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t he conversion of video signals between a first and a sec
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g d 5 codi ng
There are nmany occasions.when it is necess asﬂ%o

transmt noving picture television over |long distances via a
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A TRANSCODER

This invention relates to transcoders for the
conversion of video signals between a first and a second
coding scheme.

There are many occasions when it 1is necessary to
transmit moving picture television over long distances via a
transmission link. Broadcast quality television requires in
excess of 100Mbit/s when transmitted in digital form which is
expensive to transmit and requires links of high bandwidth.
An acceptable degree of degradation in the picture quality
can _be introduced to reduce the information content being
transmitted. 'Additionally' or alternatively, compression
coding techniques may be used which take advantage of the
high degree of spatial and temporal redundancies in the video
signals being encoded. So, for example, for video
conferencing applications compression down to a bit rate of
a few hundred kbit/s is possible whereas videophone-quality
pictures including sound can be compressed down to only
64kbit/s, equivalent to a single telephone circuit.

Redundancy reduction techniques assume there is
spatial and/or temporal correlation between neighbouring
pixels or blocks of pixels. The details of correlation are
encoded as well as the differences between the assumptions
and the actual pixels or blocks. Typically each frame of an
image to be coded comprises an array of picture elements
(pixels) which are divided into blocks of NxM pixels.

Predictive coding exploits the assumption tﬁat a value
within a frame is related to some neighbouring values, in the
same or a different frame, and the value may therefore be

‘calculated at the receiver instead of being transmitted. It

is only necessary to transmit the prediction error arising
from such an assumption. For instance the first pixel of a
frame may be transmitted exactly whilst each subsequent pixel
is transmitted as a difference from its predecessor. In mo:e
complex schemes the prediction may be a combination of a

number of pixels.
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erences between the assunptions

well as the dif }
NxM . transform coefficients. The™ resulting array of
coefficients is then quantised by dividing each coefficient
by a wvariable quantisation factor. The quantised

10 coefficients may be coded in variable "length code, for
instance a Huffman code. '

Another coding technique is motion compensation in
which a picture is divided into blocké of pixels and each
block of the current frame is compared with the corresponding

15 block of a reference frame, which may be a previous or a
subsequent frame, and with regions shifted_in position from
that block, and that'region of the reference frame which the
block most closely resembles is identified. The vector
difference in position between the identified region and the

20 block in question is termed a motion vector and is used to
shift the identified region of the reference frame into the

position of the relevant block in the current frame. Motion

vectors are generated for all the blocks of the current frame

and these are used to derive a predicted frame from the

25 reference frame. The differences between the current and

predicted frame are, on average, smaller than those between

the current and reference frame and can be encoded using a

lower bit rate. A decoder which already has the reference

frame stored can thus reproduce the current frame using the

30 motion vectors and the difference values. A signal may be

- coded using any of the aforementioned coding techniques,
either separately or in combination.

There are circumstances when it is desirable to employ

a transcoder which can accept a received data stream encoded

35 according to a first scheme and output an encoded data stream

encoded according to a second coding scheme. If one had a

decoder which operated according to a second coding scheme
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25 and the actual pixels or blocks. Typically each franme of an | mage to

be coded conprises an array of picture elenents (pi xel s)- which are
di vided -into bl ocks of NxM pi xel s. _ Predictive coding exploits the
assunption that a val ue within a frame is Yetated to some nei ghbouring

values, in the 30 sane or a different franme, and the value may therefore be

calculated at the receiver instead of being transmited. |t | s_onl
necessary to trHehi tSERBE pPedFEﬁqﬁ?Q§%§N€%ﬁq ruf££?Von¥§ﬁ%B£hﬂn ¢ the

assunption. Forzrawdmiseibhe enomlediacdonding tbr e rEyste ¢odimgi $tbdme.
exactly whilst LACT SURSEUER e PARlodP: | Sodd ISR (25 BrndekkeheRifnl 94
I nore co e t y be a

Its predecessor. npl'ex schenes the prediction ma
conbi nati on of ‘wdeonaiaalef ¢PxEeEmMing to CCITT standard H. 261, from an

5 ZSDN video terminal to a 32kbit/s signal for transmission
over a Digital European Cordless telephone (DECT) network.

Known transcoders decode video encoded according to a
first coding scheme into an uncompressed video signal which
is then encoded by an encoder according to the second coding'

10 scheme to output a new compressed data stream. Thus, a full
decoding operation is carried out to reconstitute the
original video signal and then this video signal is encoded
to provide a new coded data stream according to the second
coding scheme. Motion vectors have to be generated for the

15 signal encoded according to the new format and this accounts
for-a large proportioﬁ of the processing time of conventional
transceders.

According to the present invention there is provided
a transcoder comprising a decoder for decoding a video signal

20 encoded according to a first coding scheme employing motion
compensation techniques and an encoder for encoding the
decoded video signal according to a second coding scheme
characterised in that the decoder extracts the motion
compensation information from the video signal and transfers

25 the motion compensation information to the encoded video
signal output from the encoder.

The motion compensation information may be transferred
unmodified from the decoder to the output of the encoder,
thereby reducing the processing required in the transcoder.

30 Alternatively, the motion compensation information may be
modified in accordance with the compression ratios of the two
coding schemes.

The decoder and encoder may operate with a non-
constant clock rate and thus the capacity of the_in the main

35 data path can be reduced over conventional tranécoders.

It is not necessary for the motion compensation block

! size of the two coding schemes to be the same. If the
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Transform coding exploits the correl ation of pi xel

nagﬁltudes within a-franme by transform ng the magni tudes into anot her

set of val ues,

many of which are relatively small and can therefore be.

coded using femer bits. The nost comon form of transform codi ng uses
the Discrete Cosine Transforn (DCT). A block of NxM pixels is

transformed int@s@nuRilAY & the tb%“%ch%ﬂ@§fQ%th€“§5mé'eﬂhén the TR®tion
resulting array of coefficients is then quantlsed by |V|d|ng each _
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changed, but some will need to be duplicated or discarded as
appropriate. For example, if the ﬁotion compensation block
size of the first coding-scheme is 16x16 pixels and that of
the second coding scheme is 8x38, then the motion vector for
one 16x16 block can be used for the fdur co-sited 8x8 blocks
of the second scheme. If the block size of the first coding
scheme is 8x8 pixels and that of the second coding scheme is
16x16 pixels, there is an excess ¢f motion vectors for the
second coding scheme. Thus, for instance, an average of the
four relevant motion vectors may be calculated and used.

If the resolution of the input picture is different
from the resolution of the. output picture resolution, the
vectors may be scaled appropriately. For, example, if the
motion compensation blocks of both coding:schemes are 16x16
pixels, the input resolution is 352x288 pixels and the output
resolution is 176x144 pixels, the vectors input to the
transcoder are divided by two before being transferred to the
encoded video signal. ‘The computational complexity is small
compared to conventional motion vector estimation;

' When predictive coding is used, discrepancies may
arise between the data transmitted from the original encoder
and that decoded at the destination décoder, owing to
transmission errors. Deéoded-images formed at the final
decoder will therefore contain artifacts which will increase
with time wunless = non-predictive coding is occasionally
employed to restore the integrity of the decoded signal.
However, the originél encoder may not employ non-predictive
coding sufficiently often for an acceptable decoded image to
be constructed at the destination encoder if a transcoder is
emploved of which the original encoder is not aware. This
will result in a drift between the video signal received by
the tranécoder and that_qgtput'from the transcoder.

Advantageously therefore the transcoder includes drift
compensation means. The drift compensation means preferably

comprises means for forming a signal representing the drift
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10 coefficients may be coded in variable | ength code, for I nstance a
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' drift without introducing a delay in the encoded signal.
The drift signal may be subjeéted to a threshold such
that the drift signal is added to the output of the decoder
10 if it exceeds such a threshold
Preferably the decoder includes an inverse quantiser
and - the encoder includes a quantiser of different
quantisation step size from that of the inverse quantiser.
The invention will now be further described by way of
15 example only with reference to the accompanying drawings in
which: - '

Figure 1 shows a schematic drawing of a known
transcoder; _ ' | '

Figure 2 shows a schematic drawing of a transcoder

20 according to one embodiment of the invention; and

Figure 3 shows a schematic drawing of a transcoder
according to a second embodiment of the invention.

Figure 4 shows a schematic drawing of a transcoder
according to a third embodiment of the invention.

25 A known trahscoder as shown in Figure 1 can be -
perceived as comprising a decoder 28 and an encoder 30. The
decoder 28 comprises a variable length decoder 2 which
receives a video signal encoded according to a first coding
scheme employing motion compensatién and DCT coding of the

30 difference signals, say a 64 kbit/é signal conforming to
CCITT H. 261 standard. The decoder 2 detects and conﬁerts the
received data into quantised DCT coefficients, quantisation
indexes and motion vectors. - The DCT coefficients are passed
through an inverse quantiser 4 and an inverse DCT processor

35 6 which converts the DCT coefficients into,pixel'difference
values. . '

The motion vectors are passed to a motion compensator



prédjcféd frame are, on average, smaller than those between the current
and reference frame and can be encoded_using -a | ower bit rate. A
decoder which already has the reference rane stored can thus reproduce .
the current frame using the 30 notion vectoré and the difference val ues.

A signal may be coded using any of the aforenmentioned coding techniques,
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it is desirable can ept are
st ream encoded %5 ﬁbeopéﬁﬁgopé énamqn ﬁhﬂﬁnkiQﬁb b%tbb?naﬁeéﬁé@maﬁ(ﬁﬁQF a -

stream  encodge fLEes dfnsm&oseo§60@@daﬁedhaaeacIﬂ%madalefr ane it output
decoder which operated accord 8 to a second codi ng schene

the anerse CT processor 6 to produce a decoded data

5 stream for the current block. The decoded data stream is

stored in the previous frame store 12 as a reference for the

next frame.
The decoded data stream also passes into the encoder

30 of the transcoder and a motion estimator 14 searches a

10 previous frame buffer 16 for an offset biock of pixels that

closely resembles the current block. The motion vector for

this best-match block is calculated and the block retrieved

from the previous frame buffer 16 and subtracted by means 15

from the decoded data stream to form a difference signal.

15 This difference signal for .the current block 1is then

transformed into the frequency domain by a DCT processor 18.

The fréquency coefficients thus generated are then gquantised

in a gquantiser 20 having a step size suitable for the bit

rate desired at the transcoder’'s output. A variable length

20 coder 22 converts the output of the quantiser 20 and the

motion vectors from the motion estimator 14 into variable
length codes and then outputs the data in the new format.

The encoder 30 of.the transcoder also includes a local

decoder which comprises an inverse quantiser 24 and an

25 inverse DCT processor 26. The output of the inverse DCT

processor 26 and the motion estimator and compensator 14 are

inpﬁt to an adder 27 to produce an updated predicted frame

which is stored in the previous frame store 16.

A transcoder according to one embodiment of the

30 invention is shown in Figure 2. The transcoder compriseé a

variable length decoder 40, for decoding incoming signals

encoded according to a first fofmat, for instance in

: accordance with - CCITT standard H. 261 at 64kbit/s. The

decoder 40 detecté and converts the variable length codes

35 into DCT coefficients and motion vectors and the latter are

passed through the transcoder without any further processing

as indicated by numeral 42. Such a transcoder is suitable
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-3- - | then such a transcoder would allow reception of the

transm ssi on encoded according to the first codi ng schene. For exanpl e,
a transcoder could be used to convert a 64kbit s vi deo signal, -
conformng to CCTT standard H 261, froman 5 SDN video termnal to a
32kbit/s signal for transm ssion over a Digital European Cordl ess

t el ephone (DECHBometydéK.with codingKngvhemeansaadehy detede swndeo pargnses

Wi s A UHEHRRE by AP At Rorth 1) 8% HES CeRbnd AT I
schene to out pileckewicenpr esBel 06Ta caeffimicfings, agef fhen input to an
inverse quantiser 44 and the resulting data requantised by
5 quantiser 46 with a different quantisation' step size
apprdpriate to the output format, for instance 32kbit/s. The
new DCT coefficients are encoded by a variable length coder
48 and then recombined with the motion vectors 42 in a

| ‘multiplexer 50. - _

10 Figure 3 shows a trahscoder according to a second
embodiment of the invention which is suitable for use with
coding schemes having different picture resolutions, for
instance a first coding scheme having a picture resolution
0of, say, 388x288 pixels and a second coding scheme having a

15 picture resolution of, say, 176x144 pixels. A motion vector
scalar 45 scales the incoming motion vectors 42 by a factor
of 0.5 énd the resulting motion vectors 42a are multiplexed
with the output of the VLC, as described with reference to
Figure 2. | ' '

20 The quantiser 46 introduces quantisation error into
the output of the transcoder which is not foreseen by the
original encoder. This error will build up over time unless
this drift is compensated for. - The transcoder according to
Figure 3 also includes drift compensation means. The output

25 from the inverse quantiser 44 is fed to an inverse DCT
processor 52 and the output of quantiser 46 is fed to an
inverse DCT processor 54. The resulting pixel difference
'values are passed, via adders 56,58 respectiveiy,.into frame
stores 60,62 respectively; the contents of which are

30 compensated by the original motion vectors 42 and the scaled
motion vectors 42a respectively. After a delay of one frame
the contents of the frame stores 60,62 are subtracted by
subtractor 63 to form a drift signal between the received
data (stored in frame store 60) and the transmitted data

35 (stored in frame store 62). This drift signal is then
converted back into the frequéncy domain-by a DCT processor
64 and added to the output of the inverse quantiser 44 by



decodi ng operation is carried out to reconstitute the original video
signal and then this video signal is encoded to provide a new coded
data stream according to the second codi gg-schene. Mdtion vectors have «
to be generated for the 15 signal encoded according to.the new format and
this accounts for a large proportion of the processing tinme of
conventional agdderaBScodens. drift is thAecosfipefishtelinfopraseat a raeidy ot

there is prOV|ded atra oder conpr|5|n a_decoder . for di -
vi deo signal 26 ngn R accot £5°8 f‘f?‘%?g%%%l‘f?fg g@ﬁ&ﬁé’tgrrp(fp L‘:Hg ?Foﬁéll%%
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si gnal accordlggs?%d%fygi d codi ng schene characterised in that the
decoder extracts the not conpensation information fromthe video
signal and t¥ansfers Esgt-lh'é nét | Ghastnpeaat abkernabiviat | embedimgatenefded

video  signak gukRéae @88 WPrl'ehe invention, which is suitable for
coding schemes having the same picture resolution, transform
block size and motion compensation block size. Similar -
componehts are indicated by the same reference numerals. In
10 this embodiment the drift signal is formed in the frequency
domain as opposed to the pixel domain. The-outputs of the
inverse quantiser 44 and the quantiser 46 are input to a
subtractor 70 to form an drift signal between the DCT
coefficients of the received and transmitted signal. This
15 'drift signal is then converted to the pixel- domain by inverse
DCT processor 72, The output from the inverse DCT processor
72 forms one input to an adder 74, the output of which is
passed to a frame store.76. As before, after a delay of one
frame, the contents of .the frame store are transformed back

20 into the frequency domain by a DCT processor 78. The
contents of the frame store also form the second input to the
adder 74. '

Figure 5 shows a further embodiment of a transcoder

according to the invention which is suitable for use with

25 coding schemes that do not employ motion compensation
techniques. Such a transcoder is suitable for use with
signals other than video signals. As Dbefore, similar
components are indicated bi the same reference numbers. The
transcoder of Figure 5 operates in a manner similar to that

30 shown in Figure 3.
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signal encoded according to a first coding scheme employlng
motion compensation techniques and an encoder for encoding
the decoded video signal according to a second coding scheme
characterised in that the decoder extracts the motion
compensation information from the video signal and transfers
the motion compensation informatiéon to the encoded video
signal output from the encoder. |
2. A transcoder according to Claim 1 further comprising
drift compensation means.
3. A transcoder according to Claim 2 wherein the drift
compensation means comprises means for forming a signal
representing the drift between the output of the‘decoder and
that of the encoder, means for storing the drift signal and
means for adding the drift signal to the output of the
decoder.
4. A transcoder according to Claim 3 wherein the drift
signal is added to the output of the decoder after a delay.
5. A transcoder according to Claim 4 wherein the drift
signel is added to the output of the decoder after a delay of
one picture period. _
6. A transcoder according to either Claim-4 or 5 wherein
the drift signal forming means forms the drift_signal in the
frequency domain, and the transcoder further includes means
for converting the drift signal into the pixel domain and
means for transforming the drift signal back to the frequency
domain.
7. A transcoder according to either Claim 4 or S wherein
the drift compensation means comprises means for storing the
output of the decoder and encoder in the pixel domain and for
forming the drift signal in the pixel domain and means for
transforming the drift signal back to the frequency domain.
8. A transcoder according to any one of Claims 3 to 7
wherein the drift signal is added to the output of the
decoder only if the drift signal exceeds a threshold.
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- 4- ) resolution of the two schenes is the sane, then the notion

sectors can be transferred unchanged if the bl ock si i ch - DUt
some will need to be duplicated or discarded as PYH18 (BHEET HAS BBEN
exanple, if the notion conpensation bl ock - 5&ize of |the f RERLAGERDi ngs¢hene
I's 16x16 pixels and that of t he second coding sc ! the

notion vector f,or 0 | n_he . us I four, : - Si
bl ocks of tghe sec%ng%sag:‘%é#get} %?éto%glﬁ’l oc% g’?’{feggfetc?%é rc&%gchga{h%m_
schene is 8x8 pheeldecoderhincdudese secbndersdi qyantiser iand othex pacoder
pi xel's, there %c%d@écﬁs&ugkt%fe'roefv&fmf‘?%ﬁgﬁerqﬁ?ﬁtisat§8ﬁ0é‘9eﬁ%%d£@ from

schene. Thus, ?'or I nstance, an average O]
that of the inverse gquantiser.

5 10. A transcoder comprising a decoder for decoding a video
signal encoded according to a first coding scheme and an
encoder for encoding the decoded video signal accoxding to a
second coding scheme characterised in that compensation means
are provided to compensate for the drift between the output

10 from the decoder and the input to the encoder.
11. A transcoder substantially as described herein with
reference to Figures 2, 3 or 4 of the accompanying drawings.
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four relevant notion vectors may be cal cul ated and used. If the

resolution of the input picture is different fromthe resolution of the
out put picture resolution, the 15 vectors ndy -be scgled—appropriately.
For, -exanple, if the moti on conpensation bl ocks iTHISISHEEDdHASY BEEp§nES
are 16x16 pi xel s, the input resolution is 352x288 DIXG|REPHKEEDhe out put

resolution is 176x144 pixels, the vector 8BSABALCT o t- transeedes.al e
divided by two before being transferred to the 20 encoded VI deo SI gnal .
The conput ati onal con‘{)I exi tr}/ i s_snmal | conpared to, conventi on not,i on
vector estimation. SERAST pfodi cthfe TRRYRESISRU efdAnadSs

my . arise bpévResnt Be fdaka anmHiddcshd resaing s)ememeaémpmegdar; motdth
t hat decoded at _the destination_decoder o%ngvﬁ))z trggs si on errors. 5
Decoded | magecs PBPRBASRE OPnEORPRAF o0 & (ARCHAT D) 117 R SRS, ar oL ve
artifacts whi odatvaldtresneaseoded vaddordimeg uth as £inmt rodding iswhexmdiangl ian
occasi onal I'y encoder (30) for encoding a data stream.from the decoder into
a data stream according to a second coding scheme. The
decoder (28) extracts motion vectors from the received data
10 stream and passes them (42) to the data stream of the
encoder, so avoiding the recalculation of the motion vectors.
Drift compensation means (52-64: 70-78) may be provided to

compensate for any resulting drift after a picture frame.

15
Figﬁre 3
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rrpl oyed to restore the integrity of" thg decoded si gnal . However, the
original encoder may not enploy non- ‘prediict i've 130 coding suffici ently often
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for an acceptabl e decoded inmage to be constructed at the destination
encoder if a transcoder |s enpl oyed ¢f;) which t oo S
not aware. This Wi | I‘ikresult in a dri /t;s'bet ween ﬁﬁg Sﬁﬁ%@h@g&@
recei ved by thgy transicoder and that output fronpthe tHERLAGER
Advant ageously thed eforé the transcoder includes drift corrpensatlon
means. The drift coNpen on nmeans preferably conprises neans for
form ng a signal represe tgnq the drift
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-5-. "-  between the output of the decoder and that of the encoder,

nmeans for storing the drift signal and neans for adding the drlft
signal to the output of the decoder. In a preferred enbodi nent,
the drift signal is added 5 iy0,the output of the dec e‘;g T vas ;ay
preferably of one pi cture ed. Such an arranger B s

The drift signal nmay be subjected to a thresho such that the drift
signal is added to the output of the decoder if it exceeds such a

t hreshol d. Preferably the decoder |ndludes an inverse quantiser
and the encoder includes a quantiser of| di fferent
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qgquang i sation step size fromthat of the inverse quantiser. The

invention wll now be further described by way of 15 exanple only with
reference to the acconpanyi ng drawi ngs in whi ch: Figure 1
shows a schematic drawi ng of a known transcodE“" E ;é re 2
shows & schematic drawi ng of a transcodﬁr 20 acc r%l'lsn H%T 1AS Bgﬁg di ment of
the invention;Aand Figure 3 sh a sc L ﬁag_m a o
t ranscoder acc ing to a second enbodi nent of the invention. . _
Figure 4 shows a sChematic drawi mg of a transcoder according to a téprd
enbodi menT of _t he I hvention. 25 A known transcoder as shown i\
Figure 1 cane ‘perceived as conprising a decoder 28 and-aq.encoder 30.
The decodeg=28 conprises a variable | engt h decoder 2 which receives a
vi deo signal ®ncoded according to a first coding
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séhe_rrét'errpl oyi ng noti on conpensati on and DCT coding of the 30 difference
signals, say a 64 kbit/s signal conformng to CaTT H 261 standard.

‘The decoder 2 detects and converts the received data into quantised DCT
coefficients, quaryN sation [ Jehées and not i _
coefficients are passed t hr oughan inverse iR SHEET WASrBEEAN] i nver se
DCT processor 35 6:which converts the DCT coeffici erREPLAGED pi xe
di fference val ues. The notion vectors are passet—te~a noti
conpensat or ' %l
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8 which cal cul ates the address of the predi ction pixel block

in the previous frane. This block is then retrieved froma previ ous
frame store 12 and added in adder 10 to the output of the inverse DCT
processor 6 to produce a decoded data 5 streamfor the current bl ock
The decoded data streamis stored in the previou 12 as a
reference for the next frane. The PegigdgHERTaHAS BEENGm al so
‘passes into the encoder 30 of thg%yggnscoder d REPpACED estijmator 14
searches a 10 ppevious franme buffer 1 or an of TXel s t hat
cl osely resenbl§§ the current block. The notion vector for this
best-match bl ock is cal culated and the block retrieved . fromthe
previous frame—buifer 16 and subtracted by neans 15
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fromthd decoded data streamto forma d|fference signal. 15 This

di ff.erence * S|gnal for the current block is then Ptr EIHETIE O
t he-frequency domain by a DCT processor 18. . The fre:R&F e nlts

t hus generated are then quanti sed in a quantiser 20} hpvi ng a step g Ze
suitable for the bit . rate desired at thdiltranscoder} s| otk duAUG

vari abl e | ITessSHERP HASOBEENRE converts the output of: the| gpantiser 20 angd k he
noti on ve ctorsREp phe nojion estimator 14 into variaple engt h codep
and then n the new f o ARATRACT The encoder 30 of
the transcoder also includes a |ocal decoder which conprises an inverse
quanti ser 24 and an 25 inverse DCT processor 26. The output. of the

i nverse DCT pr ocedsotrassgaderhel oot itde e§?§1ﬁﬁ€%+°§no°%or?ﬂé1%%t 5Fgf3‘l§re
i nput to an aqger, 2 to ﬁPéi’HCEn@”aU@Q@ERQ 96&ﬂﬁ§t§@héﬁéﬁ8mplo%lh@hmloﬁ:10n

stored in the previous franme store . a4 (28$A\ftor rasecod(ﬁna%cc}%%.qu’
one enbodl n:enth;fnetwtlon comprlses a decoder q
data stream encoded according to a first coding scheme and an
encoder (30) for encoding a data stream.from the decoder into
a data stream according to a second coding scheme. The
decoder -(28) extracts motion vectors from the received data
10 stream and passes them (42) to the data stream of the
encoder, so avoiding the recalculation of the motion vectors.
Drift compensation means (52-64: 70—78_) may be provided to
compensate for any resulting drift after a picture frame.
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30 invention is. shown in Figure 2. The transcoder conprises a

| engt h decaoder 20, for decodi ng i ncom ng s$ighals
a first format, for. instance in
261 at 64kbit/s. The

| ength codes 35 into DCT coefficients and notion

passed t hrough the transcoder w thout any further p
i ndi cated by numeral 42 Such a tranquﬂgL is suita
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for*use'mﬁth‘cpding schenmes having the sane picture

resol ution,

transf orm‘bl ock size and noti on conpensation bl ock si ze. The DCT
coefficients are then input to an . i nverse quantiser 44 and the '
resulting data requantised by 5 quantiser 46 with a ; - tion
step size appropriate tgbthe out put format, for ig ?LKSEM SHEET§The
new DCT coefficients are en ed by a variable |ength gqoder 48 ampdit hen
reconbi ned with the notion vectors 42 in a ~mul ti gl gxel HAUGNGIS

Figure 3 shows a transcoder according to a ond dnbodi ment of {hé
invention which is suitable for use with codi ng gcf avi

different picture resolutions, for i nstanpce a firnst codi ng _schene
having a picture resolution of, say, 388x288 pixels and a second codi ng
schene having a
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15 pictﬁré résplution of , say, 176x144 pixels. A notion vector scal ar 45

scal es the incom ng notion vectors 42 by a factor of 0. 5 and the
resulting notion vectors-42a are nultipl exed with the output of the VLC,
as described with reference to Figure 2. 20 The.quantiser 46
i ntroduces quantisation error into t he out put 'jﬂﬂmyﬂ}ﬂmﬁNqbgﬁggrmhich is
not foreseen by the original encoder. This err¢r pwtr—borte—tpy oyer tine
unl ess this drift is conpensated for. The tra1s,odﬁ§ ég@ﬁgng [ O
Figure 3 also includes drift conpensation neans. The o H@? rpnfthe
i nverse dguantiser 44 is fed to an invers br bcessor 52 andl t he
out put of quantiBer 46 is fed to an I nvie¥'se DCF processor 54. The )
resul ting pixel. diff& ence val ues are passed, Wra—adders—56+58— ‘ -
respectively, into fyame stores- 60,62 respectively, the contentss bof
which are ted by the original notion vectors 42 and the scéﬁéd
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~notion OeEtoFs?42a respectively. After a delay of one frame - the contents

of the frdnme stores 60,62 are subtracted by subtractor 63 to forma
drift signal between the received data (stored in frane store 60) and
the transmtted data 35 (stored in frame st JREPPALE R Ift signal is

t hen converted back into the frequency donai
and added to the output of the inverse quantifsq

A H
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adder’ 65. The drift is thus conpensated for after a delay of one frane.

The notion conpensated contents of the frane stores 60,62 also formthe
second inputs to the adders 56, 58" respectively. 5 Elgure—4
shows an alternative enbodinent of a transcga he
invention, which is suitable for codi ng schenes h ture
resolution, transform bl ock size and notion conpe

10
las
i nver se quantlser 44

Simlar conponents are indicated by the sane refe
this enbodi ment the drift signal is forqudgn the fr
opposed to the pixel domain. The out put th

and the quanti ser 46 are input to a subtractor 7 O4-o—o+m-ar—ehtft
si gnal between the . coefficients of the received and transnitted
signal. This 15 drift signal is then converted to the pixel- domain by
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DCT ¢ processor 72. "The o verse DCT processor 72 forns
one input to an adder UmHlmmﬂ“gmmﬂm ch-is passed to a frame st
76. As before, after a

store are transfornmed back 20 into the frequency domai
78. The
adder 74.
accordi ng
that do n
sui table for
simlar

bef or e,

re

af an the confg

PEACEMENT. §

contenfs af the frame storeal so formthe]s¢cond |nput to]t

e

THIS SHEET HASBEEN |5 shows a further embodi nenf ¢f 28tJUadWie
to t IREPLAGED i Oon

ich is suitable for use wjth 25 coding sche
onpensat i on CoAMMS ques. |Such a transcoder

DI
e

S
S

use with signals other than video 4ignals As

conmponents are indicated by the same reference nunbers.

The transcoder bf FiAyurapsSodgyehavirgs ai decademfongrarsallyi devoding & hadeo3Sigaslown

in Figure 3.
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35

encoded according to a first coding scheme employing motion compensated

predictive coding, to produce a intermediate signal, and an encoder for recoding

-the intermediate signal according to a second coding scheme employing motion

compensated predictive coding, the decoder being arranged to extract the motion

compensation information from the input video signal and to combine the motion

compensation information with the recoded video signal.

2. A transcoder according to Claim 1 further including a motion
compensation scaler for modifying the motion compensation information in

accordance with the relative properties of the two coding schemes.

3. A .transcoder according to Claim 1 or 2 further including drift
compensation means having inter-frame predictive decoding means operable, upon
the recoding by the encoder of a given frame of the intermediate signal, to

estimate error introduced by the recoding and to apply a correction signal to the

recoding of a later frame.

4, A transcoder aceording to Claim 3, in which the dr_ifi compensation

‘means has

(a} first predictive decoding means fully to decode the intermediate signal;

(b} second predictive decoding means fully to decode an output of the

‘encoder; and

(c) means for forming the correction signal from the difference between the

outputs of the first and second predictive decoding means.

5. A transcoder according to Claim 3, in which the drift compensation

means has
' (a)} means for subtracting the intermedrafe signal and an output of the
encoder to form a difference signal; and

(b} means for predictive decoding of the difference signal to form the

correction signal.
' IThis Sheet Has Been Replaced
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n co ensate 5 *predi'ct "vescotling, [fo produce a

3 ﬁﬁ for recoding pigejuptPogeqi gt e
to ﬁm cojng scherre enpl oyfi g noti on 1

8. A transcoder according to Claim 5 wherein both coding schemes

~ employ transform coding and wherein the subtracting means is connected to

receive signals in the frequency domain, and the transcoder further includes
inverse transform means for converting the difference signal into the pixel domain

and means for transforming the correction signal back into the frequency domain.

7. A transcoder according to any one of Claims 3 to 6 wherein the drift
compensation means is arranged to apply the correction signal only if the

correction signal exceeds a threshold.

8. A transcoder according to any preceding Claim wherein the decoder
includes an inverse quantiser and the encoder includes a quantiser of different

quantisation step size from that of the inverse quantiser.

8. A transcoder for converting a video signal encoded in accordance with

a first, inter-frame predictive, coding scheme into a signal encoded in a second,

inter-frame predictive, coding scheme, the transcoder including:

(a) a decoder operable, for each received frame of the signal,

_partially to decode the input' signal, without inter-frame predictive decoding, to

produce an intermediate signal;

(b) a coder _operable to recode the intermediaté signal into a
signal coded in accordance with the second coding scheme; and

{c) - inter-frame predictive decoding means operable to estimate

error introduced by the recoding and to apply a correction signal to the recoding of

a later frame of the signal.

10. A transcoder according to Claim 9, in which the driffc compensation
means has
(a) first predictive decoding means fully to decode the intermediate signal;

(b} second predictive decoding means fully to decode an output of the
encoder; and

(c) means for forming the correction signal from the difference between the

outputs of the first and second predictive decoding means.
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conpensat ed predi ctive codi ng, g arranged to extract the
noti on conpensation i nf or the i nput video signal and to
~conbine the notion Corrpe m'mm !ﬂm}ﬂ n with the recoded—wi deo
signal. 10 : A-tr ansc niREP &WTIS]{EET her

including a rmtlon ysation scal er for n +-Re—motj op
conpensat i Orp=t T accordance with {he reh NI ﬁ%oae ties of
3. Atrans‘ﬁé tp daim

the two codi{ntHIS

1 or 2 furthler in®ERY conpensat i on{mans_having intet-franme

predictive dettding means operabl e, upon13 thg¢ recoding by the ¢ncoder

of a given frane of the internediate signal, to —esti-Fat-e—erTroT

i ntroduced by the recoding and to apply a correction signal to the

recoding of a later frame. 20 -4, A transcoder according to

Claim3, in which the & tfahscmigpesesatdion to Claim 9, in which the drift compensation
means has N

(a) means for subtracting the intermediate signal and an output of the
5 encoder to form a difference signal; and

(b) means for predictive decoding of the difference signal to form the

correction signal.

'12. A transcoder accbrding to Claim 11 wherein both coding schemes

10 employ transform coding and wherein the subtracting means is connected to
receive signals in the frequency domain, and the transcoder further includes
invgrse transform means for converting the difference signal into the pixel domain

and means for transforming the correction signal back into the frequency domain.

15 13. A transcoder according to any one of Claims 9 to 12 wherein the
drift compensation means is arranged to apply the correction signal only.if the

correction signal exceeds a threshold.

14. A transcoder substantially as described herein with reference to Figures

20 2, 3, 4, 5 or 6 of the accompanying drawings.
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means ‘has ' (a) first p m de

t he intermedi ate Si gnal mm@u“"mﬂﬂﬂmﬂngdl éxed NS
fully to de the 25 éncbdet (c) ns| for
form ng the r&GETIMAS BEEMI| from t he difference bet dut s
of the first andREBGAGED predifcti ve decodi nd®neans. |
transcoder according to Trart 3, in whi clCkAMSirift con Ton 3¢ ans
has ' (a) neans for subtracting the interned] i

out put of the encoder to forma difference signal; and (b)
means for predictive decaticogeohating aildéé@deerf@epattgamaldetednhgrarmwb@ signal

correction esr{c rAa‘d acéordm
g to a first coding scheme employing motion comn=nsaued
5 predictive coding, to produce a intermediate signal, and an encoder for racoding
the intermediate signal according to a second coding scheme employing motion
compensated pr.edictive codihg,' the decoder being arranged to extract the motion:
‘compensation information from the input video signal and to combine the motion
compensation information with the recoded video signal. |
10 |
2. © A transcoder according to Claim 1 further including a motion

compensation scaler for modifying the motion compensation information in

accordance with the relative properties of the two coding schemes.

15 3. A transcoder according to . Claim 1 or 2 further including drift
compensation means having inter-frame predictive decoding means operable, upon
the recoding by the encoder of a given frame of the intermediate signal, to

estimate error introduced by the recoding and to apply a correction signal to the

recoding of a later frame.

4, A transcoder according to Claim 3, in which the drifi'compensation
means has
(a) fi_rst predictive decodihg means fully to decode the intermediate signal;
(b) second predictive decoding means fully to decode an output of the
25  encoder; and .' |
(c) means for forming the correction signal from the difference between the

‘outputs of the first and second predicti\)e decoding means.

5. A transcoder according to Claim 3, in which the drift compensation

30 means has

{a} means for subtracting the intermediate signal and an output of the

encoder to form a difference signal; and

{b) means for predictive; decoding of the difference signal to form the

correction signal.
35 ' _ - _ This Sheet Has Been Replaced




H.ﬁ SHEms gg‘@'jcordi ng to O sREPEAGEMENT-SHEER| coding

ML 2 o i [ S 1

t¥anscodem férther includes I nvergq transfgri nmeans for copverting the

di fference signal into_the ) =sf brm ng the
correction si gn?' baé’kt"aﬁf%‘%[ef‘lea‘.:l‘:F’écg‘!Ell%rf(i’yéh’l’dfl’rg%g| wherein both coding Sqhemes

10

15

20

30

employ transform coding and wherein the subtractiﬁ§ means. is connected to

receive signals in the frequency dorhain, and the transcoder further includes

_inverse transform means for converting the difference signal into the pixel domain

and means for transforming the correction signal back into the frequency domain.

7. A transcoder according to any one of Claims 3 to 6 wherein the drift

compensation means is arranged to apply the correction signal only if the

correction signal exceeds a-threshold.

8. A transcoder according to any preceding Claim wherein the decoder
includes an inverse quantiser and. the encoder includes a quaht'iser of different

quantisation step size from that of the inverse quantiser.

8. - A transcoder for converting a video signal encoded in accordance with
a first, inter-frame predictive, coding scheme into a signal encoded in a second,
inter-frame predictive, coding scheme, the transcoder including:

{a) a decoder operable, for each received frame of the signal,
partially to decode the input signal, without inter-frame predictive depoding, to
produce an intermediate signal; _

(b) a coder operable to recode the intermedi_at'é" signal into a
signal coded in accordance with the second coding scheme; and

{c) inter-frame predictive decoding means operable to estimate

error introduced by the recoding and to épply a correction signal to the recoding of

a later frame of the signal.

10. A transcoder according to Claim 9, in which the drift compensation

means has

(a) first predictiv.e decoding means fully to decode the intermediate signal;

{b) second predictive decoding means fully to decode an output of the
encoder; and | _ _ _ |

(c) means for forming the correction signal from the difference between the

outputs of the first and second predictive decoding means.
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7. - A transcoder ‘according to any one of Clains 3 to 6 wherein the drift
conpensation neans is arranged to apply the correction signal only if the
correction signal exceeds a threshold. 10 8. A transcoder
according to any preceding Cl ai m wherei n the decoder i ncl udes an

i nverse quantiser and the encoder includes a quantiser of different
~quantisation step size fromthat of the inverse quantiser. 15 9.

der f ded d
B i rar tot or- Mams rovehfhed ECaR B Elng Privth 67 GRET CRBataen, o

second, mezhgthas-frane predictive, codi ng schene, the transcoder

|nclud|ng (a)- a decoder operable, for each received
frame of the si éﬁ)arneans for subtracting the mtermednatc signal and an output of the

5 encoder to form a difference signal; and

(b} means for predictive decodmg of the difference signal to form the

correction signal.

12. A transcoder according to Claim 11 wherein both coding schemes

10 employ transform coding and wherein the subtracting means is connected to
receive signals in the frequency domain, and the transcoder further includes
inverse transform means for converting the difference signal into the pixel domain

‘and means for transforming the correction signal back into the frequency domain.

15 13. " " A transcoder according to any one of Claims 9 to 12 wherein the
drift compensation means is arranged to apply the correction sxgnal only if the

correction signal exceeds a threshold. .
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partially to decode 't he I nput S|gnal Wi thout inter-frame predictive

decoding, to 20 produce an |nterned|ate si gnal ; (b)

a coder operable to recode the internediate S|gnal into a si gnal coded
. in accordance with the second codi ng schene; and (0

inter-frame predictive decoding neans operable to estimte error

i ntroduced by the recoding and to apply a correction signal to the recoding

of 25 a later frane of the 'signal. 10. A transcoder

according'to aim9, in which the dri¥i conpensation means has

(a) first predictive decodi ng mneansABSTRYCTo decode the internedi ate

signal; 30 - (b) second predictive decoding neans fully to decode an

out put of the A _ ‘ L
A transcoder for <the conversion of video signals

"between a first and a seccnd coding scheme employing motion

compensation comprises a decoder (28) for decoding a received

(¢ 1]

data stream encoded according to a first coding scheme and an

encoder  (30) for encoding a data stream from the decoder into

~a data streanm according-to a second coding scheme. The

decoder (28) extracts motion vectors from the received data

10 stream and passes them (42) to the data stream of the

encoder, so avoiding the recalculation of the motion vectors.

Drift compensation means (52-64: 70-78) may be proVided to
compensate for any resulting drift after a picture frame.

15
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'eﬁbé.dér; and (c) means for forhi ng the ¢ [.au_ecilnn signal from

~the difference.between the outputs of the firg REHMCEME‘WSHEEP ctive

decodi ng neans.
11. A transcoder according to Caim9, inahich thg fdri (i%mgﬁgsa pn
- CLAIMS {SA

1%

1. A transcoder hav'l'ng a decoder for partially deccding a viceo signal
enccdad acéording to a first coding scheme employing motion compensated
5 preadictive coding, to produce a intermediate signal, and an encoder for recoding
the intarmediate signal according to a second coding scheme employing motion
compensated predictive coding, the decoder being arranged to exiract the motion
compensation information from the input video signal and to combine the motion

compensation information with the recoded video signal.

10

2. A transcoder according to Claim 1 further including a motion
U compensation scaler for modifying the motion compensation information in

accordance with the relative properties of the two coding schemes.

15 3. A transcoder according to Claim 1 or 2 further including drift
compensation means having inter-frame predictive decoding means operable, upon
the recoding by the encoder of a given frame of the intermediate signal, to

estimate error introduced by the recoding and to apply a correction signal to the

recoding of a later frame.

4, A transcoder according to Claim 3, in which the drift compensation
means has
\/ " (a) first predictive decoding means fully to decode the intermediate signal;

(b) second predictive decoding means fully to decode an output of the

(3
w

encoder; and

{c} means for forming the correction signal from the difference between the

outputs of the first and second predictive decoding means.

5. A transcoder according to Claim 3, in which the drift compensation
30 means has
(2) means for subtracting the intermediate signal and an output of the
encoder to form a difference signal; and
(b) means for predictive decoding of the difference signal to form the

correction signal.
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nmeans has _ubtracfi ng the ~laee A 'B | and
an out put of the g\‘l\mm\‘umﬂ‘}“ﬂ“rm a difference ki pnal; and

(b) nmeans for predi? L O ng of the differenck ki gnlAUGT998r np the
correction signal. 1 2. 3 transcodef jacc im11
wherein both cogj ng &chgiEesdd0accddMgOYo dIARSEOWRYr &R BT Bsthe
subtract-ing means is connected to receive signaks-din the f cy
domai n, arRM@iRY VERENSEdF@Cinauendewhiersin Uilessubtractingemeens rianednmentadeans f or

Convert netbpchLgs S BB, Bl e TR

transf ormng orrection si r

13. A transemsdaranaieor tesss far QeRnyy B GirtdmeSigial Inid hWogigdildnien
drift conpensation means_ is arranged to apply the correction signal only if
t he 5 and means for transforming the Correction signal back into the frequency domain.

7. A transcoder according to any one of Claims 3 to 6 wherzin the drift
compensation means is arranged to apply the correction signal only if the

correction signal exceeds a threshold.

10
8. A transcoder according to any preceding Claim wherein the decoder
L/ includes an inverse quantiser and the encoder includes a quantiser of different
quantisation step size from that of the inverse quantiser.
15 9. A transcoder for converting a video signal encoded in accordance with

a first, inter-frame predictive, coding scheme into a signal encoded in a second,
inter-frame predictive, coding scheme, the transcoder including:
(a) a decoder operable, for each received frame of the signal,
partially to decode the input signal, without inter-frame predictive decoding, to
20  produce an intermediate signal;
{b) a coder _operablé to recode the intermediaté- signal into a
signal coded in accordance with the second coding scheme; and
\/ (c) inter-frame predictive decoding means operable to estimate

error introduced by the recoding and to apply a correction signal to the recoding of

™~
(3]}

a later frame of the signal.

10. A transcoder according to Claim 9, in which the drift compensation
means has
(a} first predictive decoding means fully to decode the intermediate signal;
30 : (o) second predictive decoding means fully to decode an output of the
encoder; and
{c) means for forming the correction signal from the difference between the

outputs of the first and second predictive decoding means.
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'correct i on mgnal—exgeeds—a—%-hr—%shol d * 20

10

11

11. A transcodér according to Claim 2, in which the drift compensation
means has

(a) méans..‘or subtracting - the intermediai2 signal andé an output of the
encoder to ferm a difference signal; and

(b} means for precdictive decoding of tha difference signal to form the
correction signal. '

12. A transcoder according to Claim 11 wherein both coding schemes
employ transiorm coding and wherein the subiracting means is connectad to
receive signals in the frequency domain, and the transcocer further includes
inverse transform means for converting the difference signal into the pixel domain

and means for transforming the correction signal back into the frequency domain.

13. A transcoder according to any one of Claims 9 to 12 wherein the

drift compensation means is arranged to apply the correction signal only if the

correction signal exceeds a threshold.
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anscoder for <tThe conversion of video signails
between a £first and a seccnd coding scheme employing motion

compensation comprises a decoder (23) for decoding a received
data stream encoded according to a first coding scheme and an
a

encoder (30) for encoding a data stream from the decoder into

a data stream according to a
decoder (28) extracts motion wvactors from the received data
(42) to the data stream of the

second coding scheme.  The

stream and passes them
encoder, so avoiding the recalculation of the motion vectors.

Drift compensation means (52-64: 70-78) may be provided to

compensate for any resulting drift after a picture frame.
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