WO 97/ 01935 PCT/ | B96/ 00722 METHOD
FOR PARTI ONI NG AND ENCODI NG DATA 5 This invention is related to
the field of digital imge signal processing, and nore particularly to a
system for processing hierarchical video data. An objective in the

devel opment of digital video 1 0 encoding and decoding formats has been to
provi de a st amgaweohogsrat acconmodat es di fferent video transnipesisss/oarnd
reception systens. A further objective has been to pronote interoperability
and backward conpatibility between different generations and types of video
encodi ng and decodi ng equi pnent. In order to 15 pronot e such

I nteroperability and conpatibility, it is desirable to define encoding and
decodi ng strategi es whi ch METHORGOR IPARTIONING] ARD ENEODING YA®S of vi deo i nmge
scan (e.g. interlaced/ progressive), frame rate, picture resolution, frame
si ze; chrom nance codi ng, and transm ssion bandw dth. 20 One strategy used
to achieve interoperability involves separating video data into one or nore
| evel s of aSdata hierarThis (hwemion) iorglatededo atheafiedd def aligiral igiage

25 Tayer, | . ot FrobEedi, Whd s haculhlly 1 F LR I Ploddhfif” 0o
resol ution) vhigrard ﬁi‘e%&?%t& + through successive enhancenent |ayers
representing increnental video picture refinenments. The
An objective in the development of digital video
10 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
types of video encoding and decoding equipment. In order to
15 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
transmission bandwidth.
20
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
encoding and transmission. The bitstreams range from a base
25 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
decoder in a receiver. This strategy permits decoder complexity to
30 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.

35 A widely adopted standard that uses such a data
hierarchy is the MPEG (Moving Pictures Expert Group) image



video data is reconstructed fromthe ordered bitstreans by a decoder in a
receiver. This strategy permts decoder conplexity to 30 be tailored to
achieve the desired video picture quality. A decoder may range fromthe
nost sophisticated configuration that decodes the full conplenent of
bitstreans, that is all the enhancenent |ayers, to the sinplest that
decodes only woabess | ayer. 35 A wdely adopt RCTABSNZA2d
that uses such a data hierarchy is the MPEG (Mving Pictures Expert G oup)
I mage WD 97/ 01935

PCT/ 1 B96/ 00722 2 encodi ng standard (1SQO | EC 13818-2, 10th May 1994),
hereinafter referred to as the "MPEG standard”. The MPEG standard details
how t he base and enhancenent | ayer data2may be derived, and how t he video
data nmay be reconstructed fromthe layers by a 5 decoder. It is herein
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purpose. 10 how the basg andcenbameameny tayen rdatpr mayi heesderbfed; hand
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partition angi gef}:%%%g (fta ti? hereit r%cXEBi'z%H' ﬁlaquptb % &fsireable to provide a
system that incorporates encoder and decoder architectures for
rationally partitioning data between the various layers and for
dynamically configuring such a system for this purpose.

10 In accordance with the principles of the present
invention, dynamically configurable video signal processing
- systems partition and encode data using a variable number of
data segments and variable data resolution.

15 A disclosed method according to the present invention
partitions data into a variable number of data segments. The
method involves predicting, as a2 function of the data rate, first
and second distortion factors for the data partitioned into first and
second numbers of data segments. The first and second distortion

20 factors are mutually compared and the data is partitioned into the
number of data segments which exhibits the lower distortion
factor value. '

In accordance with a feature of the invention, a
25 method of determining the data resolution at which input data is
encoded is also disclosed. The method involves predicting, as a
function of the data rate, first and second distortion factors for the
data encoded with first and second data resolutions. The first and
second distortion factors are mutually compared and the data is
30 encoded with the resolution exhibiting the lower distortion factor
value.



data segnents and vari able data resolution. 15 A di scl osed

nmet hod according to the present invention partitions data into a variable
nunber of data segnents. The nethod invol ves predicting, as a function of
the data rate, first and second distortion factors for the data partitioned
into first and second nunbers of data segnents. The first and second
distorti on 20W0501938 are nutual ly conpared and the data i s BEVIBP¢MOGIed
into the nunber of data segnments which exhibits the | ower distortion factor
value. In accordance with a feature of the invention, a 25 nethod of
determ ning the data resolution at which input data is encoded is al so

di scl osed. The nethod invol ves predicting, as a function of the data rate,
first and second distortion factors forg the data encoded with first and
second data resolutions. The first and second distortion factors are

mut ual Iy conpared and the data is 30 encoded with the resol ution exhibiting
the I ower distortion factor val ue. 2a According to the invention in the
first aspect there is proviBoef Dessriptiproiof phet Prawingsg data, conprising

t he steps of:

In the drawing:

5
Figure 1 shows an exemplary dynamically configurable
video signal encoding and decoding architecture, according to the
invention.
10 Figure 2 depicts an exemplary graph of Peak Signal to

Noise Ratio (PSNR) plotted against Bit Rate that indicates different
coding strategy regions, according to the invention.

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

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

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

25 '

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

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



(a) predicting a first distortion factor for a first nunber of seg
of said data, said predicting being perforned as a function of t
data rate of said data; (b) predicting a second distortion factor fo
of segnments of said data, said predicting being perforned as

second nunber
a function of

the data rate of said data; characterized by; (c) mutu

ment s
he
r a

ally

conparing sambororssst and said second distortion factor SeCI/IEP6/00722

determ ning which of said first and said second nunber of segnments exhibits
the lower distortion factor val ue, based on said nmutual conparison; and (e)

partitioning said data into said determ ned nunber of data segnents.
According to the invention in the second aspect there is provided a nethod
of encoding input data, conprising the #teps of: (a) predicting a fir
distortion factor for said input data having a first data resol ution,
predi cting being perfor sea:;f unct i f aqr o

data; (b) predicting a g? ggdsdf_ss?o?%#gﬁqpagg&gggér.lsa‘?gfﬁi %%y?ﬁdgtoggﬁ
a second dat a arelsiseqiure configuaatien giost regjone it Jleseding. naecarding ftonghe on of
the data rate ighvefitiosh.i nput data; characterized by;

10

15

20

25

30

35

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

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
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
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
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
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
Grand Alliance HDTV specification in the United States, for
example. The HDTV frame size is 1080 lines with 1920 samples
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(c) nutually conparing said first and said second distortion
factors; (d) determning which of said first and said second data

resol utions exhibits the | owest distortion factor value, based on said

mut ual conparison; and (e) encoding said input data at said determ ned data
resol ution. WO 97/ 01935

PCT/ | B96/ 0072®%0378193¢f Description of the Drawings | n the drecwiBgseofgure 1
shows an exenplary dynamically configurable video signal encodi ng and
decodi ng architecture, according to the invention. 10 Figure 2
depicts an exenplary graph of Peak Signal to Noise Ratio (PSNR) plotted
against Bit Rate that indicates different coding strategy regions,
according to the invention. Figure 3 prgsents a flowhart of a control
function 1 5 used for determning the Figure 1 architecture, according to

the Frvention o i ghice hoillP fost"% 920 older8"Pe SA817 a4t 81 YTy
frame size is 720 lines with 1280 samples per line (giving 720 x
1280 pixels per image). Both the HDTV and SDTV signals employ a
30 Hz interlaced frame rate and the same chrominance coding
5 format.

Although the disclosed system is described in the
context of such an MPEG compatible, two layer HDTV and SDTV
spatially and temporally scalable application, it is exemplary only.

10 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
other forms of scalability, such as SNR scalability, and also may be

15 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
broadcasting for optimizing encoder and decoder apparatus for a

20 desired communication bandwidth.

) Figure 1 shows a dynamically configurable video

signal encoding and decoding architecture according to the

invention. In overview, an input video datastream is compressed

25 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

. resulting compressed data from encoder 100 in the form of single

30 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

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



Figure 1 in the context of an MPEG conpati bl e encodi ng and 20 decodi ng
system Figure 5 depicts encoder and decoder architecture, according to the
i nvention, for region A type encoding and decoding. 25 Figure 6 shows
encoder and decoder architecture, according to the invention, for region B

type encoding and decoding. 3 0O Figure 7 shows encoder and
decoder archi waxenmigss according to the invention, for regi onPCI/IBO¢/PAT22
encodi ng and decodi ng. WO 97/ 01935

PCT/ 1 B96/ 00722 4 Figure 8 is a variation of Figure 1 with an additi onal
architecture configuration for region Acdecodi ng, according to the

I nvention. 5 Figure 9 is a vgriation of Figure 1 with an

addi tional architecture configuration for region C decoding, according to
the invention. Figure 10 presents a flowhart of a nmethod for

Transport processor 115 (Figure 1) separates the

formatted compressed bitstream data according to layer type, i.e.

base or enhancement layer data, based on an analysis of header

5 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

the control of bandwidth and architecture control unit 145. A

resulting decompressed data output from decoder 105, in the form

10 of single or dual decompressed bitstreams, is suitable for encoding
as an NTSC format signal and for subsequent display.

Considering the dynamically configurable architecture of
Figure 1 in detail, an input video datastream is compressed and
15 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
allocate data between the HDTV and SDTV output layers from
units 125 and 135 respectively. The appropriate data allocation
20 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,
and the picture quality and resolution (number of pixels per
image) required at each layer. In the described system, the image
25 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.

The data allocation and encoding strategy is derived by

30 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
for encoder 100. The Rate Distortion Function is evaluated,
assuming the input sequence is a Gaussian distribution source
35 signal of mean p and standard deviation o©. Further, applying a



10 identifying the region type of the input data, according to the

i nvention. The MPEG standard refers to the processing of hierarchical
ordered bitstreamlayers in ternms of "scalability". One 1 5 form of MPEG
scalability, ternmed "spatial scalability” permts data in different |ayers
to have different frame sizes, frame rates and chrom nance codi ng. Anot her
form of MPEG wond7aiessi ty, terned "tenporal scalability" perrmec¢mbéenreiat a in
different |layers to have different frane rates, but requires identical
frame size and 20 chrom nance coding. In addition, "tenporal scalability"”
permts an enhancenent |ayer to contain_data formed by notion dependent
predi ctions, whereas "spatial scal abil i?y" does not. These types of
scalability, and a further type ternmed "SNR scalability”, (SNRis Signal to
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exenpl ary frsalrre sizes correspond to HDTV (H gh Definition Tel evision) and

SDTV (Standard Definition Tel evision) signal, formats as proposed by the
Grand Al liance HDTV spegifidation 6n_1_t e _%_ d St at(%s, for 35 exanple. The
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HDTV frame size is 1080% ihas"™#t h)192
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=5 logz(‘s) if 0sD<o
or,
10 =0 if D> o2,

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

D = ¢22-2R

which, when represented as a Peak Signal to Noise Ratio (PSNR), is
15

2552

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

20 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
a distortion function for an exemplary upsampled base layer for a
1080 line interpolation of a 720 line picture. The base layer and

25 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
shown by the thick black line of Figure 2. This composite
Distortion curve is a linearized approximation to the minimum

30 Distortion obtainable for the 2 layer system employing an
upsampled base léyer. '



WO 97/ 01935 PCT/ 1 B96/ 00722 5 per
line (giving 1080 x 1920 pi xels per imge), and the SDTV frane size is 720
lines with 1280 sanples per line (giving 720 x 1280 pi xels per image). Both
the HDTV and SDTV signals enploy a 30 Hz interlaced frame rate and the sane
chrom nance coding 5 format. Al though the disclosed systemis described in
t he cont ext ofwgupkiessh MPEG conpatible, two |ayer HDTV and SPé&vmsgeambizal | y
and tenporally scal able application, it is exenplary only. 10 The di scl osed
system may be readily extended by one skilled in the art to nore than two

| ayers of video data hierarchy and other video data resolutions (not only
720 and 1080 line resolution). Additionally, the principles of the

i nvention may be applied to other for of scalability, such as SNR
scalability, and also may be 1 5 used to determne a fixed opti num encoder
and decoder architecture. The principles of the invention have particul ar
application in TV coding (HDTV or SDTV), Very Low Bit Rate Coding (e.qg.
video conferencing) Andendodingahndtdecotingi strategyadl aderived fromoptié m zi ng

encoder and dggRdeR,APRPEAI Teldlts UepiotdSid SghAM™!Nig AhdBRultE el N

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

5 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
picture resolution of the input video data and the picture quality
and resolution required at each layer. The regions are identified as

10 follows.

Region A.
In region A there is insufficient allocable bandwidth to

achieve the required picture quality using either two layer
15 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
base layer and enhancement layer data. This region is bounded at
its upper end at a point X on the enhancement layer curve that

20 gives a picture quality (Dpgpnpg Vvalue) equivalent to that of the

upsampled base layer curve at the zero Bit Rate Enhancement
layer point Y.

In region A there is an advantage in allocating the full

25 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
implemented in various ways. One way, for example, is to
downsample an input datastream to provide a single base layer
30 (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
produced at a receiver in addition to the SDTV decoded output by
upsampling (oversampling) the decoded SDTV output. The



Figure 1 shows a dynam cally configurable video signal encoding and
decodi ng architecture according to the invention. In overview, an input
vi deo datastreamis conpressed 25 and allocated between a base (SDTV)
data |layer and an enhancenent (HDTV) data | ayer by encoder 100. The
all ocation is perforned in accordance with principles of the invention
under the contw@bnmbssbandwi dth and architecture control unitpdfiBkesidire:
resulting conpressed data from encoder 100 in the formof single 30 or dual
bitstreans is formed into data packets including identification
headers by formatter 110. The formatted data output fromunit 110, after
transm ssion over a data channel, is received by transport processor 115.
The transm ssion and reception process s described later in connection
with the 3 5 encoding and decodi ng system depi cted |n F| gure 4.
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5 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
may occur, for example, when the total available system
bandwidth is insufficient to support full resolution encoding. The

10 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,
region A spatial down and up sampling may provide better
picture quality in a bandwidth constrained system than can be

135 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
detail in connection with Figure §.

20 Region B.
In region B, there is sufficient system bandwidth to

meet the required output picture quality using a two layer
encoding strategy. In this region, the available system bandwidth
is allocated between layers so that the quality requirements of

25 both the decoded high and low resolution outputs are met. This
region lies between region A and region C.

In region B, the system bandwidth is allocated in

' accordance with picture quality requirements between high
30 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

input datastream to provide a low resolution (SDTV) layer for
transmission, and to decode this low resolution layer when

35 received to provide a low resolution SDTV signal. The high



determ ned in accordance with principles of the invention under the control
of bandw dth and architecture control unit 145. A resulting deconpressed
data out put from decoder 105, in the form 10 of single or dual deconpressed
bitstreans, is suitable for encoding as an NTSC format signal and for
subsequent di splay. Considering the dynam cally configurable architecture
of Figure 1 irwdeuetess, an i nput vi deo datastreamis conpress@QTEG/0a732

al |l ocated between a base SDTV data | ayer and an enhancenent HDTV | ayer by
encoder 100. Bandwi dth and architecture control unit 120 configures the
encoder 100 architecture to appropriately allocate data between the HDTV
and SDTV out put layers fromunits 125 and 135 respectively. The appropriate
data all ocation 20 depends on a nunber 1@ system factors including
bandw dt h, system out put data rate constraints, the data rate and picture

e . . f . rar ‘h
b oture qual it ?&#&%%EQF%M%EE%QMF lay8F, "B WARERIEA nafTRe ¢
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at the output mid etheorkeeividdO ehooded DTV ilagedi Thizr operatiolhii§ discisied Rat e

Distortion Fung ig?@ater detail in connection with Figure 6.

Region C.

10 In region C, the required picture 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
high quality output video signal may be achieved, given the
system bandwidth constraint, by encoding a single high resolution

15 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 Dpgngr Vvalue W of

Figure 2).

20 In region C there is an advantage in allocating the full
system bandwidth to the encoding and compression of a single
layer (the enhancement layer) at full spatial resolution with a full
number of pixels per image. This strategy may be implemented in
various ways. One way, for example, is to encode the input

25 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
resolution HDTV output. At a receiver, a low resolution (SDTV)
output may be derived from the received high resolution signal by

30 downsampling in the compressed or decompressed domain as
described later. The advantage of this region C strategy arises
because, given the required output picture quality level, the
available bandwidth is more efficiently used when it is allocated
to encode a single high resolution layer rather than when it is



f or encoder

100. The Rate Distortion Function is evaluated, assum ng the
| nput sequence is a Gaussian distribution source 35 signal

and standard deviation [err]. Further, applying a WO 97/ 01935

PCT/ 1 B96/ 00722 7 squared-error criterion to the Rate Distortion Function,

R, of such a Gaussi an input sequence, in accordance with the theory

presented i n weoetonss 13. 3.2 of "El ements of |nformation Theacy/imswpoRz M

Cover and J. A. Thomas, published by J. Wley & Sons, 1991, gives, 5 R =
[err] max (0O, [err] log[err] ([err])), (bits per second) = [err]
log[err]([err]) if O[err]Derr] or, 10 =0

if D>[err]. Therefore, the Distortion Rate Function, D, is given by, D =

[err]-2R which, when represented as ajReak Signal

15 Dierr] =

représentation

(dB),

pl otted
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layer encoding requires additional error protection and data
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
system of Figure 2 may not all be present in every 2 layer system.
For example, only one 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
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.

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
between the HDTV and SDTV output layers is determined by
control unit 120. Control unit 120, e.g. including a microprocessor,
configures the architecture of encoder 100 wusing 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
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-
programmed and indicated by data held in memory within control
unit 120 or the factors may be determined from inputs to control
unit 120. For example, the data rate may be sensed directly from

of mean [err]

to Noise Ratio (PSNR),
10 log( [err] ) + 20 1og (2 * R) Figure 2 is a graphical
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20 Bit Rate of an Enhancenent |ayer (bits per second) for a two |ayer
spatial encoded system Curves are plotted for a base |layer distortion
function, an enhancenent |ayer distortion function, and a distortion
function for an exenplary upsanpl ed base | ayer for a 1080 |ine

I nterpolation of a 720 line picture. The base | ayer and 25 upsanpl ed base
| ayer curves payenmnemegati ve sl ope because as the bit rate oPCT/IBI6/00722
Enhancenent | ayer increases, the base layer bit rate decreases. The
conposite distortion curve for the 2 layer systemis shown by the thick
black line of Figure 2. This conposite Distortion curve is a linearized
approximation to the mninmum 30 Distortion obtainable for the 2 | ayer
syst em enpl oyi ng an upsanpl ed base | aykR. WO 97/ 01935

PCT/ 1 B96/ 00722 8 An encodi ng and decoding strategy is derived fromthe two

| ayer system rggul {rpuiepdslaStteat. | AWE Zextefniyt isotraéd ti*il'iﬁ?s“%ﬂﬁfns A,
B and C are |der.1t.|f|edf| n which adva&gﬁ)e c?n he %I ned 5 b% adoptin
di fferent encdYeRG e qtraBt AR 5P 0. T61, InSENGE AL B 1M W egi ons
may vary deperstimgplomnitel 20 stismab&odwputeh, idgfaesn dor pexamplea Imt one
constraints, tigpidmHeRtd@bs, Fof Hldrhple® ESSROL AP !’ﬁotﬂf‘ay‘ Ndtive/ 'i‘i‘l‘faﬁtdata
and the pi ctsurvf gual Ity < e .
ata rate “threshold values establishing the boundaries between
regions A, B and C based on the preprogrammed values indicating
system bandwidth and required picture quality of each
decompressed output layer. Then, control unit 120 adopts the
appropriate region A, B or C encoding strategy based on the data
10 rate of the input datastream reaching particular thresholds.
Alternatively, the input data rate threshold values may
. themselves be preprogrammed within unit 120.

The region type of the input data is identified in step

15 315 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
selected for encoding the data in the coding region. The predicted
Distortion factor for the input data when it is encoded as a single
20 layer for transmission with 1080 line resolution is computed in
step 525. Step 530 directs that steps S15 and 525 are repeated to
compute the Distortion factors for a single layer encoding
implementation with 720 line resolution. Also, step 530 directs
that steps 515 and 525 are further repeated to compute the
25 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
hierarchical layers used for encoding are determined in step 540.
The selection process ends at step 550. The number of layers and
30 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
(Figure 3). It should be noted that this method of partitioning
encoded input data is also useable for a variety of applications in
35 which data is to be prepared for transmission and is not restricted



and resolution required at each layer. The regions are identified as 10
follows. Region AL Inregion Athere is insufficient allocable bandwdth to
achieve the required picture quality using either two layer 1 5 encodi ng or
a single high resolution |ayer encoding. In this region the video quality
of a decoded upsanpl ed base | ayer equals or exceeds the quality of a
decoded pi ct uw® gddI93ved from conbi ned base | ayer and enhanccrGIABIS/MFI3r
data. This region is bounded at its upper end at a point X on the
enhancenent | ayer curve that 20 gives a picture quality (D err] val ue)

equi valent to that of the upsanpled base | ayer curve at the zero Bit Rate
Enhancenent | ayer point Y. In region Athere is an advantage in allocating
the full 25 avail abl e system bandw dt o the encodi ng and conpression of a
single layer (the base layer) at a reduced spatial resolution mﬁth a

rtp i LU LN e I R e T S T S

provide a si ngbhephmq I ayaellitb ( SDTV)e!frestrulansdmunﬁmcataom tinedudinglecode

Upon T ecept | onPAoRATE AR IHE oRE | g &%@@%coéﬂﬁ a”F‘?’Wfd‘?ﬁﬁsde%&%%%Eé at

a receiver in R3diSPCEMPASS t B °SD1D(P°t§e data A Eypaﬁéﬂﬁ?ﬂ’%gng)

(over sanpl i MY)intdieotlerodggeSDOY @atpusegmbets or data packets, not just
hierarchical layers of encoded data. The process may also
encompass different numbers of data segments and data
resolution not just the two layers and the two data resolutions
described with respect to the preferred embodiment.

10
If region A is selected, step 320 (Figure 3) directs that
step 325 is performed and encoder 100 is configured for a type A
architecture. In addition, formatter 110 encodes the transmitted
bitstream to indicate the region type of the data and the
15 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
architecture information. If the data is region C type, step 330
directs that step 335 is performed. Step 335 provides that encoder
20 100 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
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
25 B architecture and the transmitted bitstream is updated to
indicate the data and decoding architecture type in the manner
described for region A.

. Control unit 120 configures encoder 100 via a
30 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

where each data packet consists of sequences of code words and
represents a group of pictures e.g. a Group of Pictures in

35 accordance with the MPEG standard. However, control unit 120
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advantage of this strategy ari ses because scarce bandwidth is nore
efficiently used when it is allocated to encode a | ower resolution single
| ayer bitstreamthan when it is used to encode either two |ayers or a
single high resolution layer. This is because 5 these | atter approaches
typically i ncowognmeiser encodi ng over head associ ated w t h r epOI/IE96/00722
additional error protection and data managenent code, for exanple. The
region A type of situation may occur, for exanple, when the total avail able
system bandwi dth is insufficient to support full resolution encoding. The
10 advantage of the region A encoding ?%proach may al so arise in other
situations, for exanple, when an input “datastreamto be encoded contai ns
S|gn|f|cant non-transl ational notion. Then, region A spatial down and up
sanpling may pmayi depdaiet dhe peacoder qi@0i tcyonifrguaauand\fpdt difforentr adatad

system than capadiferlSiehigand 138, DipyFapkae CTBPCS ApaialIRE! QyslineneRfi No.

This is becaus SSOCi t such “notion
conpensat i on. ‘Pﬁ%mPE"gl (SPF Acmxgta,tm imay; bey Periprmedy atsnowereon | farn
connection W t éadh gictard. f&0 eldyipiotuBe stream (e.g. program), for each pixel

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

In region A operating mode, control unit 120 disables,
via the Configuration signal, both HDTV compressor 125 and 2:3
upsampier 130. In the resulting configuration of encoder 100 a
10 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. Continuing with Figure 1, to
produce the SDTV layer output, 3:2 downsampler 140 reduces the
spatial resolution of the 1080 line resolution input datastream by
15 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
interpolation and averaging process to provide two interpolated
lines for every three original lines. The 720 line output from
20 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
prediction process that uses prior SDTV layer frames stored within
encoder 135. Such a compression process, involving temporal
25 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
by the National Association of Broadcasters (NAB) Office of Science
and Technology in their 1994 Proceedings of the 48th annual
30 conference.

The resultant SDTV bitstream is formed into data
packets including identification headers and architecture
information by formatter 110. The architecture information is

35 provided by control unit 120 and is encoded by formatter 110



In region B, there is sufficient system bandwi dth to neet the required
output picture quality using a two | ayer encoding strategy. In this region,
the avail abl e system bandwidth is all ocated between | ayers so that the
quality requirenents of 25 both the decoded high and | ow resol uti on outputs
are net. This region lies between region A and region C. In region B, the
system bandwwaidriorsssal | ocated in accordance with picture (RGIIBYHGO0722

requi renents between high 30 resolution and | ow resol ution signal out put

| ayers. The two output |ayers may be encoded for transm ssion in various
ways. One way, for exanple, is to downsanpl e and encode the high resol ution
| nput datastreamto provide a | ow resol gt ion (SDTV) |ayer for transm ssion,
and to decode this |low resolution Iayel when 3 5 received to provide a | ow
resol ution SDTV signal. The high WO 97/ 01935

PCT/ I B96/ 00722int6 ties oirahsmittddiDbiGtreamancingnthd aYiierarchye Deserspiort ed nay
o s o oo AT rg2 85 MRSt e R i s>
out put nay be estPREd stppdard 5 (BfAdE (at il381 E)‘Saﬂ].'}l“éd 1294).0nThe the
decoded SDTV ocarchitecture information is subsequently used by decoder 105 to
5 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
packet. A data packet contains a group of pictures in this
preferred embodiment.
10
Although using the MPEG "Hierarchy Descriptor” is the
preferred method of ensuring encoder 100 and decoder 105 are
compatibly configured, other methods are possible. The
architecture information may, for example, be encoded in MPEG
15 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
received data stream determined from the bit rate field of the
sequence header per section 6.2.2.1 of the MPEG standard. The
20 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
decoding mode in accordance with the previously described
principles of the invention. The decoding mode may be changed,
25 for example, when the received bit rate reaches pre-programmed
thresholds.

The formatted compressed datastream output from unit

110 is conveyed over a transmission channel before being input to
30 transport processor 115. Figure 4 shows an overall system
including the elements of Figure 1 as well as transmission and
reception elements 410-435. These transmission and reception
elements are known and described, for example, in the reference
text, Digital Communication, Lee and Messerschmidt (Kluwer
35 Academic Press, Boston, MA, USA, 1988). Transmission encoder



and the received encoded HDTV | ayer. This operation is discussed in greater
detail in connection with Figure 6. Region C. 10 In region C, the
required picture quality cannot be achieved by allocating the system

bandwi dth either to encode two | ayers or to encode a single (low :
resolution) layer. In this region, a high quality output video signal may
be achi eved, WOWa@1BHhe system bandwi dt h constraint, by encodGIB/MiIig| e
high resolution 1 5 layer. This region is bounded by a point V on the
enhancenent | ayer curve that provides the |evel of picture quality required
as . a mnimumfor the base |ayer alone {gqual to Derr] value Wof Figure
2). 20 In region Cthere is"dan advantage in allocating the full
system bandwi dth to the encodi ng and conpression _of a single |ayer (the
enhancenent | #ld} )engpdes,|the sfoamiatted r ewtputit from winih 1d 0 (Figumemtlerands 4pi xel s
per imge. ThifprSiraisesi¥siony BRcbddrt cHEOt ?ﬁ)i'cﬁll ardcﬁﬁénﬁ@ﬂ?- sePambes, for
exanple, is to _encode the #\éut 25 data trefam ag éull spatlal .resolution as
a single high §E%h SREPERS o3 0 Ve?l—@’ﬁ/}"ﬂ&? pd¢ gata to ,condition, theng 1 o
decode the cordatapdiodi mansetissiond pridmntensrodulasien tby pmodulaor hd15i gh
esol uti on HoMollier. 4Ys itfehCombaliaks! BV EAIR frBlydal Vivibh!t i MY
be derived fromthe rgcel ve | reso % wnsanpling in

ution signal
t he conpressedPWHPUlebnfREReT =t %spﬁﬁﬁﬁﬁgeﬂ’q ation TRrmat, s¢8age of
this regi on C@uadrauyyear Agpplitude Modulation (QAM). The resultant

modulated carrier output from modulator 415 is then frequency
shifted and transmitted by up-converter and transmitter 420

10 which may be, for example, a local area broadcast transmitter. It
should be noted that, although 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.

15 |

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

20 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

235 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.

30

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
the subsequent decompression performed by decoder 105 of the

35 compressed video data output from processor 115. Processor 115



because, given the required output picture quality level, the avail able
bandwidth is nore efficiently used when it is allocated to encode a single
hi gh resolution layer rather than when it is WO 97/ 01935

PCT/ 1 B96100722 11 used to encode two layers for transm ssion. This is
because two | ayer encoding requires additional error protection and data
managenent ovwoezeb3s nf ormati on. This region C operation i s ROTIBIEWERE | n
greater detail in connection with Figure 7. 5 The three regions (A, B and
C) identified for the 2 |l ayer systemof Figure 2 may not all be present in
every 2 |ayer system For exanple, only one or two regions may be

I dentified depending 10 on the system bandw dth, system data rate
constraints, and the picture quality ahd resolution required at each |ayer.
Conversely, in systens involving nore than two | ayers, nore than three

regi otn_s nay F|lc))eauhslees:brfa'uascl dd%toﬁwrﬁ%giﬁ&ctﬂréhihftﬂniﬁéidmiﬁbﬁ? @le tll\g(PEG
| dent i f1abl e i 1”635&3;@[32? ce"éhﬁiﬁgfdde%ﬁhﬁﬂW?Lfﬁ@f%&%ﬂﬁtﬂ OBk Wk eved
usi ng encodi ng#3hd Tbivdiatghiteetiire ecdmfiermations i tur poHoei tml degotdeni t ed
number of the pARRSdIE 2PAE dreHitedrare control unit 145 (Figure 1). Unit 145
5 uses this information to compatibly configure decoder 105 for the
appropriate decoding mode (e.g. region A, B or C mode). Control
unit 145 configures decoder 105 via a second Configuration signal
C2 that is provided to each constituent element of decoder 105.

10 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
configuration of decoder 105, the SDTV layer compressed video
output from processor 115 is decompressed by SDTV
15 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,
upsampler 155 oversamples the 720 line resolution SDTV output
by a factor of 3/2 to provide a 1080 line resolution HDTV
20 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
original lines. The 1080 line resolution decompressed output from
upsampler 160 is selected, via multiplexer 180 in response to the
25 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
format signal by unit 440 of Figure 4, for example, and for
subsequent display.
30
Figure 5 shows the encoder and decoder apparatus of
Figure 1 configured for region A type encoding and decoding. The
functions of the elements shown are as previously described.
Upsampler 130 and HDTV compressor 125, shown in encoder 100
35 of Figure 1, are absent in Figure 5 since these elements are
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Jrom od)erator selection, for i1nstance, and I nput t©
escribed.

If the input data in Figure 1 is region B type, control
unit 120 configures encoder 100 for a region B architecture. This
is done using the Configuration signal in a2 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
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
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.

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
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
compression process involving temporal prediction performed by
compressor 125 is known and contemplated, for example, in the
spatial scalability section (section 7.7) of the MPEG standard. The

put
a held
om
ed

nput s



control unit 120 via a conputer interface, for exanple. In one
I npl ement ati on, for exanple, control unit 120 may derive input 5 data rate
t hreshol d val ues establishing the boundaries between regions A, B and C
based on the preprogranmmed val ues indicating system bandwi dth and
required picture quality of each deconpressed output |ayer. Then,
control unit Heragapts the appropriate region A B or C encagiymsgs/@vrat egy
based on the data 10 rate of the input datastream reaching particular
thresholds. Alternatively, the input data rate threshold values may
t hensel ves be preprogramred within unit 120. The region type of the input
data is identified in step 15 315 of Figure 3 using the nethod shown in the
flowchart of Figure 10. In step 515 of (gigure 10, follow ng the start at
step 510, a single hierarchical | ayer and 1080 line inmage resolution is
initirally selecte g di ata in the coding.region. The
predicted Di stBst! ‘b% f%ﬁw ‘P“Ef élﬁi\’dﬁﬁmp@%ﬁe WREPRLS ¢ fq%geﬂmgﬂ 120 5
singl e 20 | ayearef gprovidadsto sformatter t h1(LOSO | i ne resolution is conputed in
step "525. Step 530 directs that steps 515 and 525 are repeat ed to conpute
the Distortion factors gl e,l ding i enentation wth 720
line resolution. Also, glch& %@JS{} gcgéw i & g’g“a?ﬂf"ﬁl% A%rt her
repeat ed to 3ofgrmed tlye errﬁatlmstlth im0 fdatx qacketsr including aylentlﬁomii ng

i npl enent at i onpidels gidh azeﬂne frel Gifridifon SROUE " Merarlliy DRIUsHAR:

Di stortion facfors are,co el e,.resol
%xefd ﬁs descri or region A, n%g formatte data 6%rom unit 110
is conveyed to transport processor 115 which provides the
architecture information to decompressor control unit 145 for

10 configuring decoder 105 (here for region B).

of

At the receiver, in region B mode, control unit 145
disables adaptation unit 165 using the second Configuration signal.
In the resulting configuration of decoder 105, the compressed
15 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
HDTV output by combining and decompressing an upsampled
version of this decoded SDTV output produced by upsampler 155
20 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
decompressor 150 is known and described, for example, in the
spatial scalability section (section 7.7) of the MPEG standard. The
25 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
signal. The resulting decompressed HDTV and SDTV data outputs
from decoder 105 are suitable for further processing and
30 subsequent display as previously described.

Figure 6 shows the encoder and decoder apparatus of

Figure 1 configured for region B type encoding and decoding. The
functions of the elements shown are as previously described.
35 Adaptation unit 165, shown in decoder 105 of Figure 1, is absent



hi erarchi cal |ayers used for encoding are determned in step 540. The

sel ection process ends at step 550. The nunber of |ayers and 3 0 inmage
resolution are selected in step 540 to give the mninmumDistortion factor.
This layer and resolution selection process inplenments the coding region

i dentification function of step 315 (Figure 3). It should be noted that
this met hod oWwopamiassi oni ng encoded i nput data i s al so usealRCGI/IBP00222
variety of applications in 3 5 which data is to be prepared for

transm ssion and is not restricted WD 97/ 01935

PCT/ 1 B96/ 00722 13 to i mage processing. For exanple, the process may be used
for tel ephony, satellite or terrestri ab communi cation including mcrowave
and fibre-optic comuni cation. Furthery this process can enconpass ot her
types of data and the partitioning of data 5 into other types of data
segnents or daimanga‘tmegsﬁ,mmtlh&Suelﬁmﬂérlérdﬁﬂb’&ﬂ imyegionoB amsisdelsodasa. The
process may algRvesesdypafescibéder ent nunbers of data segnents and data
resolution not” just the two |l ayers and the two data resol utions descri bed
with respect to the preferred enbodinment. 10 If region A is selected, step
320 (Figure 3) directs fHhahe input data in Figure 1 is region C type, control

5 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.

10 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.

15 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

20 line resolution HDTV output to formatter 110. This configuration is
shown and discussed in connection 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

25 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.

30 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).



step 325 is performed and encoder 100 is configured for a type A
architecture. In addition, formatter 110 encodes the transmtted bitstream
to indicate the region type of the data and the 15 appropriate decodi ng
architecture using information provided by control unit 120. Decoder 105 is
conpati bly configured to decode the transmtted region A type data in
response to t FeO8HYAWed architecture information. |If the dat eCrasesmegion C
type, step 330 directs that step 335 is perforned. Step 335 provides that
encoder 20 100 is configured for a region C architecture, and the
transmtted bitstreamis updated to indicate the data and decodi ng
architecture type in the manner described for region A |If the data is not
region C type, step 330 directs that s;f:? 340 is performed. Step 340

provi des that encoder 100 is configured Tor a region type 25 B architecture
and the transmtted bi tz}\reﬁ‘r?nei s updated to indicate the data and decodi ng
architecture type in th TERRIYEF.i HBdTeRiPN £giHAda, qomiralounimi k45120

com;1 i.g]yrteﬁ encddlsgbl&i)mpshlmpéeﬁolﬁonfsii@glrﬂiei @Bc@icﬂgbrtiﬁé}lﬂiﬁint is%ﬂlp%;teg to
each o e congii e rol _uni s
the confi gurat :Egén {ggggﬁlﬁitﬁ:@%gmﬁ ot %gﬁé\gf’%‘g}gﬁoﬁnp ggmrﬁ%f‘&éew e

re
each data packOUtR¥n&ioim processof dhiels decempressed doy aunit r Y0 asegive a group
of pictures & d089 Giimep bfghPi etsslegiom IBDTIOCOOWAPEE WIhhs t NOSPEGne
standard. HOWeVRbompPd¥sel oWthdt 1¥8m 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
compressed HDTV output from processor 115 is adapted to meet
10 the input requirements of SDTV decompressor 160 by adaptation
unit 165. This is done by reducing the spatial resolution of the
compressed HDTV output from processor 115 to an effective 720
line resolution in the compressed (frequency) domain. This may
be performed, for example, by discarding the higher frequency
15 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
Compressed Video" by S. Chang et al, published in the LLEE.E.
20 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
160 and 150 are like those described for region A and similarly
25 known. The resulting decoded HDTV and SDTV data outputs from
decoder 105 are suitable for further processing and subsequent
display as previously described.

Figure 7 shows the encoder and decoder apparatus of

30 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
these elements are disabled in region C mode as previously
35 described. Similarly, upsampler 155, shown in decoder 105 of
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updat e the encoder 100 configuration for different data packet |engths as
appropriate for a particular system For exanple, the configuration may be
perfornmed at power-on, for each picture, for each picture stream(e.qg.
program, for each pixel 5 block (e.g. macroblock), or at variable tine

I nterval s. | nwegeanssA operati ng node, control unit 120 di sabtemsedmzt he
Configuration signal, both HDTV conpressor 125 and 2:3 upsanpler 130. In
the resulting configuration of encoder 100 a 1 O single SDTV out put |ayer
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 produce tp@ SDTV | ayer output, 3:2 downsanpler
140 reduces the spatial resolution of the 1080 |ine resolution input

achi oved by & NEPE: da‘ﬁ%%t TnoFiue 7 bkl 4" eloBEnC il Pisabieh By ™ °°

di scar di ng” evdegiamiG dnodte or preferably by perform ng an interpol ation
and averagi ng process to provide two interpolated lines for every three

by SOTV compressor 135 E4BRo o cortragen “BEnETBecd N ShEwE Al t or
110. The 5 additional archxtccture conflguranon 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
those of decoder 105 of Figure 1 except that in region A decoding,
10 the 1080 line resolution HDTV decompressed output is provided in
a different manner.

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

disables, via the second Configuration signal, both upsampler 155
15 and adaptation unit 165. In the resulting configuration of decoder
109 the SDTV layer compressed videc 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
described for Figure 1. However, the HDTV decompressed output
20 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
(frequency) domain by adaptation unit 168 (not present in Figure
25 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
higher order DCT coefficients are assigned zero values. The theory
30 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 L.E.E.E.
Joumnal of Selected Area in Communications (JSAC), January 1995.
The resultant upsampled output from adaptation unit 168 is
35 decompressed by HDTV decompressor 152 to provide the HDTV



conpression performed by unit 135 enploys a tenporal prediction process
that uses prior SDTV | ayer frames stored within encoder 135. Such a
conpressi on process, involving tenporal 25 prediction and D screte Cosine
Transform (DCT) conpression, is known and described, for exanple, in
chapter 3 of the Grand Alliance HDTV System Specification of April 14,
1994, publisha¥0ByoWIfe Nati onal Associ ati on of Broadcasters p&fiBosfobfnce of
Sci ence and Technology in their 1994 Proceedi ngs of the 48th annual 30
conference. The resultant SDTV bitstreamis forned into data packets
including identification headers and architecture information by
formatter 110. The architecture information is 35 provided by control unit
120 and is encoded by formatter 110 24O 97/01935

PCT/ 1 B96/ 00722 15 into the transmitted bitstreamusing the "Hierarchy

Descr i " d ' ' oC i . 6.7 of th '
encodi hg_syst coatpu ol AEEEP I, 18, Mduiins;, dsedopicisad BRIV na
archi tecture i MPdr¥ra#tdn outpuss biremy deciodenstP baredsuitable £065 procBssing

conpati bl y corﬁxicgm_xbselgmdedisﬁﬂ?_ hordéseeibRAPiPRionAkE S oRthBighde1( € -
region A, B or C node). The configuration of decoder

5 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

10 those of decoder 105 of Figure 1 except that in region C decoding,
the 720 line resolution SDTV decompressed output is provided in
a different manner.

In region C mode, control unit 147 of Figure 9 disables,
15 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
20 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
25 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
30 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.
35



105, like encoder 100, is updated for each transmtted data packet. A data
packet contains a group of pictures in this preferred enbodinent. 1 0O

Al t hough using the MPEG "Hi erarchy Descriptor” is the preferred nethod of
ensuring encoder 100 and decoder 105 are conpatibly configured, other
met hods are possible. The architecture information may, for exanple, be
encoded i n MPH® ¢f0183snt ax in the "User Data" field defined | RCEERISNGRA2
6.2.2.2.2, of the MPEG standard. Alternatively, decoder 105 nay deduce the
appropriate decoding node fromthe bit rate of the encoded received data
streamdetermined fromthe bit rate field of the sequence header per
section 6.2.2.1 of the MPEG standard. The 20 decoder may use this bit rate
information together with pre- progran®#d data detailing the bandw dth and
video quality requirenments of the decoded output to deduce the appropriate

decodi ng node in accor qReCRnebddy tdiRl PASOdRYS laycliestitdic Hikdusied Phigh of the
i nvention. The decaodi ng

nmode be changed, 25 f exa when t he
ecelved bi { | rEPES oA PEPS T0a7e i axfiulYe Sunél Bk fecslfe ey
conpressed datksstderavedufqrutthe rindividiual 10e@ions cohvdyeandv€) shatr moskd ssi on
channel bef or eae@ijlishN e $ainéCpdal &N Feier P tRE SRmetiohd Sof Fth8UERmertiONs an
overal | systemg NELudLAg.{ g RLEORRLS by he oot bn Snble e Mia™ O

and
part within the programmed instructions of a microprocessor.



reception el enments 410-435. Thesemrsggyg VS B 9@65}&9 reception el ements are
known and descri bed, for exanple, | e text, Digital

Conmuni cati on, Lee and Messer schni Academc Press, Boston,

MA, USA, 1988). Transm ssi on encod

PCT/ 1 B96/ 00722 16 410 encodes the formatted out put from unit 110 (Figures 1
and 4) for trwoseressdson. Encoder 410 typically sequential | y rowisséoors

error encodes and interlea Im lﬂmwm data to condition the data for
transm ssion prior to m)dunmlil flu r 415. 5 Modul ator 415 then
modul ates a carrier frequency W th the but’put of encoder 410 in a
particul ar nodul ation format e.g. Quadrature Anplitude Mdul ati on (QAM .
The resultant nodul ated carrier output 2(5 om nodul ator 415 is then
frequency shifted and transmtted by up-converter and transmtter 420 1 O
which may be, for exanple, a local areg l;(m cast transmtter. It should be
noted that, although described as a si né‘l annel transm ssion system the
bitstreaminformation nmay equally well be transmtted in a multiple channel
transm ssion system e.gl. whemethadcbfnpatitioning | data; @dmprising hthei lstdpseam
| ayer. 15 of:
5 (a) predicting a first distortion factor for a first
number of segments of said data, said predicting being performed
as a function of the data rate of said data;
(b) predicting a second distortion factor for a second
number of segments of said data, said predicting being performed
10 as a function of the data rate of said data;
(c) mutvally comparing said first and said second
distortion factors;
(d) determining which of said first and said second
number of segments exhibits the lower distortion factor wvalue,
15 based on said mutual comparison; and
(e) partitioning said data into said determined number
of data segments.

2. A method according to claim 1 wherein,

20 said predicting step (a) includes the step of
predictively arranging said data in the form of said first number
of segments; and

said predicting step (b) includes the step of
predictively arranging said data in the form of said second

25 number of segments.

3. A method according to claim 2 further including the
step of

(f) compressing partitioned data.
30

4. A method according to claim 1 wherein

said predicting step (a) includes the steps of:

selecting a first number of data segments;

predictively forming said data into hierarchically
35 ordered data segments of said first number;
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The transmtted signal is received and processed by antenna and i nput
processor 425 at a receiver. Unit 425 typically includes a radio frequency
(RF) tuner and internediate frequency (I F) mxer and anplification stages
for down-converting the 20 received input signal to a | ower frequency band
suitable for further processing. The output fromunit 425 is denodul ated by
unit 430, whi ®Wo9moaesks t he carrier frequency and recovers thectmegeori t ed
data as well as associated timng data (e.g. a clock frequency).
Transm ssi on decoder 435 perforns the inverse of the 25 operations
performed by encoder 410. Decoder 435 sequentially deinterl eaves, decodes
and descranbl es the denodul ated data output fromunit 430 using the timng
data derived by unit 430. Additional i2&ormati on concerning these functions
is found, for exanple, in the aforenentioned Lee and Nbsserschnidt text 30

Transport processor 115 9 t|on
error indicati on | nfornag)ﬁ?%ipg {lg%l co#ﬁ?éééa%tcgogt XS‘ H‘ﬂ dz t 435.
Thi s i nf or mat ifoFm; of sed ifirst H‘é"% s @fubierarghicallyr osdered data csegmtnlog/
decoder 105 ofast hefunbtion el ﬂié@ldtallrﬁieooﬁ%hi@ GHiapUéndf rom processor 115.
P 11 71 Qs - -
Pg’_ff%gg/r 0 0722 Vo 97/ 9&1%3]':.3red1ctmg step (b) includes the steps of:
5 selecting a second number of data segments;
predictively forming said data into hierarchically
ordered data segments of said second number;
computing a second Distortion factor for said data in
the form of said second number of hierarchically ordered data
10 segments as a function of the data rate of said data.

3. A method according to claim 4 wherein
said data is image data.

15 6. A method according to claim 5 wherein,
said forming steps predictively form said image data
into one or more hierarchical layers of compressed data.

7. A method according to claim 5 wherein,

20 said computing steps predictively compute Distortion
factors for decompressed hierarchical layers of compressed data.
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17 al so extracts decodi ng architecture information fromthe MPEG H erarchy
Descriptor field wwthin the conpressed data fromunit 435. This

Sontrorun ¢ bas’(Froure TIMBMRINEIHES S oot orta: fon £6 Conme: tot y

configure decoder 105 for the ‘appropriate decoding node (e.g. region A B
or C node). COMOSHMIit 145 configures decoder 105 via a se®CTiBI600722
Configuration signal C2 that is provided to each constituent el enent of
decoder 105. 10 In region A node, control unit 145 of Figure 1

di sabl es, via the second Configuration signal, botHis lacsd or 150
and adaptation unit 165. In the resulting confi guraH ’ r 105, the
SDTV | ayer conpressed video output fromprocessor 1 ssed by

SDTV 15 deconpressor 160 to provide a deconpressed 720 |line resol ution SDTV
out put sequence. The deconpression process is known and defined in the
previously nentioned MPEG standard. |n addition, upsanpler 155 oversanples
the 720 line resol ution 8Dfv Bathad ofy encpdingrinpat sdata; ocomprisitey 2he080
l'ine resol uti osepPTdf:20 deconpressed output. This may be achieved by a

bveragng to.provide ¢ nidk Pkl .o chickt MBlaFaeh o FEBE, B CRG nmut) i nes.
The 1080 |iné fatd| havimg dacotipstesdatr omegniutibnomsapd ampriedicting iteing
sel ected, via peifoimed s’ a IfMction’ 65 1RO Sdath Orat®f said input data:

(b) predicting a second distortion factor for said input
data having a second data resolution, said predicting being
performed as a function of the data rate of said input data;

10 . (c) mutually comparing said first and said second
distortion factors;

(d) determining which of said first and said second
data resolutions exhibits the lowest distortion factor value, based
on said mutual comparison; and

15 (e) encoding said input data at said determined data
resolution.

9. A method according to claim 8 wherein,
said predicting step (a) includes the steps of:
20 selecting said first data resolution;
predictively converting said input data to said first
data resolution; '
computing a first Distortion factor for said data having
said first data resolution as a function of the data rate of said
25 input data; and
said predicting step (b) includes the steps of:
selecting a second data resolution;
predictively converting said input data to said second
. data resolution; _
30 computing a second Distortion factor for said data
having said second data resolution as a function of the data rate of
said input data. '

10. A method according to claim 1 or 9 wherein
35 said input data is image data.
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25 second Configuration signal, as the HDTV deconpressed out put sequence.
The resulting deconpressed HDTV and SDTV data outputs from decoder 105 are
suitable for encoding as an NTSC format signal by unit 440 of Figure 4, for
exanpl e, and for subsequent display. 30 Figure 5 shows the encoder and
decoder apparatus of Figure 1 configured for region A type encoding and
decodi ng. The MM¥HNPEs of the el enents shown are as previ ousbgrmmscrbed.
Upsanpl er 130 and HDTV conpressor 125, shown in encoder 100 3 5 of Figure
1, are absent in Figure 5 since these elenents are WO 97/ 01935
PCT/ 1 B96/ 00722 18 disabled in region A node as previously descri bed.
Simlarly, HDTV deconpressor 150 and adaptation unit 165, shown in decoder
105 of Figure 1, are absent in Figure 528i nce these el enents are disabl ed
in region A node also as previously 5 described. If the input data in
Figure 1 is region B type, control unit 120 configures encoder 100 for a
region B architecture. This is done using the Configuration signal in a
manner Si m | ar to that 11- A methOd accor ing to CIaim 10 Wherein,

said encoding step compresses said image data at said
determined data resolution.
5

12. A method according to claim 10 wherein in steps
(a) and (b)

said predicting is a function of a predetermined
quality requirement of encoded image data.
10
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1 O previously described for region A. However, in region B, encoder 100
conpresses both high resolution and | ow resol ution output |ayers for
transm ssion, in contrast to the single | ow resol ution output conpressed
for region A. This configuration is shown and di scussed in connection with
Figure 6. Continuing with Figure 1, 1 5 control unit 120 all ocates the
syst em bandw WOP7I9#3%een t he hi gh resol ution and | ow r esol utkaivisgsopat
| ayers by configuring encoder 100 to conpress enhancenent data as a high
resol ution HDTV out put layer in addition to a | ow resol uti on SDTV out put.
Thi.s HDTV | ayer provides picture refinenment data to enabl e decoder 20 105
to produce a 1080 line resolution picture output fromthe 720 |ine
resolution SDTV | ayer. The SDTV | ayer outﬁbf1(h region B is produced in the
same way as described for region A. TheA720 line outp& from 25 downsanpl er
140 i s conpressed by SDTV £onpressor 2 I=aypr conpressed
data to formatter 110. Howgver, id&ng. ‘Iaiion HDTV
enhancenment |ayer for trangm ssiooi§ : priessor 125.
Conpr essor 125 derives the| HDTV ouepmt -~ @lmbi ni 3d aenpfessing an 30
upsanpl ed deconpressed verp Zhe Sff et i | dd ued o@byt
I
I
I

yer stored
cess invol ving
cont enpl at ed,

upsanpl er/ deconpr essor 130
Wi thin conpressor 125. Sucp
tenporal prediction peiorp
for exanple, in the
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35 spatial scalability section (section 7.7) of the MPEG standard. The

WD 97/ 01935 PCT/ 1 B96/ 00722 19
resul ting HDTV and SDTV conpressed outputs from encoder 100 are provided to
formatter 110. The HDTV and SDTV bitstreans from encoder 100 are 5 forned
by formatter 110 into data packets including identification headers and
architecture WO#¥MASi on in the "Hi erarchy Descriptor"” fiel drcyBsenyezz i bed
for region A the formatted data fromunit 110 is conveyed to transport
processor 115 which provides the architecture information to deconpressor
control unit 145 for 10 configuring decoder 105 (here for region B). At the
receiver, in region B node, control uni?/ di sabl es adaptation unit 165
usi ng the second Configuration signal. Th the resulting configuration of
decoder 105, the conpressed 15 SDTV out put from processor 115 is
deconpressed by unit 160 to give a 720 line resolution SDTV output, as in
region A. HDTV deconpressor 150 derives a deconpressed 1080 |line
resolution HDTV out put by conbi ni ng and deconpressing an upsanpl ed version
of this decoded SDTV out put produced by upsanpler 155 20 and previous
franmes of the HDTV layer stored wthin
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deconpressor 150. The process of conbining the upsanpled and stored data
and form ng a deconpressed out put as performed by deconpressor 150 is known
and described, for exanple, in the spatial scalability section (section
7.7) of the MPEG standard. The 25 1080 Iline high resolution

deconpressed out put from deconpressor 150 is selected as the HDTV
deconpressed waggmnelsszsvi a nmul ti pl exer 180, in response to thecEaaedsrzz
Configuration signal. The resulting deconpressed HDTV and SDTV data outputs
from decoder 105 are suitable for further processing and 3 0 subsequent

di splay as previously described. Figure 6 shows the encoder and decoder
apparatus of Figure 1 configured for regiLon type encodi ng and decodi ng.
The functions of the el enents shown are%3z1 eviously described. 3 5
Adaptation unit 165, shown in decoder 105 of Figure 1, is absent WO

97/ 01935 PCT/ 1 B96/ 00722 20 in
Figure 6 since this elenent is disabled in region B node al so as previously
described. If the input data in Figure 1 is region Ctype, control 5 unit
120 configures encoder 100 for a region C architecture. This is done using
the Configuration signal in a manner simlar to that

< x O

g ® W

385|238

w e weo -

=0 rzo

b i i & it

G55 55

oz ESZ

<« LL <U-m

825 280

SOk SOk

7o)
n
8 8 3

rm = m
L@ 8 |G
L e Q WoFk

[
FE < 06 hﬁ@
a:g m&l o w gm_
= = <& oL
r EE e =xe)
50 < < Wt
Qo a o <E<
=u @ [42) azZzZx
[ oo
DOl

FIGURE 3.



previ ously described for region A However,
encodes a single high resolution output
region A or two outputs as for
syst em bandw dt h,

resol uti on out put and configures unit 100,
| ayer at a full

as for
al |l ocates the ful

encode t he enVOevmoss
15 In region
140, SDTV conpressor

C np

conpressed by HDTV conpressor

de,

135 and upsanpl er
In the resulting configuration of encoder
125 using
required to provide a 1080 20 line resol

in region C,  encoder
rather than a | ow resol uti on out put

region B. 10 Contr ol
i f necessary,
via the Configuration signal,

100

unit 120
to encode a high
to

spatial (1080 |ine) HPEYmwmot2wti on.
control unit 120 disables downsanpl er
130, via the Configuration signal.

100

n

full

the i nput sequence is
system bandw dth as

HDTV output to formatter 110.

This configuration is shown and dlscussed |n connection with Figure 7.

Cbntan|ng with Figure 1, conpressor 125 derives the HDTV output using
previ ous frames of the HDTV | ayer stored within conpressor 125. The
conpressi on process performed [by capressor 12 - eglon Cis 25 like that
described for regions A and Blang =% al so knoywn HDTV bitstream from
unit 100 is fornmed by formattqr into data Eﬁ S including
identification headers and ar ghi ure_inf 123§ |n the "H erarchy

Descriptor” field. 30 As descr
unit 110 is conveyed to transg
architecture information to
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configuring decoder 105 (here for region C). WO 97/ 01935
PCT/ 1 B96/ 00722 21 At the receiver, in region C node, control unit 145

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

resol uti on HDTWO@T0193&% . This 1080 |ine deconpressed out put f PCTABIE/O0722
deconpressor 150 is selected as the HDTV decoded out put of decoder 105, via
mul ti pl exer 180, in response to the secgﬁg#ﬁagigggration signal. In
addition, the conpressed HDTV out put fr ro r 115 is adapted to neet
10 the input requirenents of SDTV deconpressor 160 by adaptation unit 165.
This is done by reducing the spatial resolution of the conpressed HDTV
output from processor 115 to an effectiﬁg 720 line resglution in the

conpressed (frequency) dongri- —T1mMT € performed™ -e-x-qrrpl e, by
di scardi ng the higher freqyency 158coéfRa¢i ents of tho & qrete Cosi ne
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Conmpressed Video" by S. Chang et al, published in the |I.E E. E. 20 Journal

of Selected Area in Communi cations (JSAC), January 1995. The spatially
reduced conpressed output fromadaptation unit 165 is deconpressed by unit
160 to give a 720 line resolution SDTV output. The deconpressi on processes
performed by units 160 and 150 are |like those described for region A and
simlarly 25 N®®M93Bhe resulting decoded HDTV and SDTV dat aporsesheyzd r om
decoder 105 are suitable for further processing and subsequent display as
previ ously described. Figure 7 shows thai?:qf and decoder apparatus of 3
O Figure 1 configured for region C type od er@and decodi ng. The
functions of the elenents shown are as previously described. Downsanpl er
140, SDTV conpressor 135 and upsanpler 130, shown in encoder 100 of Figure
1, are absent in Figure 7 since these elgenments are disgbled in region C
nmode ‘as previously 35 descTbed: —Smri ys —upsanpter- ,-s-ITown I n decoder
105 of WO 97/ 01935 &< v, &
PCT/ 1.B96/ 00722 22 Figure 1} is abs©nE igure 7 sincpet®is

di sabled in region C node.|Figure B Es i ation
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5 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 sanme as those of decoder 105 of Figure 1
except that in region A decoding, 10 the 1080 line resolution HDTV
deconpressed woOmass provided in a different manner. |n repgtomedodrRse,
decoder control unit 149 of Figure 8 disables, via the second Configuration
signal, both upsanpler 155 1 5 and adaff A i @ Dnit 165. In the resulting
configuration of decoder 109 the SDTV | ayer conpressed video output from
processor 115 is deconpressed by SDTV deconpressor 160 to provide the SDTV
out put of decoder 109. This is performed in the same nmanner as descri bed
for Figure 1. However, the HDTV deconpr#ssed out put 2@ from decoder 109 is
produced by upsanpling thefSDIV Tayer 24 THe Trequency domatp in contrast

to the tinme donmain sanpling perfo I [decoder 105 (df fe 1. The
conpr.essed out put from prokessor i gqure 8 is u I@p in the
conpressed (frequency) dongin by apthes unit 168§ t=@gesent in Figure
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30 behind this process is known and described, for exanple, in the
previously nmentioned "Mani pul ati on and Conpositing of MC-DCT Conpressed
Video" by S. Chang et al, published in the |I.E E E. Journal of Selected
Area in Conmuni cations (ISAC), January 1995. The resultant upsanpl ed out put
from adaptation unit 168 is 3 5 deconpressed by HDTV deconpressor 152 to
provi de the H®RY97/019380 97/ 01935 PCT/IB96/00722

PCT/ 1 B96/ 00722 23 out put from decoder 109. The resulting deconpressed HDTV
and SDTV data out puts from decoder 103539? jﬁiﬁible for processing and
subsequent di splay as described in co [ th Figure 1. 5

Figure 9 is a variation of Figure 1 and shows an additional architecture
configuration for region C decoding. The functions performed by encoder

e 9 are as described
Tf~Fgure 9 are the

for Figure 1. In addition, [TReTTTNCIT

sane as 10 those of decodefj 105 of&E&gu e 1 except thal ix &egion C
decoding, the 720 line res¢lution SI@V econpr essed- ou "i<'§ provided in a
different manner. In regiop C nodera@onyrol unit 14 gote 9 di sabl es,
1 5 via the second Confi gug Ealgn sggnal, both—u-@ -135 gand SDTV
Hxroal A g - |
IEcg 8|2 % o |
& I|SRE ~|2EM*e3 @ |
Qall2Edle |20 7 U
onl|z8o 8|78 L2 |
W \y j@ L O
= “(*-li Aﬁi |
I
ik |
|
I
;
|
|

‘—J'l___,
BITSTR 2

1> ADAPT

168~

165

SJBITSTR
ADAPT

115
[
I
I
t
I
I
|
|
f
I
I
I
I
|
!
|
{

TRANSPORT
PROCESSOR

W
|

110y

FORMATTER

k
Big
\120:
|
|
|
|
|
|
|
|
]
_| ]

©
15 g |22 |
o oy wd - |Z .
:Eﬁgryaéj %g E m:
|3tz %O 8& 0 YN8
Q30 O = Jl
HZQ0o oy [
: D |4 A 4 |
| © e :
| - |
| < |
(o
w o | +—»{2 |
: ; 88l ' Zlo |
W 2 Rk = |
2 =c !
T R E J




deconpressor 162. In the resulting configuration of decoder 107 the HDTV

| ayer conpressed video output from processor 115 is deconpressed by HDTV
deconpressor 150 to provide the HDTV output of decoder 107. This is
perfornmed in the same manner as 20 described for Figure 1. However, the
SDTV deconpressed out put from decoder 107 is produced by downsanpling the
HDTV | ayer | nwWoner@193se domain in contrast to the frequency dpg&Einese@sp! | Nng
performed in decoder 105 of Figure 1. The deconpressed HDTV out put from

mul tiplexer 180 in Figure 9 is downsa 25 downsanpl er 170 (not
present in Figure 1) by a factor of 2?&(} a &DPde a 720 line out put. This
may be perfornmed by a variety of known nethods as di scussed with respect to
downsanpl er 140 of encoder 100 in Figure 1. The 720 line resolution
deconpressed output from downsanpler O is selectedhas the SDTV decoded
30 out put of decoder 107, via nul tiplexpr 175 (not present in Figure 1), in

response to the second Cbﬂr'guréflon nal- 'T§§U'Trng'dpconpressed
HDTV and SDTV data out put s from de&oder 10%2 njor|proce55|ng and
subsequent di splay as desdribed i fPa8nngct i Ay urg €. | 35 WO
97/ 01935 | s L B9/ 00722
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24 The encoder and decoder architectures discussed with respect to Figures
1-9 are not exclusive. O her architectures may be derived for the

i ndi vidual regions (A, B and C) that could acconplish the sane goals.
Further, the functions of the elenents 5 of the various architectures may
be inplenented in whole or in part within the programed instructions of a
m croprocessowo97n19ds VWat is clainmed is: 1. A nethod of pargdingpogdorsr dat a,
conprising the steps of: (a) predicting (515-530) a first distortion factor
for a first nunber of segnents of said data, said predicting being
performed as a function of the data rﬁhs itlsaid data; (b) predicting
(515-530) a second distortion factor f / econd nunber of segnents of
said data, said predicting being performed as a function of the data rate
of said data; characterized by; (c) nutually conparing (540) said first and
sai d’'second distortion factors; (d) determ ning (540) which of said first
and said
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second nuniREPLACERGHENE

e

2 VY,

xEn bi t sGEEYs Q\Kgr i st prii REPIf ACEMENY 8HEETSbas &G

on sai d nutjuat corrparl son aahd (e) parti t i oni ng splld DistAp{ch2Qaged 1.V 15 aagded ..
det er m ned |ngnmb a;‘ nments. 2. A method apcaTCliings) 0 PagbdNdbito paged .2%
(a) a ( )

wherein in step

according tjo claim1 whereinj said pred2eting 5t ep (a) |ncludes

step of drctTvery arrangi ng said data in thejf of.,.S thqmy?
of segments; and said predicting step (b) ﬁﬁﬁt 6F ﬁt pn --------

said predicting ip O@rafitigd)i Cpaoe&i...ao pdgr,d .....
pr edet er m ned | trement of partitioned pgafjaabsgactA nqj,dégp ..... pa§

4998

predicti VeASZCQﬂfFi&W@I ngosdilte danaehhiohe ifror mhef ﬁardtse@s%mi:multh%ﬁ:eofls
had GGl di her incl udi e ste
(f) conpreé5|ﬁg pgrgﬁtlone dg a: r€l§%8%§n ROd QWRﬁ%ﬁ%ﬁét TSk

segnent s

wher ei n;

safd predicting step (a) includes the steps of:
(2) predicting a first distortion factor for a first

number of segments of said data, said predicting being
performed as a function of the data rate of said data;

(b) predicting a second distortion factor for a second
number of segments of said data, said predicting being
performed as a function of the data rate of said data;
characterized by;

(c) mutually comparing said first and said second
distortion factors;

(d) determining which of said first and said second
number of segments exhibits the lower distortion factor value,
based on said mutual comparison; and '

(e) partitioning said data into said determined number of

data segments.

According to the invention in the second aspect there is
provided a method of encoding input data, comprising the steps
of:

(a) predicting a first distortion factor for said input
data having a first data resolution, said predicting being
performéd as a function of the data rate of said input data;

(b) predicting a second distortion factor for said input
data having a second data resolution, said predicting being
performed as a function of the data rate of said input data;
characterized by;

(c) mutually comparing said first and said second
distortion factors; |

(d) determining which of said first and said second data
resolutions exhibits the lowest distortion factor value, based
on said mutual comparison; and

(e) encoding said input data at said determined data

resolution.




selecting a first nunber of data segnents; predictively formng said
data into hierarchically ordered data segng ,QF sad-TI st nunber ;
conmputing a first distortion factor for said sl MHE #HEEM Of said first
nunber of hierarchically ordered data segmentjs jas a function,ofi the data
rate of said data; and said predicting step (|b)] i AQ@QQESBhesteps of:
sel ecting a second nunber of data seg@énts; prqdi ctively fofming said

nt |

data into hvVgaaanshilaahéy iQrdered data segndg n(]ﬂ nunber ;
conputing a second distortion factor for said data in the formlof said
second nunber of hierarchically ordered data segnents as a function of the

data rate of said data.l 6A retiddogf @Q?ﬁfidhﬂggtQaﬁl',abmn@ris‘l‘ﬁgrfﬂé“}st%?isd _
data is |magef_dat a. 7. A nethod according to claim®6, wherein; said form ng
st eps predi ctvel y formsaid i nage data into one or nore hierarchical

| ayers of conpressed dgnp.pr8dicAimet (fokb-86G9r di figst odistaitiom, favher efiop; asai d
hi et ar chical W%F@%@%X ! SEBARNES, B0° 534 Bl oddd carBisiTe Bryhane o
clains 1-8, pheloemed alsl aofurssion pf ethiectdiaty rateepd said datd;orned in the
spati al (b) predicting (515-530) a second distortion factor for

a second number of segments of said data, said predicting being

performed as a function of the data rate of said data;

characterized by;

(¢) mutually comparing (540) said first and said
second distortion factors;

(d) determining (540) which of said first and said
second number of segments exhibits the lower distortion factor
value, based on said mutual comparison; and

(e) partitioning said data (120) into said determined
number of data segments.

2. A method according to claim 1, wherein in steps (a)
and (b);

said predicting is a function of a predetermined
quality requirement of partitioned data.

3. A method according to claim 1 wherein,

said predicting step (a) includes the step of
predictively arranging said data in the form of said first number
of segments; and

said predicting step (b) includes the step of
predictively arranging said data in the form of said second
number of segments.

4, A method according to claim 3, further including the
step of;
(f) compressing partitioned data.
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domai n; and said partitioning of data is per ”fé‘rw‘i”f{“fhﬁ“ pati al domai n.
27 10. A nmethod of encoding input data, congrijsing the steps ¢f: (a)
predicting (515-530) a first distortion faotoﬂ%%@fé‘%ﬁad itnput dat a
having a first data resolution, said predictfing being performgd as a
function of the data rate of said input datd;, (b) predicting (515-530) a

second distortion factor for said inputzé:lat a-having a second. data

resol ution, said predicting bei n(gquerfo Jred as a function of 't he data rate
of said input data; charact Bt 3&399“%*8,8 Futchaim yl, Bheseini ng  (540) said

first and said secondsgdidstRediceingt 36N 8) iﬁ@'l)ud‘é@tﬁfemsfﬁgﬂgof.( 540) which
of said first and said %ec.ond d?t a resol uti ?na exhi bits the | onest
distortion factor val ueS¢5588 8nlsh QUMBSIa0l cBM3asEE®ENtENd (e) encoding

(100) said input data apredictivdeyer fimeidgdakaid edatat iigfo Hierfrdtichor
according to %Ird?‘e'rrgdl%’atﬁmseerg%'qgntga'og said first number;
computing a first distortion factor for said data in the
form of said first number of hierarchically ordered data segments
as a function of the data rate of said data; and
said predicting step (b) includes the steps of:
selecting a second number of data segments;
predictively forming said data into hierarchically
ordered data segments of said second number;
computing a second distortion factor for said data in
the form of said second number of hierarchically ordered data

segments as a function of the data rate of said data.

6. A method according to claim 5, wherein;
said data is image data.

7. A method according to claim 6, wherein;
said forming steps predictively form said image data
into one or more hierarchical layers of compressed data.

8. A method according to claim 6, wherein;
said computing steps predictively compute distortion
factors for decompressed hierarchical layers of compressed data.

9. A method according to any one of claims 1-8,
wherein;

all of said predicting steps are performed in the spatial
domain; and

said partitioning of data is performed in the spatial
domain.
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predicting step (a) includes the steps of; selecting said first data
resolution; predictively converting said input data to said first data
resolution; conputing a first distortion factor for said data having said
first data resolution as a function of _{he data rate of said input data,;
and said predicting step. (b) includes ¢he steps of; selecting a second data
resol ution; predictivellY. cAnweathodg ofaéntddipgt inpta datasacsmpeistng daka
resol ution; csg%utd'tfng a second distortion factor for said data having said
second data resdl Jtion as a function of the data rate of said I nput dat a.
12. A nethod accordi ng (tp mdedionind, (dh&8rE3I0); aafisi npistodidm ifscioradgerdat a.

20 15 el 1 0GR BRI, AP BBl s BReAR cinpe noo
accordi ng to parkarmekd aswhefusiotionn oft ¥igs data rate of said input data;

(b) predicting (515-530) a second distortion factor for
said input data having a second data resolution, said predicting
being performed as a function of the data rate of said input data;
characterized by;

(¢) mutually comparing (540) said first and said
second distortion factors;

(d) determining (540) which of said first and said
second data resolutions exhibits the lowest distortion factor value,
based on said mutual comparison; and

(e) encoding (100) said input data at said determined
data resolution.

11. A method according to claim 10, wherein said
predicting step (a) includes the steps of;

selecting said first data resolution;

predictively converting said input data to said first
data resolution;

computing a first distortion factor for said data having
said first data resolution as a function of the data rate of said
input data; and
said predicting step (b) includes the steps of;

selecting a second data resolution;

predictively converting said input data to said second
data resolution;

computing a second distortion factor for said data
having said second data resolution as a function of the data rate of
said input data.

12. A method according to claim 11, wherein;
said input data is image data.

AR RO 12007 998




(a) and (b); said predicting is a function of a predetermned quality
requi renent of encoded inmage data. 15. A nmethod according to any one of
clainms 8-14, wherein; all of said predicting sreps are perfornmed in the

spatial donain; and all of the indicated data resolutions are spatial data
resol utions.

28

13. A method according to claim 12, wherein;
said encoding step compresses said image data at said
determined data resolution.

14. A method according to claim 12, wherein in steps
(a) and (b);

said predicting is a function of a predetermined
quality requirement of encoded image data.

15. A method according to any one of claims 8-14,
wherein;

all of said predicting sreps are performed in the spatial
domain; and

all of the indicated data resolutions are spatial data
resolutions.
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