26 NOV % - 1 - VIDEO SIGNAL CODING This invention relates to thé?%%ﬂ g of
video signals and in particular the coding of video signals for storage and

5 subsequent transm ssion. Broadcast ualltg tel evision signals require
around 6 MHz of anal ogue bandwi dt KIBECi AIENEESSCRBENG00 Moit/s of
information for a digital format obtained by sequentlally sanpling an
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nei ghbouring pixel's, eith I n space and/or 1n tine. I nstance, ‘i'n
area of a scémgqmﬂqg1qq;for a digital format ontalned by sequentlally

sampling an analogue signal to produce a PCM digital signal.

10 Such high bit rate signals are expensive to transmit
and for transmission cost reasons therefore it is desirable
to reduce the amount of information required. This can be
done by taking advantage of the correlation between
neighbouring elements of a picture (pixels) and thus

15 compromising between the reduction in information and the
quality of the picture.

Redundancy reduction techniques assume there is some
correlation between neighbouring pixels, either in space
and/or in Eime. For instance, in an area of a scene which is

20 relatively uniform (for instance a wall of a room), the pixel
values of neighbouring pixels within this area are likely to
be fairly close. Similarly, in a fairly static scene, the
pixels of one frame will correspond closely to the equivalent
pixels of a previous frame.

25 Hence pixels of a single frame can be coded with
respect to their relationship to each other (intraframe
coding) and/or with respect to their relationship with pixels
of neighbouring frames (interframe coding). Intraframe coded
frames {intrapictures) can clearly be decoded without

30 reference to any other frame whilst interframe coded frames
(interframes) require information relating to the frames used
in the prediction. Differential coding techniques may also
be used to compress video signals further. Since interframe
differential coding may result in the irretrievable loss of

35 some information owing to transmission errors, artefacts will
occur in a decoded picture if only interframe differential
coding is used. It is thus usual for a combination of intra-

and inter-frame coding technigues to be used, the intraframes
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20 Yelatively uniform (for instance a wall of a room, the pixel values of
nei ghbouring pixels within this area are likely to be fairly cl ose.
Simlarly, in a fairly static scene, the_phxels of one frame wll
correspond closely to the equival ent pixels of a previous frame. 25

Hence pixels of a single frame can be coded with respect to their
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integrity of the decoded signa
discrete cosine transform {DCT).

10 Another form of interframe compression technique is
motion compensation coding which involves the identification
of areas in successive frames which appear to correspond but
have moved within the frame. A motion vector is calculated
for each such area and a predicted frame is then formed from

15 the previous frame and the motion wvectors. Errors between
the predicted frame and the actual frame are then calculated
and, together with the motion vectcrs, cdded. This may
result in less information than that of two frames taken
together.

20 The compression of video signals is the subject of
much standardisation work. One such standard is the ISO-IEC
11172 standard "Coding ©f moving pictures and audio for
digital storage media at up to about 1.5 Mbit/s", known as
MPEG-1, which relates to the storage of video and associated

25 audio on digital storage media such as CD-ROM, digital audio
tape (DAT), tape drives, writable optical drives or for
transmission over telecommunication channels such as an
integrated services digital network (ISDN)} and local area
networks. Such coding techniques are attractive for the

30 provision of audiovisual services over limited bandwidth
systems.

The time taken to access and retrieve a stored video
signal can be prohibitive to the provision of interactive
video services in which a consumer selects a particular

35 service from a range of available services. The access time
is increased dramatically if the stored video signal requires




-2:" Ot her conpression techni ques can al so be enpl oyed; for instance
transform coding which seeks to exploit +the correlation of pixel

magni tudes within a frame by finding another set of coefficients, the

magni tude of many of which 5 will be relatgvely small. These coefficients
can then be quantised coarsely or omtted altogether. The transform
coefficients of a frame can thus be coded using |l ess information. One
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relevant video signal is transmitted to the consumer’'s
premises from a central server. In a video-on-demand
environment, for example, a consumer uses a central video
server in the manner of a remote video cassette player.

10 Consumers therefore expect the same facilities as they would
have on their own video cassette player e.g. the facility to
play, pause, stop, fast forwaré and reverse.

Various processors are available which provide these
facilities. When a consumer requests play, the coded video

15 signal stored at the remote server is transmitted to the
consumer. A local decoder at the consumer’'s premises decodes
the incoming signal to produce a video image on a television
set. In the pause mode, a pause signal is sent to the server
which, in response, sends a signal to the consumer’s decoder

20 indicating that the frame is unchanged.

When fast forward or reverse is selected however, the
coded signal must be processed further by the video server.
When a consumer requests fast forward, a signal is sent to
the server which then transmits every, say, fourth frame of

25 the coded signal. If the video signal is in an uncompressed
format, the server has to locate the beginning of every
fourth frame in the video signal and transmit these to the
consumer. This is very processor and time intensive and may
result in a delay that would be unacceptable to consumers.

30 Similarly, if compression coding techniques have been
employed, the fifth frame of the picture may have been coded
with reference to the fourth frame. If in the fast forward
mode only the first, fifth, ninth etc. frames are to be sent,
each frame to be.sent must be recaded with respect to the

35 preceding frame to be sent. This is very processor- and
time-intensive. For video signals coded wusing only
intraframe coding, it is known to provide a fast forward mode



and, fogether with the nmotion vectors, coded. This may result in |ess
I nformation than that of two frames taken together. 20 The
conpression of video signals is the subject of nuch standardi sati on worKk.
One such standard is the SO IEC 11172 standard "Codi ng of noving pictures
and audio for digital storage nedia at up to about 1.5 Mit/s", known as
MPEG 1, which relates to the storage of video and associ ated 25 audi o on
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the play mode since the intrapictures include very little
compression. The decoder at the consumer's premises
10 therefore has to be able to manage excessive changes in the
bit rate. )
In accordance with the invention a method of coding a
moving picture comprises generating a first sequence of
digital signals representing a set of images of the moving
15 picture and at least one further sequence of digital signals
representing a further set of images of the moving picture.
It will be appreciated that theLgenerated sequences of
digital signals will have an increased storage requirement
compared to a sequence which represents a play mode.
20 However, the coded sequences of data can be played back
without any further processing of tae data. In addition,
since the sequences are coded using the same coding means,
the average bit rate of the sequences will be the same. A
decoder for decoding the sequences can therefore be
25 simplified as compared to known decoders since the decoder
does not need to include means for managing excessive changes
in bit rate.

The sequences may be generated using any suitable
coding techniques such as PCM or compression coding. A
30 combination of intraframe, interframe, differential, DCT and
motion compensation techniques may bs used. Preferably a
technique that conforms to IS 11172 ér CCITT Recommendation

H. 261 is employed.
The sequences preferably represent a play mode and any
35 combination of a reverse play mode, a fast forward mode or a

reverse mode, the further set of images in the latter two
cases being a subset of the first set of images. Any



-3- further processing before it can be output to a display device. A
recent devel opnent in such services is the provision of honme entertai nnent
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5 The sequences may be generated by interframe

differential coding. Preferably, the first sequence is

generated by comparing, at each input of a new frame of the
moving picture, a current frame of the moving picture with a
frame immediately preceding the current frame and a further
10 sequence is generated by comparing, at the input of every nth
frame of the moving picture, the current frame with the
preceding such frame, where n is an integer greater than 1.

The invention also provides a data carrier having

recorded thereon a first sequence of digital signals

15 representing a set of images of a moving picture and at least
one further sequence' of digital signals representing a
further set of images of the moving picture.

Preferably the or each further set of images is a
subset of the first set. The subset may represent a fast

20 forward playback mode and/or a fast reverse playback mode.

The data carrier may take any suitable form, for
instance CD-ROM, DAT, tape drives or writable optical drives.
For a typical fast forward or fast reverse sequence to run at
6 times the play speed, an extra storage capacity of 16%

25 would be required compared to the storage capacity required
for a sequence corresponding to the play mode only.

There is also provided according to the invention a
video replay apparatus comprising switching means for
switching between a first sequential file and a second

30 sequential file of a record medium, a position counter for
recording the current position on a sequential file being
played and means, responsive to the position counter and to
information stored on the record medium, to determine a
corresponding position on the other sequential file.

35 Preferably the determining means, responsive to
information stored on the record medium relating to the
lengths of the sequential files, calculates the proportion of



the incomng signal to produce a video inage on a television set. In the
pause node, a pause signal is sent to the server which, in response, sends
a signal to the consuner's decoder 20 indicating that the frame is
unchanged. Wen fast forward or reverse is é&elected however, the coded
signal must be processed further by the video server. \Wen a consuner
requests fast forward, a signal is sent to the server which then transmts
every, say, fbhethengihe off UB tHd ¢ oRing| ghaved thatiphs FedeEsaAnfird ¥s
in an unconpregseguf s ABtpod € SLIVEL ahas fiQel SEAIEa T NEL DEGE RO 1 BV ¥
fourth frame [n the video si%nal acgitransnit these to the consuner. This
is very procesBorBfid FAHE i AERREI vELRRd TRI® r SHATCSAP el t Wit
be unaccept abpeoborepoauserishe Akngth of Sha bahky, fileconpiessi Dreloding:
t echni ques _have, been. enpl.oyed, the fifth.frame.of th icture may have en
coded w thor et RRCELESCTNESPEar ERCP r Al oY| FORS Phosr BOLPET Rk YhoIE T y
the first, fithé, curnéhtepositiameiss 3% tthihmugenhe sacventdred G s Seret
must be reCOd@S‘r%éQoé&%ﬁgt B35 precedi ngetrage t@ecﬂ%é@f‘él Cf?l'es
and tifre-int For deo signhals code

IS very processor- i'nt ensi ve. - Vi g

using only ¥representing a fast forward mode, is 25% through the second
file.

i0 Similarly, if the first file represents a play mode of

a moving picture and the second file represents a reverse
mode, the corresponding position in the reverse mode can bé
determined by calculating the remaining proportion of the
length of the file being played and calculating the position
15 in the said other file thét corresponds _to the remaining
proportion of the file being played. Hence if the player is
75% of the way through the first file, the corresponding
position is 25% of the way through the second file.

The video replay apparatus may be used in an

20 interactive video system in which the record medium is
accessed in response to a signal from a remote consumer and
a relevant sequence is output for reception by a decoder at
the consumer's premises.

According to a further aspect of the invention a video

25 coder comprises a preprocessor for selecting frames of a
video signal, coding means for generating a first segquence of
digital signals representing a set of images of a moving
picture and at least one further sequence of digital signals
representing a further set of images of the moving picture,

30 and means for writing the sequences onto a data carrier.

The or each further set of images may be a subset of
the first set, so representing fast forward or fast reverse
playback modes of the moving picture. The coder is
preferably operable to encode every frame of a moving picture

35 and also operable to encode every nth frame of the moving

picture, where n is an integer greater than 1.



intraframe coding, it is known to provide a fast forward node -4- by’
extracting the intrafrane coded franes (intrapictures) fromthe encoded
video sianal and transmtting these frames4in their original order.
Simlarly they could be sent in the reverse order for the fast reverse
node. However, not only 5 does the server, on receiving a fast forward
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and at |east one f“%&%%&esqq%?ﬁﬁ% %fa%é¥}5§cé8ﬁ%9%55to the invention;

Figure 2 1is a schematic diagram indicating coded

sequences produced by the coder of Figure 1; and
Figure 3 shows an interactive video system according
10 to the invention.
Figure 1 shows a coder 2 for coding a digital video

signal according to the MPEG-1 standard. This standard
relates to the coding of video at bit rates around 1.5
Mbit/s. The MPEG-1 standard features intrapictures and

15 predicted pictures, which may be coded with reference to a
preceding intrapicture or a preceding predicted picture. The
MPEG-1 stardard also features interpolated pictures which are
coded with reference to a past and a future intrapicture or
predicted picture. _

20 The coder of Figure 1 is intended to generate coded
sequences representing three playback modes of the input
video signal: play, fast forward and fast reversse. To
generate a fast forward or reverse seguence at n times normal
play speed, every nth frame of the input video is coded.

25 Hence a fast forward speed that is 3 times normal play speed
corresponds to every third input frame after the first being
coded and, similarly, the reverse speed corresponds to every
third input frame, in the reverse order, being coded.

A digital video signal representing a moving picture

30 is input to a preprocessor 3 which selects the frames of the
video signal which are to be coded. When the play sequence
is to be generated, the preprocessor does not _need to
reorganise the input signal and thus the frames are passed
directly to a current frame store 4. When a sequence other

35 than the play sequence is to be generated, the preprocessor
must select the frames to be coded, For instance, to

generate a sequence representing a fast forward playback mode



representing a further set of inmages of the nmoving picture. It will be
appreci ated that the generated sequences of digital signals will have an
i ncreased storage requirenment conpared to a sequence which represents a
pl ay node. 20 However, the coded sequenceg of data can be played back
wi t hout any further processing of the data. In addition, since the
sequences are coded using the sane codi ng neans, the average bit rate of

the sequences; W khrhe tdiensamene x&mpd%&avf orﬁoaéieceﬁbngpré;kfo SEAuENGes
can therefore be 25 sinplified as conpared known decoders since the _

decoder does HUtPHeed 88 itACEGdSWeafée FHr “Héﬁ&gl‘nﬁ‘m@xc‘gh%ﬁ/%f%%mbﬁsthﬁ
blthrate Thmmmh cRSand)s trrgener #ied 1usting amensdl trﬁgle&s@odxioag is to

t echni ques such as. PCM ressi on co i nati.on
T e S addn Mo rOTRERRL o £0dk e e gD EPLBLRE! ERAREL £rom

t echni quess neyhebe nsed. viddy efisyredily whérechni triecldradd cncmfmmrsa IS 11172
e oy ocomendat gn (apll 38Ty Aty HE SSRGS B o SLE W npur

represent a play no any I'nat on of” a reverse
forward node foyame by frame, to the current frame store 4 Whlch stores a

single input frame of the wvideo signal. The first input
frame of the wvideo signal is coded as an intrapicture and
10 thus is the only input to a subtracter 5. The output of the
subtracter 5 is input to a DCT transformer 6 which transforms
the input data into DCT coefficients which are then quantised
by a quantiser 8. The data then passes to a variable length
coder (VLC) 10 which codes the data from the quantiser. The
15 resulting coded data for the first frame is then stored on a
record medium 12. Data from the gquantiser 8 also passes to
an inverse quantiser 18 and an inver;e DCT 20 to reproduce
the current frame of the input signal. This frame is stored
in a previous frame store 22. A second frame store 24 stores
20 subsequent frames which, together with the frame stored in
the previous frame store 22, can be used to code a frame
using bidirectional coding techniques, as is required in the
MPEG-1 standard. Following frames of the input signal are
coded using forward prediction, bidirectional prediction or
25 intraframe techniques.

To generate a play sequence, every input frame is
coded. For this purpose, as described above, the output of
the inverse DCT 20 is stored in the previous frame store 22.
On the input of a second frame to the current frame store 4,

30 the contents of the previocus frame store 22 and the current
frame store 4 are input to a motion estimator 26 which
calculates the motion vectors for the current frame. The
motion vectors are input to a motion compensation predictor
28 together with the contents of the previous frame store 22

35 to produce a prediction of the current frame. This predicted
frame is subtracted from the actual current frame of the

input signal by the subtracter 5 and the resulting difference



reversé node, the further set of inmages in the latter two cases being a
subset of the first set of inmages. Any -5- suitable nunber of

pl ayback nodes may be provided; for exanple two fast forward nodes may be
coded, one at three tinmes the speed of t-he® normal play node and anot her at
six times the speed of the play node. 5 The sequences may be
generated by interfrane differential coding. Preferably, the first
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data is then stored on the record medium 12.

The processing of the input video signal continues on
a frame by frame basis until the whole video signal is coded.
The record medium 12 will then contain a sequence of coded

10 data representing the play mode of the video signal.

To generate a fast forward sequence at three times the
normal play speed, every third input frame after the firsf
frame is coded. When the fourth frame of the video signal
is input to the current frame store 4 from the preprocessor

15 3, the predicted frame calculated from the contents of the
previous frame store 22 (i.e the first frame)} are subtracted
by subtra;ter 5 from the actual fdurth frame stored in
current frame store 4. The difference signal produced is
then processed by the DCT 6, the quantiser 8 and the VLC 10

20 and stored on the record medium 12, This coding process
continues for every third frame as schematically illustrated
in Figure 2.

Similarly, to generate a fast reverse sequence, every
third frame of the reversed video signal is coded. This

25 coded sequence is also stored on the record medium 12.

Hence three sequences o0f coded data are generated
independently of each other: one representing the play mode,
one representing the fast forward mode and one representing
the fast reverxse mode. All the sequences have the same

30 constant average bit rate since they are encoded using the
same technique.

Figure 3 shows a system for supplying video-on-demand.
A server 30, for instance a mainframe computer, is connected
to a number of remote decoders 32 located at consumers’

35 premises via telecommunication links 34. The server 30
receives signals from the consumers and accesses a record

medium 12 which stores coded seguences of data. On receipt



15 representing a set of inmages of a noving picture and at |east one
further sequence of digital signals representing a further set of

i mages of the noving picture. Preferably tlrhci:ra_or each further set of inages
Is a subset of the first set. The subset y represent a fast 20 forward
pl ayback node and/or a fast reverse playback node. The data carrier may
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corresponding to the play node only. There is also provided according to
the inventi oPERWiSRO r&RF L ppdtat UsCERfprFSARENSH t BRfngdiBRA3YSor the
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the constant average bit rate of the coded sequences.
10 Interpolation from one seguence to another can be achieved
using a pointer to the position within the seguence and the

lengths of the particular seguence. That is to say:

posfast forward pos X }‘ength.‘ast forward / lengthp!ay

15 where:
pos = position within the seguence, in any suitable

play

dimension e.qg. time, bits etc.
length = length of sequence, in the same units as pos

20 Thus, if a cons;mer has viewed 75% of a £film and
requests fast forward, the server calculates the
corresponding position in the fast forward segquence as

follows:
25 poslas: forwarg = 75 x length.‘as: ‘orward / 100

i.e. the server accesses the fast forward sequence three
quarters of the way through the sequence. When the consumer
requests play mode, the server calculates the position
30 reached within the fast forward sequence and calculates the
corresponding position within the play sequence, as described

above.

Similarly, the corresponding position within a fast
35 reverse sequence c¢an be calculated from the current position

within the play sequence as follows:



35 + 7 Preferably the determining mneans, responsive to information
stored on the record nediumrelating to the |lengths of the sequenti al
files, calculates the proportion of -6- the length of the file being

pl ayed that is represented by the currentlposition in said file and

calcul ates the position in the said other file that corresponds to the sane
proportion of the length of the other file. Thus if the file 5 being
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second sequential  file representing a fast forward node,. i s .25%.t hrough
the second file. 1(fhilst thegaRqvg I%}',‘bg‘?‘f“??fét 9 ST 4 SEHOIE SRS BESt ay
nmode of a nogéegrpbefurne wdr-tbhersacentd i ke rigimesentdemndeveyseenpde,t t he

correspondi ng position_in the reverse npde can be.detern ned C l.ating
t he renaiﬁinﬁthigo FiBHPGPc%ﬁEea Egat uge 1nven%l%% may %% é%ﬁl&yéajfﬁ
any other suitable interactive video system, for instance

home shoppiny or entertainment services.



| en eing played and calculating the position 15 in the said
ot hﬂ“‘“ﬂ"'&l “maulmﬁlqesponds to the remaining proportion of the file being
pl ayed.¢ Hende °5f e player is 75% of th? way through the first file, the
correspondlng position is 25% of the way ﬁrough the second file. The video
replay apparatus may be used in an 20 interactive video systemin which the
record mediumis accessed in response tor 2 Lgnal froma renbte consuner
and a reIevant sequence i s output for réception by a decoder at the
consurmer' s pteni sesh Awgoredngef o codind hex awpuigy ofpitciatdeny exdiripori s g deo
25 coder CcONpPLiSeS+2nBr 8PEIGERS Aeofli@ncielfClding fHiaeYyah s2 ﬁap%%e%tgm}
codi ng neans”for gene ating a flrst sequence of digital signa
representing2asedt of iiRafRS oPfa TR AGVHPEL Li’rlé’%& anf e &t bﬂ%sFurct’r%r
sequence ef gigthak %Ie%@ln%erwaﬁajuﬁérg a1 fHaiherepebs ohtiAgoas Mirdher
nmovi ng picture, 30 and neans for witing the sequences onto a data carrier.
The or each F%iFtREr 188Eef Of nif&s AUy "HePaCEHBEet of the first set, so
representingz2fast fomedrbdrof astiinevacserphiaghackclaidels whefre itrhe: harmsd ng

picture. gygh ggggﬂerlget of images is a subset of the first.
3. A method of coding according to Claim 1 or 2
10 comprising generating the sequences by interframe

differential coding.

4, A method of coding according to Claim 3 wherein the
first sequence is generated by comparing, at each input of a
new frame of the moving picture, a current frame of the

15 moving picture with a frame immediately prgpeding the current
frame and a further sequence is generated by comparing, at
the input of every nth frame of the moving picture, the
current frame with the preceding such frame, where n is an
integer greater than 1l.

20 5. A method of codfng according to any preceding Claim
wherein the further sequence{s) represents a fast forward or
a reverse playback mode of the moving picture.

6. A video replay apparatus comprising switching means
for switching between a first sequential file and a second

25 sequential file of a record medium, a position counter for
recording the current position on a sequential file being
played and means, responsive to the position counter and to
information stored on the record medium, to determine a
corresponding position on the other sequential file.

30 7. A video replay apparatus according to claim 6 wherein
the determining means, responsive to information stored on
the record mediﬁm relating to the lengths of the sequential
files, calculates the proportion of the length of the
sequential file being played that is represented by the

35 current position in said sequential file and calculates the
position in the said other sequential file that corresponds
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pre to encode every franme of a novin Icture 35 and al so
ope]ﬂ*mtguml)mmmuaﬂ very nth frame of the noving pi c'?ulroe, where n is an

i nt eder “great’er *thdn 1. -7- Preferably the coding neans includes
interframe differential coding neans. The li3nvention will now be descri bed
further by way of exanple only with reference to the acconpanying draw ngs
in 5 which: Figure 1 shows a coder according to the invention; Figure 2 is
a schematic dicaghsnsiandi EACONF Eode® s EGFeAC8ITPr BuLRY By EheS BEBRTORL
Figure 1; and;kiggure 3 shows an interactive video systemaccording 10 to

the invention. Figure 1 _shows a coder 2 for coding. a djigital,. video signal
according to8he MPEGY19&PaRBRELEY app?ﬁ?§u§t§ﬁ88FgIP%Ié?e%f?bmt éwﬁﬁﬁgﬁﬁ of

video at bit +hat efetad@4ineh dg Smeans, responsive to information stored on
5 the record medium relating to the lengths of the sequential

files, calculates the remaining proportion of the length of

the sequential file being played that is represented by the

current position in said sequential file and calculates the

position in the said other sequential file that corresponds

10 to the remaining proportion of the sequential file being
played.
9. A video replay apparatus as claimed in any one of

claims 5 to 8 including means for processing signals from at
least one remote location and means, responsive to a signal
15 from a remote location, for accessing sequential files on the
record medium and outputting a relevant sequential file for
transmissi;n to the remote location.
10. A video coder comprising a preprocessor for selecting
frames of a video signal, coding means for generating a first
20 sequence of digital signals representing a set of images of
a moving picture and at least one further sequence of digital
signals representing a further set of images of the moving
picture, and means for writing the sequences onto a data
carrier.
25 11. A video coder according to Claim 10 wherein the or
each further set of images is a subset of the first set.
12. A video coder according to Claim 10 or 11 wherein the
coding means includes interframe differential coding means.
13. A video coder according to Claim 10, 11 or 12 wherein
30 the first sequence represents a play mode of the moving
picture and a second segquence represents a fast forward mode.
14. A video coder according to any of Claims 10 to 13
wherein a- further sequence represents a reverse mode.
15, A video coder according to any of claims 10 to 14
35 being operable to encode every frame of a moving picture to
generate the first sequence and also operable to encode every

U
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standard features intrapictures -and 15 predicted
pi clnﬁmmlmumﬂbe coded with reference to a preceding intrapicture or
a précelliny ptedi ct'ed picture. The MPEG 1 standard al so features
i nterpol ated pictures which are coded with reference to a past and a future

intrapicture or predicted picture. 20 The coder of Figure 1 is
intended to 0gART atakpdesk S%ﬂ!éenﬁéﬁfx@pr%@ﬂlt@g*bhr?Snakéﬁba% VEQQQ:%&E
the input video signal: pla fast forward and f reverse

generate a fa%tIt® ﬁ%rde?r?eVerseasehBEﬁgéraﬁrﬁaFFﬁeg ABrfal pl ay speed -
every nth framge of tahe d:{tht daﬂeceusmd&oh &Fedd&raea atfl'x&'ifeofrpr\&ar dispaed
that is 3 tines_nornal g 8% speed_corresponds d i_nput frane

d

after the first3beihy @ hnart irﬁPFéFI§e°Fﬁ8ePé§3?sa §6%e8fcépﬁﬁ§ﬁoﬁas

to every third mopungfpanmgrenamﬁeJGa&nfmnerﬂer*h®elmgqceded oA diigyittadl

video si gnal JpleSentLpo. 2 IPYLO0PILIIe S de a0, A Pr ERLOGESAT 3

whi ch selects r ane eo signal are bé co
t he pl ay sequemm@ux%-to be generated, the preprocessor does not need to

reorgani se theyinputy shjgpal and-tdws  Lhe Lk agestAr e183%S€8s wherein the

further set of images is a subset of the first set.
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di T'ectl'y to a current frame store 4. Wen a sequence other 35 than the play
sequence is to be generated, the preprocessor nust select the frames to
be coded. For instance, to generate a sequence representing a fast
forward pl ayback node at three times~thé normal play node, the
preprocessor 3 outputs the first and every third frame thereafter to the
current frane store 3. Simlarly, when_a_r [Se node is to be coded, the
preprocessor selects the rel evant frar‘r%?sff%ﬁmthe i nput video signal, when
it is playedy metded £ ci dg afreﬁo‘&eicecpie:{tnb:;e tdvenppriepi T eps0eE r St i@ a

i nput, franme Db frarre he m r e.4 re ingke
i nput frane oflxtshe w%‘é%gcs:% aifl rsqr%tlgsr uf °F ?ggn%ggskgheasvgg%o Qk
signal is cod@dg&s af lantnparpret me»ane aodt hHSIPQS'@ hengnfyripputs equence

subtracters 5 ut SUDELSCAEIng LS ELBRHEr! 9ok DET sifansf o ger
6 which transft m:gqﬁag |snlp 1’t“!(l ata nt%&DCTn%oe ftl ci enfs W whi ch are then
quant i sed bytéeqmmﬁarpsctqrﬁé ddtda YheH. PAs§EE SEBSAFATSabPRtPedgtdRta

carrier. The or each further set of images may be a subset
of the first set. An interactive video system can access and
transmit a sequence as requested by a consumer without

10 further processing of the digital signals.

Figure 2
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coder (\AID 10 which codes the data fromthe quantiser. The 15 resulting
coded data for the first franme is then stored on a record nedium 12. Data
fromthe quantiser 8 al so passes to an inverse quantiser 18 and an inverse
DCT 20 to reproduce the current framg pof the input signal. This frame is
stored in a previous frame store 22. Azecond frane store 24 stores 20
subsequent franes which, together wwth the frane stored in the previous
frame store 22, can be used to code a frane using bidirectional coding
techniques, as is required in the MPEG 1 standard. Fol | owi ng franes of -
the i nput signal are coded using forward prediction, bidirectional
prediction or 25 intrafrane techniques. To generate a play sequence, every
input franme is coded. For this purpose, as described above, the output of
the inverse DCT,20 is stored in the previous frane store 22. On the input
of a second fréﬁe to the current frame store 4, 30 the contents of the
previ ous frane - 22 and the current frame store 4 are input to a notion
estimator 26 igle cal cul ates the notion vectors for the current frane.
The notion vec égiéa‘e input to a notion conpensation predictor
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28 t'ogether with the contents of the previous franme store 22 35 to produce
a prediction of the current frame. This predicted frane is subtracted from
the actual current frame of the input signal by the subtracter 5 and the
resulting difference -9- signal p;%cessed by the DCT 6 and the quanti ser
8. The signal is then coded, as descri/bed above, by the VLC 10 which al so
mul ti pl exes the coded difference signa*LMAth the notion vectors,

guanti sati on par anmet ers and inter/intra 5 classification necessary
for subsequent decoding. This coded data is then stored on the record
medi um 12. The processing of the input video signal continues on a frane by
frame basis until the whole video signal is coded. The record nedi um 12
will then contain a sequence of coded 10 data representing the play node of
the video signal. To generate a fast forward sequence at three tines the
normal play speed, every third input frame after the first
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frane § the fourth frame of the vidpo SREFIACEMENKREHERTS SG

t he. cd !{?Eﬁaggma?&§“ g4 fromthe preprocessor 15 B, ¥tibescyipteh :qiaged f.r.dorepaged 7.
cal culjatled_from the cepnfents of the previous frame ptBdEaidds) i .:epaged..f.ito glaged .....
frame)] 4re2SUNBYIW¥ed{by subtracter 5 fromthe act upl & Brawidgss)f rpaged .06 grged . %2,
I n cunr frage store §. The differencd signal prpd@cgdihé t hgjaged 9586 SRded ...
by thg DCT 6, the quant}ser 8 and J{&OVISQGJ;QLZ&D%% stored on the record

medi ufr4S———Hais—eodi-ngl process cont1 nues for every £ S,
schematically illustrated in Figure 2. Simlarly, t

reverse sequence, everijid riiril’\,(énftﬁafferémcaﬁélegbeﬂﬁé &Qéhi\agd@z sﬁligeelk%igngﬁed-
This 25 coded geguence is al,sq stored on the record nediu : nce three
sequences of cgagd" BT A GEnaPateE 1irﬁd8pevﬁ&§ﬁtf§/gﬁ?9%a€]‘hr SERERTE AR

representindg t fiebpeayenpderamsme ssépnresenting the fast forward node and one

representing the fastzIRR3¢ BREEity tAllevi D605 SAURNIGES r%@r\ﬁgrghgr&gﬁisgge'

constant average bit rate since they are encoded using the sanme te
Fi gure 3 shows™3Z sP&t ERFRICURARAHE SF Rdo-ioh-HeqRafy. ©f 100 Mbit/s of

information for a digital format obtained by sequentially

< ex

sampling an analogue signal to produce a PCM digital signal.

10 Such high bit rate signals are expensive to transmit
and for transmission cost reasons therefore it is desirable
to reduce the amount of information required. This can be
done by taking advantage of <the correlation between
neighbouring elements of a picture (pixels) and thus

15 compromising between the reduction in information and the
guality of the picture.

Redundancy reduction techniques assume there is some
correlation between neighbouring pixels, either in space
and/or in Eime. For instance, in an a¥ea of a scene which is

20 relatively uniform (for instance a wall of a room), the pixel
values of neighbouring pixels within this area are likely to
be fairly close. Similarly, in a fairly static scene, the
pixels of one frame will correspond closely to the eguivalent
pixels of a previous frame.

25 Hence pixels of a single frame can be coded with
respect to their relationship to each other (intraframe
coding) and/or with respect to their relationship with pixels
of neighbouring frames (interframe coding). Intraframe coded
frames (intrapictures) c¢an cleariy be decoded without

30 reference to-any other frame whilst interframe coded frames
{interframes) require information relating to the frames used
in the prediction. Differential coding technigues may also
be used to compress video signals further. Since interframe
differential coding may result in the irxrretrievable loss of

35 some information owing to transmission errors, artefacts will
occur in a decoded picture if only interframe differential
coding is used. It is thus usual for a combination of intra-
and inter-frame coding techniques to be used, the intraframes

restoring the integrity of the decoded signal.



A ser V&et-30;-f£064-i-nst-amce a mai nfrane corrput er, is connected to a nunber of

r enot '32\41&9 ed at consuners' 35 ren1 ses via telecommunic
i&iﬁm@ma\l p

| i nks rt 30 receives signals fromthe co ses
a recpr gm wh ch stores coded sequences of dat a. T8 | PAS BEEN |10
- of a g a onsuner, the serveﬁ1 accesses the f vmpmggg)ed
sequenc he sequence to t ® consumer' s_d€coder—32—via-the

link 84. The decoder 3R at the VIDEQSTIGNAL [QODINEs decodes the coded
sequet e 5 resulting video signal on a television set. If
a consumer requests a playback node, the server 30 is able to nove from one
sequence to the other mﬁthout an unacceaesmkacmositioning error wthin the
sequence ow n to th stant_avera e b|t g e

| nt erpol ati on €q%%%té-t% hother? can e'gé evggg ?Sggggg%ﬁﬁter
to the positicfrlmti hsacuhacseqmencecandlthe:-cnals representing a set of

&maaes of a mov_...c m.c::.re and at least one further seqguence

of digital signals representing a further set of images of

w

the moving picture and writing the sequences onto a data

carrier, The or each further set of images may be a subset

of the first set. An interactive video system can access and

transmit a sequence as requested by a consumer without
10 further processing of the digital signals.

© Figure 2



| engt hs of - the particul ar sequence. That is to say: pos[e
X length [err] / length[err] 15 where: pos = position w
sequence, in any suitable dinmension e. g. tinme, bits etc.
of sequence, in the sane units as pos 20 Thus, if]ajconsuner
viewed 75% of a filmand requests fast/
cal cul ates the correspondi ng position 1ﬁ the fast forwafdlLseguence as
posferr] = 75 x length[etr] / 100 ile. the server

foll ows: 25

pos[err

£

has

s& G NOV 996

“forward, t he

N
accesses the fwas
sequence. \We

position 30 reach

correspondi ng poy
Simlarly, the ¢
can be cal cul at eg

"d sequence three quarters of the way—th+ough-t-he
sunmer requests play node, the server cal cul ates the
nin the fast forward sequence and cal cul ates the

M thin the play sequence, as described above.

bndi ng position wthin a fast 35 reverse sequence
he current position within the play sequence as

foll ows:
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pos [err] = (length[err] - pos[err]) x length[err]/length[err] Wilst the
above enbodi nent of the invention has been described wt h~refe to a
vi deo- on-demand system it 5 should be appreciated that %ﬂﬂunggmgq

be enpl oyed in any other suitable interactive video systje +Elﬁ§§
honme shoppi ng or entertai nnent services. S 12 CLAI M5{1. d@
coding a video signal representing a no /%g picture, th t%é

5 generating a first set of digital signals bei
representation of a first sequence of franmes of a videofsignal,
a second set of digital signals being a coded representati

T

generati
"‘"a--—-«-.,

Fig.2.

Fig.3.

32

SERVER
DECODER
a2
., | RECORD
2__| MEDIUM




e A L T S o4Oy 1655

second dt:rterem“sequeﬂce Qa‘ pifaﬁnES f said videojsi gmpiaxn syecoOr SG
sequence@etm(ﬁodegdg@@cgrgq edor4-h sami&cgdl ng I}gggghig{l;}m %gb&?.‘?gmtx@ gsode
said-fi rg DLQvinSQYYBRER: ... € arde}_r}p f sai"@ secon pee | 5 0g d he g T
as a friagpakn.sel d. ﬁ% _____ e _anfl each frarre %ﬁc nd, éequ%ﬁaged _________
other tihan the aSt e.n f owed py ﬁl’%?ﬁge rAlgsI?rar% hep cﬁ topaged ..........
foIIovvedﬂ . t ¢ ai d Bet's™V8br esdlif

‘ i p| cture, antPAEBE O RECE?Torrna LRCH

di f f er dotZpt s di=int _
of said setst.of dAgnét&bd&if@Balng aaﬁdéceﬂgﬁﬂtr@pﬂeséﬁﬂ@ '8l PRGN %Bﬁﬁﬁéstlﬂ e files.
codi ng according to Claiml, wherein the frames of said

h f
g econd ?egﬁfa’ﬁggma [GOMPrisigsganeniting e first sakef digitalsignals bsingstepdadce. 20 3.
A met hod of rgprbisBRtadeR Yt S fitgt E&E.En?é B} iral‘?tr s al m@esfefﬂﬁfﬁ esr%tﬂén

sequence of frames conprises ea ane o the video S|gna an second
sequence of a‘eﬁahéset@wgltslwgriaiahaeg mcoda&represnntat?.am ofre-sedond differant t he

ot to O A met hod of
codi ng: accor Sy RRLINBRek B R Harky 1t 94 Becartd shaliart baetihe smedia of
di gi tal sigrfadrde irStHEeMat SLQfbnBY aRQRR&Y Fthe &P%h@%ﬁ@o?d‘?ﬁ% a?\fc azgfﬁg}’%ﬁar ane

fromthe resRectlve sequence, other than at input rane, the
new y i nput the last, being ollowed by a frame other than the one which followed it in the

first sequence, and writing the generated dlgital signals onto a data carrier.

REPLACEMENT SHE]

2. A method according to Claim 1 wherein the frames of the second

08 JUN 1996

e

sequence are a subset of the frames of the first sequence.

3. A method according to claim 2 wherein the first set of digital signals
represents each frame k of the video signal followed by frame k+1 and the
second sequence represents frames m+n, m+2n, m+3n, m+4n, stc of the

video signal, n being a positive or negative integer not equal to O or 1,

4, A method of coding according to any one of claims 1 to 3 wherein the
sequences are gensrated by employing differential coding.

5. A video replay apparatus comprising switching means
for switching between a first sequential file and a second

25 sequential file of a record medium, a position counter for
recording the current position on a sequential file being
played and means, responsive to the position counter and to
information stored on the record medium, to determine a
corresponding position on the other sequential file.

30 6. A video replay apparatus according to claim 5 wherein
the determining means, responsive to information stored on
the record mediun relating to the lengths of.the sequential
files, calculates the proportion of the length o©0f the
sequential file being played that is represented by the

35 current position in said sequential file and calculates the
position in the said other sequential file that corresponds

This Sheet Has Been Rerla
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frame vmththefrarrewrrredlately precedi ng the ne omthe
30 respective sequence. 5. A net h_od §f codi nm”m“mmlw ‘ﬂm one of
claims 1 to 4, wherein said second set digital s¥rgmls represents a fast
forward or a reverse playback node of the novi ng pi cture. A vi deo

R e e R R

pl ayback node cture, respective separate In
acce55|ble-sdqbent|al data flles of digital 5 signals recorded on a record

medi um - swi.f chi ”9 Ofedpi‘ﬂa} %?,'o%‘.}a??}sw?a%&é 'r{f ﬁd)fclseﬁ'ng § SR
files beind’pla e sal d sequenti a a position
counter forthe E?ﬁ@laléarW@ﬁ@spo§ﬁﬁﬁﬂ$iﬂV%t%@qhéﬁ?F&PtFPPesﬁéﬁﬁé Frayed

correspogdidylk 10 fofY" hEAL uROSEI 40 0k N8 PRYI REnRithkUE M3 skuential
det ermi ni ng_ means responsive, on swiching by thé swtching neans froma

first sequeithied, f33kCHBLRRGS pEh§ ere @l Bl BE BRAPSELHER: OF| thel dengsh of

determ ne furaNddudReL b1 OB; LOURE Shg apTaf6@MthBEOE BRI eSleRtRA tt'?x%
record nedium a 05|t|on on said second sequential file correspon to

t he currenﬂ?%ﬁfﬁ dﬂoﬁhttﬂ% h%v??@? sequential file and calculates t e
position in the said@ other sequential file that corresponds

10 to the remaining proportion of the sequential file being
- played.
8. A video replay apparatus as claimed in any one of
claims 5 to 7 including means for processing signalstrom at
least one remote location and means, responsive to signal
15 from a remote location, for accessing sequential files on the
recdérd medium and outputting a relevant sequential file for
transmissién to the remote location. *
9. A video coder comprising a preprocessor for selecting
frames of a video signal, coding means for generating a first
20 sequence of digital signals representing a set of images of
a moving picture and at least one further sequence of digital
signals representing a further set of images of the moving
picture, and means for writing the sequences onto a data
carrier.
25 1i0. A video coder according to Claim 9 wherein the or
each further set of images is a subset of the first set.
i1, A video coder according to Claim 9 or 1@ wherein the
coding means includes interframe differential coding means.
12. A video coder according to Claim 9, 10 or il wherein
30 the first sequence represents a play mode of the moving
picture and a second sequence represents a fast forward mode.
i3, A video coder according to any of Claims 9 to 32
wherein a further sequence represents a reverse mode.
14, A video coder according to any of claims 9 to 13
35 being operable to encode every frame of a moving picture to
generate the first seguence and also operable to encode every

T




picture, and to initiate playing by the reproducing I ﬂrom
the 1'5 determ ned position on said second sequenti al m“[emﬂmﬂﬂmnﬁl i deo
repl ay apparatus according to Claim6, in which said determwni Mg feahs are
al so responsive, on switching by the sWtching neans fromthe second
sequential file being played to the first sequential file, to determ ne,
froma current 20 position on said second sequential file as recorded by
the position counter corresponding to a current position in the noving
picture a j 1 O 0, i osition on
said fir slta ﬁ‘s%éﬁg] rﬁfiqét?%ﬂéo @Sﬁggog enn%?ar% Iatq- gxrtﬁ%e egﬁéﬁﬁgh ﬂ})rgg‘l {%ia N Eosai d
noving picture, and to inirtiate playing by the reproduci ng neans comrenci ng
fromthe &ERH Helt position on first second 25 sequential file. 8. A
vi deo replay apparatus according to Claim6 or Claim?7, wherein: the
determ ni ng neans are operable, using information stored on the record
mediumrelating to Il engths of said sequential files, to calculate a

proporti onsof ahdatdQarrieLRgMitly flcoe Gitrentd fifst Sdtlo® diSiaDSighd1a¥&g b 8lied S
represented by the current position in said sequenti al Flle ber ng pl ayed,

to calcul ?es@ntgﬁéxix to-&'grﬂxjspseén&cgtp&%anpgs ot Piasé ﬁgﬁgli %]nada%éélie%aﬁﬁg %ﬁhﬁae%’%’{de

correspon to the same sald proportion of ITS
| ayi by t . dugi nag. nmenci f the d i ned iti
E a?él g'?h e%/etoqr}egxrgfi@r gxgaqj% ﬁ?ﬁng}aaaP?qeégr_epreggnltptgon (rwfo :ran secoei\ld g‘\i}fgrreg]t rs]eequerF1)<g=S|ot‘ ron on
frames, each frame of said second sequence being the same as a frame in the first

sequence and each frame of the second sequence, other than the last, being followed by

a frame other than the one which followed it in the first sequence.

16. A data carrier according to Claim 15 wherein the second sequence frames is a

subset of the first sequence.

REPLAGEMENT SHEET

08 JUN 1996

i



_ N L T
aim6 or Claim?7,

14 9.* | r appar.atus according to d
wher ei n(m! “ iﬂlm @ nmeans are operable, using information stored on
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first sequence of frames of a video signal,

generating a second set of digital signals being a coded representation of a
second different sequence of frames of said video signal, said second sequence
being coded according to the same coding algorithm as used to code said first
sequence, each frame of said second sequence being the same as a frame in said
first saquence and each frame of said sscond sequence, other than the last, being
followed by a frame other than the one which followed it in said first sequence,
each of said sets representing a different playback mode of the moving picture,
and

storing each of said sets of digital signals as separate independently
accassible files,

2. A method of coding according to Claim 1, wherein the frames of said
second sequence are a subset of the frames of said first sequence.

3. A method of coding according to Claim 1 or Claim 2, wherein said first

sequence of frames comprises each frame of the video signal and said second

sequence of frames comprises frames m, m+n, m+2n, m+3n, etc of the video

signal, n being an integer not equal to Q or 1,

4. A method of coding according to any one of claims 1 to 3, wherein sach
said set of digital signals is generated by comparing, at each input of a new frame
from the respective sequence, other than at input of the first frame, the newly input

frame with the frame immediately preceding the newly input frame from the
respective sequence.

5. A method of coding according to any one of claims 1 to 4, wherein said
second set of digital signals represents a fast forward or a reverse playback mode of

the moving picture, REPL ACEMENT Sfﬁf
0
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switching means for switching between a first of said sequential filas

being played and a second of said sequential files;

~J)

& position counter for recording a current position on a sequential file being
played corresponding to a current poéition in a moving picture; and
10 determining means responsive, on switching by the switching means from
a first sequential file being played to a second sequential file, to determine from
the position counter and from information stored on the record madium a position
on said second sequemntial file corresponding to the current position in the moving
picture, and 1o initiate playing by the reproducing means commencing from the
15 determined position on said second sequential file.

7. A video replay apparatus according to Claim 6, in which said determining
means are also responsive, on switching by the switching means from the second
sequential file being played to the first sequential file, to detarmine, from a current
20 position on said second sequential file as recorded by the position counter
corresponding to a current position in the moving picture and from information
stored on the record medium, a position on said first sequentlal tila corresponding
to the current position in said moving pictura, and to initiate playing by the
reproducing means commencing from the determined position on first second
25 sequential file.

8. A video replay apparatus according to Claim 6 or Claim 7, wherein:
the determining means are operable, using information stored on the record
medium relating to lengths of said sequential files, to calculate a proportion of the
30 length of a sequential file being played that is represented by the current position in
said sequential file being played, to calculate a position in the other of said sequential
files that corresponds tu the same sald proportion of its length and to initiate playing

by the reproducing means commencing from the determinad position on said other
of said sequentiat files.
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If s%quenual files and to initiate playing by the
reproducing means commencing from the determined position on said other of said
sequential files.

10
10. A video replay apparatus according to any one of claims 8 to 9, further
including:

means for processing signals from at least one remote location; and
means, responsive to a signal from a remate location, for accessin§

15 sequential files on the record medium and outputting such an accessed sequential

file for transmission to the remote location.

11. A video coder comprising: ]
a pre-processor for selecting frames of a video signal representing a
20 moving picture,
coding means for generating a first set of digital signals being a coded
representation of a first sequence of frames of a video signal and a second set of
digital signals being a coded representation of a second different sequence of
frames of the video signsl, said second sequence being coded according to the
25 same coding algorithm as used to cods said first sequence, each frame of said
second sequence being the same as a frame in said first sequence and sach frame
of said second sequence, other than the last, being followed by a frame other than
the one which followed it in said first sequence, each of said sets of digital signais
representing a different playback mode of the moving picture, and
30 means for writing said sets of digital signals onto a data carrier in separate
independently accessible files,

12, A video coder according to Claim 11, wherein said second sequence of
frames is a subset of said first sequence.
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13. A video coder according to Claim 11 or Claim 12, wherein said first
sequence of frames comprises each frame of the video signal and said second
sequence of frames comprises frames m, m+n, m+2n, m+3n, etc of the video
signal, n being an integer not equal to O or 1.

14, A video coder according to any one of claims 11 to 13, wherein said coding
means include interframe differential coding means.

15. A video coder according to any one of claims 11 to 14, wherein said first
set of digital signals represents a play mode of said moving picture and said second
set represents a fast forward mode,

16. A video coder according to any one of claims 11 to 14, wherein said second
set of digital signals represents a reverse mode.

17. A data carrier having recorded tharaon a first set of digital signals being a
coded representation of a first sequance of frames of a video signal and a second
set of digital signals being a coded representation of a second different sequence
of frames, each frame of said second sequence being the same as a frame in said
first sequence and each frame of said second sequence, other than the last, being
folliowed by a frame other than the one which followed it in said first sequence.

18, A data carrier accbrding to Claim 17, wherein said sacond sequence of

frames is a subset of said first sequance.




