8 September 2006 1 Editing of encoded A/V sequences FIELD OF THE INVENTION The invention
relates to a method and apparatus for editing of frame-based coded audio/video (A/V) data, in
particular for but not limited to, audio/video data encoded according to the MPBGeptstabhda200A\t least
two sequences of frame-based A/V data are 5 combingd to form a third combined sequence based on

frames of a first frame seguence up to and including a first edit point in the first sequence and on
frames in %é@%?fg@ﬁ?@dé/g%ﬁa%qﬁcluding a second edit point in the second sequence. Each of
the first and second sequences is coded such that a number of frames (hereinafter "I-frames") are
intra-coded, without reference to any other frame of the sequence, a number of frames (hereinafter "P
10 frames") are respectively coded with reference to one prior reference frame of the sequence, and
the remainder (hereinafter "B-frames") are respectively coded with reference to one prior and one
subsequent reference frame of the sequence, the reference frame being an I-frame or a P-frame and

the referential coding of a frame being based on motion vectors in the frame indicating similar macro
blocks in tireFr@eraiaEat\oENT IBANCKGROUND OF THE INVENTION MPEG is a video signal
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top to bottanih8uSeheeenbetdaf6other frame of the sequence, a number of frames (hereinafter “P-
10 frames’) are respectively coded with reference to one prior reference frame of the sequence,
and the remainder (hereinafter “B-frames’) are respectively coded with reference to one prior
and one subsequent reference frame of the sequence, the reference frame being an I-frame or
a P-frame and the referential coding of a frame being based on motion vectorsin the frame
indicating similar macro blocksin the frame referred to.
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BACKGROUND OF THE INVENTION
MPEG isavideo signal compression standard, established by the Moving
Picture Experts Group ("MPEG") of the International Standardization Organization (1SO).
MPEG is a multistage algorithm that integrates a number of well known data compression
20 techniquesinto a single system. These include motion-compensated predictive coding,
discrete cosine transform ("DCT"), adaptive quantization, and variable length coding
("VLC"). The main objective of MPEG is to remove redundancy which normally existsin the
spatial domain (within aframe of video) aswell asin the temporal domain (frame-to-frame),
while allowing inter-frame compression and interleaved audio. MPEG-1 is defined in
25 ISO/IEC 11172 and MPEG-2 isdefined in I1SO/IEC 13818
There are two basic forms of video signals: an interlaced scan signal and a
non-interlaced scan signal. An interlaced scan signal is atechnique employed in television
systems in which every television frame consists of two fields referred to as an odd-field and

an even-field. Each field scans the entire picture from side to side and top to bottom.



However, the horizontal scan lines of one (e.g., odd) field are positioned half way between the
horizontal scan lines of the other (e.g., even) field. Interlaced scan signals are typically used in
broadcast television ("TV") and high definition television ("HDTV"). Non-interlacé &ept=mbeig2G0s are
typically used in computer. The MPEG-1 protocol is infended for use in 5 compressing/decompressing

non-interlaced videq signals, and the MPEG-2 protocol is. intended for use |
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20 Referring to FIG. 1, MPEG-1 and MPEG-2 each divides a video input signal,
generally a successive occurrence of frames, into sequences or groups of frames ("GOF") 10,
also referred to as agroup of pictures ("GOP"). The framesin respective GOFs 10 are
encoded into a specific format. Respective frames of encoded data are divided into slices 12
representing, for example, sixteen image lines 14. Each slice 12 is divided into macroblocks

25 16 each of which represents, for example, a 16 x 16 matrix of pels. Each macroblock 16 is
divided into a number of blocks (for example 6 blocks) including some blocks 18 relating to
luminance data and some blocks 20 relating to chrominance data. The MPEG-2 protocol
encodes luminance and chrominance data separately and then combines the encoded video
data into a compressed video stream. The luminance blocks relate to respective 8 x 8 matrices

30 of pels21. Each chrominance block includes an 8 x 8 matrix of data relating to the entire 16 x
16 matrix of pels, represented by the macroblock 16. After the video datais encoded it is then
compressed, buffered, modulated and finally transmitted to a decoder in accordance with the
MPEG protocol. The MPEG protocol typically includes a plurality of layers each with
respective header information. Nominally each header includes a start code, data related to



8 September 2006 3 the respective layer and provisions for adding header information. The example
of 6 blocks from each macro block is one possibility (called the 4:2:0 format). MPEG-2 gives also
other possibilities, such as having 12 blocks per macro block. There are gener8ISefiteatheifBo@mt
encoding formats which may be applied to 5 video da®&. Intra-coding produces an "I" block,
designating a block of data where the . encoding relies solely on information within a video frame
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subeguent referenf:e frame, 240, With the increased gvailabilit ofdigitaéhf encoded AN and of data 30
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next Sequ?PalCnee%fafrré’Ilrjnsg& 2K ngtéﬁ&%lgegnsmg 85.% %\)/yotrs]&rpoeu%o | ned reference frames, asillustrated

in Fig.1 under number 10. To eliminate frame-to-frame redundancy, the displacement of
moving objects in the video images is estimated for the P-frames and B-frames, and encoded

20  into motion vectors representing such motion from frameto frame. An I-frameis aframe
wherein all blocks are inter-coded. A P-frame is aframe wherein the blocks are inter-coded
as P-blocks. A B-frame is aframe wherein the blocks are inter-coded as B-blocks. If no
effective coding inter-coding is possible for all blocks of aframe, some blocks may be inter-
coded as a P-block or even as an I-block. Similarly, some blocks of a P-frame may be coded

25 asl-blocks. The dependencies between the different frame typesisaso illustrated in Fig.2.
Fig.2A shows that the P-frame 220 depends on one preceding reference frame 210 (either a
P-frame or an I-frame). Fig. 2B shows that a B-frame 250 depends on one preceding
reference frame 230 and one subsequent reference frame 240.

With the increased availability of digitally encoded A/V and of data

30 processing equipment capable of operating on such data, the need has arisen for seamless
joining of A/V segments in which the transition between the end of one sequence of frames
and the start of the next sequence of frames may be handled smoothly by the decoder.
Applications for seamless joining of A/V sequences are numerous, with particular domestic

uses including the editing of home movies and the removal of commercia breaks and other



Applications for seamless joining of AN sequences are numerous, with particular domestic uses
including the editing of home movies and the removal of commercial breaks and other 8 September
2006 4 discontinuities in recorded broadcast material. Further examples include Sepearteq2o06e
backgrounds for sprites (computer generated images)dan example use of this technique would be an
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SUMMARY OF THE INVENTION
It is an object of the invention to provide an improved data processing
20 apparatusfor editing encoded A/V sequences and an improved method of editing encoded
A/V sequences. In particular, it is an object to enable software-based video editing.

To meet the object of the invention, the data processing apparatus for editing
includes an input for receiving the first and second frame sequence; means for identifying
frames in the first sequence up to and including the first edit point which are coded with

25  respect to areference frame after the first edit point and for identifying framesin the second
sequence starting at the second edit point which are coded with respect to areference frame
before the second edit point; and a re-encoder for re-encoding identified frames of the B-type
(hereinafter “original B-frame”) by, for each identified B-frame, deriving the associated
motion vectors of the re-encoded frame solely from motion vectors of the original B-frame.

30 The inventors have realized that, unlike for conventional coding of A/V data,
for video editing the original encoded frames are available and the encoded data therein can,
to a certain extent, be re-used. In particular, the motion vectors can be re-used, avoiding afull
recal culation of the motion vectors which includes motion estimation, which comes at a high

cost in terms of computational resources.



to a certain extent, be re-used. In particular, the motion vectors can be re-used, avoiding a full
recalculation of the motion vectors which includes motion estimation, which comes at a high cost in
terms of computational resources. 8 September 2006 5 As described in the defSaptamlua0ds if two
(or more) B frames of the first sequence have lost a sibsequent reference frame, all but the last

B-frame are re-encoded as a single-sided B-fra endi onIy on th resent r reference
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be a(ilgleved ugl he €?ﬁlng As described in the dependent claim 5, the direction of the motion
t

vectoris kepﬁ same e length is reduced to compensate for the new reference frame being

temporally (in time) cIosAs described in the dependent claim 3, the last identified B-frame of the first

sequence is re-encoded to a P-frame depending only on the preceding reference frame.
Existing motion vectors with reference to a preceding I-frame or P-frame are re-used.
As described in the dependent claim 4, as an alternative or as described in the
20  dependent claim 8, preferably, in addition to re-encoding the B-frame as a single-sided B-
frame depending only on the preceding reference frame, the newly created P-frameis (also)
used as areference frame. The motion vectors with reference to the P-frame can be based on
the motion vectors that were used with reference to the subsequent reference frame. These
motion vectors can enable an effective coding of the B-frame. Particularly, if also a high
25  proportion of the motion vectors with reference to the preceding reference frame can be used,
the code size of the B-frame may get very close to that can be achieved by afull re-encoding.
As described in the dependent claim 5, the direction of the motion vector is
kept the same, but the length is reduced to compensate for the new reference frame being
temporally (in time) closer.
30 As described in the dependent claim 6, the length is adapted according to the
proportion that the new reference frame is temporally closer. Thisis agood approximation
for images where the objects move substantially with a constant speed and direction over the

duration of the frame sequence.



30 As described in the dependent claim 6, the length is adapted according to the proportion that the
new reference frame is temporally closer. This is a good approximation for images where the objects
move substantially with a constant speed and direction over the duration of theBfGapterabep200. 8
September 2006 6 As described in the dependent claén 7, a search is performed along the length of

the original motion vectar. This enahles findin ood. match were the speed qf the object changes,
but the direction remainé“?ﬂﬁﬁﬁeﬁ I'IQ%\%@EI%@%@@% » QoFat] 'BPFEEW @iﬂ“gﬁﬂ%&@ uence. 5
As describsfct e thigycepangient\aeion. T Hasepabl e fidintps gichensetonerstgupaes dheidwshjedbeen
taken over, a new reference frame is lacated, being either a P-frame or gn I-frame. In the case that
(e fren o NS DL et e e s B S e . 6 s o e ol i

ensures thiatwnetbeysaased part of the combined sequence a suitable reference frame is present,

being either the original |-frame .or the pewly created I- 10 frame. As described in the dependent claim
o othl dentited B.rar S ERLEUNE CEETHRE S Hod I FETER e B frames
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existing maotion vectors can be re-used in.an upmodified form. 15 These and other aspects of the
vention AR AR Ao ool AR e B3 R b R b e
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MPEG2-encqding; Fig. 2 illustrates the inter-frame, coding of MPEG-2: Fig. 3 shows a di y and
correspon 8GR RAE B S AL AR LB TS e a1 P BB & R deuence
up taland imalneling the out- 25 point (first edit point); Fig. 5 shows the re-encoding of the first
sequence for a different put-point; Fi GSd%éws the re-encoding of the.second sequepce from and
including the in-point (séégr%cé%ﬁdéﬁmf ?DPSH%I e qﬁé@%ﬁf&ﬁ%&@@%h’b@%&ﬁ%@é’: for a
different inspguistice are now re-encoded as single sided B-frames with reference to the newly created |-

frame or the original I-frame, which ever situation occurs. The existing motion vectors can be

re-used in an unmodified form.

15
These and other aspects of the invention are apparent from and will be
elucidated with reference to the embodiments described hereinafter.
Brief description of the drawings
20 In the drawings:

Fig. 1 showsthe prior art MPEG2-encoding;

Fig. 2 illustrates the inter-frame coding of MPEG-2;

Fig. 3 shows adisplay and corresponding transmission sequence of frames;

Fig. 4 shows the re-encoding of the first sequence up to and including the out-
25 point (first edit point);

Fig. 5 shows the re-encoding of the first sequence for a different out-point;

Fig. 6 shows the re-encoding of the second sequence from and including the

in-point (second edit point);

Fig. 7 shows the re-encoding of the second sequence for a different in-point;
30 and

Fig. 8 shows a block diagram of a data processing apparatus according to the

invention;



30 and Fig. 8 shows a block diagram of a data processing apparatus according to the invention; 8
September 2006 7 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT Fig.3A shows
an exemplary sequence of frames according to the MPEG-2 coding. Although éh8cfukboean006
description will focus on this coding persons skilled inthe art WiII recognize the applicability of the

present inye 0 A/V he dependencies between the
frames. ngtgﬂrﬁm @E‘H—g@sdpj?lﬁzgé?ma%@ﬁ the frames in the sequence
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(the in-sequence) m aI be taken from the same se the frames pof the first sequence.
For examE RSB A 1 e 1B TE HOTY Bl SRt SRR AR e viceo,
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the first setmeendéhwﬂmpluemmahbe”ﬁmobngqerdmbdqdmduhmmhoemmhmh tbdyaameem Yled. second

sequence, V|ce 25 ve odi d between the two seqr nts WI|
establishea? he reap nc 8? %%I%Sa{ g%t(r?]g? Ogeegqgg%é}élmén??%ehc q’—flgs 23 8'9 eﬂow re- encodlng
examples B){frmaaétbmsdmeeﬂm EllggmﬁﬁoaaddTWe encodlng examples for the second sequence.

The gombined sequenthls ly.a concatenation of th Fnﬁ]oded S %ment Bf the, first seduence
: c NJ a0DAratls accor mg o0 the'TAvention combines frames
with the re-encoded segmen e SRR equence

first sequence up to and including afirst edit point (out-point) with frames of a second
sequence starting with the second edit point (in-point). Aswill be appreciated, frames of the
second sequence (the in-sequence) may actually be taken from the same sequence as the
frames of the first sequence. For example, the editing may actually involve removing one or

20  more frames from a home video. Due to the dependency of frames over the edit points, re-
encoding of some framesis required. According to the invention, the re-encoding re-uses
existing motion vectors. No new motion estimation occurs during the re-encoding, resulting
in afast re-encoding. Consequently, frames taken over from the first sequence will, during
the re-encoding, not be predicted with reference to frames of the second sequence, and vice

25 versa. So, no coding dependency between the two segments will be established. The re-
encoding is thus restricted to the segment itself. Figs. 4 and 5 show re-encoding examples for
the first sequence. Figs. 6 and 7 show re-encoding examples for the second sequence. The
combined sequence is ssimply a concatenation of the re-encoded segment of the first sequence
with the re-encoded segment of the second sequence.

30 Fig. 4 illustrates re-encoding the first sequence where the out-point is frame
Be. Thismeansthat all frames up to and including Bg are represented in the edited
(combined) sequence, but that all frames that sequentially follow frame Bg (in the display
order) are not represented in the combined sequence. In the example, Bs depends on Ps and

Ps. According to the invention, Bg is re-encoded as a P-frame, indicated as P 6. As shown P'g



30 Fig. 4 illustrates re-encoding the first sequence where the out-point is frame B6. This means that
all frames up to and including B6 are represented in the edited (combined) sequence, but that all
frames that sequentially follow frame B6 (in the display order) are not represercsbptethbec @dli6ned
sequence. In the example, B6 depends on P5 and Ps3 According to the invention, B6 is re-encoded as

P-frame, indicated as P'6. As sh '6.8 September 2006_ § is coded with ref to P5 only.
The motol VBURH U1 IEEHARAD BeCin® TR AIGNETLN RSP SR i P By o used i

the P'6 fraowelefl predidititromatiamyeettuisy needadi hehesiCyfaiat. Npalticldas ronopticessimation
is required. Since Ps will not represented in the combined sequence, the mation vectors of B6 for
e can o TG B CLBHEBA Pl AR R LB UST ER EARAER SRTSR  R L T BR 10 b
coded as irdpresaractiblaeksdbmibsetivertas ehéomBifon Wistord dhBetaertheasiae lohgé bedssed

Chowd the ABAEREBIPKE AP BN SHEARRBn o L T GRHRLEE I8 Ehcoting the

first sequemezerothieck g isenwigsahes dassdond ;1 PRI will tinker easaniiel sl ZeethBEdredsd3® culing 7 are
predicted wijth reference to P5 as well as Ps. Ps, is not taken aver. Accordipg ta the invention, of the

B trames (ACHEU IR0 Pl e WA T e R E SRR Il case, B s
re-encode#itp4Gashevis Thesetplipndet Migng B bR monwhie teassmicdiog sedlehsame as described for B6 of
Fig.4. All other B- frame|§

.that.have lost a reference fr in this case only B6) are re-encoded as a
i o aidod 16 Bt ame e T L KB L AR ot e o Bt D g
referédce Brammehidexahple) hothifrabids BE aaddE e aeoiedi tted wink ieisidedd®Praswel edipteBfrom
P5. The motion, vectors of B6 are re-used. The motion vectqQrs of for Ps can no longer be used.
Consou LR et AR B R S e o e R A RIS v the
case for Bfraat:Rigp &8t idnsisate eracpdetioedPeinzbaslim ehits veserBini stet@codacttos mreedfeated for
predicting the re-encoded frame B'6 from the re-encoded frame P:7. In.itsglf no_motion  vectors were
P eont T R B T e g T e 2 Bl B SO AL S o s
can be re-treatkéahahsape psiser €f edamge finanex@mipiis cfdeigriBABah drthe- ewodedtaseadi Ad\e-arsadding

wher thg_;r es are lo?ﬁ?t)?e in the sequence ataﬁ)j;:?d time, 25 mﬁ;“l‘t’% the tlgae between frames

am
B6 and Ps’is {%nc%ct%ee%r\ﬁve V(\alreegﬁ rgmeesr%Ea'arHaqu _er&gggﬁrl%et at t 8%%%0#1” ro %e&cseis

substantiafiacehstershounmio fig. tiBe B terabidded Bs alsaiyl egithee Bndiiaroé iredinebiramdeors gives
a reasonatrlﬁeen%g |oa}1ti\%1ct(gr£n o(ftg)ena\rlg (r:églﬂged The motion vectors of Bg for Pg can no longer be used.
Consequently, more macroblocks in B’ may need to be coded as intra macroblocks then was
the case for Be.

20 Fig.5D illustrates a preferred embodiment, wherein motion vectors are created
for predicting the re-encoded frame B’ from the re-encoded frame P'-. In itself no motion
vectors were present in the original frame Bg predicting from B,. However, motion vectors of
Be predicting from Pg can be re-used for this purpose. Taking the example of Fig.5A and the
conventional A/V encoding wherein the frames are located in the sequence at afixed time

25 interval, the time between frames Bg and Pg is twice the time between frames Bg and By.
Assuming that the motion of objectsis substantially constant during the time interval Bg to
Ps, halving the length of the motion vectors gives a reasonabl e estimation of motion vectors
for predicting B'¢ from P ;. Preferably, these motion vectors are used in addition to the
motion vectors predicting B's from Ps. In this |atter case, this makes B’ aregular double-

30 sided B-frame. The example of Fig. 5 describes the normal situation of MPEG-2 where two
B-frames are located in between reference frames. The person skilled in the art can easily
adapt this for situation where there are more than two B-frames in between reference frames.
In such a more general case, the factor with which the length of the motion vector needsto be

corrected is given by: (the number of frames in between the B*-frame and the P -frame +1).



for predicting B'6 from P'7. Preferably, these motion vectors are used in addition to the motion vectors
predicting B'6 from P5. In this latter case, this makes B'6 a regular double 30 sided B-frame. The
example of Fig. 5 describes the normal situation of MPEG-2 where two B-fram8<Septeiooat@d06
between reference frames. The person skilled in the a& can easily adapt this for situation where there

are more t two B-frames in between reference.frames. In such a more general case, the factor
Wit which IBEHETI PR SELEST S 0 G B rrae B S P LA SO bR ames i
between thg B'-frame and the P'-frame +1). 8 September 2006 9 /(the number of frames in between
the original B-frame and its subsequent reference. frame  +1). In a further preferred embodiment, the
accuracy of the matchir(:lgﬁ’I ?Hﬂ]ﬁﬁ%lrigpﬁr R?Qc‘?ﬂﬁagf&ﬁ%ﬁ@e itod BE'}%FH Qgﬁ)?t}p‘?/ﬁ}%r?@the
length of thecwigipaidiatigrBS; YesioRS JsidireagBbyfanying wigheadactsthedrgaminaniba. Preferably,
a binary search is_perfarmed n this interval starting at 0.5 (which is anyhow a good match.for constant
oo, UGB BTN P e BRI St BHEE BE TGP bl TREAEHHD rocton of
motion rerpaiferisiedstarhis yt@vastenti dyin 0. S @vinvhlicsahtinueviatgoedlnfaigh 6ol estisttes re-encoding
the second sequence where the jn-pqint is frame 10 ps. This meaps that all frames startjpng at ps are
ropresentdl i LSRG T SRS FEREL R SR A e LA Lo QLB FEE R s i the
display orditreaienruitmietuasemis ds sulbstantisl lyinedssatwiknee; thedavdingdtd s msreation, starting at
the in-point the first reference.frame. is located, being either an I-frame or a P-frame. If this frame is an
- fame s taken over GG UHEHARINE CmOINLA SR e AR % PRRIPLLS [0 s
re-erk@degdgtdr ais heansehateal b anaesy slalticigsab g seeeqoedetearl mine dditelgctmihiaeelkample of Fig 6,
the first reference frame, is ps..S0 is re-encoded to i's. Frames bg.and bio are the B-frames that
areacl deTEHERRF O M AL AL Tk o D RS s D AR B e Lomsequenty,
bg and biorerezehteded toduombierdedqaericy . At dibe aswdtitign;estating de the amasnntbesplay

sequence..Fig. 6C shows the. same sequence. jn transmission 20 sequence. Fig. 7 gives a second
cxample o 18 Sl R e e B R T e P TR e BT Tpoin,
the first refesaveci¢ isaaken ovaenpxdi AscHls thelezobired tegliguwe , the fsaraednedelédiiee)'s.iblext, all
B-frames of the second sequence.are_ identifi t\%gt have lost a reference frame, heing either an
irark® or P R B B B A R R A R R o B R e
identified Bfffamestiaedire-reference frameis ps. So, ps is re-encoded to i g. Frames bg and by are the

B-frames that already depended on the reference frame pg. The motion vectors can be taken
over. Consequently, bg and b;o do not need to be re-encoded. Fig. 6B shows the resulting re-
encoded frames in display sequence. Fig. 6C shows the same sequence in transmission

20  seguence.

Fig. 7 gives a second example of re-encoding the second sequence where the
in-point is frame bg. Starting at the in-point, the first reference frame is frame ps. Asalso
described for figure 6, pg is re-encoded to i"'s. Next, al B-frames of the second sequence are
identified that have lost areference frame, being either an I-frame or a P-frame preceding the

25 in-point be. In the example, bs and by are such B-frames. The identified B-frames are re-
encoded as single-sided B-frames. The reference to the preceding reference frameis
removed. The dependency of the remaining subsequent reference frame is kept. In the
example, the remaining subsequent reference frame pg is re-encoded to framei . So, bg and
b, are re-encoded as frames b’ and b 7, respectively, depending oni’s.

30 Fig. 8 shows ablock diagram of data processing system according to the
invention. The data processing system 800 may be implemented on a PC. The system 800 has
an input 810 for receiving afirst and second sequence of A/V frames. A processor 830
processes the A/V frames. Particularly if the frames are supplied in an analogue format,

additional A/V hardware 860 may be used, for example in the form of an analogue video



encoded as single-sided B-frames. The reference to the preceding reference frame is removed. The
dependency of the remaining subsequent reference frame is kept. In the example, the remaining
subsequent reference frame ps is re-encoded to frame i's. So, b6 and b7 are r&Sqoteddra@0bames
b"6 and b'7, respectively, depending on i's. 30 Fig. 8 diiows a block diagram of data processing

system accordi the inyention. The data processjng system 800 may he jmplemented on a PC.
T syste BBy Koo 8 SHb 0 1 1751 CHD Bt e ke T A v
processor i/ epinepsserdia AdVifsbroergiRhricuiariké thefamasereppiada fataaalogue
format, additional A/ hardware 860 may be used, far. example in the form of an analogue video 8
SeptombeP 560 16 LB U AR GE e S0 L BT P BLAAES il 1 the
frames hayermatyebligepptieded theastintediguaigitedrio does hiserbtidiré&ugertheappotessas s first re-
encode the frames in the desired format. The initial coding or re-encoding tq the desired format
Couall ap TSP e RE ILB R PR UL RS (LR IeR LA Siehe operation
can take pisoelin tbgquiraskaemisodser imatietideds ardiketeldelstediiing tiain badalt-feintseTHivense user
interaction to accol%%tﬁflx detegrmine the in and out-points. This, makes real-time performeagﬁce during

editing moPefiFpt FRETAQIRIGESLARY STAPLY TS RRREA b &SRS ST d W hard disk,
or a fast optickd siondgresutrgyd4ensuéithoapbrdidisk sboaiashaptivel Atdf sjecsatvsy Stem. tAthvglgtihe

processor 83Q, in realit itable 10 comunication systems, suc PCI and IDE/SCSI may be used
o ciroct AL FAHE LR DL B S B B 40 B3 processor
needk) infaonation i ovhighteagusches RO ditdIDIEIRCH amy detysedhtis dReefehaldyedhe user supplies
such informati ia a yser int ke a mou d keybaard, ip an interactive way, where a
display pr;&}{gg&\ﬁ@r@s@e im%?ﬁg;;ﬁ?ﬁ? Lhne b %ﬁgtar'g%rrﬁ%ga%?@ rﬂgdgﬁr%r&c ?L‘%S?Fanr%%jaccurate locations
in the streamhsrnAei desoribhidivséquentes toseli trangt thetiradydoeuediings. Endjecsis\stiteansasuch as a
home video, by.removing or copying selected scenes. For the purpose of this description, this is
regarded SETTACER4TY THETATRE KRAELINEIR I SREOUS AR APeds (LM Erce) and
once as theayyatseamdiBpbtys prpedesihdusbel sistaat onomo st tabbetRecas atio)f ledredquences can

be processed independently. where the 20 combin df dit déseq ence is formed from concatenating
both SagmLARE R CLO TSR e e SRR e i R iR a0

It can be soqipliate sxammalyivias adtpued2d@e0\berentesimgdr adjoymgise@otieer scenandypbthelone, e.g.
conversion, fo.AS31AR'S ARFIPRER BT TARNRINE AocLS FHMEIRERR, sequence twice, once
asthe in stream (second sequence) and once as the out stream (first sequence). In the system
according to the invention, both sequences can be processed independently, where the
20 combined (edited) sequence is formed from concatenating both segments. Normally, the
combined sequence will also be stored in the background storage 840. It can be supplied
externally via output 820. Where desired, aformat conversion may be done, e.g. conversion
to a suitable analogue format, using the A/V 1/O hardware 860.
As described above, for the editing the processor 830 determines the segments
25 of thefirst and second sequence that need to be taken over in the combined sequence (all
framein the first sequence up to and including the out-point and all frames in the second
sequence starting with the in-point). Next, the B-frames are identified that have lost one of
the reference frames. These frames are re-encoded by re-using existing motion vectors. As
has been described above, no motion estimation is required according to the invention. As
30 hasbeen indicated, certain macroblocks may need to be re-encoded as intra macrobl ocks.
Intra coding (as well as inter-coding) is well-known and persons skilled in the art will be able
to perform those operations. The re-encoding may be done using a special hardware.
However, it is preferred to use the processor 830 for this purpose under control of a suitable

program. The program may also be stored in the background storage 840, and during



As described above, for the editing the processor 830 determines the segments 25 of the first and
second sequence that need to be taken over in the combined sequence (all frame in the first
sequence up to and including the out-point and all frames in the second sequed&eystaniieg 2006 the
in-point). Next, the B-frames are identified that have |44t one of the reference frames. These frames

are re-encoded by re-using existing motion vectors. As has been described abqve, no motion
estimation RSB R RERR LA ER HUEHIEROR SR HC oA MRSl L R SBks may

need to benientng@Bechas idka ieastolflaclenpbirtial g etbirigd #sank biahdiaimencytpaisswelhiynewn and
persons skilled in the art will be able to perform those operations. The re-encoding may be done using
P pecal AT RS MG A BEE IR A 0 D G e Peomtol o
a suitable eptivgsrnthdleagunagiramaonay wetohetFaredan haHacke kowndsigsade PéGoarkideding 8
September 2006 11 operation, be lpaded in a foreground memory 850, such as a RAM_memory. The
oo ot MERT819 BBOHE e BETRs GBS ARG (BBA) BPHEPCLIh o ent < heing
re- encodadadslliescritiasi asivedestinetadarse themitdanenttthef shisteoti shalscarmissrfe dblye-
estimate the length of g motion vectgr, It falls well within the knowledge of .a,person skilled 5 in the art
o poriormTL R AP RO SRS oS Lo PRI EsFbblock. The
involved estidiating béritheapptinagldengtd.of the motion vector is preferably performed by the processor
830 under control of a syitabl ogram, If ired, also additional hardware may be used. It should
b noted that the abovel LRI GRS R OIS PP 6 T DSt B AN that
thosda &killéianin tiieei aventi brig exadbtadiot okessi gki Ihedriy triécanativiebe abboth iesids withg i teapinieg from the
scope of the ended claims. In the claims, any referepce signs, placed between parenthesis shall
ot e cor STEHI T T BRGSO TG AR TR O Bkl e
presence otfetiercetigns placed Setpeethpardhibes dstetl mabEaonstiie iayientitngcitue dei malemented

by means of hardware 15 comprising seveyal distinct elements, and b ans of a suitabl

otogrammisg 5 SHBr T LG G008 S CIRInE e of el e s O RS e ans can
be emboditdrbthosed siedli the daimme Tiesirnviehomveansbdlingpbament de bp rogaasop feddwareay be
stored/distributed. on a suitable. medium, such as optical stora t may also be distributed in other
o e B A e e B R AR A . mber
2006 12 the system claims enumerating several means, several of these means can be embodied by

one and the same item of hardware. The computer program product may be stored/distributed
on a suitable medium, such as optical storage, but may also be distributed in other forms,
such as being distributed viathe Internet or wireless telecommunication systems.



CLAIMS: 1. A data processing apparatus (800) for editing at least two sequences of frame- based AN
data forming a third combined sequence based on frames of a first frame sequence up to and
including a first edit point in the first sequence and on frames in a second sequéraptérnbers2@6
including a second edit point in the second sequencé2wherein each of the first and 5 second
sequences s coded such that a number of frames (hereinafter "I-frames") are intracoded, without
reference fonYMher frame of the sequence, a number of frames (hereinafter "P-frames") are
respectively coded with reference to one prior reference frame of the sequence, and the remainder
(hereinafter "B-frames") are respectively coded with reference to one prior and one subsequent
reference frame of the sequence, the reference 10 frame being an I-frame or a P-frame and the
referential coding of a frame being based on motion vectors in the frame indicating similar macro
blocks in the frame referred to; the apparatus including: an input (810) for receiving the first and

second frajne sequencei HaaRRd8ahiPLiAsRITK IiPBIeSIR thediels RIYeRGRHEL ARG RSIUding
15 the first edit point which are coded with respect to a reference frame after the first edit point and for
identifying 1PaRA i dat §etBing %HW@WQHW}‘@ basgshardaanpsint wHich fé@@%ﬁﬁmh
respect {o gy RiaRIGe IAMPe/ardf BarAeANMEAIPalnlieARd ity ARk ddaid egnersing each
identified frames of the B type (hereinafter also "original B-frame") into a corres re-encoded

)
frame by, f6PBE ipol w&mm@&@mﬂép@wm@m@m@a@@c@fmﬁw%&?%%mded
framessoledy HAMSEREARNESIIFa i BT RALRIERBIS RS pRAEHNRS TRiRsiREF e g i that

re-encoder is arranged to re-encode a sequentially last one of the identified B- frames of the first

sequence A8racPRGMAtRLT SR EeBEeHe- AR A RLPE FOR SBNPACESASIREEN RS fraMSthat is either
an | frame pp@iRafiame A kel seodeniiailels SHRRaskitH RS PREE BhiSRBARIBRIRL B-#nsere an

identified B-frame of the first sequence other than the sequentially last one of the identified B-frames

as a B-frathe SErbIRIARFBE R Fetat e (Be RS S C 8 tH AEP ) A reaPerH¥ety ReRiRshWIER tors of the B*-
frame withgesiaet i8 B BridFamecredssirRif oancreation aaetersHefdhpiaricegraerbingh& September

2006 13 original B-frame _vvith respect_ to the reference frame that is not Part of the combined
sequiihce frame being an I-frame or a P-frame and the referential coding of aframe being based on
motion vectorsin the frame indicating similar macro blocks in the frame referred to; the
apparatus including:
- an input (810) for receiving the first and second frame sequence;
- means (830) for identifying frames in the first sequence up to and including
15 thefirst edit point which are coded with respect to a reference frame after the first edit point
and for identifying frames in the second sequence starting at the second edit point which are
coded with respect to a reference frame before the second edit point; and
- are-encoder (830) for re-encoding each identified frames of the B type
(hereinafter also "original B-frame") into a corresponding re-encoded frame by, for each
20 identified B-frame, deriving motion vectors of the corresponding re-encoded frame solely
from motion vectors of the original B-frame.
the apparatus characterized in that
re-encoder is arranged to re-encode a sequentially last one of the identified B-
frames of the first sequence as a P-frame (hereinafter "P*-frame"), with referenceto a
25 preceding framethat is either an | frame or a P-frame and that sequentialy is closest.
the re-encoder is arranged to re-encode an identified B-frame of the first
sequence other than the sequentially last one of the identified B-frames as a B-frame
(hereinafter "B*-frame™), with reference to the P*-frame, where motion vectors of the B*-

frame with respect to the P*-frame are derived from motion vectors of the corresponding



2 A data processing apparatus as claimed in claim 4, wherein a direction of the 5 motion vectors of the
B*-frame is the same as the respective corresponding motion vectors of the corresponding original
B-frame and the length of the motion vectors of the B*-frame is proportional to & Septyintut tP@06
respective corresponding motion vectors of the corre’lébonding original B-frame. 10 3 A data

processmg) @r@[ﬁ?’s f as claii;?ed in claim 2, wherein_the ortlon | ive he number of frames
in betweerPt EpRchigiRerAierRnce Hamp i Aghh ?f %}g@ original B-frame
and its subsqgeii reference frame +1). 4 A data processing apparatus as claimed in claim 2, where

the apparatus 15 includes a proportion estimator for estimating the proportion by iteratively scaling a
length of the respective corresponding motion vectors of the original B-frame with a factor between 0

and 1 untilza match of the datipspassing apeeaUsiest srfednd thahmagatsereieditectoned teeiterion.
205 data rocessm é?%%%gs as clai ed in claim 1, wherein the re- en&oder IS . arraﬁ(gedt(tﬁ
oF

re-en é?&‘e‘h??ﬁ F?H},?i‘r? Q6 AR G EPHIMS Y SRR AL ¥

identified Bhﬁram@@dﬁdmgtbrrgifﬁaeeceamrmqbtiwlm@reomérammiﬁv@wka@q@m&ngmeimratus as
claimed in claim 1 W erel]eégfﬂ 3 ncoder i | 25 arran (? to se uentla irt}g the second sequence
s A

for an I-frafieSFIORHRA e (RSl B e H?gé‘ﬂ S ERA

re-encodedhigiddtesfeahte-frame to an Iframe (hereinafter "I*- frame ) 7 A data processing apparatus
as claimed in claim 6, wherein the re-encoder is 30 arranged to re-encode each identified B-frames in
the second sequence as a single-sided Bframe, where the single-sided B-frame depends on the
I*-frat0e, if3he P-frame Wadbatemtessi rigsipparangibs dHi anee | nf dizint-fanhersias iepeopedtitirsts 8
September 2002) 1§ 8 Am tho feditin 8%{Ieast % eﬁuence@%%‘ me- base@ (g\lhdataf rming a
third combthed' é{q Qﬁéié‘ S&B oﬁafnfﬁi' ﬁ m C 'ﬁp torgm?in 8% ?redit
point in thefifedreesjudvate eanct loendrignnels BAf casecanthi tsegbssp it osfiepentefthndengla second edit
point in the second sequence, wherein each of the first and second sequences is 5 coded such that a

number of frames (hereinafter "I-frames") are intra-coded, without reference to any other frame of the
sequence,a number of Aatatap(bezssimafeppdrafusiard g kel iresizati eheczibe sppfanaisrence to one

prior reference frame of the sequen nd the rem nder hereinafter mes.) are respec ively
o deiégwnh refjeér%sn a gr%ogrryeorpi) r% a#gr fir esp matl ng e proﬁ etion 8 fter gl y scal?ng alen d%ﬁ otf
the respective corresponding motion vectors of the original B-frame with a factor between 0
and 1 until amatch of the corresponding macro block is found that meets a predetermined

criterion.

20 5 A data processing apparatus as claimed in claim 1, wherein the re-encoder is
arranged to re-encode the identified B-frame of the first sequence other than the sequentially

last one of the identified B-frames also with reference to the prior reference frame.

6 A data processing apparatus as claimed in claim 1, wherein the re-encoder is
25 arranged to sequentially scan the second sequence for an I-frame or a P-frame starting at the
second edit point; and, if a P-frameis detected first, re-encode the detected P-frame to an

Iframe (hereinafter "I*-frame").

7 A data processing apparatus as claimed in claim 6, wherein the re-encoder is

30 arranged to re-encode each identified B-frames in the second sequence as a single-sided
Bframe, where the single-sided B-frame depends on the I*-frame, if the P-frame was detected
first, or on the I-frame, if the I-frame was detected first.



one subsequent reference frame of the sequence, the reference frame being an I-frame or a 10
Pframe and the referential coding of a frame being based on motion vectors in the frame indicating
similar macro blocks in the frame referred to; the method including: receiving the Siepteanubs20061d
frame sequence; identifying frames in the first sequehke up to and including the first edit point 15

which are coded with respect t rence frame after the flrst % oint and for Ig@t % rames in
the second®sequence s r[ﬂ@@[ﬁ LU a LeRsRYRSTHIERCER @ a&ﬁ* Wé%/ ?c? ?ﬁ@énce
frame befargrtheorttstnad sediispembasstionefemmesiot  iaglTidestsbqderiomesto b mtiymead bérainafter
also "original B- frame into a correa&g{ﬁ%mlg re-encoded fram %)@/1 for each |dﬁ:1t|f|ed B-frame,
deriving 2 dIRALRL rgrgf tHaE8 f ﬁ@”ﬁ&‘éﬂ@oﬁ&ﬂ“ﬁ JHEN AT 'SEHW&%S of the
original B-freumed Sar pustii el tbbasgoter grdidncecvireatiegoh semn@&MMmfmahﬂmad@mmed
B-fra es of the firs nc -frame (hereinafter P*- fra, with refer 0 a preceding
frame haﬁg %%‘ h(fbag f‘H’Hﬁtﬁ é:t% aﬂ { aﬁ éigt%%%%fﬂﬂvé Lgncodmg of an
identified aémmmwmmaemwmmﬂmmnmmmmcmmm Riériified) Brisames
as a B-fram %ﬁe (gmfte Iﬁimﬁ%%@ gone with ref rence h o the P*-frame Whergﬂiu on vectors of
the B*-frarh $FECEOM fve BPETRDkL ‘?ﬂ% 81 Oh L5 2egrensS: @Fondlng
original B-feamainuath heiresee CB 4 rirmes jeneresdsativel jhasdedwithaef @ktive tr_ombnpedrwmiuence. 9A
o P B R R e P E S S e PR P R SRR PG i Prame or a
10 Pframe and the referential coding of a frame being based on motion vectorsin the frame
indicating similar macro blocksin the frame referred to;
the method including:
- receiving the first and second frame sequence;
- identifying framesin the first sequence up to and including the first edit point
15  which are coded with respect to areference frame after the first edit point and for identifying
frames in the second sequence starting at the second edit point which are coded with respect
to areference frame before the second edit point; and
- re-encoding each identified frames of the B-type (hereinafter also "original B-
frame") into a corresponding re-encoded frame by, for each identified B-frame, deriving
20  motion vectors of the corresponding re-encoded frame solely from motion vectors of the
original B-frame.
the method characterized by
re-encoding a sequentially last one of the identified B-frames of the first
sequence as a P-frame (hereinafter "P*-frame"), with reference to a preceding frame that is
25 either an| frame or a P-frame and that sequentialy is closest.
the re-encoding of an identified B-frame of the first sequence other than the
sequentially last one of the identified B-frames as a B-frame (hereinafter "B*-frame"), is
done with reference to the P*-frame, where motion vectors of the B*-frame with respect to
the P*-frame are derived from motion vectors of the corresponding original B-frame with

30 respect to the reference frame that is not part of the combined sequence.

9 A computer program product for causing a processor to perform the steps of

clam 8.





