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'~ LAYERED VIDEO CODER

This invention relates to layered video coders for
coding a series of video signals and in particular to a
coder comprising a lower resolution coder and a higher

" resolution coder. These two coding layers may be part of

a multi-layered coder having two or more layers of coder.

There is a general requirement for coders which can
provide outputs which allow decoding at a receiver
seléctively?at least two different coding schemes. FPor
example, a coder could transmit signals which could be
decoded to provide'lower or higher resolution depending on
the receiving equipment. This principal is extendable to
multi-layered coders. '

_ One known way of configuring such a hybrid, or
compatible, layered ;oder is shown at Figure 1 in which a
base layer is coded at a lower resolution with the higher
resolution differences being coded by a second coder to
form an enhancement layer which codes the differences
(error signals) Dbetween the decoded base layer and the
input signals. A receiving decoder can either decode the
base layer alone to provide a lower resolution picture or
obtain a higher resolution picture by further decoding the
enhancement iayer and adding that to the decoded base layer
signals. - '

In such prior art coding schemes the enhancement layer
coder does not carry out any predictive coding on the error
signal between the base layer coded signal and the input
signal.

Where the higher resolution coding scheme is to
operafe at high bit rates, for example 5 to 10Mbit/s, the
amount of overhead data associated with predictive coding
using motion vectors, for example, is very small relative
to the coded data. In these cases the picture quality is
optimised by providing such predictions and efficiently
coding the prediction error of the predictive coder.
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One known approach to a hybrid coder in which the
higher resolution coder utilizes predictive coding is shown
at Figure 2. In order to utilise the output of the lower
resolution coder, the decoded 6utput of the lower
resolution coder is used as a estimate of the signal to be
encoded by the higher fesolution-coder. This estimate is
used in preference to the estimate provided by the higher
resolution coder when it pro#ides a better estimate.

. In practice it has been found that if the incoming
video signals to be encoded is an iantraframe then the coded
siénal provided by the lower resolution coder does provide
an estimate which can be subtradted_from the incoming frame
and the difference subsequently coded. However, the
prediction provided by the base layer coder contains at
best only the low f;equéncies of the incoming video frame
and in practice will also include low frequency coding
errors. This prediction is found to be only very rarely
better than the prediction based on the output of the
higher resolution coder which at the high bit rate
concerned are very near to the original pictures. The
nigher resolution coder therefore rarely uses the output
from the lower resolution coder as a prediction and the
bits allocated to these lower resolution pictures in the
base layer do not, therefore, generally contribute to the
full resolution output picture quality. .

For applications in which intracoding may |Dbe
infrequent, for example in continuous broadcasts of video-
conference pictures, the prior art coding scheme of Figure
2 will in most cases perform as if there were two

" independent coders each providing thé?e respective lower "~

and higher resolution coded pictures.

It has been shown that multi-layered coding is no less
efficient than single-layer coding provided that overheads
can be ignored. This assumes that a single'prediction
error is partially coded by each layer, in which case all
the transmittéd bits contribute towards the higher
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resolution layer's codes picture quality. This is an
indication, therefore, that the prior art configuration of
Figure 2 is not operating efficiently as in most cases the
lower resolution bits do not contribute to the high
resolution picture quality.

According to the present invention a multi-layered
coder for coding a series of_vided signals comprises a
lower resolution coder and a higher resolution coder, in
which the lower resolution coder provides a prediction
error estimate which is subtracted from a prediction error
generated by the higher resolution coder.

B The p?ediction errors may be in the pixel domain or,
in the case of a coder employing a transform coding
technique " (eg a DCT transform) the subtraction can be
carried out in the transform domain.

This contrasts with the arrangement of Figure 2 in
which the lower resolution coder provides an estimate of an
input Qideo signal to be coded. In this case the lower
resolution coder provides an estimate of the prediction
error to be coded by the higher resolution coder and is
always subtracted from it, the residual prediction error
then being encoded by the higher resolution coder. This
arrangement provides that the bits coded by the lower
resolution coder always contribute to the coding of the
higher resolution coder. _ -

This can be achieved in at least two distinct ways.
The lower resolution coder can encode the input signal, the
prediction error estimate being provided in the pixel or
transform domain by the lower resolution coder, or
alternatively the higher resolution coder can form a
predictioﬁ error, and the lower resolution coder can code
this prediction error with the prediction error from the
lower resolution coder constituting the prediction error
estimate. In the latter case the lower resolution coder
codes prediction errors generated by the higher resolution

coder.
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In order to obtain properly decoded video signals
using only the lower resolution data it is necessary to
have an intrapicture coded initially, in which case the
output will he a lower resolution coding of that picture,
and the subsequently coded prediction errors can be used to
update that lower resolution picture to provide the
subsequent frames. However, because the prediction errors
are those generated by the higher resolution coder the
video signals reconstituted from the lower resolution coded
signals will drift from the pictures that would have been
reproduced had the lower resolution coder provided coding
ofTits own prediction errors. This necessitates repeated
coding of intrapictures at a frequency determined
empirically by the amount of drift acceptable.

in the forme{ wéy of implementing the present
inventionr the lower resolution cdder operates in a closed
loop on the input signals and codes prediction errors in
the usual way for a predictive coder. In this case the
prediction error from the lower resolution coder provides
the prediction error estimate which is subtracted from the
prediction error of the higher resolution coder. Because
it is operating in a closed loop configuration, the lower
resolution coder provides an output which can be directly
decoded by a compatible, lower resolution decoder without
the drift-of the previous system. However, the lower
resolution coder is no longer coding the prediction error
from the higher resolution coder Dbut providing an
independent prediction error based on the lower resolution
coding operation. In this case the prediction error from
the lower resolution coder is likely to drift from the
prediction provided by the higher resolution encoder and
therefore become less close to it as successive frames are

coded.
A further arrangement of multi-layeréd coder according

to the present invention includes a lower resolution coder

which codes a signal from an options selector, the signal
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from the options selector being a function of the

prediction error "of the higher resolution coder and the
prediction error generated by the lower resolution coder.
This arrangement should be more versatile as it can be
configured to operate in a manner tailored to a particular
application. In particular, thg_signal from the options
selector could, for example, be alté}nately the prediction
error of the higher resolution coder and the prediction
error generated by the lower resolution coder. The
alternation could take place at any level from pixels to
groups of frames.

A preferable arrangemeﬂt of the present invention is
therefore a coder which is configured to operate
alternately actordiné to these two methods of operatioﬁ-so
that a compromise can be made between the two, the rate at
which the two schemes alternate being determined by the
particular application or circumstances.

The lower resolution coding scheme could be for
example based on the H. 261 or MPEGI1 coding scheme with the
secohd (and higher levels, if ©present) providing
compatibility with higher resolution coding schemes.

_' Embodiments of the present invention and of the prior
art will now be described! by way of example only, with

reference to the accompanying drawings in which:

Figure ! is a schematic diagram of a prior art two-

layer coder comprising a basic layer coder and an
enhancement laver coder; ) |

Figure 2 is a schematic diagram of a prior art coder
in which a lower resolution coder provides an estimate of
the incoming signal to be coded by a higher resolution
coder; -

Figure 3 is a schematic diagram of a first embodiment
of the preéent invention;

Figure 4 1is a schematic diagram of a further

embodiment of the presént invention; and
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Figure 5 is a schematic diagram of a yet further
emboéiment of the present invention.

Figure & is a schematic diagram of a further
embodiment of the present invention;

Figure 7 is a schematic diagram of a yet further
embodiment of the present invention; and

Figure 8 is a schematic diagraghof an embodiment of a
three-layer coder according to the present invention.

Referring to Figure 1 there is shown a prior art coder
which comprises a iower resolution predictive coder 102 and
a higher resolution coder 104. '

The lower resolution predictive coder 102 is a motion
compensated, predictive coder. A digital video signal
representativé of .a high resolution 704 x 576 pixel frames
is input to a down sampler 108 which converts the digital
video signals to a 352 x 288 pixel video signal. The lower
resolution predictive coder 102 outputs a lower resolution
coded digital error signal at output line 110 for onward
transmission to a remote decoder (not shown). The lower
resolution output signal codes the difference between the
down sampled digitai video signal input to the predictive
coder. 102 and the motion compensated prediction of the
input video signal generated internally within the lower
resolution predictive codei 102.

The lower resolution predictive coder 102 coﬁprises a
subtractor 114 which produces a lower resolution prediction
error on line 116 which is the difference between the down

" sampled digital video input signal from down sampler 108-

and a next frame prediction digital video signal generated
on a line 118. _

The lower resolution predicted error on line 116 is
input to a quantiser-DCT coder 120, the coded prediction
error beiné output on line 122 and input into multiplexer
124. .
The coded lower resolution prediction error from the
coder 120 is input to a decoder 126 which provides the
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inverse-operation 0 the coder 120. The output from the

decoder 125 is input to an adder 128 together with the next
frame prediction on line 118. The adder 128 provides a
digital video signal output which will be that provided by
a lower resolution decoder receiving the output on line
110. - The output from the adder _128 is up sampled by up
sampler 130 whose output is input to a subtractor 132 which
subtracts the signal from ‘the up sampler 130 from the
digital video signal input on line 106.

The -prediction signal on line 118 is obtained from a
frame store 134 which contains the output of the adder 128
shifted according to motion vectors output by a motion
estimator 136, which motion vectors are derived.from the
down sampled input signal” from down sampler 108 and the
previous next frame prediction digital video signal from
the adder 128. The motions vectors are output from the
motion estimator 136 on line 138 for input to the frame
store 134 and to the multiplexer 124 which combines the
motion vectors with the output from the coder 120 for
output via the line 110. '

The higher =resoliution coder 104 codes the difference
between the lower resolution decoded video signals from the
lower resolution predictive coder 102 and the higher
resolution input digital video signals 106 to provide
enhancement layer, higher resolution coded signalé on the
output line 140.

The lower resolﬁtion coded signals from output 110 can
be decoded by a lower resolution decoder (not shown) to -
provide a 'lower resolution version of the input video
signals on line 106. The same output signals on line 110
together with the output signals- on line 140 can be
combined to form a higher resolution decoded Qersion of the

. input video signals on line 106. That is, the output of

the prior art coder of Figure 1 provides outputs which are
compatible to both a lower resolution and higher resolution

decoder.
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Figure 2 shows a second prior art arrangement having _
the same lower resolution predictive coder 102 as shown in
Figure 1 {(with components given the same reference
numerals) »dut in which the coder 104 is replaced by a
motion compensated higher resolution motion predictive

coder 202. = The higher resolution predictive coder 202

includes a selector 204 which can be set, as will be
described later, to conhect the output from a frame store
206 to both an adder 208 ané a subtractor 210. The. output
from the -up-sampler 130 of the lower resolution predictive
coder 102 is not selected in this position.

With the selector 204 connected as just described the
higher resolution predictive coder 202 operates as does the
lower resolution predictiﬁé‘coder 102 described previously,
only in this case a higher resolution preaiction error from
the subtractor 210 is coded by a higher Tresolution coder
212 and the output coded higher resolution prediction error
is multiplexed by a multiplexer 214 with motion vectors
from a motion estimator 216 to provide a higher resolution
coded output on line 218. The decoder 220 comprises the
inverse operation of the coder 212,

With the selector 204 connecting the frame store 206
to the subtractor 210 and adder 208, the lower resolution
predictive coder 102 and higher resolution predictive coder -
202 operate independently and in parallel: a lower
resolution coded video signal is output on line 110 and a
higher resolution co&ed video signal is output on line 218.

The selector 204 can be set to a second switch-
position in which the output from the up-sampler 130 is
connected to the subtractor 210 and the adder 208. In this
configuration the lower resclution predictive coder 102
provides the next frame prediction to the prédictive codér
202 and-it is this lower resolution next frame prediction
which is subtracted from the input digital video signal by
the subtractor, the difference being coded by the
predictive coder 202.
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The apparatus of Figure 2 is operated such that the
selector selects @s a next frame prediction the output from
the frame store 206 or the output from the up-sampler 130
of the lower resolution predictive coder 102, according to
whichever is closer to the digital video signal to be next
encoded by the higher resolution predictive coder 202.

If the incoming digital vidéb signal to be encoded is
an intraframe,. that is it must be coded without any
reference to previous frames, then the lower resolution
decoded picture will provide a next frame predictian which
will be used by the higher resolution decoder. However, it
is found that for the non-intraframes the prediction
provided by the_higher resolution coder is generally a
better prediction than —that provided by the lower
resolution coder and so the coded bifs fiom the lower
resolution coder, for the majority of the time, do not
contribute to the coding carried out by the higher
resolution predictive coder 202.

Referring now to—Figure 3 there is shown a multi-layer
coder according to the present invention for coding a video
signal input on line 106. A higher resolution predictive
coder 302 comprises a coder 304 and a frame store 308. The
frame store 308 outputs a next frame prediction of the next
digital wvideo signal to ﬁé coded which is subtracted by .
subtractor 312 ffom the input digital video signal on line
106 to produce a higher resolution prediction error on line
314. In prior art coders this higher resolution preaiction
error on line 314 would be coded by the coder 304 and.
output on an output line 316.' The next frame prediction
to be stored in the frame store 308 is derived from the
previous output from the frame store 308 on line 310 to
which is added the decoded signal from the coder 304 from
decoder. 306 by adder 318. _

In the predictive coder 302 of Figure 3, however, the
higher resolution prediction error on line 314 is down-
sampled by down-sampler 320 the output of which is input to
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a lower resoiution coder 322 and output on line 324. This
lower resolution output from the coder 322 is then decoded
by decoder 326 and up-sampled by upfsampler'328 to provide
a prediction error estimate of the actual prediction error
generated by the higher resolution predictive coder 302.
Thié prediction error estimate is subtracted from the
higher resolution prediction error of the higher resolution
coder by subtractor 330, the output from the subtractor 330
being coded by the coder 304.

A higher resolution, reconstituted video signal can be
decoded using the lower resolution bits on 1line 324
together with higher resolution bits on line 316. In order
to provide a proper prediction for the next input digital
video signal to be coded the prediction error estimate for
the up-sampler 328 needs to be added to the output of the
decoder 306 by an adder 332 as shown in Figure 3.

With the arrangement of Figure 3 the lower resolution
coded bits always contribute to the coding of the higher
resolution coded frames which can be reconstituted, as
noted above, by using the 6utputs on both lines 324 and
316. Compatibility is provided in that the lower
resolution video signals can be reconstituted using the
lower resolution bits output on line 324 alone.

The - Figure 3 configuration requires that an
intrapicture. is first input to line 106 so that a lower
resolution video signal representative of the entire video
signal is output on line-324. Future outputs on line 324
(until a new intrapicture is to be coded) are the
prediction errors generated by the higher resolution side
of the coder of Figure 3 rather than a lower resolution
coding of a lower iesolution prediction error based on
lower resolution versions of the input video signals. The
lower resolution video signals reconstituted from the lower
resolution bits on output line 324 will therefore drift
with time. It is necessary, therefore, to adjust the
frequency of intrapictures to keep the drift down to a
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"level acceptable for the particular application to which

the coder of Figuxe 3 is put.
Referring now to Figure 4, a second embodiment of the

present invention comprises a lower resolution predictive
coder 102, which is as shown and previously described with
reference to Figure 2 with elements being referenced by the
same reference numérals as in Figure 2, and a higher
resolution predictive coder 402 which includes the
following eleménts of the- higher resolution predictive
coder 202 of Figure 2, namely the frame store 206, the
adder 208, the subtractor 210, the coder 212, the motion
estimator 216, and the decoder 220 but with the selector
204 removed and with permanent connections between the
frame store _206 and both the subtracting input ~of
subtractor 210 and the adder 208. -

The higher resolution predictive coder 402 of Figure
4 also includes a subtractor 404 and an adder 406 which has
the same functions as the subtractor 330 and adder 332 of
Figure 3, namely that a prediction error estimate generated
by the lower resolution predictive coder 102 is subtracted
from the prediction error to be encoded by the higher
resolution predictive coder 402 and added to the decoded
output from the decoder 220 in order to provide a proper
prediction of the next input digital video signal to be
coded. '

In the absence of the subtractor 404 and the adder
406, that is with -the output from the subtractor 210
connected directly to the coder 212 and the output from the
decoder 220 connected directly to the adder 208, the
apparatus of Figure 4 operates in exactly the same manner
as the prior art apparatus of Figure 2 with a selector 204
set to operate the lower resolut—:ion coder and higher
resolution - coder as independent coders with respective
outputs being output on lines 110 and 218. In the Figure
4 arrangement as shown, however, the output from the up-
sampler 130 provides a prediction error estimate which is
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input to the inverse input of the subtractor 404. In this
case the prediction error estimate from the up-sampler 130
is the lower resolution prediction error derived by the
lower resolution predictive coder 102 directly from the
digital video signals input on line 106.

With the apparatﬁs of Figure 4 the lower reéolution
encoder is operating in a closed-loop mode which means the
coded output on line 110 will not suffer the drift that is
a feature of the lower resoiution coded output of the open-
loop coder of Figure 3. However, in the coder of Figure 4,
the coded prediction error of the lower resolution
predictive coder 102 is likely to drift from the prediction
error produced by the subtractor 210 that is to be coded
by-the higher resolution predictive coder 402 since it is
based on the lower rgsolution input from the down-sampler
108 rather than on the higher resolution digital video
signals.

Referring now to Figure 5 there is shown a multi-
layered coder which is largely as described with reference.
to Figure 3 and with the elements in common having the same
reference numerals. The coder of Figure 5 includes a
lower resolution predictive coder 502 which includes,
further to the Figure 3 embodiment, an options selector
504, an adder 508, a frame store 510, a subtractor 512 and
a down-sampler 514. .

Again, a prediction error estimate from the ﬁp—Sampler
328 of the lower resolution predictive coder 502 is
subtracted by the subtractor 330 from the prediction error
generated by the subtractor 312 of the higher resolution
predictive coder 302.

In a first exemplary configuration the lower
resolution predictive coder 502 is connected to operate
precisely as the lower resolution coder of Figure 3 by
switching the output from the dbwn-sampler 320, only, to
the lower resolution coder 322.



10

20

25

30

In a second exemplary configuration the options
selector 504 connects the output from the subtractoi 512,
only, to the lower resolution coder 322. 1In this case the
lower resolutibn predictive coder 502 provides a prediction
error estimate, which is a lower resolution prediction
errox, to the higher resolution predictive coder 302. In
this configuration the coder of Figﬁre 5 operates in the
same manner as the coder of Figure 4 except that the
prediction error is not a motion compensation predicted
error. Motion compensation could be added straightforwardly
to.provide that in this second configuration the Figure 5
encoder operates as the motion compensated coder of Figure
4,

The options selector 504 of Figure' S could be
configured to switch bétween the two configurations at a
frequency and dwell time on each configuration as is found
to give the best compromise between the compatible coding
outputé'on lines 324 and 316 as found optimum for a given
application. Alternatively, the options selector could be
used to operate the apparatué in a fixed configuration.

The options selector described with reference to
Figure 5 operates to switch one of the outputs of the down-
sampler 320 and the subtractor 512 to the lower resolution
coder 322. It could, however, be configured to provide an
output to the lower resolution coder 322 which is some
othér function of the outputs of subtractor 514 and down-
sampler 320, for example an average, perhaps weighted, a
non-linear average or some other function.

The function provided by the options selector could be
fixed or variable during the coders operation. The function
could be based on an assesément of the picture content, for
example, or on one or more parameters derived from the
coder such as the prediction error estimate and the higher

resolution prediction error.
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The option selected by the selector 504 can be changed
between pixels of a frame or at any grosser level through
frame blocks to between groups of frames, for example.

The coding schemes employed by the various lower
resolution coders 120, and 322 and the higher resolution
coding émployed by the higher resolution coders 212; and
304 can be chosen to suit a particular application. For
example, the lower resolution coders could be CCITT
Recommendation H.261 and ISO 11172 (MPEGl1) coders whereas
the nigher resolution coder could be chosen to be a higher
resolution enhancement coder based on the lower resolution
coder. | '

When a coder employs a linear transformation then
subtracting the prediétion error in the pixel domain or the
transformation domain is equivalent and so the prediction
error estimate froﬁ the lower resolution coder can be
subtracted from the prediction error in the higher
resolution coder in either of these domains.

Referring now to Figure 6 there is shown a two-layer
coder. The lower resolution predictive coder 102 is as
shown and described with reference to Figure 4.

The coder also includes a higher resolution 602 which
is the same as the higher resclution predictive coder 402
of Figure 4 except in the following respects. The coder 212

of Figure-4 is shown split into its two component parts

namely a transform 604, in this exemplary embodiment a DCT
transform, and a quantisér 606. Similarly the decoder 220
of Figure 4 is also shown in its constituent parts as an
inverse quantiser 608 and an inverse DCT transform 610.
The output from the transform 604 of the higher
resolution predictive coder 602 comprises the transformed
prediction error from the subtractor 210. The subtractor
404 of Figure 4 is replaced by the subtractor 612 in the
higher resolution predictive coder 602 of Figure 6 and is
placed after the transform 604 so that subtraction of the
prediction error estimate from the lower resolution
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predictive coder .02 can be subtracted in the transform

domaxn.
In order to effect this subtraction in the transform

ddmain the output Zrom the up sampler 130 of the predictive

coder 102 is transformed by a transform 614 the output of

which is provided to the inverse input of the subtractor
612. |

| Analogously, the adder 406 of the higher resolution
predictive coder 402 of the Figure 4 arrangement is
replaced by an adder 614 placed between the inverse
quantiser 608 and the inverse transform 610 so that the
higher resolution coder forms at the adder 208 a proper
frame for storing in the frame store 206.

Referring now to Figure 7, there is shown a further
embodiment of the present invention which is the same as
the embodiment of Figure 6 just described with like
elemenés having the same reference numerals except for
those eléments of the lower resolution coder which provide
the transformed prediction error estimate. In particular
the decoder 126 of Figure 6 is shown split into its
constituent parts, namely an inverse quantiser 702
providing the inverse gquantisation operation to that

gmployed by the coder 120 and an inverse transform 704

providing- the inverse transformation of that provided in
the coder 120. The output from the inverse gquantiser 702
comprises' a prediction error estimate in the transform
domain which can be provided directly to the subtractor 612
and the adder 614 of the higher resolution predictive coder
602.

The Figure 7 arrangement takes advantage of the fact
that the prediction error estimate is already in the
transformation domain thereby avoiding the need for up
conversion and later retransformation thereby reducing the
hardware components of such a coder.

However, this is to be balanced against the possible
disadvantage that the output may not be ideal. Closer
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matchiﬁé of the prediction error estimate to the prediction
error of the highg} resolution coder may be obtained by up
conversion by an up sampler which is designed to match the
characteristics of the down sampler of the lower resolution
coder. |

The preferred route in a particular application will
depend on the particular balance desired between complexity
and potential gain in quality offered by the two different
approaches..

Multi-layer coders having more than two layers, the
coding layers providing coded signals at a series of
different resolutions, can be readily constructed according
to the present invention. Two of these layers, only, may
be arranged - according'“'to the present inventioh.
Alteratively, the coding layers may be ;}ranged such that
every cdder other than the lowest resolution coder provides
a prédiction error estimate which is subtracted from the
prediction error generated by the coder providing the next
lower fesolution coded signals. A three-layer coder
according to the latter arrahgement is shown in Figure 8.

The three-laver coder of Figure 8 is based on the two-
layer coder of Figure 6 but in which a prediction error
estimate is ‘additionally subtracted from the prediction
error generated by the prediction coder "102. _This is
achieved as follows.

The prediction error on line 116 is passed to a yet
lower resolution coder comprising a down-sampler 804, a
coder 806, an inverse coder 808 and an up sampler 810.

The coded signals from the coder 806 are output on
line 812. | |

The output from the up-éampler 810 provides a
prediction error estimate for the prediction coder 102
which is subtracted from the prediction error from the
subtractor 114 by a subtractor 814. The prediction error
estimate is also added to the output of the decoder 126 of
the coder 102 by an adder 816 so that the correct



prediciion error estimate is passed to the highest _
resolution coder 602. '

The three layers of resolution could, for example, be
two TV channels having the same number of pixels per frame
but with one of the TV signals having a higher image
quality, ie a higher resolution within the available number
of pixels in the frame, together with a 'HDTV signal
providing higher resolutiog through a greater number of

pixels in the transmitted frames.
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) - CLAIMS _

1. A layered coder for coding a series of video signals
(106) comprising a lower resolution coder (102) and a
higher resolution coder (402), in which the lower
resolution coder (102) provides a prediction error estimate
which is subtracted from a predictiﬁn error Qénerated by
the higher resolution coder.

2. A coder as claimed in claim 1 in which the Llower
resolution coder (322) codes the input signals (106), the
prediction error estimate being the decoded prediction of

the lower resolution coder (322).
3. A coder as claimed in claim 1 in which the higher

resolution coder (302) forms a prediction error, the lower
resolution coder (322) codes the predictfon error, ahd the
decoded- prediction error of the lower Tesolution coder
(322} coﬁstitutes the predictibﬁ error estimate.

4. A coder as claimed in claim 1 including a lower
resolution coder (302) which codes a signal from an options

selector (504), the signal from the options selector (504)

being a function of prediction errxor of the higher
resolution coder (302) and the prediction error generated
by the lower resolution coder (502).

3. A coder as claimed in claim 4 in which ‘the signal from -
the options selector (504) is alternately the piedictioﬁ
error of the higher resblution coder '(302) and the
prediction error geﬁeratéd by the lower resolution coder

(502).

6. A coder as claimed in any preceding claim in which
the lower resolution coder (322) comprises an H. 261 coder.
7. A coder as claimed in any one of claims 1 to 5 in

which the lower resolution coder (322) combrises an ISO

11172 ceder.
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- 8. A coder as claimed in any preceding claim in which the

lower resolution prediction error estimate is subtracted
from the higher resolution prediction exrror in the pixel
domain. '

9. A coder as claimed in any preceding claim in which the
lower resolution prediction error estimate is subtracted
from the higher resolution prediction error in the
transform domain. |

1o. A coder as claimed in claim 9 in which the lower
resolution prediction error estimate in the transform
domain is obtained by transforming a lower resolution
prediction error estimate in the pixel domain into the
transform domain. ' '

11. A coder as claimed in any preceding claim in which
there are three or more coding layers, the coding layers
b;ing_a:ranged to brovide coded signals at a series of
different resolutions and in which each coder other than
the lowest resolution coder provides a prediction error
estimate which is subtracted £from a prediction errorx

generated by the coder providing the next lower resolution

coded signals.



