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(57) Abstract

A transcoder has a decoder fo decoding a received video signal which has been coded according to a first coding scheme employing
motion compensation and camies coded data and motion compensation information, and an encoder for encoding the output of the decoder
according to a second coding scheme also employing motion compensation. The transcoder generates estimated motion vectors for a cument
frame of the video signal, using vectors which, in the received signal, accompany at least one other frame of the video signal. These may
be used directly by the encoder or used to define a search arca for motion estimation.




To reduce further the anmount of information needed to be transmtted, a

t echni que known as noti on conpensation may be used in which a picture is

di vided into bl ocks of pixels and each block of a current frame is conpared
wth a 25 conpgspapdi Nng bl ock of a reference frame, which pEychRessss

previ ous or a subsequent franme, and with shifted positions of that

bl ock, and the region of the reference frame which the bl ock nost
closely resenbles is identified. The vector difference in positiaon
between the identified regi on and thmRANSTIDING questlon S terned a
nmotion vector and is used to shift the identified region of the reference
30 frame into the position of the relevant block in the current frane.

Motion vectors i ug&newamﬁeé & a'M&tho®randl dppiratisHop &lsRscRbing i ent
frame and are pused.to dg % Eredl ted frane fromthe reference
frame(s). The SENRledtom,a fisst %P\%E’FPT geopd ferEnt and predicted frane are,

on aver age, 5snal | erl\.o‘ah\ﬂlredhhnqee foe comaprasdidre ot idéccsignatensre knowhefBbanas: frane

d b
o oo, SO P b5 8 it of FOR Bl D P RBORle et o
usi ng t he not ivdch is \emehsnvs tarehnsing ahdf fequiedsC inke adfulkigh bﬁnew@ﬂﬁl Kvyvnbe

coded using an af orenentioned co chni ues ei
separately or cIer?pE:egs i r?a?'f'%r%echn'ques mavebe ﬁecéj’ ‘é’glgf’ %al%e P & tge

desir abl eto elnpt!eewf &pbﬂ;&maﬁodmmpmm cddubdanceg dre theedden sg@atsabgnagleo@b@dd.
according 48 %ot *Jrsegtaﬁglg,l iﬂg/io%gt'%em %ﬁipé{{oﬁs,a}:%mpression down to a bit rate

of a few hundred kilobits per second is possible whereas videotelephone guality

is

pictures including sound can be compressed down to only 64 kilobits per second,
equivalent to a single telephone channel.

One known compression technique is predictive coding which exploits the

15 assumption that a picture element (pixel) within a frame is related to neighbouring
pixels in the same frame (spatial prediction) or a different frame (temporal
prediction) and that the value of a pixe! may therefore be predicted at a receiver
instead of full information about the pixel being transmitted. It is only necessary to
transmit the prediction error arising from such an assumption. For instance the

20 first pixel of a frame may be transmitted exactly with each subsequent pixel being
transmitted as the difference between it and its predecessor.

To reduce further the amount of information needed to be transmitted, a
technique known as motion compensation may be used in which a picture is
divided into blocks of pixels and each block of a current frame is comp-ared with a

25 corresponding block of a reference frame, which may be a previous or a
subsequent frame, and with shifted positions of that block, and the region of the
reference frame which the block most closely resembles is identified. The vector
difference in position between the identified region and the block in question is
termed a motion vector and is used to shift the identified region of the reference

30 frame into the position of the relevant block in the current frame. Motion vectors
are generated for most or all the blocks of a current frame and are used to derive a
predicted frame from the reference frame(s). 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 less data. A decoder which already has




encoded data stream encoded according to a second schene. If one has a
decoder which operates according to the second codi ng schene then such a
t ranscoder vvoul d all ow the decoding of a signal encoded accordi ng to the
first C gherre wi t hout nodi fying the original g ofifasdshe
ultimte decoder Known transcoders general |y decode a signal
encoded according to a first codi ng schene into an unconpressed signal
which is then encoded by an encoder 2according to the second coding

schene to oyf,piite@ndiEitaad éoy%hrc%ﬁ%usTrQH%d@ceftHle leurrent fm ri%thgpﬁ'&%h' on is

carried out to reconstitute the original video signal and
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enpl oyi ng 5 noti Edfﬁfgﬁosa T oan puat a signal "enco according to
a second codéating schems dite rap umomhrea$®los@waJy:b isrthenancedadpanamenapder t he
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vectors suita use I1n the second codi ng schene,
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t hat at | easkorf@ABorfal &@Rscoders. Transcoders are generally assumed not to exist in a
transmission path i.e. a video signal encoded according to the H.261 standard is
20 assumed to be received by a decoder conforming to the H.261 standard: the
introduction of a transcoder into the transmission path will introduce delay into the
path which delay may be unacceptable.

International patent application WO095/29561 describes a transcoder
which receives a signal encoded according to a first coding scheme employing
25 motion compensation and outputs a signal encoded according to a second coding
scheme which also employs motion compensation, the motion vectors being
extracted from the received video signal and transferred to the output signal.
Thus, it is not necessary to recalculate the motion vectors for the second coding
scheme. However this shceme presupposes that the received signal contains

30 motion vectors suitable for use in the second coding scheme.
According to the present invention there is provided a transcoder
comprising a decoder for decoding a received video signal coded according to a
first coding scheme, and an encoder for reencoding the signal according to a

second coding scheme, said coding schemes being such that at least some frames



3 are coded using notion-conpensated inter-frame predictive coding

based on a  reference frame which is not the same in the second coding
scheme as it is in the first  coding scheme, wherein that the transcoder
i ncl udes not i GPoYyEHBEMBr Processi ng neans to generate an pSi/Gisiossds Nt i on

vector for a current frame of the video signal, the 5 notion vector
processi ng neans bei ng connected to receive, when processing vectors
for a current frame, vectors which, in th® received signal, acconpany at
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noti on conpensation |ﬁP8rnat US€ Wh
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schenme as it 1 ranscoder udes
moti on vector q;miadels'a ang mmns:omegﬁatiem infermation, gnd en engrgeetyr gpedding thect or
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compensation, the encoder including motion estimation means for generating
motion compensation information, wherein the motion estimation means is
15 arranged to receive motion compensation information obtained from the received
signal and to carry out motion estimation within a search area centred on the
received motion compensation information, wherein, for use where at least some
frames are coded using motion-compensated inter-frame predictive coding based on a
reference frame which is not the same in the second coding scheme as it is in the first
20 coding scheme, the transcoder includes motion vector processing means to generate
an estimated motion vector for a current frame of the video signal, the motion vector
processing means being connected to receive, when processing vectors for a current
frame, vectors which, in the received signal, accompany at least one other frame of the
video signal, and the motion estimation means being connected to receive the said
25 estimate,

In a further aspect, the invention provides a method of transcoding a
received video signal coded according to a first coding scheme into a signal
according to a second coding scheme, said coding schemes being such that at
least some frames are coded using motion-compensated inter-frame predictive coding

30 based on a reference frame which is not the same in the second coding scheme as it
is in the first coding scheme, characterised by processing received motion vectors to
generate an estimated motion vector for a current frame of the video signai, the
processing step being responsive, when processing vectors for a current frame,



processi ng means being connected to receive, when processing vectors for a

current frame, vectors which, in the received signal, acconpany at

| east one ot her frame of the video signal, and the notion estimtion
neans bei ng w@pR¢ised to receive the said 25 estimte. peycposnasss ' N 2
further aspect, the invention provides a nethod of transcoding a

recei ved video signhal coded according to a first coding schene into a

si gnal according to a second codi n§ schene, said coding schenes being
such that atyectors whi@f ¥ the P6BRivbd SiGRA, AcEmBAHCH 1¢as! dHe Jlr i3 Rie oF RGB! €d
inter-frame predictive coding 30 based on’a reference frame which is not
the sanme in Sg@l.second coding schene as it Is in the first coding

schene, character j5gd RifotReOags et 29 the GRYeNEEN TRErE A8 HERUQ] S MBthod of
generate an estimated notion vector for a current frame of the video

si gnal , t he transcodingg sigpplygrresiing & wyp-dimepsienal aaay. ihe meshest eamprisinovect or s
for a cur sendechdiAgB.received signal encoded according to a first coding scheme employing 4
vectors which, .in the received signal .accon%ﬁn at | east one other frane

of the vidednetion campenpation, said signal comprisigg, Fo FRond@pUeT cHPPER-IAMYent i on

there is pranfornstion, Naidhestoding the Hdodaed Mgl atcbidigato laCRERE NEddIY a
t wo- di nensi on arra i i

e e A ABh o B Pang oSy g esbr 9"
conpensat i orgong@hshtidhgniarmatiompy Sarrihgcatadotitmt estiratonmiithir a GeaR Bs&E | 0N
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wherein, for use where at least some frames are coded using motion-compensated
inter-frame predictive coding based on a reference frame which is not the same in the
second coding scheme as it is in the first coding scheme, the method includes the step
of motion vector processing to generate an estimated motion vector for a current frame
15 of the video signal, the processing step being responsive, when processing vectors for
a current frame, vectors which, in the received signhal, accompany at least one other
frame of the video signal, and the motion estimation serving to perform estimation
within a search area centred on a position determined by the said estimate.
Other, preferred, aspects of the invention are set out in the sub-claims.
20 The invention will now be described further by way of example with
reference to the accompanying drawings, in which:
Figure 1 shows a known transcoder;
Figure 2 shows the capture, coding and display order for video signals
conforming to MPEG and H.261 coding standards; '
25 Figure 3 shows a second embodiment of a transcoder according to the
invention;
Figure 4 shows a portion of a frame store and illustrates the motion vector
generation.
A transcoder is used to convert signals encoded according to a first format
30 into signals encoded according to a second format. Figure 1 shows a known form
of transcoder which is arranged to convert video signals coded at a particular bit
rate {e.g. 64k bit/s) conforming to the H.261 standard to video signéls coded at a
lower rate (e.g. 32k bit/s) conforming to the H.261 standard. Clearly the



schene enpl oyi ng noti on conpensation, the encoding including generating
noti on conpensation informati on by carrying out notion estimation
within a search area 10 centred on notion conpensation information

obt ai ned fromydeegaei ved si:gnal, wherein, for use wherci/GHISHISEBt Sone
frames are coded using notion-conpensat ed “inter-frame predictive coding
based on a reference franme which is not the sane in the second codi ng
schene as it is in the first coding schent, the nethod includes the step

of notion vectigdnsBodes 8r&, NG practigeNby afrended W@Sidnvet esihnaist fran andctoopthenr a
current frame 15 of the video signal, the processing step being

responsi ve, Qﬁmﬁf'ocesm ng vectors for a current frame, vectors which,
in the received sigmak, dedsizeipaanyt thb tkamasctdeolsbom lire Figure 1foompesesf atdee vi deo
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Fi gure 1 showsdemoletbiw & watmb&aol?egth decoder (VLD) 2 ‘apg ghwepzss%dmm W@e’éapt ure,
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H. 261 coding s 3 shows a second enbodi rrent of a
transcoder ac cmediimg\ts.oThm@CT coefficignts ,qtq ﬂj\ﬁn transformed back mtq:;h@mn@l dora3dus a

porti on of @ ER i HEMct@Nls ibbio bbAlSM HDETITH OF HRBLR a video sgRATAAL T 0N

A transcoder |s used to convert signals encoded according to a first fornmat
30 into signal thecrixshdemaine COYsiRp! fsothan sddadrky 3ordast 10 ke (i BreYioutBfRe 5

known form e gf )ts{d%]:ﬁﬁoéjﬁﬁmt\!‘@io?é‘waﬁd e @a@ﬁﬁb ﬁr@duﬁﬁﬂ\#&:hte ¥iseeed B @aal s
coded at a par{ I

I cular bit e‘g ? bh conforfm Q
H. 261 st andar dfremestied- s‘t"b‘ﬁ‘a‘]ege'%'o‘ﬂ F s‘érame' g ‘f“p?eéﬁeé’ (%“%'s SI9RCbi t/ s)
conform ng to {hges#knéB@lorsBanfartte sedon@@ipuy td the adder 10 is zero. For subseguent

15 frames, the decoded data represent a prediction error and are added to the
contents of the frame store 8 by the adder 10. However, the frame store output is
motion-compensated by a motion compensator 11 controlled by motion vectors
from the demultiplexer 1.

The frame output by the decoder part is then output to a subtractor

20 12 of the encoder part, which also recsives as an input the output of a frame
store 14 of the encoder part, which stores a decoded version of the previous
encoded frame of the encoding loop. Before the contents of the frame store 14
are input to the subtractor 12, motion compensation is carried out by a motion
compensation unit 15 on the contents of the frame store 14, under control of a

25 motion estimator 24 which, for each block of a frame to be encoded, searches the
frame store 14 in the vicinity of the block position to identify a region which best
resembles the block: the vector offset between the block position and the region
identified forms a motion vector for controlling the motion compensation unit 15.

The output of the subtractor 12 is converted to discrete cosine transform

30 coefficients by a discrete cosine transform (DCT) unit 16, quantised by a quantiser
18 and variable-length coded by a coder 26 for transmission. The motion vectors
calculated by the motion estimator 24 are multiplexed into the data stream by a
multiplexer 27. A buffer 28 buffers the encoded data stream output by the

multiplexer 27, to provide an output at the bit rate required by the transmission



5 transcoder may, in practice, be arranged to convert signals from and
to ot her formts. The decoder part of the transcoder shown
in Figure 1 conprises a de- . mul ti pl exer 1 which receives an incom ng
coded data stoemmmonformng to the 5 H. 261 standard andpg.e,cgbg,&gggl exes
the data streaminto its constituent parts of conpressed video data and
notion vectors. The conpressed video data is then decoded by a vari abl e
| engt h decoder (VLD) 2, and then passessto an inverse guanti ser- 4 which

out puts val uesiued. This otipht iidlythate 3i ddAstahEls f2e6 B} § Psrlable one. CBEEEHerdtgNt s. The
DCT coefficignts are %hﬁn transfor1 back into the Fsi xel domain 10 by an

i nverse di s&PePYRYE RN frame LR, ?‘ra Utp; qF the AYandiser (B és decprekBY si gnal
in t he pahxieverse npantised B0 afd gvdrsd ®CThenit Apdafd Rdded tadHer mdford-0 t he

previous fr I f an tored in a frame store 8 and the resulting
pr edi ct ed fr%gﬁ‘ge?sgtes%tcgpgeﬁgl?f{hﬁgame St?rfamebysqnothge%&'Upon recei pt of the
first frabe, the One@speatsefethef transcoder whizheidvolves ansignificanbeansduat ©f8 - i . e.

the second i F&légsiﬂés) pb W& iggﬁ% é?elrgtlicjnsofztﬂg Qnotg)ﬁ E?sﬁrHQf%? gggﬁ;[ufs(]ﬁ?tiﬂrgav%{sdr the

decoded dat & represent a on error are a
of the framestmatian ®riap 8x8cblockdisrtynitallyHeamiadeoyt within far semechsdres ef aBtgput i s

From the. domPriis pupat echs HOBRY Y Bbod 1 eRehd, eve Topthe B B "decoder
part is themsomat3dstcaalaiossibCoasnoentB) effdids bivet buenenaiadersipplify thiskiych al so
| Ce1 Vo519 e Bl e B i Wer Bl el €l BRBRROOCT
t he encodi ngignalop.Thees one intermatienal eatent odpplidation r'\Wde 95129561 1describes a
transcoder like that of Figure 1 but proposes to eliminate the motion estimation
unit 24 by feeding the incoming motion vectors to the motion compensation unit
15 and the multiplexer 27, either directly or - in the case where the pixel resolution
15 of the incoming and outgoing video signals differ - after scaling by an appropriate
factor.
Another approach has been suggested in US patent 5,600,646. There it is
suggested that the incoming motion vector be used as a “seed” for the search; by
starting the search at the displacement given by the corresponding vector from the
20 decoder, a much smaller search area is found to be sufficient. In the US patent, a
search extent of +3 pixels is suggested, though we have found that a search area
of +1 pixel gives useful resuits.
The manner of inter-frame differential coding employed in the H.261
standard is straightforward in that each predictive coding process is based on the
25 previous frame as a reference. However not all known coding systems do so - the
MPEG standard, described further below, is one example. The present invention
aims to make use of the incoming motion vectors in a situation where the
transcoder operates between two coding standards where at least some frames
are coded using motion-compensated inter-frame predictive coding based on a
30 reference frame which is not the same in the one standard as it is in the other
standard. The transcoder now to be described is designed for use in one such
situation, viz. the conversion of an MPEG-coded signal to an H.261-coded signal.
Firstly, the format of an MPEG signal will be explained. It should be noted

that when in this description we use expressions such as “earlier”, “later”,

contents )




are input to the subtractor 12, mot i on conpensation is carried out by a
noti on conpensation unit 15 on the contents of the frane store 14,
under control of a 25 notion estimtor 24 which, for each block of a frane

to be encoded,wgeaidifses t he frame store 14 in the vicipot/gpsfossshe

bl ock position to identify a region which best resenbl es the bl ock:
the vector offset between the bl ock position and the region i dentified
forns a notion vector for controlling the/ notion conpensation unit 15.
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occur between an l-frame or P-frame and the next |-frame or P-frame; the actual
number is not restricted by the standard but in practice there are always two. For
the purposes of description, we will refer to a sequence of frames beginning and
ending with an I-frame, but containing no intermediate |-frames, as a group of
15 pictures; and to a sequence beginning and ending with an |-frame or P-frame as a
subgroup of pictures {this terminology is not necessarily the same as that used in
the published standard). Note that using the terminology (except at the beginning
and end of a transmission) an I-frame belongs to two groups of pictures and an |-
or P-frame belongs to two subgroups of pictures. It follows that a group of
20 pictures contains one or more sub-groups of pictures. In practice there are four
types of sub-group: 1BBI, IBBP, PBBI and PBBP.
Each block within a B-frame is coded in one of four ways:
{a) by motion-compensated inter-frame differential coding based on the the
most recent past frame which is not itseif a B-frame (a motion vector for forward
25 prediction may be transmitted);
{b) by motion-compensated inter-frame differential coding based on the next
future frame which is not itself a B-frame (a motion vector for backward
prediction may be transmitted);
(c) by interpolation: a prediction of the block for the purpose of differential
30 coding is formed by interpolation between the motion-compensated inter-frame
prediction based on the most recent past frame which is not itself a B-frame and
the motion-compensated inter-frame prediction based on the next future frame
which is not itself a B-frame (a motion vector for forward prediction and a motion

vector for backward prediction may be transmitted);
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then by a subscript indicating the order in which the frames are processed by an
MPEG coder or decoder. In this description the frames will be referred to as 10, B1
etc. and the subscripts added only where this assists understanding. This Figure

20 also shows the motion vectors diagrammatically by means of arrows, where the
arrowhead points to the reference frame. Forward motion vectors are notated as
Fi,j where the first index indicates which frame the vector belongs to and the
second index identifies the reference frame: thus F4,3 is the vector for frame B4,
relative to frame P3 as reference frame. Backward vectors are indicated by R -

25 e.g. R4,6 is the vector for frame B4, relative to frame 16 as reference frame.

Figure 3 shows a transcoder according to one embodiment of of the
invention arranged to receive signals encoded according to ISO/IEC standard
11172-2 (commonly known as MPEG1) and to output signals encoded according
to H.261.

30 The transcoder has a similar structure to that of Figure 1, and components
having substantially the same function are indicated using the same reference
numerals. The decoder part is formed by items 1 to 11, plus a frame reordering
unit 30 which receives the decoded frames in the order of receipt - i.e. the order

shown in Figure 2¢ - and outputs them in display and capture order - i.e. as shown
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unit 52 will need to be arranged to store more frames of data.

On the encoder side, items 12 to 28 form an H.261 encoder just like the
one in Figure 1, except that the motion estimation unit 24 is replaced by a motion
estimation unit 31.

15 Before proceeding with description of the remainder of Figure 3, we
observe that the encoder is required to produce an H.261 signal, that is, for the
sequence depicted in Figure 2a, a sequence as shown in Figure 2d, where each
frame after the first is a predicted frame based on the immediately preceding frame
as reference, and requires the generation of a motion vector relative to that

20 immediately preceding frame. Looking at the motion vectors provided by the
MPEG signal, we see that:

10, and I8, will contain no vectors as they are reference pictures.

P2, may only contain vectors relative to 16,.

B4, and B5; may contain forward vectors from P3,, and backward vectors

25 from 16,.

B7, and BB, may contain forward vectors from 16,, and backward vectors
from P9,.

When such a MPEG signal is transcoded to H.281, the set of forward and
30 backward vectors which may relate to non-consecutive pictures must be converted
to a set of forward” vectors that relate from one picture to the next. For this

purpose, the embodiment as shown in Figure 3 includes a motion vector processor
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B-frame yo!| norendhioelssofaD ifQl progréMlotRtrbid processing unit which serves to
examine the contents of the buffer 33 and to extract from it, for each block of
each frame, one or more vectors, and to perform, where necessary, arithmetic
operations upon it or them so as to form at least one estimated motion vector for
use in coding the frame under consideration according to the H.261 standard.

15 There are four types of vector derivation that may be used. The first of these is
the forward vector. Since the objective is to obtain a forward vector which
identifies for a frame j a region of the immediately preceding frame j-1 suitable for
prediction, the obvious candidate, if available, is the single step forward vector
VFS from the MPEG frame. I[f, on the other hand, the MPEG frame carries a

20 forward vector referencing a frame earlier by n frames (i.e. frame j-n), then this
vector can be divided by n to give a vector usable for frame n or indeed for the
intervening frame(s) j~1 ... j-n+1. This is notated here generically as VFN or, for
specific values of n as VF2, VF3 etc.

A second type of derivation takes note of the fact that if the MPEG signal

25 contains a backward vector for a frame j-1 (or j-n) relative to frame j, then the
negative of this (divided by n if need be) is a fair estimate VRS (or VRN) of the
wanted vector.

Thirdly, one may take the difference between two forward vectors to obtain
a forward difference vector VRD; and fourthly the negative of the difference

30 between two backward vectors (VRD).

A mixed vector VMX, for example, for frame B7; = F9,6 + R7,9, may also be
useful but is not included in the present version.
Because none of the vectors shown in Figure 2b is actually guaranteed to

occur in particular subgroup of pictures, one may also include the possibility of
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in Figure 2a (it contains two frane stores and read-wite circuitry to read

and wite the frames in the required order). This is a conventi onal
MPEG decoder except that .(for reasons which will be explained) the
frames are dgbasihsl onger than woul d be usual: for thlﬁ%&g? st he
reordering unit 30 is followed by a one- frame delay 5 35 I'mng of
the frames incomng to the transcoder IN) and out put from t he
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produce an H. 261 signal sequence aI"r’i’fFl gure
2a, a sequefide %fsmﬂﬁ’\ differqricg s theiifferanes: betwgm its own forward vector and

10 B7,’'s forward vector.
For P9,, the scaled forward vector is one third of its forward vector from .
16,. Its forward difference is the difference between P9,’s forward vector and
B8y’s forward vector. There is no scaled backward vector and no backward
difference vector.
15 For 164, there are no vectors: vectors for this frame must be derived from
~ vectors for nearby frames.
There are three possible modes of operation for this motion vector
derivation (it being assumed that any given version of the ap'paratus uses one of
- these only).:
20 (i) hierarchical;
(i) evaluation;
(iii) a combination of the two.
In the hierarchical method, the processor 32 operates in accordance with a
preferred order of the vector types. These depend on the frame type, and are
25 shown by the numbering in the table, so for 16, the hierarchy might be: VFS{j+1),
VRS(j-1), VFD(j-1), VF2(j-1), VRD(j-1), VFS(j-2), VR2(j-2), VR2(J + 1) and VF3(j+3).
Thus for 16, the processor reads VFS(j+ 1) from the buffer if it is available.
If not, it reads VRS(j-1). If this is not available then it reads out the two vectors
necessary to calculate VFD(j-1), and subtracts them to form the derived vector.
30 And so on.
in the evaluation method, the processor computes all the available
candidate vectors for the current block and forwards them to the motion vector
estimation unit 31 which then evaluates them by, for each vector, forming a

predicted block using that vector (after a search as described below, if this option




frame after the first is a predicted frame based on the imediately
preceding frame as reference, and requires the generation of a notion
vector relative to that 20 imedi ately preceding frame. Looking at the
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processor 5 the number of vectors to be evaluated is limited to the flrst few (perhaps ﬁt)ree) 32

for deriving for) tion orward and backward
noti on vect or & VRW{G eJc ors, conglggrggrnsth%%lJe?h{ela?r{b@@m %ﬁbl gt mentioned earlier
sefves to ensure t hittis pagsitidgheughmon-optimum, to use the vector obtamed in this way

directly: in fact, if one does so, using the hierarchical method the motion vector
evaluation unit 31 becomes just a through-connection. We prefer, however, to use

10 the vector to establish an offset for the motion vector estimation unit 31 to
perform a search around a small area around the position established by the
vector. Thus the the motion vector estimation unit 31 carries out motion
estimation in a search area, the location of which is determined by the received
motion vectors.

186 This is illustrated in Figure 4, which shows a portion of the frame store
14, each square 20 representing a picture element (or pixel). Conventionally,
motion vectors are determined for blocks of pixels rather than for each individual
pixel; Figure 4 therefore shows a block 22 of 4 x 4 pixels. For a prior art
transcoder, for instance as is described in W095/29561, the motion vectors would

20 simply result in the prediction for the block currently under consideration being the
region within the frame store determined by the received motion vector MV, for
the block, before the subtractor 12 carried out its operation.

in a transcoder according to this version of the invention however, further
motion estimation is carried out. The motion vector MV, from the processor 32

25 initiates a search in the frame store 14 around a position offset from the current
block under consideration by an amount represented by the motion vector
associated with the current block.

For instance, suppose that the motion vector MV/; received for a current
block (shown is solid lines in Figure 4) at the position A in a current picture

30 specifies a shift from the the position A to the position B shown in double lines.
Further motion estimation is then carried out in a search area 26 around position B
(indicated by dotted lines).

Conventionally, according to the H.261 or the MPEG standard, motion

estimation is carried out for a search area of £ 8 or *+ 16 pixels around the block.
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VF3 etc. input to the W'@@E’Eﬁﬁ@hype of derivation takes note of the fact that
if the MPEG si gnahmrdugh @R eaan&oae,b@éskmdds \US4MYd b %Fa céq[$ \?Ehl 1 (or
j-n) relative to frame [err], then the negative o ed by n

i f need be) i7tg 'érzpélﬁ'g’@L“‘t ithé, PENSIRlE i GPPligailp t8f°tt‘?fes'tua"'°ﬂiﬁamhe@ %feléﬂiir

Thirdly, oneomeyfrdmeee afeh odbidf ﬁﬁtﬁ@mom&mﬁatémméﬂfrﬁbﬁé hradictive ! cdding oDt ai n
a forwar ggdl fference vecto

nd f urt enegtlve of the
di fferen ?%éﬁ T %{E?(WEP 's(/%%tt hg §3T¥/ﬁ[§e one Stapdard as it i chsr Vv,
for exanpl e ottfeostahdarde Fi8Y eeample theFBarScodeRéf Bigureed) calcs be Ronfiguredifietl  but i's
not i ncl Udeqe\}eps %ﬂveﬂglgﬁ I?{t}e\séﬁ&g@b ggcft?r)s/ forthe H. 2[61 éra% ur.\svﬁ'\ III:l] (P-'ng%re(_)%d grge

vectors shown 1 n guar an
denoted by F1 0, F2,1, F3,2 etc., then estimates F'i,j of the motion vectors required to

construct an MPEG signal can be constructed as follows:
- 20 F76=F7.6
F'8,6 = F8,7 + F7,6
F'9,6 = F9,8 + F8,7 + F7,6
R'7,9 = -(F9,8 + F8,7)
R’8,9 = -F9,8.

25 In the event that one or more vectors is absent from the incoming signal,
vector estimates for non-consecutive frame prediction might be generated by
multiplying the incoming vectors, e.g.:

F'8,6 =2*"F87
F'86 =2 *F7,6
30 F9,6 =3*F98
F9,6 =3*F87
F9,6 =3%*F76
R‘7,9 = -2 * F9,8
R’7,9 = -2 * F8,7.




occur in particular subgroup of pictures, one may al so include the

possibility of using the vector derived for a nearby frane
(notated as VFS(j-1 ) etc.). This neans that the probability of no
derived vect onydspgzavai |l abl e becomes very snal | : howeverT/cesao3ssil t hi s

occur (and it will only occur if the block in question or the
corresponding block inits (later) refergnce frame was coded as an

i ntra- then 5 that block can be cbled as an intra- block in the
out gm 1 si Most of these possibil ities are set out in the
Table Iﬁ”m 16, 87, B8 and C_L%% Frame. VFS/VFN

VRSNRN * ’] m/ 16[err] 1) VFS(j + 1)

2) VRS(J-l) = -H5, 6 =F7, 6 7) VR2(j-2) = 3)
\F/ngJ ;: 111) 3: 5) VR%&EF %zﬁgr ?mpnsmg a d@:ocfé":%rj ?;%Lg ing a recetvecl ggdg%/%zigl 1) =
6) VFS(|j - 2) 5=ledd&i accheing] tRa, f¥st coding scheme, and an encoder for reencoding the sngnal
according to a second coding scheme, said coding schemes being such that at
least some frames are coded using motion-compensated inter-frame predictive coding
based on a reference frame which is not the same in the second coding scheme as it
is in the first coding scheme, characterised in that the transcoder includes motion
10 vector processing means (32) to generate an estimated motion vector for a current
frame of the video signal, the motion vector processing means being connected to
receive, when processing vectors for a current frame, vectors which, in the received

signal, accompany at least one other frame of the video signal.

15 2. A transcoder comprising a decoder for decoding a received video signal,
said received signal being coded according to a first coding scheme employing
motion compensation and comprising coded data and motion compensation
information, and an encoder for encoding the output of the decoder according to a
second coding scheme employing motion compensation, the encoder including

20 motion estimation means (31) for generating motion compensation information,
wherein the motion estimation means is arranged to receive motion compensation
information obtained from the received signal and to carry out motion estimation
within a search area centred on the received motion compensation information,
characterised in that, for use where at least some frames are coded using motion-

25 compensated inter-frame predictive coding based on a reference frame which is not
the same in the second coding scheme as it is in the first coding scheme, the
transcoder includes motfion vector processing means (32) to generate an estimated
motion vector for a current frame of the video signal, the motion vector processing
means being connected to receive, when processing vectors for a current frame,

30 vectors which, in the received signal, accompany at least one other frame of the video
signal, and the motion estimation means (31) being connected to receive the said

estimate.
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9) VF3(j + 3) [err] F9, 6 B?[err r)——VFS* F7,6 2) VR2 =

IR S—— [ TR BTy

9) VRS(j -2) woiimB F8, 6-F7, 6.

~ PCT/GB98/03553
8) VFD(; + 2) = [err]F9 6 _
F9, 6-F8, 6 B8[err] 1) VF2 = [err]F8 6 7) VR2(j-1) = 4) VFD =
F8,6- . 5) VRD = 2) VFS(j - 1) [err]R7,9 -F7,6

- (R7,9-R8,9) A transcodbr’ aécording to claim 2 whetkinMRS signal8Gefresent a V|d&)

VFI(| +1) = ima vide lg F§o¢_ks %301 e element rein the § 6
[err]F9, 6 MagpgPvided intg [ 8F Picge gelemsntgwhprein) the megion GSEWWD F9, 6-
6) VF2(j - 1) means is @jraivjéd(tp-cAiry out motion edtithafion on a block-by-bdck\daE) - 1)

[err] F8, 6 - [err]R7.9 3) VFIXj-1) = (R7,9-R8,9)

7) VFS(j-2) = 10) VR2(j +1) = F8, 6- F7, 6 F7,6

-[err] R1(B 14 A transcode )actt78ip+tol3ny one of the preckdifig ®laims, including a1) VF3
(j+3) = buffer (33) k&' ISJfFe]’i?\g Yhe received motion vectors and delay means (35) for

delaying the video signals prior to reencoding.

5, A transcoder according to any one of the preceding claims in which the
10 estimated motion vectors generated by the motion vector processing means include:

at least one motion vector which is the reverse of the motion vector from a frame of the

received signal other than the current frame.

6. A transcoder according to any one of the preceding claims in which the
15 estimated motion vectors generated by the motion vector processing means include:

at least one motion vector for previous-frame prediction which is a scaled version of

the motion vector from a frame of the received signal which involved prediction from a

non-consecutive earlier frame.

20 7. A transcoder according to any one of the preceding claims in which the
estimated motion vectors generated by the motion vector processing means include:
at least one motion vector which is an arithmetic combination of motion vectors from a
plurality of frames of the received signal.

25 8. A transcoder according to any one of the preceding claims in which the
motion vector processing means (32) is operable to generate one of more of a
plurality of possible estimated motion vectors in accordance with a predetermined
hierarchy.

30 9. A transcoder according to any one of the preceding claims in which the
motion vector processing means (32) is operable to generate a plurality of
candidate estimated motion vectors and the or a motion estimation means (31) is

operable to evaluate the candidate estimated motion vectors and to select one in

-———————

accordance with a predetermined criterion. —
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12 By way of explaining some of these nore fully: For
B7[err], the single forward vector VFS #s—simply its fo forward vector F7,6
from 16[err]. Its scal ed backward vect or ml“l\ﬂ“ﬂmnﬂ“mjm of its backward
vect or R7,_9 wo;mPQ[err]. There is no‘ aeCTYEBEYB0355aNd no
backward difference 5 vector. * Fbr ‘88 err] the scal ed forward
vector is half its forward vector F8,6 from 16[err]. Its scal ed
backward vector is mnus its backward vettor from P9[err]. The backward
drhfferfence vector is the ditference between its owl backward vector and
that o err]. Its forward difference is the differen tween its
own forward véét or Artangepdeaceording to i 'V\a"re(? r\pBY.9gp of claims 5% Vi%

PO[err], the g&sinaéhtlsn vaitl 2v@Rérein the mutidntditimdtial metrss {32) Wardangedttor from

16[err]. Its f d diff hdf
veE:t or] and S cgrgu\ggﬁgmp%?w\ggtggﬂigelt@ﬁm %W@%r Iea'rgee%ngfe@gi)lxﬁﬁ_eﬁapg erl{ﬁlnes forward

ti Btor and
N0 backwar dy gorflaldnh BERHEE idfion dektor. For 16[err], there are no
vect ors: vectors rarre nmust be derived from vectors for nearby
frames. There are three possible nodes of operation for this

The. appar at us Tses S ieengrodsr sbiota Rt dol SAIEE of B4 pRBYIY YS! Ghprefi O
(ii) eval uat itlentwo codn@g s¢hemes eopivyi difigreimordérs tofy dranspuission of the frames of| n t he
hievarchi cal el Rady Jdi B{dot%%éﬂécoﬁ  RARREANASak e BRRARSIARGS 1o} For Fe-

preferred orde'rl ese epend on the frane type, and
are 25 eh@&nob;errhmethermubwadnlgnain the table, so for 16, the hierarchy m ght
be: VFS(j+1), VRS(j-1), VFD(j-1), VF2(j-1), VRD(j-1), VFS(j-2),
VR2(j-2), VR2(J+1) and VF3(j +3). Thus for 16, the processor
reads VFS(j +12) frcmetkodeff fransceding g rpesivedaiidesntignal coded mceRedingite & eads

VRS(j-1). If tfﬂt%ol:lﬁig Rebendtd ABkRal LE@RihG td £3ESn® Bddidd\&hbMB, 36T EdHir
schemes being such that at least some frames are coded using motion-compensated

15 inter-frame predictive coding based on a reference frame which is not the same in the

second coding scheme as it is in the first coding scheme, characterised by processing

received motion vectors to generate an estimated motion vector for a current frame of

the video signal, the processing step being responsive, when processing vectors for a

current frame, vectors which, in the received signal, accompany at least one other

20 frame of the video signal.

13. A method of transcoding a received video sighal representing a two-
dimensional array, the method comprising decoding a received signal encoded
according to a first coding scheme employing motion compensation, said signal
25 comprising coded data and motion compensation information, and encoding the
decoded output according to a second coding scheme employing motion
compensation, the encoding including generating motion compensation information
by carrying out motion estimation within a search area centred on motion
compensation information obtainwed from the received signal, characterised in
30 that, for use where at least some frames are coded using motion-compensated inter-
frame predictive coding based on a reference frame which is not the same in the
second coding scheme as it is in the first coding scheme, the method includes the step
of motion vector processing to generate an estimated motion vector for a current frame

\
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necessary to cal cul ate VFD(\! m\t’tﬁ‘\‘t hemto formthe derived
vector. 30 And so on. “\!ﬁ ation nethod, the processor

conputes all the avail able at® vectors for the current bl ock and

forwar ds t heyp dgpefiae noti on vect or estimation unit 31#}6?%

eval uates them by, for each vector, formng a predicte usi ng
that vector (after a search as descrl bed below, if this option

13 i s being used) and cal cul ating 18 netric (such as the sum of-

absol ut e di éffties mdemsgnal the pretaesing stdpébemg&dspbhﬁﬁb Whers broassiingRRctdlsdex (o be

ded. Th ho t he | t t
The conbi nel “WEF dameLvediers whieh B35¢ risSiued Fiatkl; atomeanilcal lossk camethenat &
the nunber fdme et ther dddcosipral caral tlnetmchoi'nseshmalictn(%ﬁrﬁl@g td’lﬁerfdrihséshfn%ﬂbr( per haps
[PES) it o S0uh Y88 L8l o ARG Slletringdl 0 S BRI . Cro vact oF

list. 'S POSSI W e the vector
obtained& n this way directly: in fact, if one does so, using the

hi er ar chi caj 4 met hgd or atl unit. 31 beconmes just a
t hr ough- conLect i o(r)f\ g ﬁ°m¥ tpap's%c’ ) ageording 3% ?ﬂe %&'Po%etﬂg'?éﬁ abl i sh
an of fset fugpresent mldemmnm@lunedzmto pbcick® of memreSélements, andeHef @bfidra sear ch °

around a sMgimaAbRas A 6ltlol% MOSLL)-ABc5RD! | shed by the

10 15. A method according to any one of claims 12 to 14, including buffering the

received mation vectors and delaying the video signals prior to reencoding.

16. A method according to any one of claims 12 to 15 in which the estimated
motion vectors generated by the motion vector processing include:

15 at least one motion vector which is the reverse of the motion vector from a frame of the
received signal other than the current frame.

17. A method according to any one of claims 12 to 16 in which the estimated
motion vectors generated by the motion vector processing include:

-~ 20 at least one motion vector for previous-frame. prediction Which is a scaled version of
the motion vector from a frame of the received signal which involved prediction from a
non-consectutive earlier frame.

18. A method according to any one of claims 12 to 17 in which the estimated
25 motion vectors generated by the motion vector processing include:

at least one motion vector which is an arithmetic combination of motion vectors from a

plurality of frames of the received signal. |

19. A method according to any one of claims 12 to 18 in which the motion
30 vector processing generates one of more of a plurality of possible estimated

motion vectors in accordance with a predetermined hierarchy.

20. A method according to any one of claims 12 to 19 in which the motion

vector processing generates a plurality of candidate estimated motion vectors and
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vector. Thus the the notion vector estimation unit 31 carries out notion
estimation in a search area, the location of which is determ ned by the

recei ved notion vectors. 15 This is illustrated in Figure 4,
whi ch shows a wos¥visms of the frame store 14, each squapEr/Ggdso03sss
representing a picture elenment (or pixel). Conventionally, not i on
vectors are determ ned for bl ocks of pixgls rather than for each individual
pi xel ; Figure 4 therefore shows a bl ock of 4 x 4 pixels. For a prior art

transcoder, f the matibdirchidas fiston estimistiondo bﬁhl&%@ﬁi&%ﬁ&&atetéaﬁm%alnﬁHiuoHeCt ors
woul d 20 i,n.the.predi ction or t he k _cyrrently under
consi der at i Onrrg %élo'% a?.? 18 sbifer ong ?%R'G@P?%Y”H ?t?éedﬂegﬁ’gegf’%ﬁe@mhet erm ned by

the received notion vector MVerr] for t he bl ock, before t he

subtractor 12,garri eration ans

according to tﬁn s v'g?nse?%bn oft%ngp A9\ RERPTRINA R SR 4P or f"ﬂl‘f ?’?Fe?f claim q%ﬁ?l on
estimation % s2@awhéredeppndentTore ctannﬂ@nwhenetnothel\Mb{m edtinfatiom it hﬂrr]@ﬂ&ﬁﬁssor 32
25 initiates r (o} 4 sitl ffset from
the current W%hﬁje?sg ch%criéegsgfcﬁﬁ e?g’télgtﬁjkbe'%g&gdr%ﬁtﬁ é)r°3 tr ﬁ gtﬁgby t he
not i on vect or motion vegtamci at ed with the current bl ock. For

i nstance, suppose that the notion vector MW [err] received for a current

bl ock (shown is solid lines in Figure 4) at the position Ain a current
pitture 30 spécififdnetherhadaordingin ameot hleln'potz tto @\ Whereintthe twosiotlingn B
shown in degb rried out
in a searcﬁ@arg%g'ﬂeg%g}péoﬁ’nd'ﬁerg{g&?%\ og%hé?ﬂss? :‘E@g;&g% %%f{ot f"éjggfl?ngs)
Convent i onal | §7d ﬁ‘@dﬁ?‘ﬂ?ﬁ@-‘fﬂ‘éf inpladeg re@Idegng tﬂ?edeMnEG rsttewwam;:ll mot i on
estimation is carried out for a search area of 8 or 16 pixels around the
bl ock.

—

—————

\\\\\“\\\\\\\\\ I
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14 Al t hough a full notion estimation search may be carried out, it has
been found that a severely limted search in the region 1 pixel (as
shown by the search area 26) gives significantly inproved results
conpared to the arrangenent described in W95/ 29561. Such a restricted
search area nS¥®PHat the nunber of 5 cal cul ations requi PEYCBEFEPer ni ne
a notion vector for the second codi ng,schene is reduced (for a 8 x 8

bl ock and a search area o oixels)1 rom 289 cal cul ati ons to 9

cal cul ati ons. The cal cul pti o@ vector MV2 is then added to the notion
vector MV [err] to form a nBw jpcee vector MV3 for the block. Once a new
not i on vector M3 i€ lcaft the bl ock of the franme store 14 centred
M3 is output to the subtractor 12 and the
notion vectors MV3 are put to the multiplexer 27.

Al t hough the transcoder s=pped i s designed to transcode MPEG signals
into H 261 signals, the drincible is applicable to other situations where
at | east sone franes aré usi ng notion-conpensated inter-frane
predictive coding 15 b I2f erence frame which is not the sane in
the one standard as it other standard. For exanple the

transcoder of Figure 3o pe configuyed for the reverse conversion
If the notion vectors for e H 261 frapes shown in Figure 2d are
denoted by F1,0, F2,1, F3 then pstimates F'ij of the notion vectors
required to construct L) EGsl gnal can e constructed as follows: 20
F 7,6.= F7,6 F8, + F7,6 QN F 9,6 =F9,8 + F8,7
+ F7,6 R7,9f T8y
In the event that one dR taes | b abgent
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vector estimates for non-consecutive frame prediction mght be generated by
mul tiplying the incom ng vectors, e.g.: F 86 =2%*F8,7

F86 =2* F7,6 30 F'9,6:3*F9;8 F'9,6 =3 * F8,7
F'9,6 = 3* F7,y0 9929113 R7,9=-2%* F9,8 R 7e®r/cB98@3s53-8, 7.
1. A transcoder conprising a decoder for decoding a received video
signal 5 coded according to a first2#di ng schene enpl oyi ng
not i on- conpensated inter- frame predictive coding in which franeS are
coded out of sequence such that the codi ng of sone franes involves
prediction froma |ater franme using backward notion
iy o
o 83 © o
mﬁ
s o
N\ o2 &3 [+ 4]
[+ o] 8 ™~ a
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vectors, and an encoder for reencoding the signal according to a second
codi ng schene in which at | east sone franmes are coded using

not i on-conpensated inter- 10 frane predictive coding based on a reference
frame which_j s the sane in the second codi ng sch loissd S 1 N the
first codin&“@%ﬁ% , Characterised in that the trans?gggéﬁ?ﬁ%?tdes

moti on vector processiag.aeans (32)3/40 generate an estimated noti on

vector for a current fyrame pf the video signal, the notion vector -

processi ng means bgi zgggggted to receive, when processing vectors

for a current frane, 1b gse:t ©Owhich, in the received signal, acconpany

at | east one other fdape of]the video signal, and being operable to
reverse the sign of Yatkwgarl notion vectors when generating estimated
notion vector for use by [he encoder when re-encodi ng using forward
prediction. 20 2. | K1 ranscoder conprising a decoder for decoding a i
recei ved vi deo signal w cpdedemiccording to a first coding schene l
enpl oyi ng notion-conpewsi%e' i n&er - frame predictive coding in which

franmes are coded out /6 gparee—sdeh that the codi ng of sone frames .

i nvol ves prediction Ry ma dater frane using backward notion vect ors, E
and an encoder for reencoMing the signal according to a second codi ng 25 5
scherme in which at | eag o are coded using notion-conpensated
inter- frame predi ¢tivelcoding based on,@a reference franme which is not
the sane in the se( i 16 eme apNit isgdn the first coding
schenme, characterisedA t adscoder Y| udes notion vector

processi ng neans (32% {0 genjerate ar] es{i nat ¢d pody on vector for a
current frame of the VideR Signal,, tlhe 60 s @- essi ng 30 nmeans
bei ng connected to recei v M ess$i By Ject or of a cufrent frane,
vectors which, in the i i gccomgany at geast ong other frane
of the video _s signgl,qafd bermgoperabie to reverselthe §ign of
backwar d rmtigﬁ_ vect org genfrat|ng estingatgd pof oh vector for
use by the eng®er wye ] j Mo—usthy f orped p#édi ¢tion and by
i ncl udi ng neqﬂz oper ablte— : Dt?%p est i Ngd--ox :
=
0
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16 Wi thin a search area centred on a position determ ned by the

estimated notion vector. 3. A transcoder according to claim?2
wherein the signals represent a video 5 image divided into bl ocks of
picture el emeRdSqegnefj§r €i N the nmotion estimation means imeTRIEYSUN3ed t O
carry out notion estlnatlon on a bl ock-by-bl ock basis. 4. A

transcoder according to any one of theypgreceding claims, including a
buffer (33) for buffering the received notion vectors and del ay neans (35)
for 10 delaying the video sSignals prior to reencoding. 5. A
transcoder according to any one of the preceding clains in which the

noti on vector processing neans is operable to produce an estimted notion
vect or which is the reverse of qFﬁ dafrd notion vector froma frame of
the received signal 1 5 other than rent frane. 6. A -
transcoder according to any one of the precedlng claims in which the
esti mat ed not i-8R--v-e6i-6f---geRef-at-ead—-hHy—the--fret-ror—veect-or-proeesstng neans
i ncl ude: :

f22
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at 1east one notion vector for previous-frane prediction which is a scaled
ver 853@#yodfc 20 the notion vector froma frame of the received signal - which
i avol ved prediction froma non-consecutive earlier frame. ——%F— A
t fanscoder according to any one of the preceding cl ai w,,mm

notion vector processing means is operable to produce ,m B’H'II on
vector 25 which is te %ﬂgs rence between backward notli ofi vect®rs 1 0

two franes qf W recei ved signal . 15 8. A transcoder

accordi n‘&“ 0 any one of the preceding clains in which the not i on
vector processin ;rm‘hns (32) is operable to generate one of nore of a 30
pluralit s OS] Tble estimted notion vVeLBIMS in accordance with a

pr edet er ned hi er ar chy. 9. A transcoder according to any
one of the preceding clains in which the noti on vector processing

nmeans (32) is oper abhetréfscgaseeshgrisingdh Weabiidryfobfdecoding a received video signal
17 candi date_esti mated noti on vectors and the or a nption estinmation
means (31) % coded according to a first coding scheme employing motion-compensated inter-
frame predictive coding in which frames are coded out of sequence such that the

coding of some frames involves prediction from a later frame using backward motion

vectors, and an encoder for reencoding the signal according to a second coding

scheme in which at least some frames are coded using motion-compensated inter-

10 frame predictive coding based on a reference frame which is not the same in the

second coding scheme as it is in the first coding scheme, characterised in that the

transcoder includes motion vector processing means (32) to generate an estimated

motion vector for a current frame of the video signal, the motion vector processing

means being connected to receive, when processing vectors for a current frame,

16 vectors which, in the received signal, accompany at least one other frame of the video

signal, and being operable to reverse the sign of backward motion vectors when

generating estimated motion vector for use by the encoder when re-encoding using

forward prediction.

20 2. A transcoder comprising a decoder for decoding a received video signal
coded according to a first coding scheme employing motion-compensated inter-
frame predictive coding in which frames are coded out of sequence such that the
coding of some frames involves prediction from a later frame using backward motion
vectors, and an encoder for reencoding the signal according to a second coding

25 scheme in which at least some frames are coded using motion-compensated inter-
frame predictive coding based on a reference frame which is not the same in the
second coding scheme as it is in the first coding scheme, characterised in that the
transcoder includes motion vector processing means (32) to generate an estimated
motion vector for a current frame of the video signal, the motion vector processing

30 means being connected to receive, when processing vectors for a current frame,
vectors which, in the received signal, accompany at least one other frame of the video
signal, and being ope'rable to reverse the sign of backward motion vectors when
generating estimated motion vector for use by the encoder when re-encoding using

forward prediction and by including means operable to carry out motion estimation

Lt AL af u% ‘=-gi"
ﬁ& aiﬁ‘d.’wg &,"f% Eg



opgg:,,@p,joe,o;o eval uate the candidate estinmated noti OWI ect

one in accordance with a predetermned criteri og’m

t ranscoder accor di ng to any one of the preceding cl gﬁ”

c6di ng schemes enploy different orders of transnission ‘f Lt L of the

vi deo signal and the transcoder further includes re-ordering means (30) for

re- ordering the received signal. 10 11. A nmet hod of transcoding

a received video signal coded according to a first coding schene

enpl oyi ng not withirc enpeanchataeeh certtesd- 6 @npogitiend deterrviped ddi e estimated whotian

frames are codecjt out of sequence such that the coding of sonme franes

i nvol ves 5 @8ction froma later frame usi ng backward notion vectors

into a signal according to a second codi ng schenme in which at |east

sonme franmes are coded using nmotion- 1 5 Qon%ge sat.ed inter-franme ﬁ edlcgtlve
o 1%

codi ng based Gn a r &f ERRIFOHE] F‘%ﬁ?éd'%lteﬁ"?'@ srein thi, SahalsLreprese Fnd

codi ng schegreimsgd Wdivided MtbhBlobiks ot ietdie@lepfnedBwherein S meionr es@tiatinh
processi ng recei ved notion vectors to gener, at e an es i mat ed m)tl on

vector for a EUAANEMNT 2TRRARE tEfCafrHOUY MASIEN SEEMATION PRA RRWsRPHEPIYRp bei ng
responsive, when processing vectors for a current frame, vectors which,
in the received signal, 20 acconpany at |east one other frame of the video
signal, and i del udlﬁngralr‘lemesmtﬁgortdm to anyiqne of thmEkersding ngeimsn iNeleding &

when generat | %ff%?t(éﬁa%?db rfngnth ek olSq fdtio S\?ec't&s nd B850 Fhélhs UBisNGor
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forward predlctlon ranseodi Ing a received video
signal coded aetxyirgithg Vvideossigtals priarad ressdbdiggschenme enpl oyi ng

not i on- conpensated inter-frame predictive coding in whi ch franes are
coded out of sequence such that the coding of sone franes involves

prediction fragna |lRtehsédRiMacYsidig RAaKyhe d%bml'edeiﬁﬁg)b&tms‘lﬁro véhiati gimeal

according to a second codi ng schene in \/\/nt g sQ frames are

coded usi ng moeetion-vector processing means IS operabie to pro uce an: e timated motion vector
which is the reverse of a backward motion vector from a frame of the received signal

15 other than the current frame.

6. A transcoder according to any one of the preceding claims in which the

estimated motion vectors generated by the motion vector processing means include:

at least one motion vector for previous-frame prediction which is a scaled version of
20 the motion vector from a frame of the received signal which involved prediction from a

non-consecutive earlier frame.

7. A transcoder according to any one of the preceding claims in which the
motion vector processing means is operable to produce an estimated motion vector
25 which is the difference between backward motion vectors from two frames of the

received signal.

8. A transcoder according to any one of the preceding claims in which the
motion vector processing means (32} is operable to generate one of more of a
30 plurality of possible estimated motion vectors in accordance with a predetermined

hierarchy.

g, A transcoder according to any one of the preceding claims in which the

motion vector processing means (32) is operable to generate a plurality of
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qﬁensated inter-frame predictive coding based on”
TE3H° the sane in the second codi ng schene as i :

C@Odl ng scheire, characteri sed by processing recej #JMI vec s to
generate an estinmated notion vector for a current ‘zzy i deo
signal, the processing step being responsive, when prbce& ﬂ%ctors
for a current frane, vectors which, in the received signal, a¢conpany
at | east one other frame of the video signhf, and including reversing the
18 si gn ofcaaarawégmmtea%tmcm&&s%er{hg%n%rrasf.ageaﬁﬁatmt ﬁx@ar’i@)fs‘ﬂﬁs
vectors for use in recodi ng using forward prediction and by including
the step of ceapejabig i gvalipie ba candidets estimateth matiohivectors @ad dh salesh opern r ed
on a position b notion vector. 5 13.

A et hod of tfgﬁégg %gﬂ%H%Br ?ﬁgﬁ eg%'ﬁgwpl 1 or 12 wherein the signals
represent a video |nage di vided into bl ocks of picture elenents, and the
not i on gst tio arried oaut on_a blo C IS. 10 4.

A met hod accor+ i'ng t‘lg trﬁ”ﬁ? ®f feCqr9ing, to 3nY | °H8IchﬁR§gDr5fﬁdfr}§r ?%5“5[ Wé‘efeé%é%?/ed
notion vect or swandodieg ayhdrges Brepdly dRPershgories OF trafsniissisreonemdirties of the

video signal and the transcoder further includes re-ordering means {30} for re-

erence frane which

ordering the received signal.

10 11, A method of transcoding a received video signal coded according to a
first coding scheme employing motion-compensated inter-frame predictive coding in
which frames are coded out of sequence such that the coding of some frames involves
prediction from a later frame using backward motion vectors into a signal according to
a second coding scheme in which at least some frames are coded using motion-

15 compensated inter-frame predictive coding based on a reference frame which is not
the same in the second coding scheme as it is in the first coding scheme,
characterised by processing received motion vectors to generate an estimated motion
vector for a current frame of the video signal, the processing step being responsive,
when processing vectors for a current frame, vectors which, in the received signal,

20 accompany at least one other frame of the video signal, and including reversing the
sign of backward motion vectors when generating estimated motion vectors for use in

recoding using forward prediction.

12. A method of transcoding a received video signal coded according to a
25 first coding scheme employing motion-compensated inter-frame predictive coding in
which frames are coded out of sequence such that the coding of some frames involves
prediction from a later frame using backward motion vectors into a signal according to
a second coding scheme in which at least some frames are coded using motion-
compensated inter-frame predictive coding based on a reference frame which is not
30 the same in the second coding scheme as it is in the first coding scheme,
characterised by processing received motion vectors to generate an estimated motion
vector for a current frame of the video signal, the processing step being responsive,
when processing vectors for a current frame, vectors which, in the received signal,

accompany at least one other frame of the video signal, and including reversing the
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A net hod accordjing to any one of clains 11 to-t4—nmwiich the notion
ve 5[382rw°ﬂ? CeSSI ng i ncludes generating an esti nated u‘!uml ch is
the reverse 15 of the notion vector froma frame o;ﬁ“ ﬂr“l“‘W\ nal

other than the current frame. 16. A et hod accoerl ng o &ny one of
claims 11 to 15 in which the estinmated notion vectors generated by the
noti on vector processing include at | east one notion vector for

previ ous-franme prediction which is a scal 68 version of the notion vector
from20 a frgge cPbadkird afow QEct8isAMtEn g@?ﬁb?dﬁng @Htﬁhét@@i rrRih@ﬁi WE&tbRTof (€MIna
non-consecutive earlier frame. d according to any
one of cl ai msreceding U_Eﬁ'lgl forwiard arveditionnand bh Includln@etbecﬂtepp%wsxemmgur medtiedes
generating an 0 en
backwar d nntidﬁﬁb%c ors P?on1 CN%?E(%ﬁg&j&i%§°§pgbgégﬁghgé%gqng%sgggnﬁl8.
A et hod accomditiog vieotaany one of clains 11 to 17 in which the noti on

vect or proqfssing generates one of nore of a plurality of possible

esti mat ed notion vectors in accordance with a predetern ned hierarchy.
30 19.  13A netdebthed of thhidgobing adYoramg t6fcldihali Mr 114 Wherd® the sighakh

t he notion vect or processing, dgenerat es afpl urality of candi date
estimat ed not [HeSFEL BoYided igage divided dntoghlpgls P AiciHESeRBENSN 2B (thEdR et t o

eval Uate the gadifleh B Qsidddiamh 4'BbLIRBy-block b4giet ors and to select one in
accordance with a predeterm ned criterion.

10 14. A method according to claim 11, 12 or 13, including buffering the received

motion vectors and delaying the video signals prior to reencoding.

15. A method according to any one of claims 11 to 14 in which the motion
vector processing includes generating an estimated motion vector which is the reverse

15 of the motion vector from a frame of the received signal other than the current frame.

16. A method according to any one of claims 11 to 15 in which the estimated
motion vectors generated by the motion vector processing include at least one motion
vector for previous-frame prediction which is a scaled version of the motion vector from

20 a frame of the received signal which involved prediction from a non-consecutive earlier
frame.

17. A method according to any one of claims 11 to 16 in which the motion
vector processing includes generating an estimated motion vector which is the

25 difference between backward motion vectors from two frames of the received signal.

18. A method according to any one of claims 11 to 17 in which the motion
vector processing generates one of more of a plurality of possible estimated
motion vectors in accordance with a predetermined hierarchy.

30
19. A method according to any one of claims 11 to 18 in which the motion
vector processing generates a plurality of candidate estimated motion vectors and
the method includes motion estimation to evaluate the candidate estimated motion

vectors and to select one in accordance with a predetermined criterion,
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19 25362w0.d20" A nmet hod according to any of clains 11 to 19 wherein the
0.doc

two codi ng schermes enploy different orders of: transmi.ssion. of .the frarmes

of the vi-rded signal 5 and the nethod further includes re-ordering the

décoded received signal.

19

20. A method according to any of claims 11 to 19 wherein the two cading
schemes employ different orders of transmission of the frames of the video signal

5 and the method further includes re-ordering the decoded received signal.
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