run length and the Golomb
parameter;

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

concatenate the coded quotient and coded remainder; and

for non-zero data:

encode the nonzero data as a function of a value of the non-zero data and a sign of

the non-zero data.

47. The processor set forth in Claim 46, wherein the quotient (Q) is

determined by using an equation Q = Ln /2" J

48. The processor set forth in Claim 46, wherein the remainder (R) is

determined by using an equation R =n-2"0.

49, The processor set forth in Claim 46, wherein the processor encodes the

non-zero data by using an equation
2x, if x20
’= 2lx| -1, otherwise

where x is the amplitude of the non-zero data to be encoded.



determ ned by using an equation Q= Ln / 2'" J. 48. The processor set forth
in Caim46, wherein the remainder (R) is determned by using an equation R
=n- 2" Q. 49. The processor set forth in C aim46, wherein the processor
encodes the non-zero data by using an equation 2x, if x 2 0 Y 21xl -1,

ot herwi se where x is the anplitude of the non-zero data to be encoded. 28
50. The processor set forth in Claim428, further configured to count the
zero run-length and non-zero anplitude val ues and the correspondi ng nunber
of times such values occur. 51. A conputer readable nedi um enbodying a

met hod for encoding quantized frequency represented data, the data

compri sing zergy andTROBroLekt: AR hN\OinTEAMNEATESER® o gk dat 2

determning a zero run | eng ; determning paramnmeter (n) as a
f uncti on oin-lekgth aed oon-gerol apditide vehees @nd the érereGpdmdiviyg emtzamef dime§ rshich s
deterninedlb usi ng an equation m= rlog2 ni; encoding a quotient (Q as a
function "R %ero run | ength and the Gol onb paraneter; encoding a

remai nder (R) as a function of the zero run length, the Golonb paraneter
and the quotient; and concatenating the coded quotient and coded renai nder;
and for non-z&ko dét £OMPHEHdicAdpblich angdlim cemmbeiing &s methadnder shceting: val ue

of the nop- i f nQH- _dhe ter
Feada! o MR SaMEa] ipRsBh dod] ub W AByERIR AR fng Ron 2Bb e TR
det er m nethethpd vempgsisgn equation Q = Ln / 2'" J. 53. The conputer readable
medi um set forgh in . Caimb51, wherein the

or zero data:

determining a zero run length (»n);

determining a Golomb parameter (m) as a function of the zero run length, wherein

the Golomb parameter (m) is determined by using an equation m = l-log2 n-|;

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

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

concatenating the coded quotient and coded remainder; and

for non-zero data:

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

of the non-zero data.

52. The computer readable medium set forth in Claim 51, wherein the

quotient (Q) is determined by using an equation Q = |_n /2" J

53. The computer readable medium set forth in Claim 51, wherein the

remainder (R) is determined by using an equation R=n-2"Q.

54. The computer readable medium set forth in Claim 51, wherein encoding

of the non-zero data comprises using an equation



remai nder (R) is determ ned by using an equation R=n - 2' Q. 54. The
conput er readable nediumset forth in Caimb51, wherein encoding of the
non-zero data conprises using an equation 29 2x, if x> 0 2Il1 1th x -, o
e rwise where xis the anplitude of the non-zero data to be encoded. 55. The
conput er readable nmediumset forth in Caimb51, wherein the nethod further
conprises counting the zero run-| engt29and non-zero anplitude val ues and the
correspondi ng nunber of tinmes such val ues occur.

2x, if x20
yE 2|x|~—1, otherwise

where x is the amplitude of the non-zero data to be encoded.

55. The computer readable medium set forth in Claim 51, wherein the method
further comprises counting the zero run-length and non-zero amplitude values and the

corresponding number of times such values occur.



