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System for Encodi ng and Decodi ng Layered Conpressed

Vi deo Dat a 5 This invention is related to the field of

di gital inmage signal processing, and nore particularly to a system for
processi ng hi erarchi cal video data. 10 An objective in the
devel opnment of wi ginsdds Vi deo encodi ng and decodi ng for mat s pogandERRsOst O
provi de a standard t hat accommpdates d{fferent video transm ssion and
reception systens. A further objective has been to pronote
interoperability and backward conpatibility between different

generations and 15 types of video encodi ng and decodi ng equi pnent. I n order
to - pronote sfystem efapdEncoding and c[gomdinglLaypred Compressede to
define encoding and decodi ng strat egiygded Patgan acconmodat e di fferent
types of video inmage scan (e.g. interlaced/ progressive), frame rate,
pi cture resolution, franme size, chrom nance coding, and

S

’ This invention is related to the field of digital image
signal processing, and more particularly to a system for processing

hierarchical video data.

10 An objective in the development of digital video
encoding and decoding formats has been to provide a standard
that accommodates different video transmission and reception
systems. A further objective has been to promote interoperability
and backward compatibility between different generations and

15 types of video encoding and decoding equipment. In order to
promote such interoperability and compatibility, it is desirable to
define encoding and decoding strategies which can accommodate
different types of video image scan (e.g. interlaced/progressive),
frame rate, picture resolution, frame size, chrominance coding, and

20 transmission bandwidth.

One strategy used to achieve interoperability
involves separating video data into one or more levels of a data
hierarchy (layers) organized as an ordered set of bitstreams for

25 encoding and transmission. The bitstreams range from a base
layer, i.e. a datastream representing the simplest (e.g. lowest
resolution) video representation, through successive enhancement
layers representing incremental video picture refinements. The
video data is reconstructed from the ordered bitstreams by a

30 decoder in a receiver. This strategy permits decoder complexity to -
be tailored to achieve the desired video picture quality. A decoder
may range from the most sophisticated configuration that decodes
the full complement of bitstreams, that is all the enhancement
layers, to the simplest that decodes only the base layer.
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20 transm ssi on bandw dt h. One strategy used to achieve

I nteroperability i nvol ves separating video data into one or nore |evels
of a data hi erarchy (layers) organi zed as an ordered set of bitstreans
for 25 encoding and transm ssion. The bitstreans range from a base.

| ayer, i.e. a datastreamrepresenting the sinplest (e.g. |owest

resol ution) vidgeegdsesentation, through successive enhancenaraBs/iossse s
representing increnental video picture refinenents. The video data is
reconstructed fromthe ordered bitstreans by a 30 decoder in a receiver.
This strategy permts decoder conplexity to be tailored to achieve the
desired video picture quality. A decoder may range fromthe nost

sophi sticated configuration that decodesy the full conplenment of
bitstreans, that is all the enhancenent | ayers, to the sinplest that

g?;‘%??g;af’gbﬁgghe base layfr'wfd%ly adopted staX\Qa?J / gl}a%?’%ses such a data
hierarchy is the MPEG (Moving Pictures Expert Group) image
encoding standard (ISO/IEC 13818-2, 10th May 1994), hereinafter
referred to as the "MPEG standard”. The MPEG standard details
5 how the base and enhancement layer data may be derived, and
how the video data may be reconstructed from the layers by a
decoder. It is herein recognized that it is desireable to provide a
system that incorporates encoder and decoder architectures for
rationally partitioning data between the various layers and for
10 dynamically configuring such a system for this purpose.

In accordance with the principles of the present
invention, dynamically configurable video signal processing
systems enable data allocation among hierarchical layers to be

15 varied. The dynamically configurable systems also permit the data
to be partitioned between the hierarchical layers as desired, and
allow variation in the number of layers employed.

A disclosed digital signal processing system according
20 to the present invention adaptively processes a datastream of
image representative input data. A data processor automatically
partitions input data into one or more hierarchical layers as a
function of one or more parameters selected from available
system bandwidth, input data rate, and output signal quality.
25
Also disclosed is a digital signal processing system for
adaptively decoding a datastream of image representative input
data partitioned into one or more hierarchical layers. The decoding
system derives synchronization and configuration information
30 from the input data and is adaptively configured to decode the
number of hierarchical layers of the input data in respomse to a
locally generated Control signal.



2 A widely adopted standard that uses such a data
hierarchy is the MPEG (Mving Pictures Expert G oup) inage encodi ng
standard (I SO I EC 13818-2, 10th May 1994), hereinafter referred to as
t he "MPEG standard”. The MPEG standard details 5 how the base and
enhancenment | ayer data nmay be derived, and- how t he vi deo data may be
reconstructed & 1993€ | ayers by a decoder. It is herein perogpsnoss
that it is desireable to provide a system that incorporates encoder and
decoder architectures for rationally partitioning data between the
various |ayers and for 10 dynamically configuring such a systemfor this
pur pose. I n accordance with the principles of the present
i nvention, dynamcally configurable videg signal processing syst ens
enabl e data al |l ocati on anong hierarchical |ayers to be 15 varied. The
dynani cal |y configurable systens.also petmt the data to, be partitjoned
bet ween the hi erarchical fnay@"é’rﬁ%“‘ifes%éd,aa ture ,of owe\/dt“i"gf‘%t?r?" ﬁi'?he
nunber of | ayerimagpl|resehition and correspondingdnsmbescof giixglsaperiigmage is
processing system:agCal cyf Hincfion Cof Qgsﬁ;ﬁzﬁ{ﬁn{e%nt i on adaptively

0 I mage representative

processes a datastream input data. A data

processor automatically partitions input data into one or nore

hi erarchi cal Hayers as a f Buieff | Desayiptiore of| thep Drawimgset ers sel ect ed
from avail abl e system bandw dt h, input data rate, and output signal
quality. 25

In the drawing:

Figure 1 shows an exemplary dynamically configurable
10 video signal encoding and decoding architecture, according to the
invention. .
Figure 2 depicts an exemplary graph of Peak Signal to
Noise Ratio (PSNR) plotted against Bit Rate that indicates different
15 coding strategy regions, according to the invention.

Figure 3 presents a flowchart of a control function
used for determining the Figure 1 architecture, according to the
invention.

20

Figure 4 shows the encoding and decoding system of
Figure 1 in the context of an MPEG compatible encoding and
decoding system.

25 Figure 5 depicts encoder and decoder architecture,
according to the invention, for region A type encoding and
decoding.

Figure 6 shows encoder and decoder architecture,
30 according to the invention, for region B type encoding and
decoding.

Figure 7 shows encoder and decoder architecture,
according to the invention, for region C type encoding and
35 decoding. '



Al'so disclosed is a digital signal processing systemfor adaptively
decodi ng a datastream of inmage representative input data partitioned

into one or

synchroni zati on and configuration information 30 fromthe input data and is
adaptively configured to decode the nunber of hierarchical |layers of the

nore hierarchical |ayers. The decodi ng system deri ves

i nput data in RpSPHESSH L0 a | ocal |y generated Control si gnatT/mRe6/00595
2a According to the invention in a fi'rst aspect there is provided a
digital signal processing systemfor adaptively processing a datastream:

contai ning input inmage representative pixel data and for providing output

data representing said input inmge data, said system conprising: a
data processor with an input for receivi ﬂg sai d datastream and for

automatically partitioning saird i nput i mage representative data into a
var.i abl e nunber of hierarchical |ayers as a function of at |east one of

avai |l abl e system

Figure 8 is a variation of Figure 1 with an additional
architecture configuration for region A decoding, according to the
invention.

Figure 9 is a variation of Figure 1 with an additional
architecture configuration for region C decoding, according toc the

invention.

10 Figure 10 presents a flowchart of a method for
identifying the region type of the input data, according to the
invention. ‘

The MPEG standard refers to the processing of
15 hierarchical ordered bitstream layers in terms of "scalability”. One
form of MPEG scalability, termed "spatial scalability” permits data
in different layers to have different frame sizes, frame rates and
chrominance coding. Another form of MPEG scalability, termed
"temporal scalability” permits the data in different layers to have
20 different frame rates, but requires identical frame size and
chrominance coding. In addition, "temporal scalability” permits an
enhancement layer to contain data formed by motion dependent
predictions, whereas "spatial scalability” does not. These types of
scalability, and a further type termed "SNR scalability”, (SNR is
235 Signal to Noise Ratio) are further defined in section 3 of the MPEG
standard.

An embodiment of the invention employs MPEG

"spatial” and "temporal” scalability in a 2 layer hierarchy (base
30 layer and single enhancement layer). The enhancement layer data
accommodates different frame sizes but a single frame rate and a
single chrominance coding format. Two exemplary frame sizes
correspond to HDTV (High Definition Television) and SDTV
(Standard Definition Television) signal formats as proposed by the
35 Grand Alliance HDTV specification in the United States, for



bandw dt h, input data rate, and signal quality to provide partitioned data;
and an out put processor responsive to said partitioned data fromsaid
data processor for formatting said partitioned data to be conpatible

with the requirements of an output transm ssion channel to provide
sai d out put data. According to the invention in a second aspect there is
provi ded a di giweb7ewsgnal processing system for adaptively de@oiviBgs/ws9s '
datastream i ncl udi ng i mage representative input pixel data partitioned into
one or nore hierarchical |ayers, said system conprising: a processor
for deriving synchronization information from said datastream a
controller for deriving configuration information from said datastream and
providing a Control signal representing s&id configuration information; and
a decoder for decoding said input pixel data using said synchronization

of "Sai d hi oF ar o EmRRLC e, DTV, THRRc Mt 1€ VB il WG Sray fafpy e
Control signal, P§&j 'nﬁu{ﬁigf“%fl‘@ & fﬁb%barpgﬁéi aPef a'wgf)ofa'ggi o‘ﬁf’ns i xel
dat a ‘bei ng subj frame csisarisa720nlinas awithnd288| samples, pehdims (giving 720 x
. " 1280 pixels per image). Both the HDTV and SDTV signals employ a
5 30 Hz interlaced frame rate and the same chrominance coding
format. .

_ Although the disclosed system is described in the
context of such an MPEG compatible, two layer HDTV and SDTV
10 spatially and temporally scalable application, it is exemplary only.
The disclosed system may be readily extended by one skilled in
. the art to more than two layers of video data hierarchy and other
video data resolutions (not only 720 and 1080 line resolution).
Additionally, the principles of the invention may be applied to
15 other forms of scalability, such as SNR scalability, and also may be
used to determine a fixed optimum . encoder and decoder
architecture. The principles of the invention have particular
application . in TV coding (HDTV or SDTV), Very Low Bit Rate
Coding (e.g. video conferencing) and digital terrestrial
20 broadcasting for optimizing encoder and decoder apparatus for a
desired communication bandwidth.

Figure 1 shows a dynamically configurable video

signal encoding and decoding architecture according to the
235 invention. In overview, an input video datastream is compressed
and allocated between a base (SDTV) data layer and an
enhancement (HDTV) data layer by encoder 100. The allocation is
performed in accordance with principles of the invention under
the control of bandwidth and architecture control unit 120. The
30 resulting compressed data from encoder 100 in the form of single
or dual bitstreams is formed into data packets including
identification headers by formatter 110. The formatted data
output from unit 110, after transmission over a data channel, is
received by transport processor 115. The transmission and
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3 In accordance with a feature of the invention, the
i mage resol ution and correspondi ng nunber of pixels per inage is vari ed
as a function of system paraneters. 5 Brief Description
of the Draw ngs In the draw ng: Figure 1 shows an
exenpl ary dynarggspigssonfigurable 1 0 video signal encodi ng a0u/mBssmosisng
architecture, according to the i nventi on. Figure 2

depicts an exenplary graph of Peak Signal to Noi se Ratio (PSNR) plotted
against Bit Rate that indicates different 1 5 coding strategy regions,
according to the invention. _ Figure 3 presents a flowhart of
a control function 6

reception process. is described later in connection with the
encoding and decoding system depicted in-Figure 4.

Transport processor 115 (Figure 1) separates the
5 formatted compressed bitstream data according to layer type, i.e.
base or enhancement layer data, based on an analysis of header
information. The data output from transport processor 115 is
decompressed by decoder 105. The architecture of decoder 105 is
determined in accordance with principles of the invention under
10 the control of bandwidth and architecture control unit 145. A
resulting decompressed data output from decpder 105, in the form
of single or dual decompressed bitstreams, is suitable for encoding

as an NTSC format signal and for subsequent display.

15 Considering the dynamically configurable architecture of
Figure 1 in detail, an input video datastream is compressed and
allocated between a base SDTV data layer and an enhancement
HDTV layer by encoder 100. Bandwidth and architecture control
unit 120 configures the encoder 100 architecture to appropriately

20 allocate data between the HDTV and SDTV output layers from
units 125 and 135 respectively. The appropriate data allocation
depends on a number of system factors including bandwidth,
system output data rate constraints, the data rate and picture
resolution (number of pixels per image) of the input video data,

25 and the picture quality and resolution (number of pixels per
image) required at each layer. In the described system, the image
resolution between input and output of both- encoder 100 and
decoder 105 is varied by changing the number of pixels per image
as described in greater detail later.

30

The data allocation and encoding strategy is derived by
determining the minimum number of bits per unit time required
to represent the video input sequence at the output of encoder
100 for a specified distortion. This is the Rate Distortion Function

35 for encoder 100. The Rate Distortion Function is evaluated,



used for determning the Figure 1 architecture, according to the

i nvention. 20 Figure 4 shows the encodi ng and decodi ng system
of ~Figure 1 in the context of an MPEG conpatible encoding and

decodi ng system 25 Figure 5 depicts encoder and decoder
architecture, according to the invention, for region A type encoding
and  decodi ng, 07101934 Figure 6 shows encoder and depCTAB96/0059S
architecture, (?accordi ng to the invention, for region B type encodi ng
and  decoding. Figure 7 shows encoder and decoder
architecture, according to the invention, for region C type encoding and
35 decodi ng. WO 97/ 01934

PCT/ 1 B96/ 00595
assuming the input sequence is a Gaussian distribution source
signal of mean p and standard deviation o. Further, applying a
squared-error criterion to the Rate Distortion Function, R, of such a
Gaussian input sequence, in accordance with the theory presented
5 in section 13.3.2 of "Elements of Information Theory" by T. M.
Cover and J. A. Thomas, published by J. Wiley & Sons, 1991, gives,

-1 0'll (ﬁ bi d
R = 5 max (,2 og2( D)), (bits per second)

1 | c2 .
10 = 5 logy () if 0<D<o?
or,
=0 ifD>0'2.

Therefore, the Distortion Rate Function, D, is given by,

15 D = ¢22-2R
which, when represented as a Peak Signal to Noise Ratio (PSNR), is

= 2—5'5—2' 20log(2*R

20 Figure 2 is a graphical representation of Distortion Peak
Signal to Noise Ratio Dpgnp in decibels (ciB), plotted against the

Bit Rate of an Enhancement layer (bits per second) for a two layer |
spatial encoded system. Curves are plotted for a base layer
distortion function, an enhancement layer distortion function, and
25 a distortion function for an exemplary upsampled base layer for a
1080 line interpolation of a 720 line picture. The base layer and
upsampled base layer curves have a negative slope because as the
bit rate of the Enhancement layer increases, the base layer bit rate

’ decreases. The composite distortion curve for the 2 layer system is
30 shown by the thick black line of Figure 2. This composite
Distortion curve is a linearized approximation to the minimum
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Figure 8 is a variation of Figure 1 with an additi onal

architecture configuration for region A decoding, according to the

i nventi on. Figure 9 is a variation of Figure 1 with an
addi ti onal architecture configuration for region C decodi ng, according
to the invention. 10 Figure 10 presents a flowchart of a

met hod for

t he i nventi on.

 woshbiofeyi Ng the region type of the input data, perandetosyy to

of 1 5 hierarchical ordered bitstreamlayers in terns of "scalability".

The MPEG standard refers to the processing

One
n

formof MPEG scalability, ternmed "spatial scalability” permts data [
different layers to have different frane sizes, franme rates and
chrom nance codi ng. Another form of MPEG gcal ability, terned "t enpor al

scal ability"

frame rates,
I n addi tion,

scal ability"

permts the data in different layers to have 20 different
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contai n data forupsampledobasen layemndent predi ctions, whereas "spati al

does not. These types of

An encoding and decoding strategy is derived from the

5 two layer system results depicted in Figure 2. In particular, three

regions A, B and C are identified in which advantage can be gained

by adopting different encoding and decoding approaches. The

boundaries of these regions may vary depending on the system

bandwidth, system output data rate constraints, the data rate and

10 picture resolution of the input video data and the picture quality

and resolution required at each layer. The regions are identified as
follows.

Region A.

15 In region A there is insufficient allocable bandwidth to
achieve the required picture quality using either two layer
encoding or a single high resolution layer encoding. In this region
the video quality of a decoded upsampled base layer equals or
exceeds the quality of a decoded picture derived from combined

20 base layer and enhancement layer data. This region is bounded at
its upper end at a point X on the enhancement layer curve that

gives a picture quality (Dpgypg value) equivalent to that of the

upsampled base layer curve at the zero Bit Rate Enhancement
layer point Y.
25
In region A there is an advantage in allocating the full
available system bandwidth to the encoding and compression of a
single layer (the base layer) at a reduced spatial resolution with a
reduced number of pixels per image. This strategy may be
30 implemented in various ways. One way, for example, is to
downsample an input datastream to provide a single base layer
(SDTV) for transmission, and then to decode the corresponding
received base layer to provide an SDTV decoded output upon
reception. A higher resolution HDTV decoded output may be



scalability, and a further type termed "SNR scalability”, (SNRis 25 Signal
to Noise Ratio) are further defined in section 3 of the MPEG st andar d.
An enbodi nent of the invention enploys MPEG "spatial" and "tenporal”
scalability in a 2 layer hierarchy (base 30 | ayer and singl e enhancenent

| ayer). The enhancenent | ayer data accommodat es different franme sizes
but a single f@ﬂgﬁmﬁike and a si ngl e chrom nance codi ng f opgaiBcki0sHS
exenpl ary frame sizes correspond to HDTV (H gh Definition Tel evision)
and SDTV (Standard Definition Television) signal formats as proposed by
the 35 Grand Alliance HDTV specification in the United States, for
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5 - exanple. The HDTV frane size is 10%9 lines with 1920 sanpl es

produced at a receiver in addition to the SDTV decoded output by
upsampling (oversampling) the decoded SDTV output. The
advantage of this  strategy arises because scarce bandwidth is
more efficiently used when it is allocated to encode a lower
5 resolution single layer bitstream than when it is used to encode
either two layers or a single high resolution layer. This is because
these latter approaches typically incur greater encoding overhead
associated with required additional error protection and data
management code, for example. The region A type of situation
10 may occur, for example, when the total available system
bandwidth is insufficient to support full resolution encoding. The
advantage of the region A encoding approach may also arise in
other situations, for example, when an input datastream to be
encoded contains significant non-translational motion. Then,
15 region A spatial down .and up sampling may provide better
picture quality in a bandwidth constrained system than can be
provided by motion compensated prediction encoding. This is
because  of the overhead associated with such motion
compensation. The region A operation is discussed in greater
20 detail in connection with Figure 5.

Region B.
In region B, there is sufficient system bandwidth to
meet the required output picture quality using a two layer
25 encoding strategy. In this region, the available system bandwidth
is allocated between layers so that the quality requirements of
both the decoded high and low resolution outputs are met. This
region lies between region A and region C.

30 In region B, the system bandwidth is allocated in
accordance with picture quality requirements between high
resolution and low resolution signal output layers. The two output
layers may be encoded for transmission in various ways. One way,
for example, is to downsample and encode the high resolution

35 input datastream to provide a low resolution (SDTV) layer for



per line (giving 1080 x 1920 pi xels per image), and the SDTV frame size
Is 720 lines with 1280 sanples per line (giving 720 x 1280 pi xel s per

i mage). Both the HDTV and SDTV signals enploy a 5 30 Hz interlaced frane
rate and the sanme chrom nance coding format. Al t hough the
di scl osed systemis described in the context of such an MPEG conpati bl e,
two |ayer HDTV wgdmaoV 1 O spatially and tenporally scal abl e pepmbsmessson,
it is exenplary only. The di scl osed system nay be readily extended by
one skilled in the art to nore than two | ayers of video data hierarchy
and ot her vi deo data resolutions (not only 720 and 1080 |ine

resol ution). Additionally, the principles of the invention may be
applied to 15 other forms of scalabilitylOsuch as SNR scalability, and al so
may be used to deternine a fi xed opti mum encoder and decoder

architecture. e d ti h r
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the received encoded lay is operatlon is d1scussed
in greater detail in connection with Figure 6.
10
Region C.

In region C, the required pictu're quality cannot be
achieved by allocating the system bandwidth either to encode two
layers or to encode a single (low resolution) layer. In this region, a

15 high quality output video signal may be achieved, given the
system bandwidth constraint, by encoding a single high resolution
layer.. This region is bounded by a point V on the enhancement
layer curve that provides the level of picture: quality required as a

minimum for the base layer alone (equal to D'P gNR Vvalue W of
20 Figure 2).

In region C there is an advantage in allocating the full
system bandwidth to the encoding and compression of a single
Iayer (the enhancement layer) at full spatial resolution with a full

25 number of pixels per image. This strategy may be implemenied in
various ways. One way, for example, is to encode the input
datastream at full spatial resolution as a single. high resolution
enhancement (HDTV) layer for transmission, and to decode the
corresponding received enhancement layer to provide the high

30 resolution HDTV output. At a receiver, a low resolution (SDTV)
output may be derived from the received high resolution signal by
downsampling in the compressed or decompressed domain as
described later. The advantage of this region C strategy arises
because, given the required output picture' guality level, the



30 resulting conpressed data from encoder 100 in the formof single or
dual bitstreans is formed into data packets including I dentification
headers by formatter 110. The fornmatted data output fromunit 110, after
transm ssion over a data channel, is recei ved by transport processor
115. The transm ssion and WO 97/ 01934 _

PCT/ 1 B96/ 00595 wa o0 6 I ecepipcafiBogioHSES S
is described later In connection wth the encodi ng and decodi ng
system depicted in Figure 4. Transport processor 115
(Figure 1) separates the 5 formatted conpressed bitstream data according
to |l ayer type, i.e. base or enhancenent | ayer data, based on an anal ysis
of header information. The data outpytyfromtransport processor 115 is
deconpressed by decoder 105. The architecture of decoder 105 is

available bandwidth is more efficiently used when it is allocated
to encode a single high resolution layer rather than when it is
used to encode two layers for transmission. This is because :two
layer encoding requires additional error protection and data

5 management overhead information. This region C operation is
discussed in greater detail in connection with Figure 7.

The three regions (A, B and C) identified for the 2 layer
10 system of Figure 2 may not all be present in every 2 layer system.
For example, only ome or two regions may be identified depending
on the system bandwidth, system data rate constraints, and the
picture quality and resolution required at each layer. Conversely,
in systems involving more than two layers, more than three
15 regions may be identified in accordance with the principles of the
invention. However, irrespective of the number of data regions
identifiable in a system, adequate decoded picture quality may be
achieved using encoding and decoding architectures configurable -
for only a limited number of the identifiable regions.
20
The different encoding and decoding strategies
associated with regions A, B and C are implemented in the
dynamically configurable architecture of Figure 1. In encoder 100,
the appropriate strategy and architecture for allocating data
25 between the HDTV and SDTV outpnt layers is determined by
control unit 120. Control unit 120, e.g. including a microprocessor,
configures the architecture of encoder 100 using the process
shown in the flowchart of Figure 3. Control unit 120 first identifies
the region type of the input data in step 315 of Figure 3 following
30 the start at step 310. The region type is determined in accordance
with the previously discussed principles based on factors
including the available system bandwidth, the data rate of the
input datastream and the picture quality required of each
decompressed output layer. These factors may be pre-
35 programmed and indicated by data held in memory within control



determ ned in accordance with principles of the invention under 10 the
control of bandwi dth and architecture control unit 145. A resul ting
deconpressed data output from decoder 105, in the form of single or dual
deconpressed bitstreans, is suitable for encoding as an NTSC for mat
signal and for subsequent display. 15 Consi dering the dynam cally
configurabl e arg@idrRgdsyr e of Figure 1 in detail, an input wCimos/00s9s
datastream is conpressed and al | ocated between a base SDTV data | ayer
and an enhancenent HDTV | ayer by encoder 100. Bandw dth and architecture
control unit 120 configures the encoder 100 architecture to
appropriately 20 all ocate data between the HDTV and SDTV out put |ayers from
units 125 and 135 respectively. The apprg riate data allocation depends
on a nunber of system factors including ndw dt h, syst em out put data
rate constraints, the data rate and picture resol ution (nunber of pixels
per image) of thmitnh20 of dhe factors mAayabe determined rfromuinputy toccontrol

resolution (nu it of 2pi S .. thEn gl I N he
descri bed syst gttn?;% he (lprrgg} exéthiple I%@gﬁﬁbe?ﬁegﬁ?nﬁtﬁgﬁa (gﬁ%&{ﬁ}ty g?m}blot h
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‘per i mage as ariginat®cfronn gperatan sdiection,| forrinsgince, and be inpaihdodat a

al | ocati on ands esyfteblNGinit ' PAG Wial ?egﬁﬁﬁﬂltﬁgr binterfat€! Foll ExaapldIe I BngUM

nunber of bits per ,unit tine gegw rePres.entl bhe vi dgo.i nput
sequence at t he WRRISHensation,. fqr, exampls, £gptrol spatt; 420, max detive nInPRY; s
i's the Rate D stdatai qate-uthreshold3values eestabHshin@0. theh dbdumdariass thettveen

Function is evalggiGiy A, B and C based on the preprogrammed values indicating
system bandwidth and required picture quality of each
10 decompressed output layer. Then, control unit 120 adopts the
appropriate region A, B or C encoding strategy based on the data
rate of the input datastream reaching particular thresholds.
Alternatively, the input data rate threshold values may
themselves be preprogrammed within unit 120.
15 -
The region type of the input data is identified in step
315 of Figure 3 using the method shown in the flowchart of Figure
10. In step 515 of Figure 10, following the start at step 510, a
single hierarchical layer and 1080 line image resolution is initially
20 selected for encoding the data in the coding region. The predicted
Distortion factor for the input data when it is encoded as a single
layer for transmission with 1080 line resolution is computed in
step 525. Step 530 directs that steps 515 and 525 are repeated to
compute the Distortion factors for a single layer encoding
25 implementation with 720 line resolution. Also, step 530 directs
that steps 515 and 525 are further repeated to compute the
Distortion factors for a two layer encoding implementation with
both 720 and 1080 line resolutions. The resultant Distortion
factors are compared and the image resolution and number of
30 hierarchical layers used for emcoding are determined in step 540.
The selection process ends at step 550. The number of layers and
image resolution are selected in step 540 to give the minimum
Distortion factor. This layer and resolution selection process
implements the coding region identification function of step 315
35 (Figure 3). It should be noted that this method of partitioning
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7 assum ng the input sequence is a Gaussian distribution source

signal of nean [err] and standard deviation [err]. Further, applying a
squared-error criterion to the Rate Distortion Function, R of such a
Gaussi an i nput sequence, I n accordance with the. theory presented 5 in
section 13.3. 2y ,ﬁ, ments of Information Theory" by T. M  pcfinssposssd J.

A. Thonmas, publis by J. Wley & Sons, 1991, gives, R =
[err]max (O, [err] log[err]([err])) (bits per second) 10

[err] log[err]( [err] ) if Of[err] or, =0
ifD>[err]. Therefore, the Distortion Rate Function, D, is

gi ven by, 13

-

encoded input data is also useable for a variety of applications in
which data is to be prepared for transmission and is not restricted
to image processing. For example, the process may be used for
telephony, satellite or terrestrial communication including

5 microwave and fibre-optic communication. Further, this process
can encompass other types of data and the partitioning of data
into other types of data segments or data packets, not just
hierarchical layers of encoded data. The process may also
encompass different numbers of data segments and data

10 resolution not just the two layers and the two data resolutions
described with respect to the preferred embo\diment.

If region A is selected, step 320 (Figure 3) directs that
step 325 is performed and encoder 100 is configured for a type A
15 architecture. In addition, formatter 110 encodes the transmitted
bitstream to indicate the region type of the data and the
appropriate decoding architecture using information provided by
control unit 120. Decoder 105 is compatibly configured to decode:
the transmitted region A type data in response to the encoded
20 architecture information. If the data is region C type, step 330
directs that step 335 is performed. Step 335 provides that encoder
100 is configured for a region C architecture, and the transmitted
bitstream is updated to indicate the data and decoding
architecture type in the manner described for region A. If the data
25 is not region C type, step 330 directs that step 340 is performed.
Step 340 provides that encoder 100 is configured for a region type
B architecture and the transmitted bitstream is updated to
indicate the data and decoding architecture type in the manner
described for region A.
30
Control unit 120 configures encoder 100 via a
Configuration signal C1 that is provided to each of the constituent
elements of encoder 100. Control unit 120 updates the
configuration of encoder 100 for individual input data packets
35 where each data packet consists of sequences of code words and



15 D= [err]22-2R whi ch, when represented as a Peak Signal to

Noi se Ratio (PSNR), is 2552

Derr] = 10 log( [err] ) + 20 1log (2 * R 20 Figure 2 is a
graphi cal representation of Distortion Peak Signal to Noise Ratio Derr]
in decibels (dB), plotted against the Bit Rate of an Enhancenent | ayer
(bits per secoqﬂb,ﬁﬁﬁm@ two | ayer spatial encoded system @gTNB/00593
plotted for a base [ayer di stortion function, an enhancenent | ayer
distortion function, and 25 a distortion function for an exenpl ary
upsanpl ed base |l ayer for a 1080 line interpolation of a 720 |ine

pi cture. The base | ayer and upsanpl &4 base | ayer curves have a negative
sl ope because as the bit rate of the Enhancenent |ayer increases, the

e et | Sk, o eneit Rt e Chup o0, Reshoin e 2
co?/fposi %/e Iﬁcff’ﬁ%}fc&n ‘X{ﬂ‘vg"? n@@?’?ﬁ%‘ %‘8‘?’8&4’%&%&6‘%"{ oM l‘Iielﬁpni nmum
may update the encoder 100 configuration for different data
packet lengths as appropriate for a particular system. For -
5 example, the configuration may be performed at power-on, for
each picture, for each picture stream (e.g. program), for each pixel

block (e.g. macroblock), or at variable time intervals.

In region A operating mode, control unit 120 disables,
10 via the Configuration signal, both HDTV compressor 125 and 2:3
upsampler 130. In the resulting configuration of encoder 100 a
single SDTV output layer is provided to formatter 110 by unit 135
of unit 100 for transmission. This configuration is shown and
discussed in connection with Figure 5. Continving with Figure 1, to
15 produce the SDTV layer output, 3:2 downsampler 140 reduces the
spatial resolution of the 1080 line resolution input datastream by
a factor of 2/3 to provide a 720 line output. This may be achieved
by a variety of known methods including, for example, simply
discarding every third line or preferably by performing an
20 interpolation and averaging process to provide two interpolated
lines for every three original lines. The 720 line output from
downsampler 140 is compressed by SDTV compressor 135 to
provide SDTV layer compressed data to formatter 110. The
compression performed by unit 135 employs a temporal
25 prediction process that uses prior SDTV layer frames stored within
encoder 135. Such a compression process, involving temporal
prediction and Discrete Cosine Transform (DCT) compression, is
known and described, for example, in chapter 3 of the Grand
Alliance HDTV System Specification of April 14, 1994, published
30 by the National Association of Broadcasters (NAB) Office of Science
and Technology in their 1994 Proceedings of the 48th annual
conference.

The resultant SDTV bitstream is formed into data
35 packets including identification headers and architecture
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8 Di stortion obtainable for the 2 | ayer system enpl oyi ng an

upsanpl ed base | ayer. An encodi ng and decoding strategy is
derived fromthe 5 two layer systemresults depicted in Figure 2. In
particul ar, three regions A, B and C are identified in which advant age
can be gai ned wobyogdopting different encodi ng and decodi ng PCEABIEOOIIS .
The  boundaries of these regions may‘vary dependi ng on the system
bandw dt h, system out put data rate constraints, the data rate and 10

pi cture resolution of the input video data and the picture quality and
resolution required at each layer. The regions are identified as

follows. Region A 15 In ¥8gion A there is insufficient

al | ocabl e bandwi dth to achi eve the required picture quality using either

two l-ayer e'i‘ﬁf&h{h‘ild?f | Zt S'fp%ﬁggig Sfﬁh‘ét '?Bgi@&ﬁfreeriﬁ?dhﬂﬂuob ighis

regi on t he V|dep eco ayer equa

!
exceeds the quglr?’{ d BBkt |‘\?ed"“FP i%@
| ayer- and enhamtmetthb Itamsmldmﬁa bifstreame gising i ﬁlebo'lﬁrhdmity Des¢ﬁpmber

end at a point g&sGibed fn ©WBBRGHTD6.6 I 2.6, V6 HEMPEG image encoding
5 systems standard (ISO/IEC 13818-1, 10th June 1994). The
architecture information is subsequently used by decoder 105 to
compatibly configure decoder 105 for the appropriate decoding
mode (e.g. region A, B or C mode). The configuration of decoder
105, like encoder 100, is updated for each transmitted data
10 packet. A data packet contains a group of pictures in this
preferred embodiment.
Although using the MPEG "Hierarchy Descriptor” is the
preferred method of ensuring encoder 100 and decoder 105 are
15 compatibly configured, other methods are possible. The
architecture information may, for example, be encoded in MPEG
syntax in the "User Data"” field defined in section 6.2.2.2.2, of the
MPEG standard. Alternatively, decoder 105 may deduce the
appropriate decoding mode from the bit rate of the encoded -
20 received data stream determined from the bit rate field of the
sequence header per section 6.2.2.1 of the MPEG standard. The
decoder may use this bit rate information together with pre-
programmed data detailing the bandwidth and video quality
requirements of the decoded output to deduce the appropriate
25 decoding mode in accordance with the previously described
principles of the invention. The decoding mode may be changed,
for example, when the received bit rate. reaches pre-programmed
thresholds.

30 The formatted compressed datastream output from unit
110 is conveyed over a transmission channel before being input to
transport processor 115. Figure 4 shows an overall -system
including the elements of Figure 1 as well as transmission and
reception eclements 410-435. These transmission and reception

35 elements are known and described, for example, in the reference



gives a picture quality (D err] value) equivalent to that of the

upsanpl ed base | ayer curve at the zero Bit Rate Enhancenent | ayer poi nt
Y. 25 In region Athere is an advantage in allocating the full
avai | abl e system bandwi dth to the encodi ng and conpression of a single

| ayer (the base layer) at a reduced spatial resolution with a reduced
nunber of pixelywolegpred4age. This strategy may be 30 inpl enent @CTIARINESISOUS
ways. One way, for exanple, is to downsanpl e an i nput datastreamto
provi de a single base |ayer (SDTV) for transm ssion, and then to decode

t he correspondi ng

upon -
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reception. A higher resolution HDTV decoded out put may be

10

15

20

25

30

35
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text, Digital Communication, Lee and Messerschmidt (Kluwer
Academic Press, Boston, MA, USA, 1988). Transmission encoder
410 encodes the formatted output from unit 110 (Figures 1 and 4)
for transmission. Encoder 410 typically sequentially scrambies,
error encodes and interleaves the formatted data to condition the
data for transmission prior to modulation by modulator 415.
Modulator 415 then modulates a carrier frequency with the
output of encoder 410 in a particular modulation format e.g.
Quadrature Amplitude Modulation (QAM). The resultant
modulated carrier output from modulator 415 is then frequency
shifted and transmitted by up-converter and transmitter 420
which may be, for example, a local area broadcast transmitter. It
should be noted that, althongh described as a single channel
transmission system, the bitstream information may equally well
be transmitted in a multiple channel transmission system, e.g.
where a channel is allocated to each bitstream layer.

The transmitted signal is received and processed by
antenna and input. processor 425 at a receiver. Unit 425 typically
includes a radio frequency (RF) tuner and intermediate frequency
(IF) mixer and amplification stages for down-converting the
received input signal to a lower frequency band suitable for
further processing. The output from unit 425 is demodulated by
unit 430, which tracks the carrier frequency and recovers the
transmitted data as well as associated timing data (e.g. a clock
frequency). Transmission decoder 435 performs the inverse of the
operations performed by encoder 410. Decoder 435 sequentially
deinterleaves, decodes and descrambles the demodulated data
output from unit 430 using the timing data derived by unit 430.
Additional information concerning these functions is found, for
example, in the aforementioned Lee and Messerschmidt text.

Transport processor 115 (Figures 1 and 4) extracts
synchronization and error indication information from the
compressed data output from unit 435. This information is used in

recei ved base |ayer to provide an SDTV decoded out put



produced at a receiver in addition to the SDTV decoded out put by
upsanpling (oversanpling) the decoded SDTV output. The advantage of this
strategy arises because scarce bandwidth is nore efficiently used when
it is allocated to encode a lower 5 resolution single |ayer bitstreamthan
when it is used to encode either two layers or a single high resolution
| ayer. This is geon5s these |l atter approaches typically i ngmesoessdser
encodi ng over head associated with required additional error protection
and data managenent code, for exanple. The region A type of situation 1
0 may occur, for exanple, when the total avail able system bandwi dth is
I nsufficient to support full resolution encoding. The advant age of the
regi on A encodi ng approach nay also ari geyin ot her situations, for
exanpl e, when an input datastreamto be encoded contains significant
non- t-r ansl ati on ' h | on t l,al, _do n S |_.Ng
may provide bet@lgr %Bk%cﬂﬁq}r@ ﬁéﬁ%ﬁ%ﬂ”ﬂ Béffé WEdtH C as??ﬁgi E@% §€2{ m-
than can be ¢emopressed pyideot ii@ﬁa_'c@iipﬂhs_ﬁpmj prosassnri d SenBraseasor MSs i s
_lla_ﬁcau,se_ of A t hflsoO¢Rtragas d@diﬁﬁﬁgah_ﬁéhitwtﬁftb i%gghnaﬁﬁhl #fom tﬁ@”&tﬂ_"ﬁg ' 'OPi‘l-
e region opgtatiqn i s n r [ onpecti on Wi

Fi gure 5. % %%‘F]cq’é' ﬁeg&rf&'& ﬁ@l# pwﬂ&gﬁoﬁ'%,cﬂ’ﬂ&egk{% gﬁtﬁf :}E?'én %étyst em
bandwi dth to 3 43et Thie rasghitectureut informatian e iguprovjdedi itg adeonderayer
2F| enct)d:jng ftrﬁdlﬁﬁb’l idth naﬁwlfrcheﬁtﬁﬁe E:Bilh_raNQirliﬁbiﬁ SeFigare ?@ndmﬁ{ E‘ttsh I's
al | ocat ed between ers So tha e qual i regeirements .0 e
decoded hi gh anttSo lfeggﬁwgﬂ}'omg p%®¥ﬁPﬂH¥H$% decbder 105 %r the

appropriate decoding mode (e.g. region A, B or C mode). Control

unit 145 configures decoder 105 via a second Configuration signal

10 C2 that is provided to each constituent element of decoder 105.

In region A mode, control unit 145 of Figure 1
disables, via the second Configuration signal, both HDTV
decompressor 150 and adaptation unit 165. In the resulting

135 configuration of decoder 105, the SDTV layer compressed video
output from processor 115 is decompressed by SDTV
decompressor 160 to provide a decompressed 720 line resolution
SDTV output sequence. The decompression process is known and
defined in the previously mentioned MPEG standard. In addition,

20 upsampler 155 oversamples the 720 line resolution SDTV output
by a factor of 3/2 to provide a 1080 line resolution HDTV
decompressed output. This may be achieved by a variety of
known methods including, for example, interpolation and
averaging to provide three interpolated lines for every two

25 original lines. The 1080 line resolution decompressed output from
upsampler 160 is selected, via multiplexer 180 in response to the
second Configuration signal, as the HDTV decompressed output
sequence. The resulting decompressed HDTV and SDTV data
outputs from decoder 105 are suitable for encoding as an NTSC

30 format signal by unit 440 of Figure 4, for example, and for
subsequent display.

Figure 5 shows the encoder and decoder apparatus of
Figure 1 configured for region A type encoding and decoding. The
35 functions of the elements shown are as previously described.



region |lies between region A and region C. 30 In region B, the
system bandwi dth is allocated in accordance with picture quality

requi renents between high resolution and | ow resol uti on signal output

| ayers. The two out put | ayers may be encoded for transm ssion in various
ways. One way, for exanple, is to downsanple and encode the high

resol ution 35 iywp4hefsd astreamto pI’OVI de a | ow resol ution ( SPEYmBdcuesas f or
WO 97/ 01934 PCT/ | B96/ 00595

10 transm ssion, and to decode this |low resolution |ayer when

received to provide a | ow resolution SDTV signal. The high resol ution
(HDTV) enhancenent |ayer to be transmtted nay be derived froma

conbi nati on of an upsanpl ed version of &8 5 encoded SDTV Iayer and

previ ous franes of the encoded HDTV

Upsampler 130 and HDTV compressor 125, shown in encoder 100
of Figure 1, are absent in Figure 5 since these elements are
disabled in region A mode as previously described. Similarly,
HDTV decompressor 150 and adaptation unit 165, shown in

5 decoder 105 of Figure 1, are absent in Figure 5 since these
elements are disabled in region A mode also as previously
described.

If the input data in Figure 1 is region B type, control
10 unit 120 configures encoder 100 for a region B architecture. This
is done using the Configuration signal in a manner similar to that
previously described for region A. However, in region B, encoder
100 compresses both high resolution and low resolution output
layers for transmission, in contrast to the single low resolution
15 output compressed for region A. This configuration is shown and
discussed in connection with Figure 6. Continuing with Figure 1,
control unit 120 allocates the system bandwidth between the high
resolution and low resolution output layers by configuring encoder
100 to compress enhancement data as a high resolution HDTV
20 output layer in addition to a low resolution SDTV output. This
HDTV layer provides picture refinement data to enable decoder
105 to produce a 1080 line resolution picture output from the 720
line resolution SDTV layer.

25 The SDTV layer output in region B is produced in the
same way as described for region A. The 720 line output from
downsampler 140 is compressed by SDTV compressor 135 to
provide SDTV layer compressed data to formatter 110. However,
in region B, the high resolution HDTV enhancement layer for

30 transmission is derived by HDTV compressor 125. Compressor 125
derives the HDTV output by combining and compressing an
upsampled decompressed version of the SDTV layer produced by
upsampler/decompressor 130 and previous frames of the HDTV
layer stored within compressor 125. Such a combination and

35 compression process involving temporal prediction performed by



| ayer. The HDTV decoded output may be derived froma conbi nati on of an

upsanpl ed version of the decoded SDTV out put and the recei ved encoded
HDTV | ayer. This operation is discussed in greater detail in connection
with Figure 6. 10 Regi on C. In region C, the required

pi cture quality cannot be achi eved by allocating the system bandw dth

ei ther to encod@olo¥ypess | ayers or to encode a single (Iow reschesnnosioses
|l ayer. In this region, a 15 high quality output video signal may be

achi eved, given the system bandwi dt h constraint, by encoding a single

hi gh resol ution | ayer. This region is bounded by a point V on the
enhancenent | ayer curve that provides the |evel of picture quality
required as a m nimum for the base | gwer alone (equal to Derr] value W
of 20 Figure 2). In region C there is an advantage in

aIIocat ng the ful S m bandw dth to the and coppr essi,on of
2 single " 1 ayiSmproseon s d8 ERPWIL AR Sontmplated, &r EXauBBt: FE ot ( n o
full 25 nunber spatial xssiatabplity magen (Nectiont 7a)egf they MBEGstandardeT hien

vari gus ways. ) B \pw n tygpam at
full spatial rg;eotlll&??gaﬂ v %r@g Wfﬁr&?esgﬁldﬁﬁut mrgnggﬁg%fls(llﬁ_w

| ayer for trans#ff"s?f'?)‘f‘} correspondi ng recei ved
enhancenent |&yer to provi de t he high 30 resolution HDTV output. At a

receiver, a |ow resol uti qie (ﬁﬁw ando Eﬁﬁeliﬁlsd?fd egnéé&gp 458 are

recei ved high (r)f%,; bon S Bé \rw p&%&a JI% sed or

deconpr essed. d y f Wg%‘?r"l @ I‘%Eoe aty- fnchding identification, c

strat egy arisesheaders and architecture information in the "Hlerarchy Descriptor”
field. As described for region A, the formatted data from unit 110

10 is conveyed to transport processor 115 which provides the

architecture information to decompressor cgntrol unit 145 for
configuring decoder 105 (here for region B).

At the receiver, in region B mode, control unit 145
15 disables adaptation unit 165 -using the second Configuration signal.
In the resulting configuration of decoder 105, the compressed
SDTV output from processor 115 is decompressed by unit 160 to
give a 720 line resolution SDTV output, as in region A. HDTV
decompressor 150 derives a decompressed 1080 line resolution
20 HDTV output by combining and decompressing an upsampled
version of this decoded SDTV output produced by upsampler 155
and previous frames of the HDTV layer stored within
decompressor 150. The process of combining the upsampled and
stored data and forming a decompressed output as performed by
25 decompressor 150 is known and described, for example, in- the
spatial scalability section (section 7.7) of the MPEG standard. The
1080 line high resolution decompressed output from
. decompressor 150 is selected as the HDTV decompressed output,
via multiplexer 180, in response to the second Configuration
30 signal. The resulting decompressed HDTV and SDTV data outputs
from decoder 105 are suitable for further processing and
subsequent display as previously described.

Figure 6 shows the encoder and decoder apparatus of
35 Figure 1 configured for region B type encoding and decoding. The



because, given the required output picture quality |level, the
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11 avai l abl e bandwidth is nore efficiently used when it is allocated
to encode a single high resolution |ayer rather than when it is used to
encode two layers for transm ssion. This is because two | ayer encodi ng
requires additi‘gagjmﬁy or protection and data 5 managenment Opgdy
information. This region C operation is di scussed in greater detail in

connection with Figure 7.

The three regions (A, B and C

identified for the 2 layer 10 systemof Figure 2 may not all be present
every 2 | ayer system For exanple, only one or two regi ons may be

i dentified depending on the system bafdwi dth, system data rate

and the

constraints,

10

15

20

235

30

35

functions of the elements shown are as previously described.
Adaptation unit 165, shown in decoder 105 of Figure 1, is absent
in Figure 6 since this element is disabled in region B mode also as
previously described. |

If the input data in Figure 1 is region C type, control
unit 120 configures encoder 100 for a region C architecture. This is
done using the Configuration signal in a manner similar to that
previously described for region A. However, in region C, encoder
100 encodes a single high resolution output rather than a low
resolution output as for region A or two outputs as for region B.
Control unit 120 allocates the full system bandwidth, if necessary,
to encode a high resolution output and configures unit 100, via the
Configuration signal, to encode the enhancement layer at a full
spatial (1080 line) HDTV resolution.

In region C mode, control unit 120 disables
downsampler 140, SDTV compressor 135 and upsampler 130, via
the Configuration: signal. In the resulting configuration of encoder
100 the input sequence is compressed by HDTV compressor 125
using the full system bandwidth as required to provide a 1080
line resolution HDTV output to formatter 110. This configuration is
shown and discussed in conmection with Figure 7. Continuing with
Figure 1, compressor 125 derives the HDTV output using previous
frames of the HDTV layer stored within compressor 125. The
compression process performed by compressor 125 in region C is
like that described for regions A and B and is also known.

The HDTV bitstream from unit 100 is formed by
formatter 110 into data packets including identification headers
and architecture information in the "Hierarchy Descriptor” field.
As described for region A, the formatted data from unit- 110 is
conveyed to transport processor 115, which provides the
architecture information to decoder control unit 145 for
configuring decoder 105 (here for region C).

in



picture quality and resolution required at each | ayer. Conversely, I n
systens involving nore than two | ayers, nore than three 1 5 regions may be
identified in accordance with the principles of the i nventi on. However,
i rrespective of the nunber of data regions identifiable in a system
adequat e decoded picture quality may be achi eved usi ng encodi ng and
decodi ng archi kegoyp@se confi gurabl e for only a limted nunrer/mbedosss

i dentifiable regions. 20 The different encodi ng and decodi ng
strategies associated with regions A, B and C are inplenented in the
dynam cally configurable architecture of Figure 1. In encoder 100, t he
appropriate strategy and architecture for allocating data 25 between the
HDTV and SDTV output |ayers is determ ngq by control unit 120. Contr ol
unit 120, e.g. including a mcroprocessor, configures the architecture
of encoder 100 using the process shown in the flowhart of Figure 3.
Control unit 120 first identifies the region type of the input data in
step 315 of Figure 3 fol Adwithg wmoeives, simmegion s€emaode. cgnwol eynisn 1dppe i s

determned in @i%lé@nﬁﬁsampl&t bs% h@snﬁ ethé Usdcond! @dtﬁfﬁ@ﬂaﬁbh“ﬁgﬂa?s Iaased
on factors Fgl udi Zﬁ{.the a| | ?g Ey‘i" ba?ggn c{bh . ws 3 g@{f‘VDf
t he I nput d ARG sTERAINE JFopiigyfat PCP uFRPreSsP
deconpr essed owutput (fagmr pragesser {145t is siemynmvsmd)bysmnptr d§Datoegivena
i ndi cated by dgigg@ielithé N HIBRO! desOldtioR CHDTV! output. This 1080 line
decompressed output from decompressor 150 is selected as the
HDTV decoded output of decoder 105, via multiplexer 180, in
response to the second Configuration signal. In addition, the
10 compressed HDTV output from processor 115 is adapted to meet
‘the input requirements of SDTV decompressor 160 by adaptation
unit 165. This is done by reducing the spafial resolution of the
compressed HDTV output from processor 115 to an effective 720
line resolution in the compressed (frequency) domain. This may
15 be performed, for -example, by  discarding the higher frequency
coefficients of those Discrete Cosine Transform (DCT) coefficients
that represent the video information of the compressed HDTV
output from processor 115. This process is known and described,
for example, in "Manipulation and Compositing of MC-DCT
20 Compressed Video" by S. Chang et al, published in the LE.E.E.
Journal of Selected Area in Communications (JSAC), January 1995.
The spatially reduced compressed output from adaptation unit
165 is decompressed by unit 160 to give -a 720 line resolution
SDTV output. The -decompression processes performed by units
25 160 and 150 are like those described for region A and similarly
known. The resulting decoded HDTV and SDTV data outputs from:
decoder 105 are suitable for further processing and subsequent
display as previously described.

_)

30 Figure 7 shows the encoder and decoder apparatus of
Figure 1 configured for region C type encoding and decoding. The
functions of the elements shown are as previously described.
Downsampler 140, SDTV compressor 135 and upsampler 130,
shown in encoder 100 of Figure 1, are absent in Figure 7 since

35 these elements are disabled in region C mode as previously



WO 97/ 01934 PCT/ | B96/ 00595

12 unit 120 or the factors may be determned frominputs-to control

unit 120. For exanple, the data rate may be sensed directly from t he

i nput datastream Al so, externally sourced inputs may originate from
operator selection, for instance, and be input to 5 control unit 120 via a

conmput er interfwpeeyoey exanple. In one i npl enent ati on, foPrPCEABIERLSS
control unit 120 rmay derive input data rate threshold val ues

establishing the boundari es between regions A, B and C based on the
preprogranmed val ues indicating system bandwidth and required
~picture quality of each 10 deconpressed output |ayer. Then, control unit
120- adopts t he appropriate region A2B or C encoding strategy based on
the data rate of the input datastream reaching particular thresholds.

e ot b g, Gt £5801 Shou U2 goBBtr 105 B v

be preprogra I'n, ungt ; . Lhe reglon f.the
i nput data is FABWE i t¥ iak?s%‘!teb“ 11'.‘83‘1'5 B sipegthis e ﬂer\"g th lﬁﬁﬁgdm\;hown
in the fl omchau;egioﬁ Ci mode. :

5 Figure 8 is a variation of Figure 1 and shows an
additional architecture configuration for region A decoding. The
functions performed by encoder 100, formatter 110 and transport
processor 115 of Figure 8 are as described for Figure 1. In
addition, the functions of decoder 109 of Figure 8 are the same as

10 those of decoder 105 of Figure 1 except that in region A decoding,
the 1080 line resolution HDTV decompressed output is provided in
a different manner. '

In region A mode, decoder control unit 149 of Figure 8

15 disables, via the second Configuration signal, both upsampler 155
and adaptation unit 165. In the resulting configuration of decoder
109 the SDTV layer compressed video output from processor 115

is decompressed by SDTV decompressor 160 to provide the SDTV
output of decoder 109. This is performed in the same manner as
20 described for Figure 1. However, the HDTV decompressed output
from decoder 109 is produced by upsampling the SDTV layer in
the frequency domain in contrast to the time domain sampling
performed in decoder 105 of Figure 1. The compressed output
from processor 115 in Figure 8 is upsampled in the compressed
25 (frequency) domain by adaptation unit 168 (not presemt in Figure
1). This may be performed, for example, by "zero padding” the
higher order Discrete Cosine Transform .(DCT) frequency
coefficients that represent the video information in the
compressed SDTV output from processor 115. In effect, selected
30 higher order DCT coefficients are assigned zero values. The theory
behind this process is known and described, for example, in the
previously mentioned "Manipulation and Compositing of MC-DCT
Compressed Video" by S. Chang et al, published in the LE.E.E.
Journal of Selected Area in Communications (JSAC), January 1995.
35 The resultant upsampled ~output from adaptation unit 168 is



10. In step 515 of Figure 10, followng the start at step 510, a single
hi erarchical |layer and 1080 line imge resolution is initially 20 sel ected
for encoding the data in the coding region. The predicted Di stortion

factor for the
transm ssion w

directs that st‘gagr,ﬁlg?‘ and 525 are repeated to conput e t he gmginogibdsen
factors for a single la

resolution. Also, step 530 directs that steps 515 and 525 are further

I nput data when it is encoded as a single | ayer for

th 1080 line resolution is conmputed in step 525. Step 530

yer encoding 25 inplenentation with 720 |ine

repeated to conpute the Distortion factors for a two | ayer encoding

I npl enent ati on

30 hierarchical

W th both 720 and 1080 line resolutions. The resultant
Distortion factors are conpared and fi3e i nage resol uti on and

| ayers used for encoding are determned in step 540.

I ti t [
esol ut i on ar o SRR MBI, JefoiBiENsh: 33 WO e FRSEY
factor. This | SmpubrfgomesigcodennlQd| dbe sesyltingedecompressed nHRTV rand
SPTV fdaat b@!TpuEQ NirbhP deétlodet ePOSB 1are3 suithblt 'for 3proddssimgou! d
be not ed t hat tahn'dS s%ggé}]%%ng di?{i‘lrat}" 5 O4eddibed in connectit\)/\i%) %ﬂho 1§’|§1re | 8

resol ution are
codi Rg region i

PCT/ | B96/ 005955
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Figure 9 is a variation of Figure 1 and shows an
additional architecture configuration for region C decoding. The
functions performed by encoder 100, formatter 110 and transport
processor 115 of Figure 9 are as described for Figure 1. In
addition, the functions of decoder 107 of Figure 9 are the same as
those of decoder 105 of Figure 1 except that in region C decoding,
the 720 line resolution SDTV decompressed 6utput is provided in
a different manner.

In region C mode, .control unit 147 of Figure 9 disables,
via the second Configuration signal, both upsampler 155 and SDTV
decompressor 162. In the resulting configuration of decoder 107
the HDTV layer compressed video output from processor 115 is
decompressed by HDTV decompressor 150 to provide the HDTV
output of decoder 107. This is performed in the same manner as
described for Figure 1. However, the SDTV decompressed output
from decoder 107 is produced by downsampling the HDTV layer
in the time domain in contrast to the frequency domain sampling
performed in decoder 105 of Figure 1. The decompressed HDTV
output from multiplexer 180 in Figure 9 is downsampled by
downsampler 170 (not present in Figure 1) by a factor of 2/3 to

provide a 720 line output. This may be performed by a variety of -

known methods as discussed with respect to downsampler 140 of
encoder 100 in Figure 1. The 720 line resolution decompressed
output from downsampler 170 is selected as the SDTV decoded
output of decoder 107, via multiplexer 175 (not present in Figure
1), in response to the second Configuration signal. The resulting
decompressed HDTV and SDTV data outputs from decoder 107 are
suitable for processing and subsequent display as described in
connection with Figure 1.

nunmber of

The



13 encoded input data is also useable for a variety of applications in

which data is to be prepared for transm ssion and is not restricted to
i mge processing. For exanple, the process may be used for t el ephony,
satellite or terrestrial conmmunication including 5 mcrowave and
fibre-optic communi cation. Further, this process can enconpass ot her
types of data aggeypmspartitioning of data i nto ot her type®criBstanses
segnents or data packets, not just hi erarchi cal | ayers of encoded data.
The process may al so enconpass different nunbers of data segnments and
data 10 resolution not just the two layers and the two data resol utions
described with respect to the preferred enbodi nent. I f region

A is selected, step 320 (Figure 3) di re2tds that step 325 is perforned
and encoder 100 is configured for a type A 15 architecture. In addition,
formatter 110 encodes the transmtted bitstrean1to i ndi cate the region
type of the data and th pr,opri a e dec [chitectyre using

i nf ormati on provi ded byerhe d'dﬁzpfl F DG%SEJFC%Ssl 15CY |5’F‘)h
configured to deespdet to Figurbsahélnareedot egmbusmel ythed aarchitecturepomay t o
the encoded 20 ﬁf}cﬁbxg%& ug G, eIk ké@ohs fa 2p %@%PMQ t Y85 St ep

330 di rect I'S per [ovI des encoder
100 is configﬁr%@WI tBgi $Ame &9 mtémﬁr e, q tons; gments
bitstreamis upofittheé tvariondi aamétethnresianmyatbé dmpbeinented in whole or in

part within the programmed instructions of a microprocessor.



architecture type in the manner described for region A If the data 25 is

not regio mm“‘“ directs that step 340 is perforned. Step 340
provi des 'tr‘ “ﬁ s configu o ype B

architecture @nd theStransmitted piRiSt SWERT HAS BEBNdied to i ndi cate
the data and decoding architecture type i REPDACERNNer descri bed for

region A. 30 woo7o193¢ Control uni&- STencoder POGIRIGRODS
Configuration signal C that is provided to each of the constituent

el ements of encoder 100. Control unit 120 updates the configuration of
encoder 100 for individual input data p§(§<ets 35 where each data packet
consi sts of sequences of code words and WO 97/ 01 934

PCT/ 1 B96/ 00595 14 represents a group of
pictures e.g. a G oup of Pictures in CL&IMStance with the MPEG standard.
However, control unit 120

1. A digital signal processing system for adaptively

processing a datastream. containing input image representative
5 pixel data and for providing output data representing said input
image data, said system comprising:

a data processor (100) with -an input for receiving said
datastream, and for automatically partitioning said input image
representative data into a variable number of hierarchical layers

10 as a function of input data rate to provide partitioned data; and

an output processor (110) responsive to said

partitioned data from said data processor for formatting said
_ partitioned data to be compatible with the' requirements of an
output transmission channel to provide said output data.

15

2. A system according to claim 1, wherein

said data processor varies the number of pixels per
image of said partitioned data.

20 3. A system according to claim 2, wherein
the number of pixels representing an image in said
output data, as conveyed to said transmission channel, is less than
the number of pixels representing a corresponding image. in said
datastream.
25
4. A system according to claim 1, wherein '
said data processor partitions said input image
representative data into a plurality of hierarchical layers of data
respectively corresponding to different numbers of pixels per
30 image.
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may update figuration for different data packet

| engt hs as I i particular system For 5 exanple, the
configurati )[m “E !l mked at power-o ure, for each
picture strea ﬂ@e g , for each p| é{lg SHE T %:ﬁ macr obl ock),
or at variable time intervals. .| BER AD eratlng node,
control unit lghgheigdl es, 10 via the Configuration signal,

conpressor 125 an 2 3 upsanpl er 130. In the resulting conflguratlon of
encoder 100 a single SDTV output layer is provided to formatter 110 by
unit 135 of unit 100 for transm ssion. This configuration is shown and

di scussed in connection with Figure 5. Continuing with Figure 1, to 15
produce the SDTV | ayer output, 3:2 down2énpler 140 reduces the spati al

resol ution of the 1080 |ine resol ution input dat ast r eam by a factor of
2/ 3 to provide a 720 |ing qutRidemT. c‘i’:ﬁﬁiqveﬁherelﬁ’y a variety of
known net hods i ncl udi ng, “f or xarrpl e | séar di ery th d I I ne
or preferably by perfornStig afiatag P’Fﬂcé’ls aé?@t?r‘éﬁﬁ & PR

provide two i ntgroeessimd netwiorks f brcleding tbompressxgnmalneltwmks Thnd720

line output frao I's conpressed by SDTV conpressor 135 to
provi de SDTV Ia%é?pl&wgt%g da gaoto formatter %;LO The conpr.essi on

perforned by 3init 135 enphoysignalenPEresssing pcOMAYTIHG oPEsSaif o datacs
prior SDTV I ayeprd‘ceasmg Siepw Bk s\ ishi automativabiyeradapted Saghaa funetioas vfon

process, involv eg Orx@ludmggrzﬁd &Ht gngf E&@ﬁ[ﬂ@ %ﬁéﬁe b-g'n%'ﬂﬁﬁﬁf m

(DCT) conpressi escr for exanple, In chapter 3 of
the Grand AIﬂniP&ihc@tHD‘Mc,S?B@eWS%(ﬂW’é&tlon of April 14, 1994,
published 3 0 by the National Association of Broadcasters (NAB) O fice of

Science 10 6. A system according to claim 1, further including
a control network (120) for providing a configuration
Control signal as a function of the data rate of said input image
data; and wherein
said data processor comprises a compression network
15 (125-140) responsive to said Control signal for providing
compressed image representative data as said partitioned data,
wherein both the number of pixels per image of said compressed
image representative data and said number of hierarchical layers
are determined by the configuration of said compression network
20 in response to said configuration Control signal.

7. Apparatus according to claim 6, wherein
said compression network provides, in one
configuration, output compressed data as a single layer with a
25 number of pixels per image substantially equal to the number of
pixels per image of said image representative input data, and in
another configuration, output compressed image data as a single
layer with a number of pixels per image less than the number of
pixels per image of said image representative input data.
30
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and Technol ogy in their 1994 Proceedi ngs of the 48th annual

The result

identifica

Is formed into data 35 packets i ncluding
jmtmwmmm"m[in architecture _ : WO 97/ 01934
PCT/ | B96/ 00595°¢ - " s * |
formatter 110. The architecture inf ol
120 and is encogséomssf ormatter 110
the "Hi erarchy Descriptor” descri bed

T PESBEEN Vi nf or mati on by

i nt HE

MPEG i nage encoding 5 systens standard (ISOIEC 13818-1, 10th June

1994) .
to

(e.qg.

The

architecture information is subsequently used by decoder

conpati bly configure decoder 105 for the appropriate decodi ng
region A, B or C node). The confiprati on of decoder '

8. Apparatus according to claim 6, wherein
output data produced by said output processor is in
MPEG compatible format and contains information indicating the
configuration of said compression network, wherein said
5 indicating information is encoded in an MPEG format field selected

from at least one of the Hierarchy Descriptor field and the User

Data field.

9. Apparatus according to claim 6, wherein
10 said number of hierarchical layers is varied in
response to said configuration Control signal on a periodic basis
defined by at least one interval selected from (a) an interval
corresponding to the duration of a group of pictures, (b) an
interval corresponding to the duration of a program stream, and
15 (c) an interval corresponding to: the duration of a picture block.

10. Apparatus according to claim 6, wherein
said number of hierarchical layers is varied on a
temporal basis. L
20
11. Apparatus according to claim 6, wherein
said control network provides said configuration
Control signal as a function of available bandwidth.

25 12. Apparatus according to claim 6, wherein
said control network provides said configuration
Control signal as a function of the image quality required of output
data from said output processor.

This Sheet Has Been Relilaced

conf erence.

,&GE'O provigded by control unit
e arsm tted bpCEANSEA0SISSI Ng
n sections 2.6.6 and 2.6.7, of the

105
node



105, like encoder 100, is updated for each transmtted data 10 packet. A
dat a pa;ﬂ'ﬂmﬂmﬂﬂu" roup of pictures in this preferred embodi ment.
Al t hough'J&SH j "Hi erarchy Descriptor” is the preferred nmethod
of ensuring encoder *100 and decoder 105 are 15 conpati bly configured,
other nethods are possible. The arghitecture information may, for
exanpl e, be encggaseidds MPEG synt ax THIS SHEET Has pepM p° T i el dreimiBesiensos n
section 6.2.2.2.2, of the MPEG st andar qjephly gpnati v |y, decoder 105 may
deduce the appropri ate decodi ng ne ' te of the encoded 20
received data streamdetermned fromthe bit rate field of the sequence
header per section 6.2.2.1 of the MPEG gndard. The decoder may use
this bit rate information together vviths% e- programed data detailing
t he bandw dth and video quality requi renents of the decoded output to
deduce the appropriate 2513edoddigjtalogignal precessingcsystemn fore asaptively! vy
descri bed priqees f LY et 10 inol ' RRSR ged,
for exanpl e, m'd%&?ﬁig%iefediaﬁekgrég{?%{ %&%lgﬂlrnega?ﬁld}@c?%f&e errgﬁp{gp ]ﬁli@[‘

threshol ds. 3p¢ata partiti ’f"é?rrﬂf’?eﬂrc'ﬁ‘ﬁfﬁgg‘? °E'§t9‘g%gg§1nms% FUEEM om

uni t 110 is compl}i:iaigover a transm ssion channel before being input to
L anopor! P Sneser 115 ) iRebsBhor1 190 orgt AlderRige ey nchithisn (e
410- 435. These f?éﬂg’rﬁt@é‘lmgjﬁ°gn&a’r‘£c€?}?§€ﬁa‘§5 el enents are known and
descri bed, for exanple, ia téentrellerendd45) for deriving configuration
information from said datastream and providing a Control signal
representing said configuration information; and
10 a decoder (150-180) for decoding said input pixel data
using said synchronization information, said decoder being
adaptively configured to decode the number of said hierarchical
layers of said input pixel data in response to said Control signal.

15 14. A system according to claim 13, wherein
said decoder :exhibits one configuration for decoding a
single hierarchical layer of image representative data containing a
first number of pixels per image, and exhibits another
configuration for decoding a single hierarchical layer of image
20 representative data at a reduced second number of pixels per
image.

15. A system according to claim 13, wherein
said decoder decodes a plurality of hierarchical layers
25 corresponding to different numbers of pixels per image.

16. A system according to claim 13, wherein

the number of pixels of an image represented by

output data from said decoder is different from the number of
30 pixels of an image represented by said input pixel data.

\

This Sheet

I



\
WO 97/ 0 PCT/ 1 B96/ 00595
uUH"FHHHMWMm cation, Lee and Messerschnidt (Kl uwer
Academ c USA, 1988) Transm ssi on encoder 410 encodes
the formatted out put *fromunit 110 (Figures 1 and 4) for transm ssion.

Encoder 410 typically sequentially Les 5 error encodes and
interleaves thgofsajpsited data to c TFHISSHEETtEﬁ BEERPL 2 for tPAREINEERSN
prior to nodul atlon by nodul at or 41p. ° f OT 5 then nodul ates a
carrier frequency with the out pub—e¥—encs 8rY 410 iln a particul ar

nodul ation format e.g. Quadrature Anplitude Mdulation (QAM. The
resul tant 10 nodul ated carrier output from nodul ator 415 is then frequency
shifted and transmtted by up- converd®r and transnitter 420 whi ch nay.
be, for exanple, a local area broadcast transmtter. It shoul d be not ed

that, although descri beﬂ7aSAﬁs?StBﬂi acehrding|to claimad3 riwierein system the
bi tstream i nf or mat i on "Eaid® &putlﬂlx@faldata is compressed data; and
said decoder decompresses said number of said
hierarchical layers of said input pixel data and the number of
5 pixels per image of said input pixel data in response to said

Control signal.

18. Apparatus according to claim 17, wherein
said input pixel data is MPEG compatible data; and
10 said control network derives configuration information
from a field of said MPEG compatible data, said field being
selected from one of a User Data field, a Hierarchy Descriptor field
and a Bit Rate field.

15 19. Apparatus according to claim 17, wherein
said configuration information represents the data.rate
of said input pixel data.

20. Apparatus according to claim 17, wherein
20 said decoder (a) in one configuration provides one
layer of decompressed image data with a number of pixels per
image substantially equal to the number of pixels per image of
said input pixel data, and (b) in another configuration provides
one layer of decompressed image data with a number of pixels per
25 image less than the number of pixels per image of said input pixel
data.
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15 be transm t‘t—ed—'m—a—nmﬁvl—e—channel transm ssi on system e.qg. wher e
a channel is al itstream | ayer. The
transmtted si mm ﬂ!m ﬂFn’d processed by antenna and i nput

pr ocessor 425 t 425 typically 20 includes a radio
frequency (RF) tuner and |nt ernedi at e frequency. (I'F) mxer and
anmplification s&,@gg offr down-converting the recei ved i NnputpcirBfiipses0 2
| ower frequency band suitable for 1?1‘[‘ - g. The output from
unit 425 is denodul ated by unit 43p] lﬁnsb & HAGIBEENNe carrier frequency
and recovers the 25 transnmitted data §s weIREPhéCmsom ed timng data
(e.g. a clock frequency). Transmi sSIon erforns the inverse
of the operations performed by encodd® 410. Decoder 435 sequentially
dei nterl eaves, decodes and descranbl es the denodul ated data out put from

unit 430 using the tim ”Eld%%ﬁﬁfdsvﬁgcaﬂu% th & ?m 39, AdRérel gal

i nformati on concerning t nctl,0

af orementi oned Lee and ME&€eiBPWLRiX 15 subject to e E{r{g'tﬁ) Eessor
115 (Fi gures 1 imagedresolutiontas a fm;mmtr.cof i thet inmmbeandf mixelsr pendineage; on
information fropy the 35 conpressed data output fromunit 435. This

i nformation i; used in

said decoder decompresses said input pixel data to
provide decompressed image data with a predetermined number
of pixels per image, wherein said input pixel data is subject to
exhibiting at least two different numbers of pixels per image
corresponding to different image resolutions.

10 .
22, Apparatus according to claim 21, wherein
. said decoder is adaptively configured on a temporal
basis.
—_—
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17 t he subsequent deconpression perforned by decoder 105 of the
conpressed vi deo data output from processor 115. Processor 115 al so
extracts decoding architecture information fromthe MPEG Hi er archy
Descriptor field within the conpressed data fromunit 5 435. This
architecture i Rg@ofRbI4ON IS provided to decoder bandwi dt h aggIB96/00595
architecture control unit 145 (Figure 1). Unit 145 uses this information
to compatibly configure decoder 105 for the appropri ate decodi ng node
(e.g. region A, B or C node). Control unit 145 configures decoder 105
via a second Configuration signal 10 C2 that js provided to each
constituent elenment of decoder 105. / In region A node, control
unit 145 of Figure 1 di sabl es, via theAsecond Confi g&ation signal, both
HDTV . deconpressor 150 and adapfafion_ihit 165. Tn thg resulting 15
configuration of decoder 103, the SE\g|

from processor 115 is deconpre Eg por 160 to
provi-de a deconpressed 720 lji ne res [ dAgnce. The
deconpression process is knqyn &an % ' sly mentioned
MPEG standard. In addition, |2§ sgnpl e ssithe 750 l'ine
resol uti on SDTV out put | IEEO !
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by a factor of 3/2 to provide a 1080 line resolution HDTV
This nmay be achieved by a variety of

out put .
for exanpl e,

i nterpol ati on and

deconpressed

known net hods i ncl udi ng,
averaging to provide three interpol ated

lines for every two 25 original

i nes.

The 1080 line resol ution

180

deconpressed out put from

upsanpl er

160 is selected, via nultiplexer

in response to wbemessecond Configuration signal, as the HDT\¢olasosamssssed
out put sequence. The resulting deconpressed HDTV and SDTV data
out puts from decoder 105 are suitable for encoding as an NTSC 30 format

si gnal

by unit 440 of Figure 4,

for exanpl e,

and for

subsequent di spl ay.

rat us of

Figure 1 configured

Figure 5 shows the encoder and decoder a
for-region A type encodi ng and decodi ng. 35 functions of the el enents

shown are as previously descri bed. WO 97/ 01934
PCT/ 1-B96/ 00595
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18 Upsanpl er 130 and HDTV conpressor 125, shown in encoder 100 of
Figure 1, are absent in Figure 5 since these elenents are di sabled in
region A node as previously described. Simlarly, HDTV deconpressor 150
and adaptation unit 165, shown in 5 decoder 105 of Figure 1, are absent in
Figure 5 since these el ements are disabled in region A node al so as
previ ously Owprhides - If the input data in FpcaviBss/dosess
region B type, control 1 0 unit 120 configures encoder 100 for a region B
architecture. This is done using the Configuration signal in a manner
simlar to that previ ously described for region A However, in region B,
encoder 100 conpresses both high resol ﬂdb and | ow resol uti on out put

| ayers for transmission, in contrast to the single | ow resolution 15 out put
conpressed for region A This configuration is shown and di scussed in
connection with Figure 6. Continuing wwth Figure 1, control unit 120

al l ocates the system bandwi dt h bet ween the high resolution and | ow

resol ution output |layers by configuring encoder 100 to conpress
enhancenent data as a high resolution HDTV 20 output layer in addition to a
| ow resol ution SDTV output. This HDTV | ayer provides picture refinenment
data to enabl e decoder 105 to produce a 1080 line resolution picture
output fromthe 720 line resolution SDTV |ayer. 25 The SDTV
| ayer output in region Bis produced in the same way as described for
region A. The 720 |ine output from
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downsanpl er 140 is conpressed by SDTV conpressor 135 to provi de SDTV

| ayer conpressed data to formatter 110. However, in region B, the high
resol uti on HDTV enhancenent |ayer for 30 transmission is derived by HDTV
conpressor 125. Conpressor 125 derives the HDTV out put by conbi ning and
conpressi ng an upsanpl ed deconpressed version of the SDTV | ayer produced
by ° upsanpl envgdowossps essor 130 and previous franes of the HpEYmBos/dossser
stored within conpressor 125. Such a conbinati on and 35 conpressi on process

i nvol ving tenporal prediction performed by WD 97/ 01934
PCT/ 1 B96/ 00595 19 conpressor 125 is
known and contenpl ated, for exanple, 4/11 01e spatial scalability section
(seetion 7.7) of the MPEG standard. The resul ting HDTV and SDTV
conpressed outputs from encoder 100 are provided to formatter 110.
18
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5 The HDTV and SDTV bitstreans from encoder 100 are
formed by formatter 110 into data packets including identification
headers and architecture information in the "H erarchy Descriptor”
field..As described for region A the formatted data fromunit 110 10 is

conveyed to transport processor 115 which provides the architecture
information to weemmyessor control unit 145 for conf i gur pe/IBIRSHS "
105 (here for region B). At the receiver, in region B node,
control unit 145 15 di sabl es adaptation u ic 65 using the second
Configuration signal. In the resulti n% O guration of decoder 105,

t he conpressed SDTV out put from processor 115 is deconpressed by unit
160-to give a 720 line resolution SDTY output, as in region A HDTV
deconpressor 150 derives a deconpressed 1880 |ine resol Wion 20 HDTV out put
by canbi ni ng and deconpr essiln_g an upsa ver si on pf Eﬁi_s} decoded
SDTV out put produced by upsdnpl er 1% previous f an@s&cbf t he HDTV
| ayer stored within decdnpr essor ]5 s processg hi ng the
upsanpl ed and stored datla_and f demp conpr esfs as
performed by 25 deconpressorj i nown { , Blo? exanple, in

t he spatial scalability j (section {g. )gﬁ'—’ E EG g¢tandard. The
1080 line high resolution npr essed P L econpr essor
150 is selected as the I-@TV| essed out a% B i pl exer 180,
in response to the secon i4 on 30 signal BIThg r | ting
deconpressed HDTV and Stg\ga ts fepim eco 05 afe suitable

for further processing agld\' Bquent di spl ay as prlev ousl¥ descri bed.
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Figure 6 shows the encoder and decoder apparatus of 35 Figure 1 configured

for region B type encodi ng and decodi ng. The WO 97/ 01934

PCT/ | B96/ 00595 20 functions of the
el ements shown are as previously described. Adapt ation unit 165, shown
I n decoder 105 of Figure 1, is absent in Figure 6 since this elenment is
di sabl ed in regyg9rbiosPde al so as previously descri bed. PCT/IB96/00595

If the input data in Figure 1 is region C type, control unit 120
configures encoder 100 for a region C archit ure. This is done usi ng
the Configuration signal in a nanner sinilfﬁﬁf t hat previously

described for region A However, in region C, encoder 10 100 encodes a
single high resolution output rather thag | ow
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resol ution output as for region A or two outputs as for region B.

Control unit 120 allocates the full system bandwi dth, if necessary, to
encode a high resolution output and configures unit 100, via the
Configuration signal, to encode the enhancenent |ayer at a full 1 5 spati al

(1080 line) HDTV resol ution. In region C node, control unit
120 di sabl es wdqurrpl er 140, SDTV conpressor 135 and upsosgimosidesds Vi a
the Configuration signal. In the resulting configuration of encoder 20 100

t he i nput sequence is conpressed by HDTV conpressor 125 using the full
system bandwi dth as required to provide F IB&) |l ine resol uti on HDTV
output to formatter 110. This configuration is shown and di scussed in
connection with Figure 7. Continuing with Figure 1, conpressor 125
derives the HDTV output using previous 2#®franmes_of the
W thin conpressor 125. The conpr essi o#

125 in region Cis i ke tthat des® e
known. The HPTV bits

formatter 110 into data pachets inc =
architecture information in|tfhew’ @arc scriptor'
S |
%Oéinlformation to
_re|for regi on
=1 |

or regions Alangskjand is al so

QI unit 100 i ed by 30
1%&13 and
lddl. | As

=i 0®nt i ficat i
conveyed to

descri bed for region A the|f§§a_t_' ed data.}f fom unit
transport processor 115, whiid Brtwi _dss _ archit
|—

decoder control unit 148KEfoy %""Cg q 1
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21 At the receiver, in region C node, control unit 145

di sabl es upsanpl er 155 using the second Configuration signal. In t he
resulting configuration of decoder 105, the conpressed HDTV 5 output from
processor 115 is deconpressed by unit 150 to give a 1080 line high

resol ution HDT\wepoHgabds- This 1080 |ine deconpressed out put pEtms96/0059s
deconpressor 150 is selected as the HDTV decoded out put of decoder 105,

via nultiplexer 180, in response to the second Configuration signal. In
addition, the 1 0 conpressed HDTV out putBﬁ@n processor 115 is adapted to
neet the i nput requirenents of SDTV deconpressor 160 by adaptation

unit 165. This is done by reducing the spatial resolution of the

conpressed HDTV out put from processor 115& 0 an effectivg 720 l'ine
resohution in the conpressedfTfTEqguUeNcy) ~goimarn. THI s ima Be perforned,
for exanple, by discarding the hi ghe®& ifeduency | &ty of those
Di screte Cosine Transform (DET) coefllkg ents i
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that represent the video information of the conpressed HDTV out put from
processor 115. This process is known and descri bed, for exanple, i-n
"Mani pul ati on and Conpositing of MC-DCT 20 Conpressed Video" by S. Chang et
al, published in the |.E E E Journal of Selected Area in Comunications
(JSAC), January 1995. The spatially reduced conpressed output from
adapt ati on uni ywooyi9ds i S deconpressed by unit 160 to give arCEiBds/onsss
resol ution SDTV out put. The deconpressi on processes perforned by units
25 160 and 150 are |li ke those described for region A and simlarly

known. The resulting decoded HDTV and SDT a outputs from decoder 105
are suitable for further processing and suUbseguent di splay as previously
deseribed. 30 Figure 7 shows the encoder and decoder apparatus
of Figure 1 configured for region C tyge encodi ng anfi decodi ng. The
functions of the elenents shown are as pregviously descr|bed. Downsanpl er
140, SDTV conpressor 135 and upsampler -~ T 1T ETo08] 100 of

Figure 1, are absent in Figyre 7 sir@e elig ment ge disabled in
regi dn C node as previously | gg %"ng aﬁ'l
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22 described. Simlarly, upsanpler 155, shown in decoder 105 of
Figure 1, is absent in Figure 7 since this elenent is disabled in regi on
C node. 5 Figure 8 is a variation of Figure 1 and shows an

additional architecture configuration for region A decoding. The
functions perf oyiyeniiges encoder 100, formatter 110 and transporiCT/IBI6/0059S

processor 115 of Figure 8 are as described for Figure 1. In addi ti on,
the functions of decoder 109 of Figure 8 are the sanme as 10 those of
decoder 105 of Figure 1 except that in region A decoding, the 1080 Iine
resol uti on HDTV.deconpressed output is ngarrgg in a different manner.
In regi on A node, decoder control unit 1 o] igure 8 1 5 disables, via

t he second Configuration signal, both upsanpler 155 and adaptation unit
165. +dn the resulting configuration of decoder 109 the SDTV | ayer
conpressed video output from processor 115 i s deconpressed by SDTV

deconpressor 160 to provide the SDTV out put of -decoder 109. This is
performed in the same manner as 20 described for Figure 1. However, the

HDTV deconpressed out put from decoder 109 is produced by upsanpling the
SDTV layer in the frequency domain in contrast to the tinme domain
sanpl i ng
g
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per f or me f Figure 1.” The conpressed oytpuib fraom

processoT‘lI‘!H“ﬂ mwwm i s upsanpled-in'the:conpr essqdHIS SHEEE HASBEON
domai n by *adapt ati bn uni*t 168 ‘(not’ m‘ksent i n“Figure 1) . REPIAOERY be
performed, for exanple, by "zero padding" the hi gher—order—brserete—
Cosine Transform (DCT) frequency coefflm ents that represent the video

i nformation i n &hAppareBihasserdingDty elaim, 6,1 Mhergihcessor 115. In effect,
sel ected 30 hi r [ r The
Q;l(}ﬁ[;ﬁl P difta ?g deesf Hycisaid Soxﬁ?%sgéﬁc%%'r 38" ih WMIPEG-

t heory behin S pro s, 1's known ,a for e anple in the
pr evi ous| gompatiblecformati amdaGantaing i ahen,in Conpr essed

Xdeo g Cg%nf@mteioef &t sS%)bogmdssmna Iggé\bof:k.E \Eherch@utchal of Sel egt ed
rea I n nircatl,o anu [ e e
output fr Mﬁtlatmgﬂ“éﬁ?’?nl ehgoded in”ak ﬁﬁ\?@' 9%‘6‘?&3?‘:% sizeied

PCT/ | B96/ @05:a5 at least one of the Hierarchy Descriptoe¥ield and the User
Data field. '

10 9. Apparatus according to claim 6, wherein
said number of hierarchical layers is varied in response to
said configuration Control signal on a periodic basis defined by at
least one interval selected from (a) an interval corresponding to
the duration of a group of pictures, (b) an interval corresponding
15 to the duration of a program stream, and (¢) an imterval
corresponding to the duration of ‘a picture block.

10, Apparatus according to claim 6, wherein
said data processor automatically partitions said input image
20 represehtative data into a variable number of hierarchical layers
as a function of image scene content.

11. Apparatus according to claim 6, wherein
said control network provides said configuration Control
25 signal as a function of available bandwidth.

12. Apparatus according to claim 6, wherein
said control network provides said configuration Control
signal as a function of the image quality required of output data
30 from said output processor. '
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deconpressed by HDTV decorrpressor 152 to. provi ' mls H@T"HAS ngmut from
decoder 1 ﬁlﬂsuﬂﬁu deconpr egged HDTV an ESR gquts from
.decoder 1 or proceSS|ng - and s as

desScribed in connectlon Wit h Flgure 1. Flgure 9is a

;/S;I ?2' IOﬂ of F%:gga?nA adiigishbwsiguwa mtrbsm alsystcﬂnl tﬁoﬁuadagmfel rir::itgp

110 ang t&(ﬁ%ﬂ g‘b@gg’%&%r Eﬁ%tdbﬁg ‘%ﬁfé Sgﬁ&ﬁégggg ﬁf‘gé PB{*— Fi gure
chiical Fayrnse smidr syshemsane as

1. In 10 dutdi aontxdﬂed fintat boAs 06f mbre
t hose $ %‘i’g’;ﬁ{‘ Q5 of Figure 1 except that in region C decoding, t he
720 1ime ¢ P& SDTV deconpressed out put is Provi,ded in, a_dfferent
manner. 15 & proccssolh f@gngw@msdéynemruaa igni tinfoymation §fremg

di sabl es vd cond Configuration signal, both upsanpler 155 and

SDTV dsecorrpressor gesul ti nfiguration, of decoder, 107
the HDTV | ayeracé%@kd for déﬁ"&ﬁ&)u? ?ﬁgmag’r%e@gg mation from sa ldl
deconpr esgnd sBed Vasld C paY viasn Jﬁocmwobwsﬂgnéherépﬂsémmgt psdidof

decoder 107 .This.is pe forrrﬁ e same manner as descri bed for

Fi gur d Q. configyeat thénéﬁﬂa 5'0 ssed out put from decoder 107 is
produced by dognseepiderg fore ingyeaid ihput hpixelredatansisingn said r ast
to the frequ pe r ec 10 e 1.
The decoriCLtaniitioss® ‘3‘5@*‘?9% B *P“ ec“é?“ BQ%E EF‘EW‘W
downsanpl eshfigured dowdesog Bet e 7mmber ofr s8idht Pﬁmhéﬁﬁe %)'el‘ﬁyo saidk or of

2/3 to ngiaﬁvgi’:&(}ad?@& il H8spuhseto Thids mmrbp sﬁgﬁépram Bardbepéet Y of
known metlh | SCUSS §esapﬁct t 0 downsagpl er,
5 said hierarc 1ca1 6“layers o input pixe ta bemg subject to
variation on a temporal basis, wherein

said decoder exhibits first and second configurations for
decoding a single hierarchical layer of image representative data
respectively containing a first range of numbers of pixels per
20 image and a second range of numbers of pixels per image, said

first range being noncontinuous with said second range.

14. A system according to claim 13, wherein
said decoder exhibits another configuration for decoding a
25 plurality of hicrarchical layers of image representative data
containing an intermediate number of pixels per image, in a range
between said first and sccond ranges. '

15. A system according to claim 13, wherein
30 said single hierarchical layer comprises a plurality of
hierarchical layers.

16. A system accofding to claim 13, wherein
the number of pixels of an image represented by output
35 data from said decoder is the same for both of said decoder
configurations.
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encod ' jqure 1. The 720 line resol uti onudglg 30 9ut put

fromar m;] ’/ﬂg?”"g sel ected as, t he SDTV ded fIdecoder
i 5 :

107, viwa ru (not pres in Figure _jto t he

second Configuration “signal. The resulting d demmpessstrmialld SDTV
data outputs fi=om ge toseldial! 13, f @hepéidcessi ng and subsequent
di splay as de grc')i bgd%?gféénS cotithe ]

i b : connection wt hcfidgﬂure 1. WO 97/ 01934
PCT/ | B96/ 0059%aid input pixel data is compresse tsy; and The

encoder and degoglededsddy tdvtompeestes coaidedumber of aaidchidrardhigales 1-9
are not exclusivye. .xher archltj%%ures b derh;pe.d Sﬁor t he i ndi vi dual
regi ond layems gfigsaifl PRyt JULE %c%gﬁ sRUMRETS OhePIRGS PEIFIMBRE,  the
funs\;] i Fn%foiaiﬁh‘i?nﬁlhtefﬂﬂéls datofint hespomseotes said Controlirsignaky be i npl ement ed
In ole Or 1n
18. Apparatus according to claim 17, wherein
said input pixel data is MPEG compatible data; and
10 said control network derives configuration information from
g field of said MPEG compatible data, said field being selected
from one of a User Data field, a Hierarchy Descriptor field and a Bit
Rate field.

15 19. Apparatus according to claim 17, wherein
said configuration information represents the data rate of
said input pixel data.

20. Apparatus according to claim 17, wherein
20 said decoder (a) in said first configuration provides one
layer of decompressed image data with a number of pixels per
image substantially equal to the number of pixels per image of
said input pixel data, and (b) in said second configuration provides
one layer of decompressed image data with a number of pixels per
25 image less than the number of pixels per image of said input pixel
data.

21. Apparatus according to claim 17, wherein
said input pixel data is subject to exhibiting variable image
30 resolution as a function of the number of pixels per image; and
said decoder decompresses said input pixel data to provide
decompressed image data with a predetermined number of pixels
per image.
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s gnal procéss’f ng system for’ adapti y
contai ning input image represent atlve 5 pixel data and for providing

out put data represepting.said i n e dat kd system conpri sing:
a data processgé 85;“ tHH %ﬁfqr "Pof;iﬁg}:e@ %6" F‘g datastream and
for automati cakind fiost i andnsmmm&mgnpuofummbers ofcpiselntper \imaget a i nto
a variabl e nunber a I r S ungt one
of avai | abP P& tg?ﬁfblsanlga é‘?ﬁﬁﬁ& "J"%Et Bga?%ﬁr 5? teJS %ﬁdgg%%‘ﬂg]u?ﬁﬁy to

fﬁiﬁ@?ﬁﬁﬁ?ﬁ@%ﬁ&g g gital

provi de5 pdata tr&ﬁmllve Yata; and an output processor (110)
responsive to said partitioned data from sal d dat a processor for
formatti ng sai artitioned,data.to be co he ,requi renments
of an out pus3tra ﬁ‘é?f“cﬁ%ﬁn‘@?ngoapq?ﬁﬂ déaiﬂﬁﬁydg?% al

a datastream including image rcprcsentanve input pixel data
partitioned into one or more hierarchical layers, a method
10 comprising the steps of: |

a) deriving synchronization information from said
datastream;

b) deriving conﬁguranon information from said datastream;

¢) generating a Control signal representing said configuration

15 information;

d) selecting a decoder cdnfiguration from first and second
configurations for decoding a single hierarchical layer of image
representative data respectively containing a first range of
numbers of pixels per image and a seccond range of numbers of

20 pixels per image in response to said Control signal, wherein said
first range is moncontinuous with said second range;

e) adaptively configuring said decoder for said selected
configuration; . and

f) decoding said input pixel data.
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2. A systemaccording to claim1, wherein sai' ENEEHS
varies the nunber of pixels per I mge of said partitione at-an SHEET
3. A systemaccording to claim2, wherein t he n nbe

pi xel s representing an inage in said output data, as conyeyed <9535ﬁ88
transm ssion channel, is less than - the nunber of pixels errpepntlna a
corresponding image in said dat astre@® 25 _ 4. A system
accgrding to claim1, wherein sai d dat a proceSsor—partitioens
said input image representative data into a plurality of hierarchic

| ayers of AfgQrding depébie JaMPRtdaT ddhéndirgt ?SPGFFf E%@ﬁ? nnbEPY 161IE%

pi xel s pe%.%ﬂ%ﬂt%ﬁg%lgnal roce881ng system for adaptively proced@ing a
5. A system accordi ng P wher ein
datastream contalnlng 1nput image representative pixel data and
for providing output data representing said input image data,
said system comprising:

a data processor with an input for receiving said
datastream, and for automatically partitioning said input image
representative data into a variable number of hierarchical
layers as a function of at least one of available system
bandwidth, input data rate, and signal quality to provide
partitioned data; and

an output processor_fesponsive to said partitioned data
from said data processor for formatting said partitioned data
to be compatible with the requirements of an output

transmission channel to providé said output data.

According to the invention in a second aspect there is provided
a digital signal processing system for adaptively decoding a
datastream including image 'representative input pixel data
partitioned into one or more hierarchical layers, said system
comprising: ' '

a processor for deriving synchronization information from
said datastream;

a controller for deriving configuration information from
said datastream and providing a Control signal repfesenting
‘said configuration 1nformat10n, and '

- a decoder for decoding said input pixel data using sald
synchronization information, said decoder being -adaptively
configured to decode the number of said hierarchical layers
of said input pixel data in response to said Control signal,
said number of said hierarchical layers of said input pixel
data being subject to variation on a temporal basis, wherein



sai d data processor conﬁrises a plurality of data pr ocessi :

i ncl udi ng IgEPLReEM
6. A systemaccording to claim 1, further including _ a
network (120) for providing a configuration Contr ol | SIZAPCTH8

conpression networks and sanpl i ng networks.

SHEET

control

function of the data rate of said input inage data; and wpefein

said data processor conprises a conpressZBn network 1 5 (125} 140]j
responsive to said Control signal for providing conpr essef_i mage
representative data as said partitioned data, wherei n both the nunber of

pi xel s per imag8asf daradesnprBibébs firghgandeppeetieeniiowsabiang Eard

nunber of RBiebakahi @alsiRYI)S Shier@FehfleaBr Thped bY thRgeonfdgteséheat obe

sai d conpression network 20 in response to Sﬁid configurathﬁﬂ CbEtroI

si gnal .

rs of

data respectivelin,Gonteddiingeof did i EPAFAte,°

said conppeselenperngémagek andpeovedend dayicmef maddrgusfitpdrel @ubeut
conpressed,data as_a .si.ngle layer with a 25 nuq%gr of pixel,s per .inmage
subst ant i aFmgsquﬁfilPofﬂﬁg%n %&Pnoibelngpi &P e‘P‘ﬁ%fSé”’o hs%”odiﬁ% gn
repr esent aregéonnput data, and in ~ another configuration, output :
conpressed inmage data as a single . layer with a nunber of pixels per

| mage | ess than the nunber of _

According to the invention in a third aspect there is provided
in a system including a decoder for adaptively decoding a
datastream including image representative input pixel data
partitioned into. one or more hierarchical layers, a method
comprising the steps of: _ '

a) deriving synchronization information from said
datastream;

b) deriving configuration information from said
datastream; '

c) generating a Control signal representing said
configuration information; _

d) selecting a decoder configuration from first and

second configurations for decoding a single hierarchical layer

of image representative data respectively containing a first
region of numbers of pixels per image and a second region of
numbers of pixels per image in response to said Control signal,

. wherein said first region is noncontinuous with said second

region;

e) . adaptively configuring said decoder for said selected
configuration; and

£) decoding said input pixel data.



pi xel s per i mge of safd | mage representative input data. 30 [t ey , .
27 8. Apparatus according to claim6, wherein RERLACENE%H‘SHEET

data produced by said output processor is in MPEO conpatib format and
contains information indicating the 5 configuration of said [cdnmp2e58CT1998

net wor k, wherein said I ndicating information i s encoded i n_MPEG
format field selected fromat |east oR€ of the Hierarchy scriptor
field and the User Data field. 10 9. Apparatus acco~di~ng.to _claim
6, wherein ' sai d nunber of hjerarchical _|layers is varied in

response t BCCording cBAf iR atinyienEdRn ofiisi gnafowth gepssdic bisre is
defined bypgbvidedeaskyatem ﬁtr@l\tﬁtiirﬁgeIaeCde&gbdélerMﬁ)a&ép&melyaé_iecod,in?

correspond n%a:[t%stretabne AL 00 Ol 88T 940, 2L B Y0 S s R Dk 0F BhYEL

correspondPn g g p
partitioned into one or more hierarchical layers, a method
comprising the steps of:

a) deriving synchronization information from said
datastream;

b) deriving configuration information ~from said
datastream; '

c) generating a ~Control signal representing said
configuration information;

d) = selecting a decoder configuration from first and
second configurations for decoding a single hierarchical layer
of image representative data respectively containing a first
region of numbers of pixels per image and a second region of
numbers of pixels per image in response to said Control signal,
wherein said first region is non-continuous with said second
region; _ _

e) adaptively configuring said decoder for said selected
configuration; and

£) .decoding said input pixel data.



a program stream and: (c) an interval

151

corre duratron of. a, Pl tiure ibl ock. : : ; v o
acctﬂmmgﬂ“mllﬂ! wher ei n . _C’ sai d data processor KE m)}.
part np=ut i mage 20 representative data iinto a varjabl e nunber
of - hi er_archr cal' | ayers as a function of image notion confent.2 7 oCT 1998
11. Apparatus according to claim6, @erein - said ¢gontrol network
provi des said configuration Control 25 signal as a function|ol—avartabte

bandw dt h. 13. Appar at us mgg to claim®6, wperein
said control network provides saldc tion Control signal as a
function of the inmage quality required of output data 30 from sai d out put
Prosesser 1. A digital signal processing syst%?n for adaptively
processing a datastream containing input image representative
5 pixel data and for providing output data representing said input
rmage data, said system compnsmg
a data processor (100) with an input for receiving said
datastream, and for automatically partitioning said input image
representative -data into a variable number of hierarchical layers
as a function of at least one of available system bandwidth,
input data rate, and signal quality to provide partitioned
data; and _ _
an output processor (110) responsive to said
partitioned data from said data processor for formatting said
partitioned data to be compatible with the requirements of an
output transmission channel to provide said output data.

15 _
2. A system according to claim 1, wherein
said data processor varies the number of pixels per
image of said partitioned data.
20 3. A system accqrding to claim 2, wherein

the  number of pixels representing an image in said
output data, as conveyed to said transmission channel, is less than
the number of pixels representing a corresponding image in said
datastream. |
25 |
' 4, A system according to claim 1, wherein
said data processor partitions said input image
representative data into a plurality of hierarchical layers of data
respectively corresponding to different numbers of pixels per
30 image.



13. A digital si gnal processi ng system for adaptively decoding a

dat ast r eam—i-heluding i mage representative input pixel dat

i nto one re bierarchical layers, said system 5 conprisi mUEMENTMET
pr ocessorjj"}io ”"”rm'ﬂm hronl zation information from sqi

dat astrea frol ler for deriving confi-guration i rfozrye@tpqgga
from said daf'asTresam and providing a Control signal rdgprjesenting
said 10 configuration information; and a decoder fon decodrmg—satd
i nput pi xel data using said synchronization i nformation, {_said decoder
bei ng adaptively configured to decdfe the nunber of said hierarchlcal

| ayers of said = input pixel data in response to sai d Control signal, said
nunber of 15 said hlerarchical, |ayer f s ui p| dat a bei ng
subject to variation-oft &Y %HMF&P“@&%- r il 53 d decoder

exhibits first and secsaid caiuftagipretessor foompnsmmdl r;gluaamyﬂgloef data
hi er ar chi cal e re resengat bve data res ectl X roébpcont sl ni ng

a first regl%#oa%? &rgbler% B’Yob el ! 8#"28) |ﬁ88&p%ﬁ‘f‘(§18 se@5hY on?B

nunbers of psamphingernervegeks said first region being noncontinuous with

said secocr?m regi on. 14. A system according to claim 13, wherein

sai d decoder exbibits another configuration for decoding a 25 plurality of

hi erarchi cal |ayers of inmge representative data cont ai ni ng .an

i nt ermedi ate nunber of pixels per inage, in a region bet ween said first

and second regions. 15. A systemaccording to claim 13, wherein
10 6. A system according to claim 1, further including

a control network (120) for providing a configuration
Control signal as a function of the data rate of said input image
data; and wherein | |
said data processor comprises a compression network
15 (125-140) responsive to said Control signal for providing
compressed image representative data as said partitioned data,
‘wherein both the number of pixels per image of said compressed
image representative data and said number of hierarchical layers
‘are determined by the configuration of said compression network
20 in response to said configuration Control signal.

7. Apparatus according to claim 6, wherein
said compression network provides, in one
configuration, output compressed data as a single layer with a
25 number of pixels per 'image substantially equal to the number of
pixels per image of said image representative input data, and in
another configuration, output compressed image data as a single
layer with "a number of pixels per image less than the number of
pixels per image of said image representative input data.
30



said single hierarchical layer conprises a plurality

30 of

hi orarchi cal | ayers. .16. A system according to cf '

wher ei r](mmmm"mﬂuu(umrber of pixels of an imge representég NI SHEET '
data fr s the sane for both of said- decoder

‘configurati‘ons. ™ ' 29 270CT H%8 A
system according to claim 13 wher ei n said inputyp| xel data is -
conpressed data; and : sai d decoder deconpresses sa| d nunber of
said hierarchical 5 layers of said input pixel data and the_nounher of

pi xel s per image of said input _Si xel data in response to said Control
signal . ° _ 18. Apparatus aédor di ng to claim 17, wherein

said input pixel data is MPEG conpatible data: and 10 said control

network derives gopjp ﬁrnh%t 'a@fbrﬂﬁ&ofo”%imﬂ%f%'ﬂem a field of said MPEG

conpati bl e dat a, sal

put data produced by sa:g output processor is in MPEG
compadble format and contsins information indicating the

S configuration of said compression network, wherein said
indicating information is encoded in an MPEQ format field selected
from at least one of the Hierarchy Descnpwr field and the User
Data field.

10 9 Apparams according to claim 6, whersin
said number. of hierarchical layers is varied in response to
said configuration Control signal on a periodic basis defined by at
least one interval selected from (a) an interval corresponding to
the duration of a group of piclures, (b) an interval corresponding
15 10 the duration of a program stream, and (¢) an interval
corresponding to the duration of a picture block.

10, Apparatus according to claim 6, wherein
said data processor automatically partitions said input image
20 representative data into a varisble pumber of hierarchical layers
as a fonction of image motion content.

11. Apparatus according to claim 6, wherein
sald control nctwork provides said configuration Control
25 signa) as a function of available bandwidth.

12. Apparatus according to clalm 6, wherein
said contro] network provides sald configuration Control .
signal as a function of the image quality required of output data

- 30 from said output processor.




from om’ﬁf/an?a’]‘_ield, a H erarchy -Descriptor fieldm ._
| . NT SHEET

Rate fie Apparats according to claim 17,
sai d cont‘!ummi“m“wn tion represents the data rate of
pi xel 0. Apparatus according to claim17,
sald decoder (a) in said first configuration provides one

sai d 1 nput

| ayer —of

deconpressed i nage data with a nunber of pixels per i made
equal to the nunber of pixels per image of said i nput pilxel data, and
(b) in said second configuration provi dé$ one | ayer of deconpressed

i mge data with a nunber of pixels per 25 inage | ess than the nunber of
pi xel s per image of spgd '&Dl@ngnhkehgnal Cb%b@essm system @E gs
ata | ect to

according to claim 17 _wherein

i.d
exhi bi ting vari aBF%pqur&g% dfasisea u‘t“FB’tqmags ’E‘agﬁn(ﬁﬁ"&ri’“&“‘f%é"mfnﬁén Tof
pi xel s per inmagedastangartitioned intoadbnt decomder hierarchicsls $grsaseldi fpwmpi xel
data to provi dg com‘ﬂ?ﬁ‘?ﬁ@r essed image data with a predeterm ned nunber of

pi xel s per i nage.

said datastream;

& processor for denvlng synchronlzation information from

a controller for deriving coanfiguration mformmon from said
datastream and providing a Control signal representing said

10 configuration information; and

a decoder for decoding said input pixel data usmg said
synchronization information, said decoder being adaptively
configured to decode the number of said hierarchlcal layers of said
input pixel data in response to said Control signal, said number of

15 sald hlerarchical layers of said ioput pixel data being subject to

variation on a temporal basis, wherein

sald decoder exhlbits first and second configunnons for
decoding a single hierarchical layer of image representative data
respectively containing & first region of numbers of pixels per
20 image .and & second region of numbers of pixcls per image, spid

first region being noncontinuovs with said second region.’

14. A system according to claim 13, wherein |

said decoder exhibits another configuration for decoding a
25 plurality of hierarchical layers of image representative data
containing an intermediate number of pixels per image, In a region

between said first and second regions.

15. - A system according to claim 13, wherein

30 said single hierarchical layer compriaes a plunality of

hisrarchical layers.

16. A system according to claim 13, wherein

the number of pixels of an image represented by output
35 data from - said decoder is the same for both of s1id decoder

configurations.




J &&| @L|G+—@\——&H—-3———ek¥&a—€ 22. Apparatus according to claim

13 , wherein said first and second:regions of nu |

per magjl!ll““lﬂﬂ!mu"uﬂmtst and second regi ons of data ratt F{b@l m Si'IEET
I nput pi ¢ oL ctively. 23. I.n a sygtgmincluding a
decoder for adaptively decodi ng a datastream includi nq ijma@¢ OCT 1998
representative input pixel data partitioned into one r nore

hi erarchical |ayers, a nethod 10 conpygsing the steps of: a)
deriving synchronization i nformation from said- at astream

b) deriving configuration information fromsaid_datastyeam c)

generating a Control Kl.gnAl sysiem asedsdingtoselaimm ddniWhateis i on 15

i nf or mati on; said)inped pixel AR iveomgassedodbisgwindt i on from first and

d fi ' f ' ingl e i hi cal | f
“rege. reprosont Aug Bl SEERURHE GO IRl FE Y MepreRig] oo o
nubers of pi x8! lypesr of ngadd iaput pixeldaadandefitonumbenmolipirels gier imagepi xel s

per imege in resppRER iApinpissICan el resjcabelio sahECRoRAigha),  fiTSt
region i s noncontinuous with said second region; e) adaptively
configuring said decoder for said selected | configuration; and
f) decoding sai d i nput8.pApphratist according to claim 17, wherein
said input pixel data js MPEG. compatible data; and
10 said “control network derives configuration information from

g field of said MPEG compatible date, ¢aid field being selected

from one of & User Data field, a Hierarchy Descriptor field and & Bit

Rate field.

15 .19. Apparatus according to claim 17, wherein

said configuration information represents the data rate of

sald input pixel data.

20. Apparatus according to claim 17, wherein

20 said decoder (a) in said first configuration provides one
layer of decompsessed image data with a number of pixels per
image substantially equal to the oumber of pixels per image of
said input pixel data, and (b) in said second configuration provides
one layer of decompressed.image data with a number of pixels per

25 image less than the number of pixels per image of said input pixel

data,

21, Apparstus according to claim 17, wherein

said input pixel dawa Is subject to exhiditing varisble imags

30 resolution as a function of thc number of pixels per image; and

said decoder decompresses said input pixel data to provide
decompressed image data with a predetermined number of pixels

pesr image.
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22. Apparatus according to-claim 13, wherein
said first and second: regions of numbers of pixels per image
comprise first and second. regions of data rates of said input pixel

5 data respectively.

23. In a system including a decoder for adaptively decoding
a datastream including image representative input pixel data
partitioned into one or more hierarchical layers, a method

1 0 comprising the steps of: '

a) deriving synchronization information from said
datasircam; '

b) deriving configuration information from said datastream;

¢) generating a Control signal representing said configuration

15 information;

d) selecting a decoder configuration from first and second
configurations for decoding & single hierarchical layer of image
sepresentative data respectively containing a first region of
pumbers of pixels per image and & second region of numbers of

20 pixels per image in response to said Control signal, wherein sald
first region isnoncontinvous with said second region;

e¢) adaptively -configuring said decoder for said selected
configuration; and .

f) decoding said input pixel dats,
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(57) Abstract

A dynamically configurable video signal processing system processes data in the form of hierarchical layers. The system partitions
data between hierarchical layers and allows variation in the number of layers employed. Data is automatically partitioned into one or more
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quality. In addition, the image resolution and corresponding number of pixels per image of the data may be varied as a function of system
parameters. Both encoder (100) and decoder (105; 107; 109) systems are disclosed,




