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television, still image and other video signals have
been shown to perform significantly better than
corresponding analog systems. The inherent advantages
of the digital communication and storage techniques
are primarily due to the fact that information is
transmitted and stored in a binary form which is much
less susceptible to noise, electronic component
distortions and other distortions in conventional
analog systems. In addition, the representation of
the video signals in a digital form enables the use of
noise reduction techniques and advanced signal
processing algorithms which may be difficult or .
impossible to implement when operating on conventional
analog signals. Digital signal representation and
processing can also ensure exact repeatability of the
system output signals regardless of the electronic
circuitry or transmission media. It is therefore
expected that digital video systems will soon replace
existing analog systems just as digital compact discs
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adjacent in frequency sources. The presently most

popular and inexpensive means for the transmission of

digital data is through the public telephone network.

This network was, however, designed to receive,

reroute and transmit analog signals in the voice

frequency range which is significantly lower than the

required one for video communication. The physical

limitations of the available network impose severe

restrictions on the achievable signal transmission

rates, which in turn make the telephone network at

present not suitable for general purpose handling of

digital, and specifically motion video signals.

To illustrate the complexity of the problems,

consider a modern video communication and storage

system, such as those used in video-conferencing,

cable TV, and CD-ROM. The standard Common Interface

Format (CIF) resolution standard for such systems
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For practical digital video communication and
storage purposes it is thus necessary to reduce the
amounts of data to be transmitted and stored by
eliminating redundant information. It is further
desirable to design systems which maximize the amount
of data processed per unit time. One of the most
promising approaches in this respect is the signal
compression of digitized data which can drastically
reduce the information volume to be processed, without
causing a noticeable degradation of the output signal
quality.

Generally, any signal compression is based on the
presence of superfluous information in the origir:1l
signal that can be removed to reduce the amount &
data to be stored or transmitted. There are two main
classes of information superfluous with respect to the
intended receiver. The first one is known as
statistical redundancy, which is primarily associated
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information i generally, they may be classified as predictive
coding, transform coding and interpolative coding.
Numerous techniques may not fall into those classes,
since they combine features of one technique or
another. Special techniques have been developed to
exploit the temporal signal redundancy in applications
involving the transmission and storage of sequences of
video images.

In view of the diversity of available methods,
and in order to unify the research and commercial
effort in this direction, various signal compression
standards have been proposed in the past. There are
currently three major international standards for
image compression: the JPEG standard; the Px64; and
MPEG standards. These three standards address
different aspects of image compression.

The JPEG standard is primarily directed toward
compression of still images, but has also been
employed for full-motion images. The JPEG standard
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-5- of 64 kbit/s data transmission rates in high speed
telephone lines, such as a switched Integrated
Services Digital Network (ISDN). It is not suitable
and does not perform well in a bandlimited
transmission medium such as standard analog telephone
lines.

The MPEG standard, which is in many ways similar
to the H.261 standard, is aimed at distributing full-
motion images through such media as CD-ROMs or cable
TV. Typically, the compression rate of MPEG is lower
than that of H.261.

Other compression schemes, such as Intel's Real
Time Video (RTV) version of Digital V:ideo Interactive
(DVI) compression, only result in compression rates of
about 150:1.

In contrast, turning back to the full motion

video example above, one can see that transmission
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different signals are currently under development.
Examples include the use of advanced mathematical
models, such as fractals (U.S. Pat. 5,065,447) and
wavelets. In the case when a human viewer is the
intended receiver, systems are proposed to use psycho-
physical information to reduce the perceptual effects
of errors due to information compression.

There is currently a consensus that no single
compression technique is likely to succeed in all
different applications. The reason for this is that
the performance of digital compression and coding
systems is highly scene-dependent. Thus, an efficient
coding system should be able to adapt to application
specific conditions and apply different technigques to
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consensus that no vi.B8gl Pat. 5,091,782 discloses an apparatus and
method for adaptively compressing successive blocks of
digital video. The data compression method is
optimized by using different compression algorithms in
different data formats on a block-by-block basis. The
method is especially suitable for use in interlaced
television signal transmission, where the system
specific separation of the video frames into even and
odd fields allows the apparatus to process in parallel
individual data blocks presented in a frame and field
formats. The compression error in each format is
evaluated and the one resulting in a smallér error is
selected to represent the compressed image
information. While enabling the use of paralellized
processing to speed up the signal compression, the
proposed method is deficient in that nearly half of
the computed data is thrown out for each processed
block. In addition, the method does not permit the
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It is another object of the present invention to
provide a good quality full-motion video data to
digital storage media at a low bit rate.

It is another object of the present invention to
provide a still-image storage of highly compressed
digital images into a memory.

It is also an object of the present invention to
provide a hybrid coding system for coding of moving
images with high prediction efficiency and very high
information compression ratio.

It is another object of the present invention to
provide a new and improved hybrid coding system for
éompression and encoding of moving images by
overcoming the disadvantages and limitations of prior
art coding systems.
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processing region is next achieved by forming image
error blocks within the processing region. These
error blocks are compressed, possibly in parallel,
using at least one alternate data path to provide at
least one compressed block error signal. The
compression apparatus of the present invention further
combines the compressed image signal and the
‘compressed block error signals to provide a composite
compressed image signal suitable for transmission and
storage. The compression error of the composite
signal is reevaluated within the processing region and-
new error blocks are formed, if necessary, to provide
a new composite compressed signal. The process is
repeated until the computed error measure in all image
blocks of the original image is reduced below the
predetermined threshold.

In another aspect of the present invention the
proposed image compression apparatus further comprises
means for receiving digitized video signal
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g g signal and comparing it to the actual input image.

The sum of the absolute errors, or alternatively the
mean-squared error sum, of each pixel within an image
block .s used to compute the block error measure to be
compared to a predetermined threshold. Alternatively,
the error evaluating means may also operate in a
transform domain by comparing the quantized and
compressed transform coefficients to the full
precision transform coefficients.

In another aspect of the present invention, a
decoder apparatus is provided as part of an image
transmission system. The decoder receives compressed
digital video signals transmitted in blocks of pixel
data which are compressed in a first data path and
error blocks of pixel data which are compressed in at
least one alternate data path. The apparatus further
determines for each particular block of pixel data the
specific compression data path used and decodes the

received blocks using corresponding decompression
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block of an array of transform coefficients which are
obtained from an orthogonal data transform.

Preferably, a two-dimensional discrete cosine
transform is used in this case due to its very high
efficiency in compressing image data. Other data
compression transforms such as the Fourier transform,
the Hadamard transform, the Haar transform, the cosine
transform, or the statistically optimal Karhunen-Loeve
(KL) transform may also be used for eliminating
redundancies from the image data.

The compression apparatus of the present
invention may further include means for encoding a
sound signal and a function selector means for
indicating the type of input signal to be processed.
In addition, when using an interlaced digital video
signal, the input signal may be formatted in a frame
or field processing format, or both, for selecting for
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pat hs. The unconpressed video signal is then
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format, or both, fo&n%%k:%%tl' g'cfha.tecture of the processor in
accordance with one embodiment of the
present invention;
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communi cat on Shateta’ R & bandriinited HemtERIam AARAWRy, Such
FIG. 2 A B aas a lte@ephdimgbine dne® fERtotage at a high
compression rate. Since video information comprises
by far the largest data block to be processed in such
a system, the focus of the following presentation will
be on the compression and transmission of video
information. It is to be expressly understood,
however, that the underlying principles of the
inventive concept apply to processing of other types
of data as well.

As illustrated in FIG. 1, communication and
storage system 10 of the present invention comprises a
main processor 100 to be described in detail next.
System 10 further comprises means adapted to receive
input signals such as images, sound, FAX, data files,
and other types of data. Illustratively, the input
means comprise -an image input device 101, such as a
camera and an imaging scanner, a sound input device
102, such as a microphone and a memory unit 105, such
as a hard disk.

Communication and storage system 10 further
combrises a storage unit 106 for storing input data at
specific memory address locations in a data specific
format. For example, video information is stored as
frames or fields of compressed video images at
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a system theraeeph@h Ufesflgldaq\u NoinRsaniyakiidkeoMinages. In most
cases, data is communlcated in a compressed form as
described in the sequel.

System 10 of the present invention further
comprises output means for displaying video images,
reproducing sound, and other output data. As shown in
FIG. 1, the output means typically includes a display
103, such as a cathode ray tube display or/and a
liquid crystal device display for viewing still or
motion image and ddta; an audio unit 104, such as a
speaker and an earphone; a printer 109, preferably a
color imaging printer; a memory unit 105, such as a
hard disk, and others. Printer 109 is preferably
capable of generating a hard copy of the picture
displayed on the display 103, as well as printing out
data stored in memory unit 105 and control information
from control device 108.

The operation and specific functions of the
system 10 are controlled in use by a control device
108, such as a keyboard or a control panel including

keys and other means (such as a touch screen and a
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art. Conthai £ahteiofndoritHcAdAeMTeeTodQ Ofindi¥idual blocks as
well as elements of the internal architecture of
processor 100 are considered in more detail next.

In operation, processor 100 receives input data
from the input devices 101, 102 and memory unit 105 as
specified by the control device 108. Depending on the
input signal type, the input data is compressed,
encoded and multiplexed in an appropriate data
transmission format. The processed data is stored or
transmitted in a compressed form to storage unit 106
and modem 107. At the receiver end, processor 100
receives encoded compressed information from storage
unit 106 and modem 107, demultiplexes and decodes the
received information. The recovered data is output to
display 103, audio unit 104, and memory unit 105,
according to the particular data type.

The following description relates specifically to
the processing, transmission and storage of digital
video signals. Regardless of whether the input signal
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- 17 - there is little or no motion involved. Linear
orthogonal transforms have been shown to drastically
reduce information transmission requirements for

portions of the image of relatively low signal
amplitude variations. The present invention provides
a system that optimizes the compression of digital
video data by switching between different processing
techniques as appropriate for individual blocks of the
processed image and providing motion compensation to
account for motion of the transmitted data.

FIGs. 2 A, B are a block diagram of the adaptive
video compression encoder which is part of ‘processor
100 of the present invention. As shown in FIG. 234, a
standard digitized video signal is input from any of
the input video sources described above. The process
of digitizing video signals is well known in the art
and will not be discussed in any detail. Depending on
the image source, a plurality of separate digitized
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vi deo, audio andsgeneral dat a gutput de | , nmenory unit

105, data st oP9HELIORi PE16Be f3gn |ﬁ%§?¥ﬁ§(ﬁﬂ%rﬁPsHeV|ce 108.

| ndi vi dual bl pageraanpetb ashahampn@@roﬁnmb@maﬁm@mnal archltecture of
processor 100 are §6n5|der d igtnnre det.ai | eration,
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an appropriate a transmssion he pro ata 1s stored or

transnitted ifcaleeonfidtsrd prBAMLosMetothge input VidemmE gk 1@d At the
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storage unit 106 and den1107 myl ti pl exes and deco recei ved
i nformation. $R8¥RetBy F@d HQVatg§ &t St-eMd dﬁa??é%% %ﬁkNC)unlt 104,
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si gnal storlng the input 51gna1 untll the next video frame is
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The adaptive video compression encoder 200 of the
present invention operates on the current input image
to remove the spatial information redundancy which may
exist between different blocks of the image as well as
temporal redundancy between information contained in
successive image frames. To this end, encoder 200
forms in picture memory 214 a prediction image which
is subtracted at svStractor 202 from the original
image stored in memory 201. On output, subtractor 202
forms an error image, which typically has a reduced
dynamic range for the pixel amplitude values to be
transmitted and thus enables the desired signal

compression.
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FIG. 2 A B aé?’ﬂﬁugégggggb%%{)gﬁdoﬁl%&d%9%' A ‘.‘Lh eo conpressi on encoder

which is part © res i nvention. As shown in FIG
2A, a standard di gi Inzagcordancs Widh ithe presentoinyeptdon, encoder

200 operates iteratively over the processing region of
the current image frame until the error measure of all
image blocks is reduced below the predetermined
threshold. Thus, for a particular input image frame
the encoder may take a different number of iterations
to complete the coding process. Typically, for a
telephone line transmission it takes about 5 to 8
iterations to obtain satisfactory results. At each
iteration step a new prediction image is formed at
picture memory 214 and the current processing region
is redefined as the corresponding set of image blocks
of large error measure at the output of subtractor_
202. The processing region is next subdivided within
error analyzer 203 into error image blocks of
different dimensions determined to encompass all image

blocks within the processing region. A possibly
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nost |rrp0rtant to a human user |n ed-1 nput signal
froma vi deo Faegttingrpéxpd phplhe Grﬁ‘h’é‘ gaspr sterefndnag¥riorane nenory

201. The funchémeryf2088¢- PEQ a%baqp@@msﬂ%el preaietabd and ter, and
format the in ut VI eo Si orfmatted signal for further
processi ng. =Fa éfg—aotsﬁ Uce Ho B OPEREE P LEFEPEIZR F or ed | 1 a
frame format. tllrbveutrenbt peamkor mant, thet aht-stafi:amédaauofageﬁ ormat, nay
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- the coding region (CR) so that the computation is done
over the entire frame (FR). In the following
iterations the computation of the error image is only
done over the processing region as defined above. .
Thus, {FR} is the set of the pixels in the frame
region, {CR*!'} is the set of the pixels in the coding
region for the current frame at the t-1 th processing
iteration, and {CR''} € {FR}.
Once the error image at a given iteration is
computed, error analyzer 203 computes an error measure
for the individual blocks of the processing region.
One possible measure is defined as the sum of the
absolute values of the error signal over an image
block. The error measure is computed as follows:

BERRk'lt ={ if t =1, V(llJ) € {FRk,l};

.3 . . e t-1
otherwise, Y(i,7) €{CRS;
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i mage as well as tenporal redundancy bet ween i nformation contalned in
successive inmage frames. To this end, encoder 200 forms in picture nenory
214 a predi ct mpierd BRI £8 tﬁesubthaebedaaa Fuithr eolUnn? Ghdgom t he

ori gi nal inagms'é%re i me (g o@guﬁéﬁﬁubtractm 202 forns an .
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anpl i tude val ideradkion;t rlar&mi tJ eararnthe hher tnabtat ahd destiedlsi gnal
conpr essi on, s 2 error
I mge at the gultmﬁﬁs'lo ucbft r%t%:et &%’“3%"2 ?Jéo%]éﬁsgﬁ'g e; r*ercrit‘)arny and
anal yzer 203 fthe mat RS theorixely in ¥he alé'c%hd@meamith‘thecpﬂ-mm

i nventi on, thqm%@ Hildk It Ll rarfE 2095 G0 (PRY oananébazﬂg 283 1lch

defined in terns | rage areas or bl ocks™ of re det erm ned di nmensions and

i s done over 4G5 dcé%eglrﬁj""r SHRIPESFLYRLY t nptterFdYe. thRePIKBAE PRadd frane

i s segmented lmfa A blotkerary sulbget oo Clise kel tOE PiREESSINILhEJI ON iS
conceptual |y def.i ned asnf ga set_of.innge blocks for which an anplitude
measure of th&T&MFoAN g? ’ﬂ%rﬁﬂg*%m arger than a predeterm ned t hr eshol d.

The processi nd {F&gjlois ﬁﬁRkJ]{GR@W$GErecnﬂﬂ¢d to as the coding region of a
current f ram?g %‘%}13)“ S{B%‘z as d ande aﬁoé&? &f‘%ﬁ& RIS feRSnelBll as @
singl e i mage blo The jcessi ng r

the frame reglon, {BCRP} 1s the subset of the block

elements in the coding region for the current frame at

the t-1 th iteration.

The expressions above indicate that each time a

new frame is input, subtractor 202 first operates on
the entire input image. In subsequent iterations the
processing region is determined by the set of image
blocks for which the block error measure BERRy, is
larger than a predetermined threshold. An ekample of
the used criterion to determine the processing region
at each iteratien can be expressed as follows:
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further conprisetbemuseadVdk,d)sedBRR I 6t §tot) YVAEGE ©IRZKS) which are
all appropriately |abel 3 er access and further processing.

In accordance with the Q?%ée%%q?E€§%@|on encoder 200 opergtes iteratively
over the pr ocessaltﬂn@mgaeon‘v’dﬁ yheecﬁmmas‘n’t} i mage frame until the-error
measure of all image bl ocks is reduced bel ow the predeterm ned threshol d.
Thus, for a particular input image frame the encoder nay take a different
nunber of iteraPRoné eol conph di¥(ihg) codFRg Jor ¥éks3) GTWRMN f&ERF}o}

t el ephone |ine transms on it t@,ﬁs about 5 to 8 iterations to obtaln
satisfactory results. (é'aﬁ% Ft tion step a new prediction inmage is
formed at picture nennry 214 and the current processing region is redefined

as the c]g)r r e; Pahdirag {ggg“"}frhlm hé e k6f afhé abmcjerépémm Uiﬁdﬁ%et heh

out put of subtractor & Progessi re i S next s ed within
error anal yzerp§8§eﬁﬁ95‘gelrle&mﬁhﬂ€%t b*i“'b"’(cJ ’% F A %

deterg}ned to pﬂocmpasagMﬂtenanjbﬂycmmm}wi$htnet®etpoﬁCEBelpgxeeglon. A
possi bly onpr essi on
Pechni que i s agpFrlsatﬁo%onice§§=.°n%esesalgr$ Gt fpn s enforh fon.
Mat hemat i cal | yframe ptofdee '@qumﬂngswmemm%&r nky deerxpressed
as fol lows: ERf b%lfie ra?‘,][ Q:réfé[ {%x‘%&dsélné TredA1dd wtldchefs] (FR);

ot herwi se, [err
de ermlned by pre-spec1fled image quality requirements

and the desired transmission rate. The error
threshold ET' is adjusted by the coefficient analyzer
211 in response to the output of multiplex coder 210
and preset transmission rate requirements.

Preferably, the image block dimensions are
selected 4x4 or 8x8 pixels, dependent on the
particular application. Specifically, if the input
image contains more details or it is important to the
user to reconstruct at the receiver's end an image
closer to the original, it is desirable to use smaller
size blocks. Alternatively, if the input image is of
relatively uniform intensity and the specific
application does not requi: high level of details,
the input image blocks may ke selected larger.

Once the set of blocks with.error measure larger
than the threshold ET' is determined, the defined
processing region in error analyzer 203 is input to
the motion estimator 204 and the motion analyzer 205
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where IN is iIfFsass the, comprrEsiop,eEEiGianEYel A% thie THEFEi zed i nput
video si gnal mtoddmsine-prexationgost the curbentkframe RiE=a)y] image the

cortespond n el Peilit BLehEbbaDstABIEaToRmIREY Al g err] 15, e

resul ting pix error ore rror nenor uperscrlpt t
for the predittanmlakri andrcempargdnte e§°¥ﬁ€sp9pﬁlpgoé’é§91ﬁg’uﬁ@ ation for

the current fg@réhe infig éhﬁlftlltiﬁt}f:ﬁéﬁﬂ&éénﬂriméstol aeu:)e&:n%te(ttlzh the
processing re COi e ¢odin so_t ha

Conputat fon et it KTadk Srres 8 nof e B £rErmBRral ARTFEr aci ons
t he conput at iafh aof inesyerebememtige If thig ﬁsneheveasehetpreocmssl ng region
as defined aq_% E?ﬂﬁf x { | h I xel he frane region,
{CR[err]} ist {&dlégﬁsﬁlene%%gé%% eﬁ ég ?grk? F(E}r the current
frane at the xndenen%r&hsssb@cet'éhat c@ﬂrdhmlt?s:RPﬁr f] potdon shHEEt

Once the errgQiedtBWeard hd prdaibeish FRahé GOURY! BE, sREFYlcidd YE&" 203
conputes an error neasure for the_ individual Dblocks of the processing

regi on. One PESYMe TheGherert jEramey JIhenePeHRELPn: RE | ute val ues
of the error potgivn eseimAiontitobk ofky Thrustrativeasube waidrtenmit ed as
fol | ows: BERRI[ lowslerr] 1 if t =1, [err](i,])

[err] (FR[errﬁﬁ otherwise, [err](i,]) [err](CRerr])

MV, = {(x,y) Imin (= 22 | Ny, = PEj oy, o5+ |1 <MT,

V(i,j) €e{PRS 3, V(x,y) € (s}

V(r,s) € (BPRY

BCR{ ; = {(r.s) | MV, ,, V(zr,s) € (BPR)

V(i,j) € {BPRY

cRE .= ((i,3) 1 V(4,5 elFR, }. V(k, 1) € BFR A{BCR?},
V(r,s) € {FR
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| = [err] 1, J7-%hgRrevious frape. MT is R PPign thrssRoldt her wi se,

[err](k, 1) e (BOMjexridy whibkrmapBEBR] deflined tbekkowh newtned drth col um

i mage bl ock ofy4 égr#% 5 gEetQﬁe d&?eﬁﬁggggsbgg ter tlon | and J are
cal

t he horlzontal ver nenS|ons 0 ock err]}
{CRlerr]} den(hlé’q]?ﬁa: Sdhidbe xheypirdisate rngpacthveéw ghe | -th col um

i mage bl ock thdx*lﬁkéﬁt?é@ éﬁaloarﬁE&laaﬁﬁegl Be. £88' PRabeRbalddK 1 egi ons
respectively. dearl t he glxels of _an |ggg R bl ock are”subset of the set
FR e

of pixels in (P wabeEs, efi BAx rr]} [err] {FR}, {CRlerr]}
[err] {CRerr]}). FBH&&I@'méEEB& anallreepuosbt deterhiénbl ehkteltayents in the

frame region, u f I epents _i,n the codi ng
regi on fgr the currewéé%$%§eég? éh ?EFQ ﬁagggga§§§ESL 18 s?ﬁéﬂé¥bre55|ons
above i ndi cat &#hamatthegredeterminedf matéohsthneshplduMiy, ather 202 fir st
operates on t t n S t rocessi ng
rggl on i s det Iﬁnﬁfﬁd?%‘e g%?@%? ik §§'HE ggl@%‘g#%ﬁ EQH%e It%e"'dék error
measure BERR[ &9 mat 4Qﬂgﬁﬂt?ﬁﬂﬂlﬂtﬁFe tBer nfhedonkpeEhsram An exanpl e of

the used crit enl¥igXesieicdes ne1bhesPEeAESESNBuL£EE0P18t g8aCh iteration can
be expressed %igagm1551on or storage. Oon the other hand, - 23
interpolator 215 uses the received motion vector to
modify the stored image in picture memory 214.

Should none of the motion vectors computed in
estimator 204 have an error measure smaller than the
threshold MT, motion analyzer 205 indicates a non-
motion compensation mode, in which case selectors 240
and 241 are closed. Case selectors 240 and 241 are
also closed if t > 1.

In the following step a decision is made in which
one of at least two processing modes to process the
large error measure. image block. 1In a preferred
embodiment of the present invention illustrated in
FIG. 2A the decision is made between what is denoted
as an inter and intra frame processing modes. The
inter frame processing mode is elected if there is a
coding gain to be realized from the prediction of the
present frame from the previous frame(s). In this
mode the encoder operates on the block error signal in
error memory 203.
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BOPR[ err] (@egiern. BERR YT meds (fhe | eneeday opengtes AN theprlerr])
E/'Ekl H [e]rE]ETf%B]ml Wﬁm«a‘ﬂé«ndﬁy[mﬂ (BPR][err]}), i(fBPR[ I
= err err r . err
PRl err] ={(i, [?rh% J"]%lﬁ er r%‘%ﬁmé ]}‘L"e%xterér'id( Jlgrﬁrﬁ err] (BFR}
[err] {BPR errP)f}wessmg modesy rqxr ast)alf‘B*¢‘}141FF¥}1° @ YI8PRlerr]} is the

set of the bl ogkRlQERRMS Hdyildif 1M eSS 1Y 61801 SPeded d&Hd i dledfane at
the t-1 th proces |n§ |terat|on {PR[err]%qls the set of thqugl xel elenents

in the processimyerddioth i ANHY %K 208 3nd RrokodHe sekeFtay A8%sing
iteration; ET[ o ]thu% 2, dhd [pmsdiditi o ﬁhﬁck -dirqf Qesssiryy iteration

o Ot o Bl R RSIE 4 b Y A, and the,

coefficient andlyok eZtbri measnpmnseoumutdd Hrdmputheofouhput mex coder 210

and preset tra ﬁfé\% e i mage bl ock

di nensi ons aregz1 i eCCQ?i’ 4>??elorqg>%{ pi cfepe etﬁ{rea(racﬂgtryhe 0|to-;z;rt i cul ar

appl i cation. Syegedives ppul fnam |Hﬁ|t°‘i’ﬂ%®}8¢ dorang menaye 28k aiand or it

' iS ' WDOI t atnth t%uUtQ-aH:ft%r ftz:‘bnf Qﬁz&&lﬁt piiedl &Palti@ ﬁmfa‘.lri/%rn inﬁ@é Q:Fldd]@ge

closer to the glna | esi at'{ff e smal |l er si %

Al ternatively, %?‘F ais"'rrfd‘g’i’s er‘é‘fa & SIF AR tbg"r?ﬁ *y and

t he specific amhlnscatelam s:im]ncaimpbtjmdﬁ idiigh ﬁtmzelccm’pml:mmrs t he i nput

I mage bl ocks g-ﬁ] dnarger. Once the set of blocks with error
e res

measure | arger 't an jold ET' is determined, the defined processing
region in error anaMageblagk jernopreasunes fan @Fren analyZzexn20hd t he

notion anal yzeand0Jubtractor 207 are passed to the intra/inter
analyzer 208, which determines whether the
corresponding image block should be coded in an inter
or intra mode.
Mathematically, the computation of the mean
signal value M in each of the processing region image
blocks can be written as follows:

IV, ) etFR, ), I =31, J=31
i 3

V(k,1l) €{FR}

where M, is the mean value of the k-th row and l-th
column image block of the processing region, and the
+ remaining quantities are defined as above.



MERR; ; = IN; V(i,j) € (FR
- 24 - to determ ne a p055|51e notion conpensation with respect to the
previous franme,nobi @ ERTREIIRH A dus-P BREREES d RS mystem of the
pr esent |nvent|on to increase the conpression e f|C|ency the first

processi ng i t eERLLOMS3f the current frame (t=I), image bl ocks within the
processing region are digitally translated and conpared to correspondi ng
bl ock areas of the inmage in the previous frame to determ ne whether the

bl ock error ue t,0 @ f,an.d lement. If this is
t he case, the ngﬁﬁ%ﬁh = gﬁsgggz?hgﬁﬂ t¢g}%h3&¥§§§ *stored

I ndependent |y since the coordinafes of a notion shift vector and the
prediction frang wo dl.,bQTSUEIE) ent to red@. l) ee(BrRRIrent franme. The

operation of the no#ion estimation block may illustratively be witten as
fol | ows: [err] [err] (i,j) [err] {PRerr]}, [err] (X,Yy)
[err] {M5} | =TJerr] , J =Jerr]

The decision whether to use an inter or intra
mode is made at analyzer 208 in accordance with the
following criterion:

MODE,, = { intra; otherwise select inter |
if (BERRk_lt > BMERRk") }

where the block error measures BERR,; and BMERR,, are
defined as above for the k-th row and the l-th column
image block of the error and the input frame data
respectively. The decision MODE, is the status”
determined for the corresponding image block.

If analyzer 208 determines for a given block an
intra mode; the stored frame data in the processing
region is selected by the selector 242 and the process
"is passed to protocol selector 209. For the inter
mode selection, the input data to be processed is
taken from the stored error data in the processing
region of error memory 203 and passed to protocol
selector 209.

Following the mode se! *“ion at analyzer 208,
protocol s.lector 209 det: .aes an optimal protocol
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[err](r,s) [efinglprRraay) jof camected imaqe hlogksa[whi¢h fasg] iF | )
[err] (BPR[ er delfined as a sindgl¥éd |blodk protsddsl. (BbEsEd) seleCBcH ] =

(1 1) o7 il (4140 (AL Lk o B d bbb shht phEGe 1))
nmoti on vect or widhtisr ihee prpcessing i regidre, nimivhiclercase nessdefihed an

| mage bl ook Ougr of BomAlAls G VAL StlEaGld OndedBi Py ST EbLYBEROTS (VE)

in the previous _frane noti1o old criter

defined as kn&f}ectome0f sPegihies the shappef tthe &momoekﬁ he
i mage bl ocks, a‘d&lﬂt‘iv)é.lyy uwttwémmﬁn;ec‘éﬁ ve&doh tﬂitﬁ:déé$2ﬁ§1tﬁteﬁ8ﬁlwt i cal

shifts of. th 0 ressed in nunbers. of oul d
not i on anal yz &%tﬁ’eé)t% ?ﬁ‘%orb‘{] 5’#(%?}{% LEPB Rt i on
vector is srrabloulfngim'fatu}m prmdﬂteerm:fgni bimcks) wititelghadtlte MTI, t he

CoLTeSPond DRt U, MU AN GRIE SN IPTLgg 1Al cr o 2t

used to make the determlnatn.on of the codlng region:

BCRy 3= {(k,1) | if ET®> Ey, Y, Shape(BPRy,)
(k.1)

= max Shape (BS;) ; ***;
J

if By »ET*>E", Y, Shape(BPRy,;= maxShape(BS;), js 2;
< j

if ETt<E’, Y Shape(BPRi,) = Shapel(BS,):
{k, 1)

Y(k,1) = € {BPR Y, V7 € (M), V(i,j) € (BPRY

CRE = {(i,7) I V(i,5) e{FR ). V(k,1) € (BFR A (BCR®),
V(r,s) € (FR

where E,!, eees, E)', and E/ are error threshold criteria
at the t-th processing iteration; BS; is the j-th block

size and other quantities are defined as above. For
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transmi ssion or st BPAJEWIndothe, oRfinal prakosot Jeberripred 8t ses the
recei ved not i pnotectdr sed emidizf \20%e themrbdessing regionr videwry 214.

Shoul d none o €3 ' ﬂ?m; | s ' rror
measure smal I%?Etghéﬁn%zhggtrhr es ol%cip , r%% o%ﬁ%#%?ﬁiggéfnﬁy%ﬁ&fa non-
noti on conpenthei 6RAAPEe PLACKAR)c LR Lranskqgh domdinng 241 are cl osed.
Case sel ectorgogdfigienent4l are also closed if t > 1. In the foll ow ng

step a decision is_made_in i.ch.one of .at |east tfwo ocessin des to
o oceos the | ar ge SPYBFate S it Sy Hiae i LoRnEOraE BRA Farent o
the present iwsedtinnconnestdmreawith e pmresdnt dewvenbtionstoade bet ween
what is denot k-ater d?d?i' AR @,}si S | nter
frame processﬁﬁf%%gg ;tgreelcec ef%fdt}heé e | s%f)co | n%g?gft gyglg:%rn{e'al i zed
from the predPBei SHCHf trpasfiorse s e isanatiencqQrine obsansinrms). I n

tzglgs node t he(epeedr wARRHAHRS 1HbwN &P IRLla HIH1YP | i cidn®r (8% BTy

processi ng nofRepdesimage: fdata m%é?%%lﬁ}’r]ém]éf |‘§ﬂgﬁg$‘%£i9€'%gs % han
the one obt ai anda8aptnitier egiant jertnibm gsdHemenor MMEP@TE Nfsraglénear n intra
rode e STCORERERELARES ol il COBGATABT LY & 1™ o
of the manipulation of a block of data which generates an
equal size block of pixel data, each pixel of which
being a linear combination of the input pixels of the
original block. Different linear transforms are
distinguished by the set of coefficients used in the
linear combinations that define the transformed pixel
value. The particular set of coefficients used in the
DCT has the property cf closely approximating what
would be a statistically optimal set and has been
found very efficient in practical applications. The
very near optimality of the DCT implies that the
degree of data compression obtained is very close to
the theoretical minimum that can be achieved.

The two-dimensional (2D) DCT which is preferably
used at the N transform blocks 216, 220, 224, 228,
232, and/or 246 of the present invention has been
shown to be particularly efficient in an image coding
system. Each transform block corresponds to a
different processing block size and may be implemented



i block 224, 32 X 32 for block 228, 64 X 64 for block.
processing region i s made I.n the system qf the present invention in

d ¢
anal yzer 208 &répPBGodd8 ellAd FOB Lo, 34f e [RLogk $+%€8n bl ock
error neasur eaq@mrans fornesllogiercaiRidurainiges ashyt @kssive |apphiegk error

measure conpu f of subtractor 207 in analyzer 208.
Subt r act or 209ﬁr8€§%%2?§§ﬁ§§ r'omthe current frame nenory 201, and

subtracts from eachTypisalyfiar adk Buchtranafomsode thhatndkhe si gnal

anpl i tude of bRAreY LISRHMIAGMIPHs JdiderBtd Giplspgdildddde is in turn
conput ed i n bl ock’imgans 206. The bl ock error neasures from.error

anal yzer 203 SRECigdt tXeeRensy; SOWRRGSr ( FUR the Ha%d &o PR yzer 208,
whi ch det er nm teanshditited dam Gu rasptditig lilypgeduceck shallxbdet Degled in

agnal val ue WPFRCCRUSE af HAGR Cu SRATiad RN, et e ur ¢ ¢ en
as follows: withl darpe amourfter rdf lgrigrdieranid RiRrrespamstindlyera] is the
e on | PRSI i 6 QUL LA, Sonhndiiceocl o
with a small amount of energy. Following the optimal
protocol selection at block 209, different size coding
blocks within the processing area may be sent in
parallel to transform arrays 216-246 for further
processing.
The computation of the individual transforms is
done using a fast transform algorithm, preferably in
hardware for increased computational speed. The number
of the transform blocks N of the encoder 200, and the
select block sizes Bs; for each branch are set
depending on the computational capability of processor
100, the video frame size, the desired compression
rate, and the image degradation requirements for the
particular application.
The transform coefficients computed in any of the
transform blocks 216-246 are adaptively quantized by
quantizers 217, 221, 225, 229, 233 to 247
correspondingly. The step size of the quantizers 217-
247 can be adjusted by the coefficient predictor 211
depending on the transmission rate. Specifically,
when transmission buffer 212 is close to full, as
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subt ract ed fr thet carxentalfyamee|is/ atelativelRR[smalll ,= sio\fthart] -Lesa r |

1Lg|r ], ) [F&&L]t{lﬁﬁh[l @?%f% 52;1 %’t‘:serz{égﬂ BAYY %ﬁ%ﬁ@t&%&?bgig?r i”‘s { BER)

The deC|5|on fieph 64.2€0 ofs hen quantiizer inlackswidl Pendget, Bezer 208
in accordancelmbybvbhgia@dﬁgm 1G4 erlon NCDE[err] ={ intra;

ot herwi se sel ect d:J f ( BER r era__?! t he bl ock
error measures BER%%‘ o axsd o 8&%8&8 € he k-th

row and the Itrhnsﬁbwmmquanyaddnxﬁdadkawareenmmpu&nﬂothaltnpdbxfrane dat a

espect i vel . coake Bkl PR Ind 3o RSB RRRIRRT Tor the

correspondlng I nage tern1nes a glven
bl ock an i nt r zeAvsdanciesstior ddhe m’cdm iceeffdcieptespinmotdginon i s

sel ected by t{gctehreskuetbesind St iFikEA3Y, multiplex coder 210
can use entropy coding such as Huffman coding and
arithmetic coding to reduce the number of bits to be
transmitted. The principles of entropy and Huffman
coding are well known in the art and can be found, for
example, in "Digital Coding of Waveforms: Principles
and applications to Speech and Video," by N.S. Jayant
and Peter Noll, corresponding chapters of which are
incorporated herein by reference. Multiplex coder 210
further encodes and multiplexes the image block
addresses, the block processing mode, the quantized
transform coefficients, motion vectors, and other
control information, as well as the input from sound
and data compression sources which may be used
simultaneously. The coded bits at the output of
multiplex coder 210 are then sent to buffer 212 for
transmission or storage.

The output of quantizers 217-247 are further used
to form the prediction image in picture memory 214 for
the next processing iteration. To this end, the
quantized data is first recovered by the inverse
quantizer blocks 218, 222, 226, 230, 234 or 248 and
the inversely transformed into the spatial domain in



i summer 213 and stored in the picture memory 214. The )
I s passed to 8rotoco| selector 209, For the inter npde Sel ection, the I nput

data to be pr %sEEﬂd+§t%9Rehm?gﬁnFPhBegPBYea1érFﬁrtH&PaH§§ﬁﬁﬁaﬁﬁcmessing
regi on of errsibteactyr2062at6 paistdteotheohartl prekbeeing209.

Fol | owi ng’ thelgndeﬁgﬁlection at anal yzer 208, protocol selector 209
det er mi nes an~optT brotocol -28

for covering the pThei opergtiencefii apdogenca09i &g £udlynadaptivesdin of

codi ng b'OCksthaf\€H@'fﬂo@|BEK?oééddQEEE”EPSH Hﬁléﬁbiékoboaggvzﬁﬁy

correspond to si ngle array. of connected |nag whi ch case is
defined as a &% ngPRCABCR ﬁFBFEEBFlaiﬂﬁtSEB?t BFeP%ErrEGQ P&y al so cover a
set of di scormmtﬁdllmethéoekep\/\sibenofhehérqusﬁsmgrsegu.on-,zczm whi ch

case i s defined a na% g ock g o%gcol. gbneiall r ot oco
sel octor 209 A RS REGHROEH BEIBRELRLOE CHRRGPEPERRELARSECESRy by
det er m ni ng azoﬁachrheothseshgldtpaaameherheashaﬂepehdehe oar ttdxepondi ng
Ol N9 D1 OCK el PERL (B £00L | G BLLABNOLSL0R HURGE:DhISK anl bhle (e

processi ng regi on OW ng expressi on can be used
detern1nat|ona%blﬁﬁéb%%dtﬁ§n$@gﬁﬁh°n raterfer a SPeC¥f#§x Shape(BS[err])

e transmission medium. The actual values of the
thresholds used to adjust the coding rate in operation
may be determined analytically or empirically using
statistical dependencies.

FIG. 3 is a schematic block diagram of the
adaptive video decompression decoder of the present
invention. The decoder is in effect the inverse of
the encoder; most modules in the decoder block in FIG.
3 also appear in the block diagram of the encoder in
FIGs. 2 A, B and for this reason will not be treated
in much detail.

In operation, as shown in FIG. 3, decoder 300
decodes and demultiplexes the block addresses, the
block processing mode, the quantized transform
coefficients, the quantization parameters, motion
vectors and other control data.

The motion vectors are sent to the motion
interpolator 302 to modify the stored image in the
picture memory 303.



if E[err] >ET[er r\ierts[ er rﬁanﬁf rnT i lz%ﬂ%tﬁl %’épe‘(f@f‘éﬁ]) JS
| f ET[err] < E[ &Ydckg &0§ fSPﬂa.pe‘(EPR[%lZJ )3H IdaplBSleperdent on| thel
= [err] { BPR[ elyilock [ﬁd&éséﬁfd ]m&ﬁ 'then eafcf&éd J(xt(ﬁo [?Ef]séff%er r] )

CRlerr]= {(i
(BCRerr])),

err err err

2;
k1

FR) [err]

1%8‘94 j[’b%ﬂ(jﬁt?"{%ﬁ 1{%1“? &% 301sxx  Flerr],

and E[err] are erromHehrstdrmidl ﬁdé@rdaﬂza&tlé hfhén tﬁhéﬁé&%'ﬂﬂe HEEALI on;

For

consi der at i ons,SIB!’i'@lsHT@p@hﬁaJtmei ckindand otdea ouybmfter abl y squar e,
however other codi ngpgsQcks AR @ %é{éxﬁﬁ:i‘@%ock-diagram of a

specific embodiment of processor 100 shown in FIG. 1.
As illustrated, processor 100 includes a
microprocessor section 400, a digital signal processor
section 410, a digital array signal processing section
420, an image processing section 430, a high speed bus
470 and the MC bus 460. )

Microprocessor section 400 provides the basic
electronics for a PC-type computer while digital
signal processor 410 and the array signal processor
420 provide processing power for real-time digital
signal processing. Image processor 430 comprises full
functional image grabber and is suitable for display
processing. Processor sections 400, 410, 420 and 430
communicate via the high speed bus 470.

Microprocessor section 400 includes a
microprocessor 406 with a cache controller 403. Cache
controller 403 is preferably a 4 way set associative
cache capable of supporting direct memory access (DMA)
which is included in the inter-bus controller 404
transfers to memory 405 at the same time as
microprocessor 406 is accessing the cache memory.
Connected to microprocessor 406 is a standard math co-

processor 407.

aolert] 15 the prodadi g e L Wi T A i AL dET s a0

1)
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Fol | owi ng the ofPPHEPLEPEEscEP2dctdPs Fa8ky ARGt EBLTSe| edPopdsddiqme
processi ng regi bta thdecodet dogiceodptesrsbishrontirodler 4oaasuppardisor mati on
of the coding bhﬂﬁkﬁF)bhEtQ pransform domai n coefficients. Sever a
wel | known' orthogona trans ofns can be used in connection with the present
i nvention to increasBighuspengr bysi santaplaest 40Rcfovethel system One such

transformis thﬁldréﬁfeééséﬁﬁlQéchiaﬁsﬁﬁb”bﬁ"gﬁz"br&ﬁé%gokslbﬂmﬁﬁ to be a
highly efficient w ata bl ocks élcularl n foll owed

0.e | e
by an adaptive ﬁﬁﬁﬂgFgﬁ? gﬂ @&ﬁ598g°?ﬁ§sB€T RE 408 &th}%H Both&t i on
whi ch nay be acsemprys#@s, athe materxbuancpntnblmaro&oa Bhackhef data which
generates an e z 0 X a pi X L. gh, heing a
| i near conblna?#%% %* %ﬁaé 6 ?Lcﬁgeﬁbnq?gg%ggo%palnaﬁkgﬁ é@ ﬁxPPErent
| i near transforﬁ@nﬁrelhegt4ﬂ§u¢§heueﬂyesheaadtreCemUefthelbussfnemd in the

[ near conbi nattRgschiae dehtr61108 K0INBROLECH1BLABHouaLLSy JB Particular

set of coeff|C|ents used DCT h he propert

appr oxi mati ng WAARtiRYes E@ %3§?EPFSPPEany°B§PPnﬁP set and has been found
very efr|C|enL in prﬂhéltﬁteﬁﬁabecabh636113h64GzrsteéﬁgéﬁtédﬁtbtylOf t he
DCT i ies t t o] lon_obtained is,_v ose to

t he tﬂgoretlcaﬁﬁﬁéﬁl 988%%5?9 ggbgogcﬂpé ganga FhePos E?ﬂé%§$onal (2D)
DCT whi ch is priteenbhrge usayl he uvsedN tFansinshabbepkasZSﬁsI220 224, 228,
232, andior 246ght+op1oF A6R! 14 WE0A! 28 NBEsPOERoRlOUN garticularly

ac

efficient in an image cod jng system transform corresponds to a
di fferent processing %ﬁdQRQEFQ %ﬁﬂnﬁ%yP§@c¢%%¥éﬂfﬁﬁ@£P°n 410

provides a complete DSP processing system including an
interface to DSP I/0. The digital signal processor

section 410 comprises a digital signal processor 412,
memory 411, I/O interface 413, high speed bus
controller 415 and DSP bus 414. The I/O interface 413
includes an expandable .I/0 interface and a serial I/O
interface. .

The main portion of digital array processor
section 420 is the digital array signal processor 422.
Signal processor 422 is capable of performing
transform specific operations, such as the DCT
transform and block arithmetic operations. Each
specific function requires an address pattern produced
by address generator 423 to select data from memory
421 for use by digital signal processor 422. The
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separately. 1179 %?Féff%ﬂF? aPﬁea5ﬁ8&§1§F?BSm§EF§¥ted%ﬁﬁh qﬁ??rﬁﬁ@?ﬁ&a
transforn1blodkslhnySbnsadxas aotempanatyr atbrage 2rea For fAdtta asock 220,

16 X 16 for é@és :?ch?fﬁéiv%?gcéh%& 3231 ¢¢aX éﬁorm ﬂié'ezgssgr and

128 X 128 for 246. O Sl z s an trans
confi gurati ons %%ylﬁlgﬁeﬁﬁthﬁﬁkleﬁhﬁhﬁﬁﬁgg%chBBﬁsyﬁpﬁrY “nit'ﬁ&?%ﬁﬁ f or
all such transéeefBiciehtst stibh asethy ehgbﬁoﬁegaab tfszrmmﬁi&; ated on

pe-substant i Vi eBOtEictyERFBLARRRL, ot e ERBEAEGPRERAd “spac o
frequency conp@m%ﬁfscmﬁnhslar@beangqu 1bioenmegyranuna¢rh@idaunngm
smal | nunber ﬁréﬂ éﬂécP hfég Fn ££5P28ENL S mﬁgg3a§§§¥#f unt of

ener gy. Follomnng t r ot ectlon at Iock rent
si ze codi ng blb%k%OQﬁﬁﬁlhnFﬂet ¢o§¥§§¢ﬁgfa¥eﬁrﬁﬁ§5§én§entHﬁ$Qﬁﬁ%ﬁ¢el to

transform arr ayst216s Z%eﬁ%eéufhasrtareggsgqulsltmnTh@mww%ﬁwn of
the individual transforps is Y gh% fasf tran fgrn1a orit.hm
C p

preferably in WetGatt +%ra?ﬁ5?§§§e JRigh fpee of the

transform bl ockxs N of the encoder 200, and the sel ect bl ock sizes Bs[err]

for each branch ar epse!odgpendi ganglatle £9IPULAL]PUA! 202RAN o)

processor 100, the Vi r amne €si red - conpression rate‘E and t he
i mage degradata@ﬂartﬂﬁéa%rML% memorﬁaQSpuhencusad apBacbasesn of The

transform COEfﬁéﬁéFFténfegpyéeéohﬂeéﬂé!dof:otQﬁ éaﬁgééﬁ{:ﬁhﬁh%‘é% 216-246 are
adaptively quanti zed by 22 229, 233 to 247

corresponmluﬂqﬁneqﬁﬁp§tggfgﬁééggsuFﬁeaﬁ@§ﬂ§$§%r§°2§#e zxvaaan F&ug ust ed
by the Coeffl(a@d[ti'e@ée@eﬁéﬁataic14d3p£ﬁdlﬁ@e§nthheett}’alpém 5% eldriss
Specifically, when LL0sM kN S8LEEc£dA' Sng' S8GulQikibh, 23S
The image processor section 430 comprises an
image processor 431, VRAM 432, and a high speed bus
controller 433. The input video from camera 101 is
digitized and decoded by image processor 431, then
stored in VRAM 432 and sent to the high-speed bus
controller 433. The decompressed digital video data
of the compbsite data received from the high speed
controller 433 is sent to the VRAM 432 and converted
by the image processor 431 into an analog video
signal, which is then sent to the display 103.
MC bus 460 provides an I/0 channel to processor
100 via controller 461 which can also control the
processing instructions. Microprocessor section 400

provides a full set of signals for the I/O channel.
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- 31 - i ndiskandpngd, B5:232 interLgce 480; prpeAntpréacrefoto MC BYF cause

an i ncrease iate step size of the quantizers as to reduce the nunber of

bits necessary to qﬂ@? t p . SL.0g | of .t he
current frame is réela ﬁnﬁﬁl %égd F Pzgsbgﬁgiﬁlt“%né‘ 8%0% |‘%? ents
need to be trmuniaatxm @@@pegtiegobusheoquanmsgs BO3ck41R4 1428
decr eased t0|dﬁy(152§ncture quality. The transformcoefficients at

t he out put of the transform quantizer Iock are oytp o] | tiplex coder
210 which is used @3:SEHJE% PeceXRF8FfaYi BR Eﬂgﬂﬂgncgéégiﬁgghe quant i zed
coefficient aptavdssor \artloiteetjuracshowhpini &i babtk-dimbtepl @ozmoder 210
can use entro INg h .as f ng..a ti o
reduce the nuﬁ%%?ﬁ%#nbi ggtggbeﬁyré%g§¥gggé Qqhagnﬁéﬁggp eg o% opy and
Huf f man codi n@ d.e Baaind TG 3 nonky servesdasaanbéllivshration @mhpl e, in

‘Digital Codi gﬁxﬁa rolf Gldy :.cge’{;:iBﬁthﬁgoﬁEduQEﬂ' £6akn ﬁggvgotﬁgeech and

Vi deo, " by N. yant an e rresgon I ng apters of which are
i ncor por at ed 9Meziad 1o\ S¥SHER b cReTKAFPRRFEX GEreﬁimpiﬁth8P°EWbodes and

nul tipl exes tRgiitrads HHe kb@dﬁnygieauyhenbma&dpmcg&aragerru@atthe

quantized tra forg éﬁ?flc eﬁ E notion ec% ﬁ & uother ntro

i nf or mati on, bie FPBRFESEAAM AR Bﬁ%ﬁ E8nPBPr€s®n sources

whi ch nay be m@@lxadnﬂtepmmme#gorThGOcadédthetsoandthapuutpnﬁ Eilail tipl ex

coder 210 aredgﬁgifuﬂﬁiééhbuffer 212 for transm ssion or storage.

Furthermore, while the encoder of the present

invention was shown to employ only two processing
modes and use transform coding techniques, other
possible modes and coding techniques can also be
applied. Specifically, for the transmission of
interlaced TV signals, a decision can be made whether
to process the input signal in a frame or a field
format. Both formats can be applied simultaneously,
and the one resulting in a lesser error measure can be
used for further processing. In addition, other known
coding techniques such as block truncation,.vector
guantization, subband, hierarchical, and interpolative
coding or a combination thereof can also be used. In
such case the DCT transform and inverse transform
blocks along with the quantizers, as illustrated in
FIGs. 2-3 may be replaced or supplemented by
appropriate functional blocks corresponding to the



The out put of quanlf?sztér%pléjﬁciﬂlleare ?up?ﬁtlc&%gﬁ F Pgrtr:hofhe prediction
i mage in pict fenpReRsion 1and opodhngnsechpiguessi Ngthuraddyi.on. To this end,

the quantized gisddedsor | 166 ﬁs?orser efipbE¥mbheeln48r aepavaiteder bl ocks 218,
222, 226, 230, 234 or 248 angd |2vgﬁselxotransforned i.ntg the spati al

dormin in ‘processor, to increas gessing sReedsof; thest or m

bl ocks 219, 22%st&w, 231, 235 or 249. The processed coding blocks are then
added at the appropydaje &Rﬁktéd%eéﬁﬁ%eéelg} Bﬁﬁg 6bY" €nlY fHgTEr 213
and stored in the prcture nenor 4 on inmage 1N menory
214 is then pnﬁ%ﬁ&wQQ)%nﬁ@mﬁk@nrlsoaototpnbel&%Eltﬁé hexthproce55|ng

iteration. desdi PPESRLSPNERE ﬁﬁé?dﬁfeaogmbédiﬂéhﬁ pdaptive in that the
fl ow of coded data frommultiplex ¢o pt_at a substantially

constant bit r%ﬂQPHBﬁﬁﬁﬁﬁr?ﬁm?ﬁngﬂéféFéﬁlgp§eaBﬂ ?EEeHGSHpreW§t?£¥1247
and the protoae Cépiﬁt copftheeifvehtiok aeheepfarwﬂﬂah gboep bhﬁgs][l]gl d o1s
paraneters are n_t urrent tatus of transm ssion buffer

and the achi e\?fg?e &},\grﬁ%g gﬂﬁ&‘f’é"?o? ﬁngﬁém fic transm ssion nedium
The actual values of the-thresholds used to adjust the coding rate in
operation may be determ ned analytically or enpirically using statistical
dependenci es. FIG 3 is a schematic bl ock diagram of the adaptive

vi deo deconpressi on decoder of the present invention. The decoder is in
effect the inverse of
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the encoder; nost nBRANEsIPR FABPEESSIDE BPolRPME EP@ges frel, thehear in the
bl ock di agram sighak sounder innaFifGrst2dAtaBpattt ftor priovidecas dingt | not

be treated in eration, as shown in FIG 3, decoder
B Eebeh, tmage, plbndl

300 decodes a | exe Brodk addresses, the block processing
-node, the quant|zedeﬂaﬁsf@?nﬁ@@éﬁfﬂéﬂeﬁh@ corpressedi Amagen sismadet er s,
noti on vect or se@nghét ifpueoihagk;dat a. The notion vectors are sent to

the mot i on interpol alor S02.L0vTRY phl®£2h8' By MRARLML GG e

data representfox ehaluaaﬁnQOWithoehkpecents aspredeteradnky i nverse

quanti zers 30gt?€§g%°g€9af3éﬁ e§}§ %éar This is foll owed by an inverse

transform i nt onai n, Focks 306, 308, 310, 312, 314 or
316 dependent on thnebnscﬁopr69§msngglnnua5ppnsﬁ sodsbei pva luegingr ed

i mge in pict L&ﬁéaﬂsnafylﬁaaeb&r%% BVEHE' yABle the eFPBrShehgdrd deo data

IS then passed . to th FIﬁos = processing 304 to scale, filter, and format the
vi deo si gnal t¥P¥BRE ﬁnsFBﬁdBFGd§t35818&FpEPreSh°1dFIGB 4 A Bare a

schematic bl ock-di ageafizofop &pfprebeinghadigeinage preoesageakO@nshown in
FIG 1. As |Ilé€t ateg, groc sgr %00 Lo cludgg g mcroproce g% section
400, a digit alZ6i HRAFCPBRCSLEFERALE SrU4,BotH BgbFovias 8F deak
processi ng seconencdf@pressednageaperrorssagnadg¢t and 430, a hi gh speed bus
means for combining of said first compressed

image signal and said at least one compressed area

error signal to provide a composite compressed image

signal.

2. The compression apparatus of claim 1 further
comprising means for dividing the compressed image
signal into image areas of predetermined dimensions,
the image areas being supplied to the comparing means.

3. The compression apparatus of claim 2 wherein
the error measure is evaluated for each image area;
and

the image error areas correspond to a processing
region defined as the set of image areas having an
error measure larger than the predetermined threshold.



means to indicate the presence of large error image .
470 and the MC bus 460 M croproce%sor section 4 provi des tﬁe basi c

el ectronics for areest Yithe s EFEoTMeasHiqikanges fhan gitessor 410 and
the array signal ppedetesrainéd0 thr@shbaqy eaissi ng power for real -tine

di gital signal processi I 0 _caompry ses full. functional
i rage grabber and is %ﬁ?ﬁ%pkg%%gﬁ&d‘%gﬁ%}gf{tp g&ﬁ% TG ERRIIIT BeRPBns
400, 410, 420 anfoxn3guppiiimgc sadd icompes itiegicompressiads sithal to the

M croprocessor sgehpaiifigOmeRflsUdes pi-dBeHRP 0¥ AR 1 |
controll er 403. Cacge éo%% I'ler 40§Ei‘i s preferably g %‘%\%ad)%4 sl?iﬁ{gg%%%%?i ve

cache capabl e of *&upporep irect menmory access (DMA) which is included in
the inter-bus controller 404 transfers to nmenory 405 at the sane tine as

m croprocessor 406 issacgﬁssin t he cache nenory. C%nn ct.ed toh .
ni croprocessor 406 is>& stEn&Y rﬁ&ﬁ*"@o?pﬁraﬁégéfof’ 4§7aim 4 wherein

- 34 - | ther cobwbinattionl lofr s&if ificstdeompreissed nmade \sigaepi r ed
to support the o alLl ' prace I3 i j at ersr unt. .
controllers, ti ngxrqé éé?ﬁ g%n;[rhgﬁeerosf\e ?z%%r{é%%gdc&%%% '&%#8@0%1%1 I
addition to the @enpe Waghin theecpriogessdmgr sepdendo4 supports the MC bus
460. Hi gh-speed bus controller 401 for the m croprocessor section 400

of the processor 100 iLs %gnnected to.,m croprocessor bus 408 which |inks the
6. e compression apparatus of claim 4 further

comprising:

means for receiving digitized video signal
containing pixel data defining a sequence of video
frames;

means for predicting the current video frame from
pixel data obtained from at least one previous video
frame; )

means for subtracting the predicted pixel data
from the correspondent current video frame pixel data
to obtain a prediction error pixel data;

means for presentiné said pfediction error pixel
data as an input image to said means for compressing
an input image in said first data path.

7. The compression apparatus of claim 6 further
comprising means for formatting the input signal of

the video source.



ilnage 1nto a frame and a rfleld tftormat.
menory 405, the inter-bus controller 404 and the nenory side of cache

controller 403. High e ¢ 1ol I’%Jﬁgt I ve the
bus fromthe cache@c'oﬁ'\?‘r oﬁ%ﬁf%k\%ﬁléﬁnﬁrga%%%%ssor O%a"(p:%% ?%ﬁes to
execute out oRtcdepstone data path riseradantetdhiko areses®Videeonnected to
i cropr ocessolgigalf08n A Friar£brkat) Ahch AN deddkt niree f@dea NBYLRe used.
For |nstance,,aséS§SI ontroller 402 js used fqr SCSI s pﬂﬁge di sk, 106.

The digital sigh RFAQRSS SR9eR SHBARIFR S acoéﬁp? Logpat.
processi ng systemincluding an interface to DSP 1/QO The digital signal
processor section 0 ri | Qi t }Qﬂ%} SOr ry 411,
I/ O interface 413, ?‘#i:gﬁ%s@ggg%ﬁ%u{s%on r%ha?r é;lgﬁ%ﬁbsu%ﬁﬁgﬁe 1/ O

i nterface 413COMPrd&aRddn expandable 1/0 interface and a serial 1/0
interface. Theeis" HYY tdriibdinglistl idlast 'he RITREPS e 661 ON 420 is

the digital array shgpal processor_422. Signal processor 422 is capable of
per forning tr SR80 £ &le SOMRrefRghIMAEe SENR I ¥ it HRELD JFRFEPH and

bl ock arit hnedagaogehdia®ed Yyadaisherddictime edhyg.equires an address
pattern produced by address generator 423 to select data from nenory 421
for use by digital signal processor 422. The

- 35 - progr am dant Milel eontessitqntaprdara tves ess axda imsto uEgrtinerodes to

array process@unf2dsing meldfHP 864 Shddfiehd Rl Pl AEGRr y: data,
signal and each compressed area error signal with data
indicative of the path in which the signal originated.

12. The compression apparatus of claim 11 further
comprising means for providing from said composite
compressed image signal a compressed digital video
data stream.

13. The compression apparatus of claim 3 wherein
each image area has a rectangular shape and its
horizontal and vertical dimensions are selected to be
powers of two.

14. The compression apparatus of claim 13 wherein
the horizontal and vertical image area dimensions are
identical and are selected to be equal to four.
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coefficients ang acc?w %oc?r%tr?er%?n;/prﬁc%da%%%n ?r;‘/dunlt Is used as a
tenporary storage aﬁ@;qsholﬁnqpmnutannmegnsemeﬁmwnsﬂvethmoeghddlglta

oo i ol ents scontaol hete %ﬁ%ﬁ?ﬁﬁ%?%@%%'dwo 2o Coet 1 of ot

i ci S su | | unctjons, w Wi ng i ci S,
and the fllternggﬁ%ﬁﬁy ING { Qld FRPRIARA 59 i e P unit hol ds

i nput data froevalealtiige atht dontadjusetr ®ib, deSiredtcdmpressidnaded into
t he SYStemforrBE%C%isltﬂ% mPe Ifl%% ata is then returned to the

acqui sition nenory units wh accessed by the high speed bus
controll er 425. The address generator 423 supplies a series of
addresses to all nmenwyi eheMiRhdisashidmdppitatils BRI iiS Syher&ppnect ed

to an adj acent address generator mhlch outputs addresses to the array.
Thus, address §8AEr #CFMING; MANS RARIHIRS WA FforRAREN NG clrages:

data, coeffici apeaanridbdm suhtf @%o\?sfl\ﬁléln?"&é ; ﬂfﬁ:ﬁ@&ce;rrd%e‘éb aon 430I |
conprises an i € _[rQcessor and a hi spee us controller
433. The i nput g&%&&@ o Mﬁ%lﬂ’ofque% & |pzré?fei‘?g' i mage
processor 431, then stored in VRANI432 and sent to the hlgh speed bus
controller 433. The,q ggﬁ?} t iﬁgﬂﬁ%ﬁéﬁhdata
received fromthe h| h speed cont af}?? [ slg%r?taf ?ﬂ:)lat%r?da and
converted by tﬁélﬁnﬁ‘&énﬁr &%smmmﬁam image Ao iakeRssiggeal , which is

then sent to thgagtenl @brlg,%rauel Mrduks Ay ROt @}éalsoﬁhannel to
processor 100 éﬁ? con% which can al'so control the processing
i nstructions. PSPRLE fn 400 provides a full set of signals for

the 1/ 0O channel .

18. The compression apparatus of claim 3 wherein
the error measure in an image area is computed as the
average absolute error of the differences between
pixel values of the corresponding area of the input
image and the pixel values of the decompressed signal
from the compressed image signal area.

19. The compression apparatus of claim 3 wherein
the error measure in an individual block is.computed
as the means-squared error of the differences between
pixel values of the corresponding block of the input
image and the pixel values of the decompressed signal

from the compressed image signal block.
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102, the audi chemsiignadr okigindteekeyboard 108, the hard di sk 105, the

printer 109, and t ey, ' 4@91 | r ed to MC bus
460. “ Finally, tﬁ%?g\r%aspegg)ﬁs‘?%%d ;Erﬁ/ﬂi 3es %.l g ﬁi?%éé%‘%oénarfupi cation
connect i ng buPresessdnge eacly conpuessed sighalkoln a degompression

expressly undefatizOathl R¥rddipdHOLRF I B & 4L Ipkieh SHIEVR wilich
bl ock- di agramf%lorm.l n Fl1Gs., 4 A, B and di scussed in connection with FIGs. 2
A B and FI G e mignad, $XdHnakedy | ystration and nunerous nodifications

may be used to inprove the overall system s performance. For exanple,

menory unit 105 may,be | i ]751%15 t dﬁ; : upd and
file conpression té(?‘ﬁniIg’Bé? (r?i?il{yd e %E%p e éajtrbrgré(:)}gdg%?%)r %%]%E%téﬁegsound
i nput and fil decodery apparatus comprisindore, while the encoder of the

present invention YRSrEh@y Lty Winprld¥sdd QERPSELD VREEs and use

transf orm codi ng techni ques,, other, possi hl'e nbdes and_ codi ng techni gues can

al so be appl i é&g@ﬂ&#@é’eﬁmlﬁt%ﬂ‘l RLAGksH GF Ri*st cﬁa"fr"‘]‘ltccq RV
signals, a dednSia0Fieat Rt Gt ainteretop et (de piNsl cdgnal in a
frame or a field frorréat. .Botq:for ts _can ]lé:e iﬂ%le si nul.taneously, and
t he one resul FPH‘& 7 zfdl &L & e]reracﬁ s e fo téa}iqab further
processi ng. |n addiveams, covipdred toywsaiallireraicdng qessnsah as bl ock
truncation, v %__m?% ntd ' ]os&it\;t%aé]fi] e £ 3NG4 | ative
coding or a co% nat | %ntflto%ﬁﬁégg% an_al so %12 tﬁscgédgq neﬁslu)'f:éal giadséeut rgé)DCT
transf or m and SPeFELIE COMPIFSAW R PPHY with the quantizers, as
i[lustrated in Fl Guea#s3 diHs AP 85 afh I de i eiTEHE hddh O U0pr i at e
functional bl %%lé%d%.%rgr %?\pem}elcrgegi\}é)d tbhleocks in a decompression path

corresponding to the determined compression path;

means responsive to said decoding means for
combining the decoded pixel data blocks to recover an

uncompressed video signal.

22. The decoder apparatus of claim 21 further
comprising: _

means for retrieving motion vector data attached
to received blocks of pixel data representing a
current video frame;

means for storing data representing a previous
video frame;

means for computing prediction signals from the
retrieved motion vector data and the stored data; and



- 37 - appl i ed cddr ndnt dEpgegiFanspissiopanghstaFRIptsysten ivdefine

the process L\Eg?éeeraanafet Bignt &qalmxputl wﬁ%&élfmlda@u I tRA o eSS FH6RY
iterati on, e

a app to a S%QtICU|ar S|tuq%|on
conpr essi on anﬁngoﬁPﬁ e?@?ﬂ e eﬁQFQFEFP§°"pP8

i mpl ement ed asa3gprithielfopr cowmpzession andrdasampmaqmmnnﬁnﬁrthepeed of
the system 1ma%é Bat% H3okRshe expressly understood that the claimed.

i nvention i s not imted to the description of the preferred

enbodi ment but enconpasses ot her nodifications and alterations within the

spirit of the invenphveagaongage raskniceRsn anae%rt@iﬁdw dy&éwlixow ng
cl ai ns Clained Is:

1. An apparatugc?BFdEBﬁﬁrgégpoﬁlﬁﬂmdﬁﬁawpfﬁﬁﬁﬁ at 1e8e¥ ore

compressed signal comprises an array of transform
coefficients and the corresponding decompression path
comprises means for inverse transforming said
transform coefficients.

25. The system of claim 24 wherein the
compression algorithm used is a two-dimensional
discrete cosine transform, and the decompression
algorithm is a two-dimensional inverse discrete cosine
transform.

26. The system of claim 24 wherein individual
compression and decompression paths differ in the size
of the processed data blocks.

27. A method for optimizing the compression of
blocks of digital data comprising the steps of:

a) compressing the digital data blocks. in a first
data path to provide a first compressed signal;

b) evaluating errors in the compressed signal
with respect to a predetermined threshold;

c) forming error data blocks corresponding to
data blocks with an error evaluated to be larger than

the predetermined threshold;
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vi deo signal source SofifMRiKpg said (Eixst (epmRERSFed s$HEPah andut i nage
fromthe signalsaidurcompressdd retrontsigmdh to provide a ¢ompdsieapr essed

i mage signal ; comﬁPﬁEEEJ(Hi aring the conpressed i mage signal to the
i nput i mage; means recel’ving input fromthe conparing neans-for

eval uating with resfdcanerating ssteps ee t0f cehwInktiiodmrtibrnoeasur e;

means for formgaga HIRKPUEEHE ddifpSYtd adiir dEaiP, Hignd PO €rror areas
where the error gS?s re i.s l.arger than the predetern1nedgthreshold;

means for compf¥. edhite AR R rHPrrer ignal Aangeisthan Wreernate data
path to provi dpraddtersiimute threslesE®d area error signal; and means
for conbining of said first conpressed irmge signal and said at | east one
conpressed area error signal to provide a conposite conpressed i mage

si gnal . 2. TheS8cofivee gstthodppfarelamn &7 othermain fihe Mormimgri si ng
means for dividi t Qﬁﬂ%ﬁ Sfd 4 ' | A |

pr edet er m ned %:t@ ns(ib:gns, Ig' | nag%@%@ %fdﬁ%ﬁ%gﬁt@ '?E%o%?rpari ng
neans. anteh ergeip el Al ek wemrleleliimcpvaethien Xegien, or

nmeasure is evakheired thel 294t IIBEEXKed@td be larer ih KO areas
correspond to

a_pr.ocessi.n i on def|jned as the set of inmage areas having
an error neasupggp GEP%ﬁkﬁfﬁﬁﬁfﬁn erm ned t hreshol d.
29. The method of claim 27 further comprising the
step of encoding each compressed data signal and each

compressed error signal with data indicative of the
path in which the signal originated.

30. A method for decoding the composite
compressed signal of claim 29 comprising the steps of:

a) detecting the encoding data from each
compressed signal to identify the data path from which
the signal originated;

b) processing, in response to the detected
encoding data, each compressed signal in a .
decompression data path corresponding to the data path
from which the signal originated.

31. The method of claim 30 wherein each data
compression and corresponding decompression path uses



of the data blocks.
39 4. The conpression apparatus of claim3 further conprising:
means for nonitoring the output of the evaluating neans to indicate the
presence of large error inmage areas with an error mnmeasure |arger than the
predeterm ned threshol d; and nmeans receiving input fromsaid
nonitoring neans for supplying sai d conposite conpressed signal to the
conparing neans if presence of large error inage areas is indicated.
5. The conpression apparatus of claim4 wherein the conbination of said
first conpressed i mage signal and said at | east one conpressed area error
signal is done within the processing region. 6. The conpression
apparatus of claim4 further conprising: nmeans for receiving digitized
vi deo signal containing pixel data defining a sequence of video franes;
means f or predicting the current video frame from pi xel data obtained from

at | east one previous video frane; means for subtracting the predicted
pi xel data fromthe correspondent current video frame pixel data to obtain
a prediction error pixel data,; means for presenting said prediction
error pixel data as an input imge to said neans for conpressing an input
image in said first data path. 7. The conpression apparatus of claim

6 further
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8. The c SSTOIT appar atus o arfr 7 WIerermm the rormattr ng ans _are
capabl e of storing the input image into a frane and a field format.

9. The conpression apparatus of claim8 wherein at | east one data path is
adapted to process video signals in a frame format and at | east one data
path is adaptzgfl 4@aptPeeSsyeitddo Gi@nadndi Re@hbidelfbd adawd . storage Hhd The

conpressi on apparatus of claim®6 further conprising: means for
encodi nGaimdreiasit ivre isTpgd marda yofisedi fofi tise scoogaes sedl itragensisgiain wit h
notion vector data generated by said prédicting neans. 11. The

conpr essinlapger ataisimsfs cofi tatd,f iespeeiabipr videg mMabs, f everndwdidry
each conpressed image signal and each conpressed area error _signal wth
dat a i ndiigsitiett epmmweigathonnchAnBAlehe Jihgnaridng Fe@deed(200) of fhe The

conpressi on apparatus of claim 11 further . .
P systeén%lo) uses a pred%ctgon v?deo signal which is subtracted

from the input image to define a processing region in which image
blocks of predetermined dimensions have large prediction error.
The prediction image is successively improved by iteratively
processing large error image blocks until the error is reduced
below a predetermined threshold. At different processing
iterations and image blocks, different compression techniques can

be used to improve the overall system efficiency.

FIG. 1
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conprising nmeans for providing fromsaid conposite q@mressed i mge sigba
a conpressed digital video data stream 13. TFhe conpression |
appar atus,of claim3 wherein each image area has a rectangul ar shape angd
its horizental and vertical dint@8rons are selected to be powers of twoy
14. The conpBtssi on apparat us i ein the horizontal and |

vertical | ae area d nsions jare identical and are selected to be equgnl
to four. | oge Input -4 1- 106 5 15. The !
conpressimd apBevaces of claimi further conpjfising: —contTgl neanks
for nonitdri@@—+ he anount of data of the corrp@-ai—{-e—eemﬁé?g@@esi dnal ; ahd
threshold'cﬁ%yutlnﬂ?ne ns responsive to said ¢ontrol headdnivr adaptiv ly
conputing't %de RY eshol d suppliel to the error evaluating'
means to ciu;ﬁefhée ression rate ¢f the input inage. { 16.
The conpr esED8m apparatus of clfai m 3 wherein $aid form ng nmeans conpri ses
means for jqonbi ning I nege ]
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areas wi thiln the pr¢cessing regifon |i Conpll ¢t el y
cover the qrocessing region. S| ¢f claim
16 wherei,n|said nmeanps for conpré¢ssi ed for
paral | el |prfocessing|of error argas i 18. The
conpressijor] apparatys of claim3 whier - hrl | rege ar ea
I s conputled as the average absollutg effor of hetieen pi xel
val ues ofl tthe corregpondi ng area of t1E i nput 9 Il yal ues of
t he deconlprlessed signal fromthg cdnpfegsedi 19.
The conprledsi on apparatus of cl i m|3 pher el bl il an
I ndi vi dugl {bl ock isj{conputed as|thdg HEa1s-§F pl diif f er ences
bet ween pi §el val ueg of the corgesgonfi] hg oCcK O THge and the
pi xel valjugs of thejdeconpressed sijgnp||from e d I fhgd si gna
bl ock. | _ _ - 4R ddjei ver for
decodi ng It e conpregsed vi deo sijgngl {[pmt ol th112
conprisiqg: Icauz or detecfing thg wngfdgpg d %gtﬁ
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conpr essed sEgn%I path from whi ch the signal
originated; — -—reans r 35y gai d |det ect'i_c:ng means for processing
each conpres'gedi:si gnal xI n a dec re_@si&pr data path corresponding to the
data path frgm whrich t8e (si gnlal i gond} qd. 21. In an image
transm ssi onwsand Sjt ora&e.gyst decogprn apparatus conpri sing; means
for receiving conpressedgli gi i dféoqf:si gnals transmtted in blggks of
pi xel data conpressed £n a fi at&8-patlh and error bl ocks of el data
conpressed in at |gq P gt drnatedata _path; ___ _nmeans coupled to said
recei ving i M%@—.ﬁ—%@d@-@i—p@&l datd the
speci fi c conpressigon- ddt b —Aeans responsive to said :ieterm'lni ng
nmeans for d | el [ ¢¢qilvep—Tiogks [iTTea gleconpressi on path I
corresponding t¢ the d¢ efr m nedgo@rmrgé%} 6&n path; means rgsponsijve to
sai d decodi ng ans fotf¢drhin gg:ge g ded pi xel data bl ocks to recover
an unconpressed{video $ grgpal .~ = - 4.2 thefdegoder apparatup of cltaim 21
further conprising: { een@*—grsret 'ievtgng @t on vector da}la atte}ched to
recei ved bl ockstof pixe| (ddt & eﬁcse t4rg—a CUrkent video frane; {
means for storing datalf¢priese .t‘rd“.g al gr 'ngJs viddeo frane c | neans for
conmputing prediction signalls fr_gng.tre’r% |c6ie tion vec{or Yafa and the
stored data; and C -~ C— pogied -
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he \r ecei ved blocki for the
smgsion and s ge systemin
npr &ssi on and fporresppndi ng

f or cpnpression| an
24\ An inmage] t'rg@nsny ssion
ein at |past ong

means for adding said
current video frane.

accordance with claim
deconpressi on path usq
deconpression @™ fthe i
and storage sysggsemin

conpressed si ggnl«co nt sgpand| t he
correspondi ng ggcanpr i nvegse tfansf orning
sai d transformgpo&‘fi(' 24 wherein the
conpr essi on al @ori® hm TtTansform
and t he deconpres&on screte
cosi ne transfoum = di vi dual
conpressi on ang dgcom)r br ocessed
data blocks. § & 2f. nof] bl ocks
of digital dat@ &npr ® >
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a) conpress Eg“’t he di % Iocd;s |n_g |rs? a a‘-'p rovfde a
first conp Lg:) vehu r@ r ops| g £n ssefl signal
with resp U’toap% r&|ddd r@h dxz (8 £)|Bprdu da} a
bl ocks corr di mg e | prger
than the predgternige =X Qo r— IR : -
d) corrpregm ng__s_ql_g__qr_[p_r"dg_t_g_p_l_gt_:k_s__l R, an a'l ternate data path to provide
a conpressed érror signal; e) conmbiQi ng 'salc 1’(4 rist conpressed ki gnal
and sai d conpfs FI ghal to pr-owrde a, corrpe3| t e conprlessed signal;
f) generagiing|dqt & af { t he met hod lunt|I no dat? MHe~conpusite
conpressed; si grjakr upted to have: an err'or-3i §ngr+argerf—than—t e
pr edet er m hed t 28. The met hod  81. erein the
form ng step a s{the step of. COITbInIF@ into error
data bl ock$ te cover the region where the etror ig evaluated to
be Iarger tha1 ef mined threshol d-™""""7"7 77 297V Thé  mgt'hod of claim
27 furthelr & ; 5 ; oo
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step of encodi ng each conpressed data iglaf’gtl an ac§ é? error

signal with data indicative of the pat@®|in whi ch&tlhesijg oPlnated.
gnal

30. A nethod for decoding the conposite COnmpressed s im29
conprisi-ng the steps of: a) detecting the encod|ng data rrom each
conpressed STgnal™ to rdentity the data patjn Trom whi ¢h The ST N
ori gi nat ed; b) processing, in responge to the dgtected epcofdi ng dat a,
each conpressed signal in a deconpression data path ,orrespon:ii ng to the
data path fromwhich the signal originat eu 31. The nefhod of claim
30 wherein each data conpression and correspo*nd ng deconpress|onl path uses
-45 - a separate algorithmfor conpressjoph and decorrpressi{on of the
data bl 0CKSw——m e e e |
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