1 DCT COVPRESSI ON USI NG GOLOWVB- RI CE CODI NG BACKGROUND OF THE | NVENTI ON | .
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 human visual perception has ‘encouraged trenendous interest
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projecting filnms or novies, various inprovenents are being nmade to inmage

conpression techniques. Many of the current and proposed video systens nake
use of digital encoding techniques. Aspects of this field include inage
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di stortions v t¥ield ofdhe Inyertion i ts. | mage restoration represents efforts to
recover the true inage of the object. The coded inmage being transmtted
over a comuni cation channel nmay have been distorted by various factors.
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classificati ®ice.and decision in a wider context. [0003] Digital encoding of
vi deo, such as that in digital cinema, is an area that benefits from

i nproved i mage conpression techniques. Digital inmge conpression may be

general |y cl ggsiffes@dptidif 6F théRefdéPdpf | €s: | 0ss-1ess and | ossy nethods. A
| oss-less inage is recovered without any |oss of information. A |ossy

met hod j nvol ves an irrecoverable 2 1oss of sone information, depending upon
the Conﬁbﬁﬁfi onr %iki@a] pﬁ&ﬁc%@éés&iﬂg Qbs tar]J‘i"omine:nt 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 mo:ies, 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 attempts to transmit pictures of digital
communication channels in an efficient manner, making use of as few bits as possible to
minimize the band width required, while at the same time, maintaining distortions within
certain limits. Image restoration repreécnts efforts to recover the true image of the object.
The coded image being transmitted over a communication channel may have been
distorted by various factors. Source of degradation may have arisen originally in creating
the image from the object. Feature selection refers to the selection of certain attributes of
the picture. Such attributes may be required in the recognition, classification, and
decision in a wider context.
[0003] Digital encoding of video, such as that in digital cinema, is an area that benefits
from improved image compression techniques. Digital image compression may be
generally classified into two categories: loss-less and lossy methods. A loss-less image is

recovered without any loss of information. A lossy method involves an irrecoverable



conpression algorithm and the inplenentation of the algorithm Generally,
| ossy conpression approaches are considered to obtain the conpression
ratios desired for a cost-effective digital cinema approach. To achieve
digital cinema quality |levels, 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 i mage distortion caused by this |oss ghould be inperceptible to a viewer
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herei n by refheg®RNe6ding efficiency refers to the bit rate needed for the compressed image quality to

meet a certain qualitative level. Moreover, the system and coding technique should have
built-in flexibility to accommodate different formats and should be cost effective; that is,
a small-sized and efficient decoder or encoder process.

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

[0007] One compression technique capable of offering significant levels of compression
while preserving the desired level of quality for video signals utilizes adaptively sized
blocks and sub-blocks of encoded Discrete Cosine Transform (DCT) coefficient data.
This technique will hereinafter be referred to as the Adaptive Block Size Discrete Cosine
Transform (ABSDCT) method. This technique is disclosed in U. S. Patent No.
5,021,891, entitled “Adaptive Block Size Image Compression Method And System,”
assigned to the assignee of the present invention and incorporated herein by reference.
DCT techniques are also disclosed in U. S. Patent No. 5,107,345, entitled “Adaptive

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



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 Differentia
Quadtree Transformtechnique is discussed in U S. Patent No. 5,452,104,
entitled "Adaptive Block Size |Inage Cbnpression Met hod And System " al so
assigned to the assignee of the present gvention and incorporated herein
by reference. The systens di sclosed in thése patents utilize what is
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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 embediment, 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 sousce.

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



distribution characteristics of an inmage. In a preferred enbodi nent, one 16X
16 DCT is applied to a first ordering, four 8xg DCTs are applied to a
second ordering, 16 4x4 DCTs are applied to a third ordering, and 64 W DCTs
are applied to a fourth ordering. (00101 The DCT operation reduces 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 4
few DCT coefficients An additional transfdorm the D'fferential Cuad Tr ee
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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 (00153 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 anplifudes of the DCT coefficients after

guantization. It is found that f Ing advant age of an
exponential distribution of dat §W§P§9@m§ﬁ%ﬁl ng, allows for
hi gher coding efficiencies than alternate schenes. (00161 The present

invention is a quality based system and nmethod of image conpression that
utilize&00adlapti vely zppaeatush ped keether to aacerco dies rwrlengtss raad cargplitpdee of the
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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 guantized 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 vaiue. 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 paraneter. A remainder is encoded as a
function of 6 the zero run length, the Gl onb parameter and the quotient.
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code . book dhia ibeecatsoueted i fGR4htidnt for displapt her aspect of an enbodi nent to
reduce the size needed.for hardware inplenentation., [0021] |t is another
aspect ({?Oléi enbo cmgﬁ{ngfyo 15 dhi %8y &FPECth P ﬁnc%'g?cﬁbm@tf focp‘étnﬁ%g.‘mf FBPSF Gadei 5
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di stribution of DCT data. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0023] The

f eat ur edOUAN advaktisgeetheraspers op pbsmhedimeNdAOD FEARITE theyise ofan AHERS Y EEent
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the drawings in iC i ke reference characters identify correspondingly

t hr oughd@@20hnd = wiieis einathef @§Hed] of-irGembodiment il relkced twpizennasied forehrrdeize
portion of an irrpn%gt g&{rpressi on and processing system [0025] FIG 2 is a
bl ock di agrar’?riﬂglis3 5 qedGder portion of an inmage conpression and processing

system [0021] It is another aspect of an embodiment to achieve a high coding efficiency.
[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 2 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 coefficient’matrix; [0030] FIG b5a illustrates

an expo i al di i put.ion, of the Y co nt. of i tude i in_a DCT
oot 1oAY e 1 510 (R o' GporenBlRSEBRoR b TR dotfiooe e d ol on
of the Cb corpgheiia DCTawpificiantimatrix;ze in a DCT coefficient matrix; [0032]
FIG 5c illustrates an exponential distribution of the C corlrlpionent of
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CGol onb- Ri ce gncadi HETRLOEGESS: mad: [0034] FIG 7 illustrates an apparatus
for Gol onb- Rlﬁce encodi ng. BETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

[ 0035] [0934r der tHQG &biillisteates agiegpomintitl distsibitsei ofithe I dbgipoadnt of gmalis:dand
enjoy the carres i ng..benefits, it is generally necessary to enploy sone
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i npl ement at i §% InARPER cPefficKpPtERt i n nany applications. [0036] Before one
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const r uoB4in and Flfe 7allustnage aw Appacdtug foe GobmppRestescatitg.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 | nmage
Conpression”, Serial No. 09/494, 192, filé&d on January, 28, 2000, aSS|gned
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at location (mn) within an NxM bl ock, and X(k,!) is the correspondi ng DCT
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[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 mechanijcal 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). Interfranme coding

I nherently requires nultiple franme 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 perform poorly. For
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configurable serializer. The inmge gr ocessing system 100 conprises an

encoder 104 inegsr vaeasppeskeused 2 88Pved vi deo signal . The conpressed signal
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dat a i nt o i mafjeondignmablkesserializech Tire ymagreprobmsing spstérn 108 .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 Cy 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 YCC»
representations are, the YIQ representation and the YUV representation, both of which
are well known in the at. [t 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 blocks of pixels for processing.
A color signal may be converted from RGB space to YCLC2 space using a RGB
to YCIC2 converter 116, where Y is the |um nance, or brightness, conponent,
and Cl and C2 are the chrom nance, or color, conponents. Because of the | ow
spatial sensitivity of the eye to color, many systens sub-sanple the Cl and
C2 conponents by a factor of four in the1 hori zontal and vertical
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preparation for video conpression, bl ock size assi gnnment el ement 120
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additional bits of P data for_each 8xS bl ock subdivided are added.
[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 NN
V&I‘:T\I-Z—ZZX ij — 2 ZZXIIJ

=0 j=0 i=0 jm0

where N=16, and x;; is the pixel in the i row, /* column within the NxN block. At step
206, first the variance threshold 716 is modified to provide a new threshold 7716 if the
mean value of the block is between two predetermined values, then the block variance is
compared against the new threshold, T'16.

{0046} If the variance vI6 is not greater than the threshold TI6, 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



[ 00451 Referring nowto FIG 3, a flow diagramshow ng details of the
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. Beginning at step 202, a | 6xI6 block of pixels is read. At step 204,
t he variance, v16, of the 16xl6 bI ock is conputed. The variance is conputed
as follows: N-I NI NI NI var , "'2XIJ 1=0 j=0 Ni-0O0j)-0 2 where
N= 16, and xij is the pixel in the i h rovel P colum within the NxN bl ock. At
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set to 1 to indicate at t I's to esubd|V|ded|ntofour 4x4
bl ocks. [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, v4y, is computed, at step 224. At
step 226, first the variance threshold T4 is modified to provide a new threshold 774 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 thah the threshold T4, then at step 228, the
address of the 4x4 block is written, and the corresponding P bit, Py, is set to 0. The next
4x4 block is then processed. If the variance v4; 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.

{0051] 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



[ 0049] The four 4x4 bl ocks, j;=1:4, are considered sequentially for further
subdi vision, as shown in step 222. For each 4x4 bl ock, the variance, v4;u,
is conmputed, at step 224. At step 226, first the variance threshold T4 is
nodified to provide a newthreshold T4 if the nean value of the block is
bet ween two predeterm ned val ues, then the block variance is conpared to
this new threshold. [0050] If the variancggv4;~ is not greater than the
threshold T4, then at step 228, the addre of the 4x4 block is witten, and
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[0055]1 - 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 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, Ch.evm Cb.odd, Cr_ev
and C, - dd. The color conponents nay be deci mated horizontally, vertically,
or both. [0054] Additionally, note that although block size assignnment has
been described as a top down approach, in which the |argest block (16x16 in
the present exanple) is evaluated first, _a bottom up approach may i nstead
be used. The bottom up approach will evaPuate the. smallest bl ocks (2x2 in
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DQT el enent 128 perforns 2-D DCIs.on the DC coefficients, taken 2 at a
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transform or DQI, of the four DC coefficients. Next, the DC coefficient of
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of the four 8x8 blocks wthin a 16x16 bl ock are used 13 to conpute the DQT.
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i nput DCT comtdrb6ratd! Kerein by reference. In general, two FWMs are designed, ore 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 guality and bit rate of the quantized
coefficients.

(0060} Thus, each DCT coefficient is quantized according to the relationship:

DCT, (i, j)= IL;:—EE—:T’J,—)@;’J(% :c%_i
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,) 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 different DCT
coefficients. The weights are designed to enphasize the input sanples
havi ng frequency content that the hunman visual or optical systemis nore
sensitive to, and to de-enphasi ze sanpl es having frequency content that the
visual or optical systemis |less sensitive to. The weights may also be

desi gned based on factors such as view ng di stances, etc. [0059] The weights
are sel ected based on enplrlcal data. A n%khod for de3|gn|ng the weighting

masks for W s di scl os .

"B g tal - comre s BB AR O el ot e DO O bression, | 1.
Requi r enent s n@fitbdg Wichehs ME‘EGZ H’ﬂi ﬁd’cf’a’g’élb@ﬂ&ic iSloanellsdsbdstd anitaaguadiny ofl 424,
which is incorporated herein by reference In neral, two FWMs are

desi gned, ond@astsed Heage) inpirarhefdareethip %ﬁ%‘sfor t he chroni nance

conponenggoy The Pyt able §or5€tress1$l'l ﬁ’l?llﬁers P’?e ﬂ%&e@iﬁﬁn&%@%ﬂ%@ﬂe@ Yo a scan

deci mation and | 6xI'6 by I nterpolation o e 8x8 bl ock. The scale
factor cont r eérializérel qudihe sgriadimer 134 scan the (ofoct:hd qmanzadzce:dfﬁm@f toiprodact 9.

(00601 Thus, each coe ficien tized accordin
ol at i onahi 3SR gteaty Bt Gufiti@Rl deprrlall ' ZiLeaR GRhS Ahehe? skadfine, of o
DCT(ij) is tRkeanhinguhayXelemslofdd. CAemmbef mmlfﬂebent mgt&gesctaﬁﬂﬂglpm‘eynms glelliazg

mask, q is the scale factor, and encén ist ua tized coefflgl ent .
Note that depdHdn %’ﬁh%gza&%’ﬁ/ glgo bahopgar 48 ique §EIplqys $x block,
i nsi de the biaees: ks ZipMHBq . Ok ZIO%0 scahhifig oP@iE @faﬁﬁiedcdoemcfen@srﬁlp%v%@

quanti zed using a suitable vvel ght'i ng nask. However, multiple tables or
masks can be thgsehdncesrad- eagpmreem.gmlamwnmf zefre vatuescH hisazato @in haoie hes a
(00611 The bl re then scal ed
by a quanti ggcrq.&fglg p%B%Bhlt)g %&%@%ﬁg%c&h%@h%?ﬂ] za |lé)°§ %f t he DCT
coef fi ci[@s8s r eduths streanl af gmahmdaelmamfzetl kectfitenzds q;rwndddrtoraasaxiabb lemgth

conpression. Iln_ referred enmbodi nent, 1 t here are 2 ScC ors

cor r espondi n§® ‘{]68138 ‘gd'gn‘g“lntgei‘r ssc}@r’i‘lit?&kﬁ’ o‘l%@ﬁzeélo?ﬁ?f @t%ﬁetwﬁﬁ’i ﬁ%fd%erguch
as MPER, theoavee a@ﬁ-zbrotcoemceemss 260 aaktivd Raked! Q&htr@@e@tttalmcysofm khe
processed i mage, .instead of target bit rate and buffer status. [0062] To

i ncrease conﬁ?’ég@mﬁﬂt fGrlemp-Ricy ﬁ%d‘%aﬁtlpk%?& celomiyRicgt encadliae py slficdad ipo a

scan . 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 »:, 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 a2 modified binary code, which is |_10g2 m_lbits long if the remainder is less
than 28" —m, otherwise, |log, 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 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

palx)=cal ()



serializer 134. The serializer 134 scans the blocks of quantized
coefficients to produce a serialized streamof quantized coefficients. Zip
zag scans, columm scanning, or row scanning nay be enpl oyed. A nunber of
different zigzag scanning patterns, as well as patterns other than zigzag
may, al so be chosen. A preferred techni que enploys 8x8 block sizes for the
zi gzag scanning. A zigzag scanni ng of thq quanti zed coefficients inproves

t he chances of encountering a |arge run of zero values. This zero run

i nher enfdogsihas a mdegreas ?Qarﬂ&l@bﬁﬁt Ehdrdoteral ¥R HE oethe 'p%l_ﬁﬂﬂigyoﬁ&c‘aﬁ@q

usi ng Huf f man codes. [0063] The stream of serialized, quantized coefficients
is provided ti sanoymeizabibe corstapt.tSineeopgx) I38onatonici it ¢asrhgtshercthder sequgrae af es
the quantized coefficients between the zero fromthe non-zero coefficients,
and is descrints&er Yaes ghosild sakisfh respect to FIG 6. In an enbodi nent,

Gol onb-Rice coding is utilized. Golonb-Rice encoding is efficient in coding
non-negative integers with an exponential distribution. Using Golonb codes
is nore optinal forpgapp@esp dn, &Rl pylxlieng)ahpgltes -tlengt h @ddes for
exponentially distributed variables. [00641 In Golonb encodi ng run-1engths,
Gol onb codes are paraneterized by a non- negative integer in. For exanple,

given a anet er, m..t.he | o odi ng of a i tdy Vv Lnteger n is

repres eWP‘Z"E by t h‘%sh]él&ug f?‘&%?‘“oﬁi m&f’ nﬂﬁn%cr f}m!:)f)%é #oﬁco\%g‘ %ﬁy %%g“r?'}:snﬁ?q'lder
represent ed dnyplaudsedn hi@eniiiedaDy Teoetficias ntkrid Ravd e&gonghtial Etribatignd. f Thdre
remai nder is_less. than 2;" )1 - n_t, otherwise, Llog, mjbits |ong.

Gol onb- Ri ce @8@‘1‘@”? s}ﬁl‘éSt’?"t?Qc‘i“atIhe%?ag@rﬁ? are ‘Eﬂ%rﬁn @ﬁ@i %@mvﬁ@r%% E&:’a‘iﬂat er m
i s expressedagrBs=téK Y cofhpoH&ll AiskiRBok b0 GF Ol MunGin smva_%uf%ﬁti@d by
shifting the binary representation of the integer it to the right by k

bits, and t hizequerryi ietlagy, HiGm 4bs andce dlwsteatesope CheanddGrsrompopent lissfibytion, Thus,
the Gol onb-Ri code i s t 0 naL j fiahhe onb- R cercodi ng
can be used oge%%n@gz"e“ gg"gt H&F%\gss??ﬁ?t%/vg gf%@%ﬁ%}ggtl ?vaenc% mglggéecgmp ?@ aﬁlicgﬂogasi ded
geonetri c ( eidparestthal)conthonsntidintiiboionaBH0gif waiplibide Ridexjesua feljtivie Ereqhbney[ 0065]

In (1), ais_a,par t t characterizes the decay qf the probability of
x, and cis aslwalﬁﬁ&&ff?afﬁrboﬁl%@?%%s ths GBang ,reszwp?%éynﬁﬁﬁmtbaﬂpfg?? EPEYER be
seen that a SROKENSSiftive AdHuBRS, SYRhMPS205 RAPLHivER! NG that in FIGs. 5a, 5b, and

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

represents 2 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, S5a, 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):
~24
p(X,)) =—2—exp{—~/2/1|xk_,|} k%0 3)

In (3), X,, represents the DCT coefficient comresponding to frequency k and [ in the

. . . ) 1 ]
vertical and horizontal dimensions, respectively, and the mean &, =-—J§, variance

o = —1— Accordingly, the use of Golomb-Rice coding in the manner described is more

24
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(xi =0)? Pa(Xi =-1)>: Pax; =+1)? Pa(x, =-2)?... (2) [0066] As illustrated
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
distributions illustrated in these figures are based on data fromreal
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 C conponent distr,bution, of zero run-Iengths

versus relative frequency 410 and 420, elépect i vel y. FIG 5a illustrates
the Y corrpon@d?ﬁprggsﬁigrlhﬁgé a4, éﬁ@@ Qée &MRbdd Hseu %aazy%evedr%@m{;ﬁl aittle¥ &n RGB,
frequency Simlarl and 5c illuStratés the Cb a Cr conponent

di stributi onOlb‘ﬂpr ®eY €b f_:é compenentsrveittaiinaae of hoe@u@ds:gl Pl?ElLE)ﬂlafF'ﬁd 520,

PR 0 U e Gy Bl B FREOER 47,

range of coefhé IDIE’EIiﬂatmaimﬁnneEchee&e@dmchnorﬁz&b zoeffidicnr xwf pfdaw’sedha@ai'ehﬁyr ange
a size

15, - - 14, - total of 16 val Si
{va| ue of tenarﬁlasgparﬁfed 6%%@' Zfr%a?% toﬂl@wg of ﬂg\%g%%tem%g‘dfﬁéﬁow Haf Bl of
1024 val ues. leh%thé %ﬁ:S @s“n\fer ﬁ’l’i@zgeﬁl or efampléif tAE ’rurﬁﬁm pbisapdn®% bB3L thatf B

run-lengths an tude si have exponenti al tributions. The actual
di stributi onGQbmbhmrmbn mudelstecmmeﬂdilghdmnte(mﬁthmm’ﬁethh(ﬂidlm rpgmnmuam on

cort 11 ci et SPPRESORHFIon by g e PlrofctobfRERy ME dolsii ™!

hori zont al dpssEnstE@s is da&nﬁﬁédbgedhyfolmﬁdngé@aﬁm(agl ux = var| ance v2s 1
Accordingly, the use of GCol onb-Rice codi E! t he manner described is nore
2A optinal in processing data in DCTs™=\§@67| &t hough the following is

Sl b 5 G PR A oA AR
. counted 616 by a counter or register. To encode the run length of zeros n, a quotient is
encoded 620. In an embodiment, the quotient is determined as a function of the run
length of zeros and the Golomb parameter. In another embodiment, the quotient (Q) is
determined by the following equation (5):
0=[nr2"] )
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):
-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):

{Zx, if x>0

- 2{x|—1, otherwise



conpressing i nrage data, the inmage or video signal may be, for exanple,
either in R@B, or YIQ or YW, or Y Cb Cr conponents with linear or |og
encoded pi xel values. [0068] FIG 6 illustrates the process 600 of encodi ng
zero and non-zero coefficients. As the DCT matrix is scanned, the zero and
non-zero coefficients are processed separately and separated 604. For zero
data, the length of zero run is determ ned 608. Note that run- lengths are
positive integers. For exanple, if the rumlength is found to be n, then a
Gol onb paraneter mis determ ned 612. In an enbodi nent, the Gol onb paraneter
is det é@filhed asAgcdrdinglyi dhe omaluehef ﬂuwm@ngtmeffmwnampnmna@mnnénhy at he

ol (4) [bocofotty hiseiger BE" R afer Yebitine B0 aRBHBLE L i Ry di

paraneters aegual &Dwﬁcb elf i6ik Sthb wake ¢Oe1RbASd @IIO 45 @@ics tiey givekOval@N dPfist, theeralugn
I ength of zeros n, uotient is encoded 620. In an_enbodi nent, the

quotient is éfe?r@P‘Fﬁdn 30n¢ lesmiban icsthe ahsofute valpe n bk contemplaisd thatPthare
Gol omb par amgf6hine d by
the foll ow ng 1n5tsélfhoe?]ﬂlé§tr§h@’ lejtr%?%ngw %d Tﬁ@k enfthegr‘r% bleo ﬁgﬁgé{)ﬁﬂl {eﬂlgt
i s encoded mlgunéthpvebl@esnmemdr equires Q+1 b| ts. Next, a remainder |s

encoded I n odj t he remal IS e |

the run [@%}gt h a nchﬁgmgqﬁg@:}gg%s asleﬁcpéeﬁ%efjh reqé’ﬁ%%’dm ﬂs frhg'a? %?’Flélkfvﬁd‘éa?ue(s R is
det er mi ned usf Jagexhgevérointagusrmdeﬂg;&wemxdeﬁbecoﬂwhca ifde g&)s Flﬂthaﬂ tieisangpingnt ,
the remainder Ris e@codog L}n an mbit l%l nary cgde. Arter, uotlent Q
and the renaPFaEYeRig: BrofaRilihAssgnment of 5@ dnf (@ Qnai‘ﬂi'apita&? (f(?ﬁ%%lf‘&r?ét ed
628 to repr egRRiraRd i ¥@laRbh (ﬁ)oawsqxnettbeav&amsh@rmgn 9& 8% gc[sﬁgrz%d
Nonzero coefficients are al so encoded using Golo |n

coef ficient nesafve nuabeamfise tli!m@apﬁnvemdonﬁezgwtwededmths smms@nrwsmwse a
sign bit andy t ﬁ%)?g t he
anpl i tude of {) ei%ﬂg%qgré)r%gc% !(::e%&gﬁq[ M%Eﬁ{ﬁmu% ugnlqapll %@H&F@?\% l{é'dgﬁeen ¥

expr essed asinmetummmb,bmkof t he absol ute vaI ue of the anplitude and t he
Z::]ggt i Oi&)?%]) ' ngl yIt 1ts r}?np%%tl ougc%ogrrr?iXe l?i?atea).ft?xoug Sgglbggirr}énys%p glct Qx%entfo%l zlirgWI ng

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 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,



2x, if x> 0 2IxI - 1, otT te rwse (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 1is encoded 644 as one less than twice the absolute value. It is
contenpl ated that other mapping schenes al so be enployed. The key is
that an extra bit to distinguish the sign %f the val ue i s not' needed.

[0072] Encodi Pe% 'ﬁPJﬁI}S(/t gxg%n@»%mg %t?o%egp l?x)[age\% iy a tﬂe7 klcre%bﬁloﬁﬁb e%a?a:h&@xtt

positive val ués? I ve val ues

i ntegers. Furbmmd¢ﬂmhu34m@ﬁp|ng preserves the probablllty assi gnnment of x
as in (2). An advantage of encoding as. illustrated in equation (7) allows
one to avoid using a sign bit to repreﬁgnp_EaS|&;ve and negative nunbers.

After the mapping is done, y is encode Ane manner as was done for
the zero-run. The procedure is continued unfll all coefficients have been

scanned in tRAesigilar@odediteqsdy beh30d Er th ahplitudgor t ant to recogni ze that
al t hough enbodi nents_of the inventjon are determ ne values of coefficients

and run [k hs as ﬁfePUWcttaFlSﬁ" EiG.chyibg soypressey imagesignal generaied by theyencerems
(1)-(7) need @?4 mQ? b’ésteﬂ ncorg& easﬁ'lgﬁi dﬂlfge?tlﬂﬁ Narff th %@ GraRRPRE M R decoder

distribution o I ng coefficients that allows
for nore effiltdesing &@mnmslomcmaneTwuawudssmmmnel [108 mly bSiarpdysigal

Ty be necBedhpy 1A ece PRlgrkhe o R FRieke ST R ABLRE S VR e
occurrence of corvbgarkte rmceaer@- apparathd. The mmmm owﬁhhouasrttans ah¢ Weclosizen a
bl ock after a non-zer

i t.ude has been en as
R Rt AR AR Tl e 2 SRR
rather than GobfpiefRh GRffeORt anineyd{aBledestth dscoder 168, whlch decodes the run-length

values and the non-zero values. The variable length decoder 168 operates in a similar but
opposite manner as 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 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 Gelomb-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



again, optionally, a special fixed |length code. [00751 According to equation
(1) or (3), the probability distribution of the anplitude or run-length in
the DCT coefficient matrix is paraneterized by a or AL The inplication is
that the coding efficiency may be inproved if the context under which a
particular DCT coefficient block arises. An appropriate Gol onb-Rice
paraneter to encode the quantity of intel®est may then be used. In an

enbodi ment, counters or registers are used for each run-length and

anpl i t ude sizaistesl W8 isouesdnnt each hamrengte end vamplivdel si2¢ Valugaiocempyig thhe

cor r espondi ng QUbe buhiatildBauldd BHRBtAME QGBI 5t iERL obX TR £vall the
register to ore the cunmulative value a enents accunul at ed
are R, and dédcuss. iAn encedqreidRieneddes d ipeotiend (Q)vds rgfuectimat ofothe (i) lemgth &el theed as

t he Ri ce- ol @ng ar a%neqt%r ,]Eh%‘fnga%?qhtaGe r%)g-l n%téggmll?qtkg) 109@# 31}:?%? ml ar
procedur e r i
the conpressgg 1bARYEGSLIRAarAENREY, Ah€ dubient. NG SDGRGREte ARGdITRN: RACIRITDS ari | y

stored using a butfer 142," and then transmitted to the decoder 112-usSing
the transmi sdsopnashemnesizemodata Iﬁne funciionrdf $ks oon-gérardatsl vai@Barrﬂashebenaofghysu cal

Vrrﬁe:’jle:'lrensssuggt}l({a}js ance prg%ces C%II! gengﬁl}-aii%rasgﬁéde\“ t&g?tgrthe\?ﬂ LueCOIlrt]l?Q]e% t he

bl ock si ze \aeﬂﬁ?d gnment information, is aI SO provi ded to the decoder 112

(FIG 2). The decoder 112 c rlses a fer 164 bIe I
decoderz%ﬁ whi ch dec‘% Var”é’H@;t Str‘i‘fﬁ’led%‘c“jr\’g"cﬁ‘ﬁe& Sﬁglpﬁles
The vari abl edés&'ﬁﬂidhn%ﬁﬁ&éﬁ&n 1‘@& B RERb&PnchR cﬁsd?ds@ll héteiPihy b@ﬂﬂﬁl‘éin’éﬁte&%?ner
as that described in FIG 6. (00771 The output of the variable |engt

decoder .168 pesfoimed indeaadvire on sofiwere séthssrapligation-speriic infrgratest eieault (gﬁéc)
Coet T Cl et % BR6ALANMI! a1 %eSRN AR TaRTBE WiihyioF YopRXAUMRIRe Habawde

m xture of zi g scannirrg, vertica ni ng, an rPzontal scanni ng were
used, the icsompopentsesichlaszeg., tgdstors ahd Eifpy @ procedset yxaceumg deet effamware
coefficients,_with the_know e\c}g ﬂ?ﬁf t he t offtscannl empl oyed. The

i nverse seri APfSer %73y & ¥ 3 £9 w%fgsfig 113 ?eé%%‘r Yr 4BY i ng
of the coef fiophtdmitionithdreofa TheRosHsice neayeidh amta@otisp be @ nicroprocessor, 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
mermory, 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:



100781 The conposite block is provided to an inverse quantizer 174, for
undoi ng the processing due to the use of the quantizer scale factor and the
frequency weighting nasks. (00791 The coefficient block is then provided to
an | DQr el enment 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 enent 2090. The I DQT el enent 186 and the

] DCT el enent 190 inverse transformthe coefficients to produce a bl ock of

pi xel data. The pixel data may then have to be interpolated, converted to
R&B form and then stored for futuf®&AIM®Hlay. 10080) FIG 7 illustrates an
apparatus for Gol onb-Ri ce encoding 700. The apparatus in FIG 7 preferably
i npl enents a process as described with respect to FIG 6. A determner 704
det ervi netn adigital dismet dystem) a awatheal dabomptessing adigitel infagp thaDobmprisek pixel a
counter or 19 Lster. 708 is useﬂ for &ach run-length and anplitude size

re
val ué agaobeéwartrgtegﬁgo colgr eoranangris, s meted GRMRKSREs and t he correspondi ng

nunber of timegadiiah gfwplof @ cyidl dfinpdefbT pixePutgncoder 712 encodes a quoti ent
(Q as a function of the run length and the Golonb paraneter. The encoder

712 al so encodgenerating pdredknites assiRnmant ta divide theogroup of Aeolor gampenegt bf Gol onb

par armtergix@ﬂqtoas'(tjig-tbiloecﬂgofﬂi el%{a?l ternate embodi ment, encoder 712 also
encodes nbnzZzero data as a tunctron of the non-zero data val ue and the sign

of the non- zetransfiamingythk ab-blocko bE pixehditerintd oriesponding frequempaknaint e the Q
value with the R valye. [00811 As exanples, the various illustrative
| ogi cal bFFERENAYNSEAarts, and steps described in connection with the

enbodi ment s di gehgs Ak BeLRNBy Whalif ripiRbRIEHs SRt stREMm Bf B, Wheftd dware or

software with an application-specific integrated circuit (ASIC), a
pr ogr ammabdabing sdiaseddena gualitydhette eorzelafingevity the quality of the ithaggi ¢, di screte

har dware conponent.s uch as. e. registers and FLFOQ a, processo
executing a se(fomcﬁlﬁ?q ?‘tﬁr?/\%P%ne $RE 8‘&%%‘*} %ﬁrg?ﬁ%ﬁv@o‘%\%%’i Igﬁ%PgbeP{)eﬁFni?#mbl e
sof tware agsléai@bleciessor, or any conbination, thereof. The processor may
advant ageously be a m croprocessor, but in the alternative, the processor
may be any condi¥Kingohalopitosraur of date B prompihat mpY: e EepreseRsed as four 858 st at e
machi ne. g’f&@kéoftware could reside in RAM nenory, flash nenory, ROM

serializing each of the four 8x8 blocks of data; and

run-length coding the serialized data using an exponential distribution.

2. The method set forth in Claim 1, wherein run-length coding is a function of a cumulative

value and a corresponding number of times that a particular value occurs.

3. The method set forth in Claim 1, wherein run-length coding further comprises using an

R
log, —
[ g2 N, ‘l

where R, is a cumulative value and Ny is a number of times a value is

equation:

accumulated.

4. The method set forth in Claim 1, wherein scaling further comprises providing a frequency

weighted mask to the sub-blocks of pixel data, wherein the frequency weighting mask provides



menory, registers, hard disk, a renovable disk, a CD-ROVM a DVD-ROM or any
other formof storage nediumknown in the art. .[00821 The previous
description of the preferred enbodinments is provided to enable any person
skilled in the art to nmake 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 pdinciples defined herein may be
applied to other enbodi nents without the use of the inventive faculty.
Thus, the present i ntion s not intended to he limted to {he |

&b ocTRIAES SROUART B BF i hihE Bumh S e o ot 15080V SUbBOLigRS st ent

W th fel@mphhdiil ﬂ@hﬁﬁls@menﬁa&%& thhiaaé Bl Abiie bReadishek 8bmitive00831 Ot her
features and advantages of the invention are set forth in the foll ow ng
clainms. What we claimas our invention is: 20 CLAIM5 1. In a digital cinema
system a LN : Ol i N opnri.se jxel data
bei ngimsepgggbg%%ﬂﬁgtoﬁggﬁ%ﬁ%@ngaﬂg nﬁlt"g I,tr&?%g‘én ”@%gﬁ%ng‘;}g%?rg?ﬁws' NP Engzgr ?eng a

gr oupCasinedlTramdf@tn. conponent of pi xel data; generating a bl ock size assignnent
to divide the group of a col or conponent of pixel into sub-blocks of pixel
data; transform ng the sub-bl ocks of pixel data into correspondi ng frequency
domai @) I eRE gRABUAL PRRin TMImSEalHeRGn %ﬁf&ﬁrﬁﬂé@&ﬁﬁﬁs@?ﬁ&'ﬁhﬁ@i SRt | ons
into a stream of data, wherein scaling is based on a quality netric

corr el at i fgsing Transfhmm followedpyafDiffhresntiztdpad-trco Fpansfomy. at | east one group of
data fromthe streamdata that may be represented as a | 6x 16 bl ock;
dividing the 16x 16 group of data into groups that may be represented as
four W DblneKigitab einkiah isyitéi, ©pfdeebr fdroimpassidy bl digiked imhgedtibBiconaptibes
run-1ength coding the serialized data using an exponential distribution. 2.
The nikfidatadetngserarsied MtesolprRompongids, dheprogessor sopfteyreddfi ng is a function of
a cunul ative

—

read a group of a color component of pixel data;
generate a block size assignment to divide the group of a color component of
pixel into sub-blocks of pixel data;

transform the sub-blocks of pixel data into corresponding frequency domain
representations; and

scale the frequency domain representations into a stream of data, wherein scaling
is based on a quality metric correlating with the quality of the image;

compile at least one group of data from the stream data that may be represented as
al6x16 block;

divide the 16x16 group of data into groups that may be represented as four 8x8
blocks;
serialize each of the four 8x8 blocks of data; and

run-length code the serialized data using an exponential distribution.

8. The processor set forth in Claim 7, wherein run-length coding is a function of a

cumulative value and a corresponding number of times that a particular value occurs.

9. The processor set forth in Claim 7, wherein the processor run-length codes by using an

equation:



val ue and a correspondi ng nunber of times that a particular value occurs. 3.
The nmethod set forth in daim1l1, wherein run-length coding further conprises
using an equation: 1092 R N,j where R is a cunulative value and N is a
nunber of tines a value is accunulated. 4. The nmethod set forth in Caim1,
wherein scaling further conprises providing a frequency weighted mask to

t he sub-bl ocks of pixel data, wherein22he frequency wei ghti ng nask provides
21 enphasis to portions of the imge that the human visual systemis nore
sensitive and rovides |ess enphasis to portions of the imge that the
human vi sual temM | ess sensitive. 5. The nethod set forth in Cdaiml
wher ei n transf onprises performng a Discrete Cosine Transform 6.
The net hod set fortH n Claim1, wherein transform ng conprises perfornmng a

Di screte CosifRerd! ANSE OF Buh@lalioedlbYard N,,,f is€h GRinliRl JPUgfkled RERallL goSTorm
7. In a digital cinema system a processor for conpressing a digital inmage

t hat conpe¢yewlated. xel data bei ng separated into col or conponents, the
processor configured to: read a group of a color conponent of pixel data;
generate a bl ock size assignnment to divide the group of a col or conponent of
pi xel 10.nt The ploctdsocdes forth ip iOIaain T atteteir thapedcossor sdakes by prdiliding s fiefueptyxel dat a

into carrespondi ng freguenc pre tations;, and scale the
frequ@ﬁ‘&@' %B’i‘?&f &@ﬁ?‘ég@ﬁ]f%%/ﬁ gad!raﬁ‘t ?Yli‘ ‘s“ttf“é sAYmCy Heightipg magk proxidss i ng i s
bas edefihadis @!Bbrtibds HEE ifagOmhehehign Wishdl sszélanqy fFHo!ré yeneifnv& b | Bﬁs@m%s conpi l e
at | east one group of data fromthe stream data that nmay be represented as
a16x 1essrmphiksis i portienstof ghel igrEGthgl the pumin vsuad systamisdessgpusitiveat may be

represented as four 8x8 blocks; serialize each of the four 8x8 bl ocks of
data; and

11.  The processor set forth in Claim 7, wherein the processor transforms by performing a

Discrete Cosine Transform.

12.  The processor of set for in Claim 7, wherein the processor transforms by performing a

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

13. In a digital cinema system, a computer readable medium embodying a method of
compressing a digital image that comprises pixel data being separated into color components,
the method comprising:
reading a group of a color component of pixel data;
generating a block size assignment to divide the group of a color component of
pixel into sub-blocks of pixel data;
transforming the sub-blocks of pixel data into corresponding frequency domain
representations; and
scaling the frequency domain representations into a stream of data, wherein
scaling is based on a quality metric correlating with the quality of the image;
compiling at least one group of data from the stream data that may be represented
as al6x16 block;
dividing the 16x16 group of data into groups that may be represented as four 8x8
blocks;
serializing each of the four 8x8 blocks of data; and



run-1ength code the serialized data using an exponential distribution. 8.
The processor set forth in daim?7, wherein run-length coding is a function
of a cunulative value and a correspondi ng nunber of times that a particul ar
val ue occurs. 9. The processor set forth in aim7, wherein the processor
run-length codes by using an equation: 22 ~1092 Rn N,, where Rj is a
curmul ative value and N,, is a nunber @ tines a value is accunulated. 10.
The processor set forth in Claim?7, wherein the processor scal es by
providing a frequency weighted mask to_ the sub-blocks of  pixel data,
wherein the fr%‘ﬂﬂ@%‘yc‘iﬂé‘iﬁjﬁﬁ pefiplingddatyyising apsxponsmpplAistEbutipng or t i ons of t he
i mge that the human visual systemis nore sensitive and provides |ess
enphasis to portions of the inmage that the human visual systemis |ess
sensi 4. veThd tomfikter rsadabds swdivgesetfforth hin i(aid@ &3, whereintren-déngtht baling Scessor

et ORI oo PR Bfaf and e isEiuont ek O S oy anh el bee o

D screkgrsCosi ne Transformfollowed by a Differential Quad-tree Transform
13. In a digital cinema system a conputer readable nmedi um enbodying a
met hod of conpressing a digital imge that conprises pixel data being

separgt edy . | Si.Ng- I rou f
2 ol by - conpemea SAACRTY Sot ok CHIRCE, SRR Ao Hapth SRAE el 01P ©

di vi deniphisesgrstmg@nefluaionol or conponent of pixel into sub-blocks of pixel
data; transforping the sub-bl ocks of pixel data into correspondi ng frequency
domain repres ?ga&ons; and scaling the frequency donai n representations
into a stream Hwtﬂ , Wherein scaling is based on a quality netric
correlating with the quality of the imge; conpiling at |east one group of
data fromthe whéreaRy dataacumalativeawalie ardpNgsiend atimbas of 1dd ablAloK is

accumulated.

16.  The computer readable medium set forth in Claim 13, wherein scaling further comprises
providing a frequency weighted mask to the sub-blocks of pixel data, wherein the frequency
weighting mask provides emphasis to portions of the image that the human visual system is
more sensitive and provides less emphasis to portions of the image that the human visual system

is less sensitive.

17. The computer readable medium set forth in Claim 13, wherein transforming comprises

performing a Discrete Cosine Transform.

18. The computer readable medium set forth in Claim 13, wherein transforming comprises

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

19. In a digital cinema system, an apparatus for compressing a digital image that comprises
pixel data being separated into color components, comprising:

means for reading a group of a color component of pixel data;

means for generating a block size assignment to divide the group of a color

component of pixel into sub-blocks of pixel data;



di viding the 16x16 group of data into groups that may be represented as four
8x8 Dbl ocks; serializing each of the four 8x8 bl ocks of data; and 23
run-length coding the serialized data using an exponential distribution. 14.
The conputer readable nediumset forth in O aim 13, wherein run-|length
coding is a function of a cunulative value and a correspondi ng nunber of
tinmes that a particular value occurs2415. The conputer readabl e nedi um set
forth in Claim213, wherein run-length coding further conprises using an

equation: log2 R N.r | where Rrr is a cumulative value and Nrr is a nunber
of times a valfeansdor ansfomming: theysubriglocksiod pEshette dito camerppRdingHEqUsATS et fort h

in Caim 3@ &EeMats&GRl iy further conprises providing a frequency
wei ghted mask to the sub’bl ocks of pixel data, wherein the frequency
wei ght i ng nas kmeans b esalisgythe Siequenoy domainorepreséntations iintage strésant of idetahuman

visual systemis .. nmore sensitive and.provides |ess enphasis to portions of
Uhe | mage YRHER SHIRTL AT O & gty FRireRionlsorg wuf T GRRROY Ferbeline. computer
readabl e medi uitdetfor @nipilinglatQeat Bhd groupVae dfth Frobd BRSeAMIdAG BATRAY BES
performng a Discrete Cosine Transform 18. The conputer readable nedi um set

forth in CPESeAtabas alfelehlack r ansf orni ng conprises perfornming a Discrete
Cosi T f f i f Lal: - |
sine Transf of,m /b A¥RtheMe Poxlts lés-&{pgir?tdh& 1nt?§gcglpg 'El?a‘?n%?%??éﬁ?és@ﬁte&?s na

digital cinema system an~appar at conp rng a I'mage that
conpr i sesfoupBx&blodast a bei ng separated into col or conponents, conpri sing:

nmeans for readin r aup . of cplor. ¢ ent i xel data; neans for
generating a b’i“BEgﬁ?%‘]gsfgglgzé‘égﬁ'ﬁ%ﬁ@#ﬂ"@%gg’é&‘?{g{a&?ﬁ of a color conponent
of pixel into pedys Bt tength ddiR! thélakializedatiBAME ah Qkpddeanigdd@iibulant he
sub- bl ocks of pixel data into correspondi ng frequency

20. The apparatus set forth in Claim 19, wherein run-length coding is a function of a

cumulative value and a corresponding number of times that a particular value occurs.

21.  The apparatus set forth in Claim 19, wherein the means for run-length coding uses an

equation:
R
’Vlogz e
N rl
where R,; is a cumulative value and Ny is a number of times a value is
accumulated.

22. The apparatus set forth in Claim 19, wherein means for scaling further provides a
frequency weighted mask to the sub-blocks of pixel data, wherein the frequency weighting mask
provides emphasis to portions of the image that the human visual system is more sensitive and

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

23. The apparatus set forth in Claim 19, wherein the means for transforming performs a

Discrete Cosine Transform.

24.  The apparatus set forth in Claim 19, wherein the means for transforming performs a

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



domai n representations; and nmeans for scaling the frequency domain
representations into a streamof data, wherein scaling is based on a
quality netric correlating with the quality of the imge; neans for
conpiling at | east one group of data fromthe streamdata that may be
represented as al6x16 bl ock; neans for dividing the 16x16 group of data into
groups that may be represented as folf 8x8 bl ocks; nmeans for serializing
each of the four 8x8 bl ocks of data; and neans for run-length coding the
serialized data using an exponential distribution. 20. The apparatus set
forth in daim19, wherein run-length coding is a function of a cunulative
val u nd L t4 I - QCCUrs.
1. B s AECARARET Ak 4 e s of el by B AR Mg e ot 1
codi ruxaldaig being sepprried inte calayppmRonents, comprising: R, j is a cunul ative val ue and

N,i is a nunber ires.a val ue |s ccunul at ed. . The apparatus set
forth in dai rﬁrfg(ier\t;\%rg?aeql% ?Tgrgﬁg°#%?°1§rccé’ﬂpﬂﬁer#8f{"ﬁ§1r2 ovides a frequency
wei ght ed mask 4 gerfefiforsfab gérlefating atBlogki si£d asdighmentb eXi€ille teh@oidy 0Aes16Yy

wei ghting mask provides enphasis_to portions of the inmage that the human
vi sual syenenpnet ofpixgl %ybrblwsaﬁalxeﬁda&;i des | ess enphasis to portions of

the image thals yaRsmHHER To bebRomi HRRubhIOcRE Dr AR dala/ fito EotresOifiAPPAI Al US

set forth in alm 19, ereln the neans for tr orm ng per
Di scret e ffogieney domaairs feprasent@ibns;and apparatus set forth in daim 19, wherein

2 Di 11 or ont | al® AR 0F Beitg B kEPRe S dorif enagTe B & oG oLyehem an

appar at uswhéreinGoHln2Ss barad 8n diq@alitR nctritR@erelaling witB TRy QuBBE ofthe@laggiat a bei ng
separated into color conponents, conprising: a reader for reading a group of

a col or conporesfmpiter fircempilingzat leastypsearenpror! ety frepa e sitepmglate hrloBXY si ze
assi gnmeng, xteBregén\fécfja% atlg')?lél;lgéﬂ? of a color

a divider for dividing the 16x16 group of data into groups that may be represented
as four 8x8 blocks;
a serializer for serializing each of the four 8x8 blocks of data; and

a coder for run-length coding the serialized data using an exponential distribution.

26. The apparatus set forth in Claim 25, wherein run-length coding is a function of a

cumulative value and a corresponding number of times that a particular value occurs.

27.  The apparatus set forth in Claim 25, wherein the coder uses an equation:

R
1 rl
‘7 0g, N, ‘|

where R, is a cumulative value and N, is a number of times a value is

accumulated.

28.  The apparatus set forth in Claim 25, wherein the scaler provides a frequency weighted
mask to the sub-blocks of pixel data, wherein the frequency weighting mask provides emphasis
to portions of the image that the human visual system is more sensitive and provides less

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



conponent of pixel into sub-blocks of pixel data; a transforner for
transform ng the sub-bl ocks of pixel data into corresponding frequency
dormai n representations; and a scaler for scaling the frequency donain
representations into a streamof data, wherein scaling is based on a
quality netric correlating with the quality of the inage; a conpiler for
conpiling at |east one group of data f26omthe streamdata that may be
represented as al6x16 bl ock; a divider for dividing the 16x16 group of data
intoéﬁ{ou s that may be represented as four 8x8 bl ocks; a serializer for
seri &% zi hee apRapptey sqtrfarth dy Claing 25, whereingrangiormer pertpras doBtiseretofosing- | engt h
codi N tdigmseriali zed data using an exponential distribution. 26. The
apparatus set forth in Caim25, wherein run-length coding is a function of
a cunul ative value and a correspondi ng nunber of tinmes that a particul ar

val ue, occurs. 27. The.apparat.us,set, forth.in aim wher ei n the coder
vees W cabSamifis B sEBARICIT2S Hnetedh jod opoiriie Refipimd Bt EOGRERCT i s
a nunhgfisferin folloWed By ¥ Biff@enttal Quediird Ba@isforn8. The apparatus set forth in
Claim 25, wherein the scaler provides a frequency weighted nask to the
sub- bl ocks of pixel data, wherein the frequency wei ghti ng mask provides
enphasis to portions of the inmage that the human visual systemis nore
sensitive and provides | ess enphasis to portions of the inage that the
human vi sual systemis |ess sensitive. 26 29. The apparatus set forth in
Claim 25, wherein transformer perforns a Discrete Cosine Transform 30. The

apparatus set forth in Caim?25, wherein the transforner perforns a Di screte
Cosine Transformfollowed by a Differential Quad-tree Transform



