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. present invention relates to a nethod for transmtting video 5
information, in which at least a first bit-stream and a second bit-stream
are formed fromthe video information, the first bit-stream conprises a
first set of frames conprising at |east ope video frame, and the second
bit-stream conprises a second set of franes conprising at | east one
predictive video frane, at |east partly different encoding paraneters are

10 used with encagimgiaic tﬂmﬁgm@sﬁﬁg Iﬁb@{ﬂ’s{% W%Q%ai d

second bit-stream at |east one frane of said bei ng
transmtted, and the transm ssion is switched over fromsaid first bit-
streamto said second bit-stream The invention also relates to an encoder

~conpri sing ns for forping at least a first bit-streamand a 15 second
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different encoding parameters with encoding of the frames of said first.

20 bit-stream and said second bit-stream, means for transmitting at least
one frame of said first bit-stream, and means for switching the
transmission over from said first bit-stream to said second bit-stream.

The invention further relates to a decoder for decoding a video
information from a signa! comprising frames from at least a first bit-

25  siream and a second bit-stream, which are formed from the video
information, the first bit-stream comprises a first set of frames
comprising at lest one video frame, and the second bit-stream
comprises a second set of frames’comprising at least one predictive
video frame, and at least partly different encoding parameters are used

30  with encoding of the frames of said first bit-stream and said second bit-
stream. The invention further relates to a signal representing encoded
video information, and comprising frames from at least a first bit-stream
and a second bit-stream, which are formed from the video information,
the first bit-stream comprises a first set of frames comprising at lest

35  one video frame, and the second bit-stream comptrises a second set of
frames comprising at least one predictive video frame, at least partly




35 one video franme, and the second bit-stream conprises a secop@UieQamﬁ
frames conprising at |least one predictive video frane, at |least partly 1
JUL 2005 2 different encoding paraneters are used with encodi ng of the
frames of said first bit-streamand said second bit-stream BACKGROUND 5
Recently, multinmedia applications that include stream ng audi o and vi deo

I nformati on have cone into greater use. §Several international

st andardi zati on organi zati ons have establi shed and proposed standards for
conpr essi ng/ encodi ng and deconpr essi ng/ decodi ng the audio and video
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wor ki ng under the direction of the | TU Tel ecommuni cation Standardization
Sector (ITU up works on the standard H. 26L for the coding of
movi ng 15 piébpuﬁégégﬂ{[gpl cal video stream conprises a sequence of
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A typical video stream comprises a sequence of pictures, often referred

to as frames. The frames comprise pixels arranged into a rectangular

| form. In existing video coding staridards, such as H.261, H.262, H.263,

20 H.26L and MPEG-4, three main types of pictures are defined; intra
frames (I-frames), Predictive frames (P-frames) and Bi-directional
frames (B-frames). Each picture type exploits a different type of
redundancy in a sequence of images and consequently results in
different level of compression efficiency and, as explained in the

25  following, provides different functionality within the encoded video
~sequence. An intra frame is a frame of video data that is coded by
exploiting only the spatial correlation of the pixels within the frame itself
without using any information from the past or the future frames. Intra
frames are used as the basis for decoding/decompression of other

30 frames and provide access points to the coded sequence where
decoding can begin.

A predictive frame is a frame that is encoded/compressed using motion
compensated prediction from a so-called reference frame, i.e. one or
35 more previous/subsequent Intra frames or Predictive frames available
in an encoder or in a decoder. A bi-directional frame is a frame that is




* conpensated prediction froma so-called reference frame, Le. ond oL 3%0bore
previ ous/ subsequent Intra frames or Predictive franmes available in an
encoder or in a decoder. A bi-directional frame is a frame that is 1 JUL
2005 3 encoded/ conpressed by prediction froma previous Intra frame or
Predictive frame and/or a subsequent Intra frame or Predictive frame. Since
adj acent franes in a typical video sequgnce are highly 5 correlated,

hi gher conpression can be achi eved when using Bi directional or Predictive
frames instead of Intra frames. On the other hand, when the tenporal
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- reconsiructed on the decoding side to yield a decoded frame identical
to that originally encoded on the encoding side. This mismatch is not
only confined to a single frame but further propagates in time due to
the use of motion compensated coding.
20
Figs. 1A-1C illustrate the types of encoded/compressed video frames
~used in a typical video encoding/decoding system. Advantageously,
prior 10 encoding, the pictures of the video sequence are represented
by these matrices of multiple-bit numbers, one representing the
25  luminance (brightness) of the image pixels, and the other two each
representing a respective one of two chrominance (colour)
components. Fig. 1A depicts the way in which an Intra frame 200 is
encoded using only image information present in the frame itself. Fig. .
1B illustrates construction of a Predictive frame 210. Arrow 205a
30 represents the use of motion compensated prediction to create the P-
frame 210. Fig. 1C depicts construction of Bi-directional frames 220. B-
frames are usually inserted between I-frames or P-frames. Fig. 2
- represents a group of pictures in display order and illustrates how B-
frames inserted between l-and P-frames, as well as showing the
35 direction in which motion compensation information flows. In Figures
1B, 1C and 2, arrows 205a depict forward motion compensation




frame 210. Fig. 1 C depicts construction of Bi-directional fﬁaﬂeéﬂbzdeB:
frames are usually inserted between |I-franes or P-franes. Fig. 2

represents a group of pictures in display order and illustrates how B-
frames inserted between I-and P-franmes, as well as showing the 35 direction
i n which notion conpensation information flows. In Figures .1B, 1C and 2,
arrows 205a depict forward noti on conpensation 4 10 prediction information
necessary to reconstruct P-franes 210,4whereas arrows 215a and 215b depi ct
noti on conpensation information used in reconstructing B-frames 220 in
forward direction 3%15a) and backward. direction (215b). In other words,
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val ues t hapeingyreeondfediedth the error data to conpress/encode or
decor@ ess/ decode a given frame of video data. 20 The capability to
decode’ deconpress P-franes requires the availability 25 of the previous |-
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| 1 frames of the sequence. The motion vectors provide offset values and
error data that refer to a past or a future frame of video data having
decoded pixel values that may be used with the error data to

compress/encode or decompress/decode a given frame of video data.

20 The capability to decode/decompress P-frames requires the availability -
of the previous I- or P-reference frame, furthermore in order to decode '
a B-frame requires the availability of the subsequent I- or P-reference
frame is also required. For example, if an encoded/compressed data

stream has the following frame sequence or display order:
25 |

li Bo B3 PaBs PsB7PgBgBigPyy .. PraBio Pyl

n:

the corresponding decoding order is:
30 l P4 B2 By PeBs Py B, P14 BB . . . Pry Bra L,

The decoding order differs from the display order because the B-
frames require future 1- or P-frames for their decoding. Fig. 2 dispiays
the beginning of the above frame sequence and can be referred to in
35  order to understand the dependencies of the frames, as described
earlier. P-frames require the previous |- or P-reference frame be




*The decoding order differs fromthe display order because theFBﬂ $Wlandddh
require future I- or P-frames for their decoding. Fig. 2 displays the

begi nni ng of the above frame sequence and can be referred to in 35 order to
under stand t he dependenci es of the franes, as described earlier. P-franes
require the previous |- or P-reference frane be 1 JUL 2005 5 avail abl e. For
exanple, P4 requires 11 to be decoded. Simlarly, frame P6 requires that
P4 be available in order to decode/ deconpress frane P6. B-frames, such as
frame B3, require a past and/or a future I- or P- reference frane, such as
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&
- 360 fromo RMI t n | 1,t ed
frames R(xﬁgﬂmhﬁﬂéaf*ﬁém%m%fﬁ@%_?3%@2% 18 HEPRE ELBe b EO0R .
motion - i leYindalisd theceuirent fraeey ispastitionedsnin rectangutaroregions of
esti md0 on Kdndigeldi Mhhé! @sdsrc ! 56 € f e
current 20 %&@%h%&. Thsgm)%i q%t;fy\f( %’%8% ;[ﬁée%r%%gg’r?t g’g;?gag’%(élg
. two-di mensi‘hal Vot REIE-EarlDIpak s gne &ISig elthgripiraeediag Ged Ay is
a vert i cal- usiing pinky: e spatiah conelation ot theringiz Ufa@h (vwminghé%rébk%rb' ock,
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prediction f_@llewm &SGHRION 6ons rditheeprecess st whigh irter-codeddnibckgane and
the pnedi ctarenorde Eheh Mnterlcoddd Bibek 58 pRbicted 360 from one of the
| previously (or subsequently) coded and transmitted frames R(x,y) in
the frame memory 350, called a reference frame. The motion
information used for the prediction is obtained from motion estimation
and coding block 370 by using the reference frame and the current
20  frame 305. The motion information is represented by a two-dimensional
motion vector (Ax, Ay) where Ax is a horizontal and Ay is a vertical
displacement. In the motion compensated (MC) prediction block, the
motion vectors are used together with the reference frame to construct
prediction frame P(x,y):
- 25
) P(xry) = R(X+AX, y+Ay)-

Subsequently the prediction error E(x,y), i.e. the difference between the

current frame and the prediction frame P(xy), is calculated 307
30  according to

E(y)= (x,y)-P(x,y).

In transform block 310, the prediction error for each KxL block is
35  represented as weighted sum of a transform basis functions fi(x,y),




30 according to E(x,y)= 1(x,y)-P(x,y) In transformblock 310; thgit 2005
prediction error for each KxL block is 35 represented as wei ghted sum of a
transform basis functions fi(x,y), 1 JUL 2005 6 KL E(x, Y) =1 E Cerr(i,]j)
fij (x, Y). 1i=1j=1 The weights Cerr(i,j) corresponding to the basis
functions are called transformcoefficients. These coefficients are
subsequently quantised 5 in quantisation block 320 to give
lerr(i,j)=Qcerr(i,j), Q) where lerr(igj) are the quantised transform
coefficients. The quantisation 10 operation Q) introduces |oss of

I nformation, but Lgfsguantised coefficients can be represented with

smal | er nu r.of . ~The.l.eyel - of conpression (loss of information) is
controlled@gg’%ﬁr 4 gCﬁHEDJ&)ﬁé”'of t he quanti sation paraneter QP. 15

Bef ore the notion &&&tlrs and quantised transformcoefficients are

supplied to the multiplexer 380, they are further encoded using Variable
Length Cod (VLC), This reduces the nunber of bits needed to represent the
not i on vecﬁ%‘ﬁs VWEIEtsu el e GOtTEsSRONGING cloe ftihe chasiss funchionse aes degligebt | on

vectors, qtranefom dotisionten TRESE! CoatRAS A supBeRReRhy el Aidd onal
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decoder. The quantised transformcoefficients are also forwarded to the

I nver se quang;is fON 330 to obtain inverse quantised transform
coefficiengghéﬁﬁﬁkPF@RL Yo the inverse 25 transformblock 340 to obtain

the prediction error information Ec(x,y) for the current frame. The
P, ] 1 & ciontfo) bl hningt rlsToBeriBionts 7B QniBianon ™
subselftent PHEE !ﬂfbdQ?h Heoducese lessorof dafornettiom the fthel quiargisedecodi ng
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pression (loss ot information) is controlled by adjusting the value
of the quantisation parameter QP.

15 Before the motion vectors and quantised transform coefficients are

supplied to the multiplexer 1380, they are further encoded using

'~ Variable Length Codes (VLC). This reduces the number of bits neede'd

to represent the motion vectors and quantised transform coefficients.

The encoded motion vectors, quantised transform coefficients as wel

20  as other additional information needed to represent each coded frame

is multiplexed in the muiltiplexer 380, and the resulting bit;stream is

transmitted 415 to the decoder. The quantised transform coefficients

are also forwarded to the inverse quantisation block 330 to obtain

inverse quantised transform coefficients and further to the inverse

25  transform block 340 to obtain the prediction error information E.(x,y) for

the current frame. The prediction error information E.(x,y}) is added to

the predicted frame P(x,y) in a summing element to obtain a video
frame that can be subsequently stored in the frame memory 350.

30 In the following, decoding video frames will be described with reference
to Figure 4. The decoder 400 receives the multiplexed video bit-stream
415 from the encoder, and the demultiplexer 410 demuttiplexes the bit-
stream to obtain the constituent parts of the video frames to be
decoded. These parts comprise at least the coded quantised prediction




© 415 fromthe encoder, and the denultiplexer 410 denultipl exes th@khﬂ1€mﬁ _
streamto obtain the constituent parts of the video frames to be decoded.
These parts conprise at |east the coded quantised prediction 1 JUL 2005 7
error transform coefficients and the coded notion vectors, which are
subsequent |y decoded (not shown) to obtain quantised prediction error
transform coefficients and notion vectors. The quantised transform
coefficients are inverse quantised in ihverse quantisation. block 420 to 5
obtain inverse quantised transformcoefficients derr(i,j) according to the

following r it r A afihizQte ( s . Lpver t ransform
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frame P(x,y q B diction error information E,,(x,y) are summed
together in a summ ng el ement 435 according to the followi ng rel ation:
., (X,Y)= R{XtEALO Y Eg“x,Y) 25 These values .l,,(x,y) can further be
filtered t?kggﬁgﬁg G§g%gb ereo frames 445. The values 10(x,y) are also
stored in the frame buffer 440. The reconstructed values 10(x,y) can be
filterigd iMnajdddrser it k OWh ' e r tion
bl ock 435. 30,Vi.de S??Eg%?ﬂgtgggkeﬁ??g:@mggngﬁﬂ#%pggégﬂ%égpgﬁﬁgg nin
q coefficients are subjected o an inverse transform to obtain prediction
error E.(x,y):

the fixe

K L
Ecy) = XY Conlii) fi (6,Y).
i=1j=1

15
The pixels of the current coded frame are reconstructed by finding the
prediction pixels in the reference frame R(x,y) obtained from frame .
memory 440, and using the received motion vectors together with the
reference frame in motion compensation prediction block 450, to obtain
20  a predicted frame P(x,y). The predicted frame P(x,y) and the prediction

error information E.(x,y) are summed together in a summing element
435 according to the following relation: -

(0, Y)= R(x+AX, y+AY)+Eq(x.Y).

25
These values l{x,y) can further be filtered to obtain decoded video
frames 445. The values I,(x,y) are also stored in the frame buffer 440.
The reconstructed values k,(x,y) can be filtered in a filtering block (not -
shown in Figure 4) after the summation block 435.

30

Video streaming has emerged as an important application in the fixed
Internet. It is further anticipated that video streaming will also be
important in and in the near future in 3G wireless networks. In
streaming applications the transmitting server starts transmitting a pre-




Internet. It is further anticipated that video streanm ng w IE’ gl $iol bapny -
important in and in the near future in 3Gwreless networks. In stream ng
applications the transmtting server starts transmtting a pre 2005 8
encoded video bit streamvia a transm ssion network to a receiver upon a
request fromthe receiver. The receiver plays back the video stream back
while receiving it. The best-effort nature of present networks causes
variations in the effective bandwidth gvailable to a user due to 5 the

- changi ng network conditions. To acconmodate these variations, the
transmtting server can scale the bit rate of the conpressed video. 1In the
case of a eBAodedatidendlit sieamodachiranshussirindtivarkao-4 redeivepepdinng and
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One solution to achieve bandwidth scatability in case of pre-encoded
sequences is 0 produce multiple and independent streams having
different bit-rates and quality. The transmitting server then dynamically
switches between the streams to accommodate variations in the

20  available bandwidth. The foliowing example illustrates this principle. Let -
- us assume that multiple bit streams are generated independently with
~ different encoding parameters, such as quantisation parameter,
corresponding to the same video sequence. Let {P1.n-1, P1ny P1ar} and
{P2n1, P2, Pani} denote the sequence of decoded frames from bit
25 streams 1 and 2, respectively. Since the encoding parameters are
different for the two bit sireams, frames reconstructed from them at the
same time instant, for example, frames Pin1 and Pypn4, are not
identical. If it is now assumed that the server initially sends encoded
frames from bit stream 1 up to time n after which it starts sending
30 encoded frames from bit stream 2, the decoder receives frames {P1.n2
P11 P2y Pang, Poniz). In this case P, cannot be correctly decoded
since its reference frame Pyn.1 is not received. On the other hand, the
frame P, ,.4, which is received instead of P21, I8 not identical {0 Py 4.
Therefore switching between bit streams at arbitrary locations leads to
35  visual artefacts due to the mismaich between the reference frames
used for motion compensated prediction in the different sequences.




»30 encoded frames frombit stream 2, the decoder receives franesjUP2iiE 2,
P1,nl, P2,n, P2,n+l, P2,n+2}. In this case P2,n cannot be correctly decoded
since its reference frame P2,n.1 is not received. On the other hand, the
frame P1,, ,, which is received instead of P2,n.1, is not identical to
P2,n_1. Therefore switching between bit streans at arbitrary |ocations

| eads to 35 visual artefacts due to the,m smatch between the reference
frames used for notion conpensated pre%iction in the different sequences.
1 JUL 2005 9 These visual artefacts are not only confined to the frame at
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Tocatiqans whgidniithy CHIPI-Hflbs. The drawback of using I-frames in these -
applications is that since I-frames do not exploit any temporal
redundancy they require a much larger number of bits than P-frames at

the same quality.

20  SUMMARY OF THE INVENTION

It is an aim of the present invention to provide a new method and a
system for transmitting video images in variable transmission
environments. The invention is based on the idea that correct

25  (mismatch-free) switching between video sireams is enabled by
- forming a new type of a compressed video frame and inserting frames

of the new type into video bit-streams at locations where switching from

one bit-stream to another is to be allowed. In this description, the new

type of compressed video frame will be referred to generally as an S-

30 frame. More specifically, S-frames may be classified as SP-frames,
which are formed at the decoder using motion compensated prediction

from already decoded frames using motion vector information, and SI-
_frames, which are formed at the decoder using spatial (intra) prediction

from already decoded neighbouring pixels within a frame being

35  decoded. In general, an S-frame according to the invention is formed
on a block-by-block basis and may comprise both inter-coded (SP)




one bit-streamto another is to be allowed. In this descrlptlop‘ﬁLDQUQEW
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decoded frames using notion vector information, and SlI- franmes, which are
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_ said first bit-stream to said second bit-stream. The decoder according
to the present invention is primarily characterized in that the decoder
comprises means for decoding ‘a secondary switching frame, said
20  secondary switching frame having been encoded using the encoding
parameters of the second bit-stream and at least one reference frame
from the first bit-stream, and added to said signal in place of a primary
switching frame as a reference frame to be used in the reconstruction
of said at least one predictive video frame of the second set of video
25 - frames, and that said means for decoding a secondary switching frame
comprise means for using decoding parameters of the second bit-
stream and reference frames from the first bit-stream. The signal
according to the present invention is primarily characterized in that in
switching the transmission over from said first bit-stream to said
30  second bit-siream, the secondary bit-stream comprises at _leaSt one
primary switching frame, said signal comprises a secondary switching
frame having been encoded using the encoding parameters of the
“second bit-stream and at least one reference frame from the first bit-
stream, and said secondary switching frame is in place of the primary
35  switching frame as a reference frame to be used in the reconstruction




-+ 25 franes, and that said nmeans for decoding a secondary smntchlﬂgjﬂmaHES
conpri se neans for using decoding paraneters of the second bit- stream and
reference franes fromthe first bit-stream The signal according to the
present invention is primarily characterized in that in swtching the
transm ssion over fromsaid first bit-streamto said 30 second bit-stream
the secondary bit-stream conprises at | east one primary switching frane,
sai d signal conprises a secondary smﬁtlhing frame havi ng been encoded
using the encoding parameters of the second bit-streamand at |east one

reference f{ e first.bit- stream and said secondar t chi ng
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be used i nframes.econstruction i ju, L~ 2005 11 of said at |east one
predictive video frane of the second set of video franmes. Considerable
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result of changmg from one bit stream to another. The invention also

has the advantage that random access, fast-forward and fast rewind

operations can be performed on the bit stream. The system according

to the invention offers improved error recovery and resiliency properties
20  compared with the described prior art solutions.

These and other features, aspects, and advantages of embodiments of

the present invention will become apparent with reference to the
following description in conjunction with the accompanying drawings. It

- 25 isto be understood, however, that the drawings are designed solely for
' - the purposes of illustration and not as a definition of the limits of the
invention, for which reference should be made to the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

30
In the following the invention will be described in more detail with
reference to the appended drawings, in which

Figs. 1A-1Cand2  are diagrams showing the prior art
35 ~encoding/compression of video frames,




foll owing description in conjunction with the acconpanying draw pgs2005t 25
Is to be understood, however, that the drawi ngs are designed s Ier for

t he purposes of illustration and not as a definition of the limts of the

i nvention, for which reference should be made to the appended clains. BRI EF
DESCRI PTI ON OF THE DRAWNGS 30 In the follow ng the invention wll be
described in nore detail with reference to the appended draw ngs, in which

Figs. 1 A~ 1 Cand 2 are diagrams showypg the prior 35
encodi ng/ conpressi on of video frames, JUL 2005 12 Fig. 3 is a block diagram
of a generic notion-conpensat ed pred| ctive video coding system (encoder),

Flg 4 is &igl ?gk diiagmarblotk ad im ¢ ofoki mae;lp@iﬁbﬁ Orﬁgégb@ﬂéd’e vi deo
codi ng system (deco ati sw tchin et ween two
different. bit stregﬁ%hlpg‘% @ebr‘:&#ﬂéézf’é’@ r&ld%’ e invention, is a

bl ock di agram of a decoder in accordance with an advant ageous enbodi ment )
of the inv I N, 15 Fiyg | 25 Fi Fig. 13
is an il uf@a‘?l on 5? rlaanb §%1fa§&ae@? OE QSW m%i‘OQrqung'ﬁﬁﬁ%q on of a
f ast - fgrvvard pr ocesé)reglqii@reyldearﬁaﬁmg§ystemdd|ecodeg)r am of a decoder in

accordance with another advant ageous enbodi nment of the invention, is a

bl ock di agk f an.decogder P ccordance with yet another advant ageous
enbodi ment Fitﬁn 5 he i % &R Flggiration S owing switching between two different bit

streams using S-frames according to the invention,

10 Fig. 6 is a block diagram of a decoder in accordance with an
advantageous embodiment of the invention, |

Fig. 7 is an illustration of random access using S-frames,
15 Fig. 8 is an iltustration of a fast-forward process using S-frames,
Fig. 9 is a block diagram of a decoder in accordance with another’

advantageous embodiment of the invention,

20  Fig. 10 is a block diagram of an decoder in accordance with yet
another advantageous embodiment of the invention,

Fig. 11 is @ block diagram of an encoder in accordance with an
advantageous embodiment of the invention,
25 -
Fig. 12 is a block diagram of a decoder in accordance with another
advantageous embodiment of the invention,
Fig. 13 is a block diagram of an encoder according to a second
30 embodiment of the invention,

Fig. 14 is an illustration of a error resiliency/recovery process using
SP-frames,

35 Fig. 15 is a block diagram of an encoder in accordance with the - -
third advantageous embodiment of the invention,




I's a block diagram of an encoder in accordance with an advantageﬁﬂsZMﬁ
enbodi nent of the invention, is a block diagramof a decoder in accordance
wi t h anot her advantageous enbodi nent of the invention, is a bl ock diagram
of an encoder according to a second 30 enbodi nent of the invention, Fig. 14
Is an illustration of a error resiliency/recovery process using SP-franes,
35 Fig. 15 is a block diagramof an encoder in accordance with the third
advant ageous enbodi nent of the inventiid, 1 JUL 2005 13 Fig. 16 is a bl ock
di agram of a decoder in accordance with yet another advantageous

enbodi ment of the invention. DETAI LED DESCRI PTION OF THE | NVENTION I n the
followng the invention is described in a systemin which nultiple bit

i gital vim oqgﬁﬁai:ébw R, BERQHEE M, BoBORaE wilh BY cce.

The di'gital video s %%USrerahoemvabﬁafthememtlomum ple bit
streans. Each bit streamis encoded fromthe sane video signal using at

pe-al 18 ecDB) b FEL EE S CRIBT R B R RN IOR G T T erent 1y and in thie
way bit streams with different bit rates can be 15 forned. The encoding -
Spatial ror Riowifh i dffefion IS BBeLAb8 it MR RaguBRAIEI R oun as
such to a Pibsi@aresiareetormed romra.video signabdBhe avideoi sngaai $:amt beeast one
cach it serLaaonal °S§'9r%”’ ormppisif e fA3heb"2.e AL RESG e coder
to start r%@%‘l’%@%cﬂ'@r&@fta NédeQ/|Sé@ba|slsgﬁ690d3ﬁelneaﬁo@@@0d%l’eﬂb ifarmhe
Cnoder iy bt B Ealh st s RS Fbrh e vt el
b U (R SR AT MM R - N
par anet er stheo bitoratemdarn e diterezb byt rsedetingidivev @ncoding nparametersdeo
signal - congibRbitl, 2430 ifnid WA bit streams with different bit rates can be
15  formed. The encoding parameters can be, for example, frame rate,
~quantisation parameter, spatial resolution, or another factor affecting
the images size, known as such to a person skilled in the art. The
encoder also inserts at least one Intra frame to each bit stream.
- Typically, at least the first frame of each bit stream is preferably an,
20  Intra frame. This enables the decoder to start reconstruction of the
video signal. The encoder used in the encoding of the I-frames, P-
frames and B-frames can be any prior art encoder which performs the
encoding of the video signal, or there may exist more than one prior art
encoder each using different encoding parameters to form-multiple bit
25 . streams. However, to encode a video signal containing also SP-frames
and/or Sl-frames according to the invention, new functionality is
needed in the encoder. This will be explained later in greater detail.

The encoder also inserts frames encoded using motion compensated
30  predictive coding (P-frames and optionally B-frames) into the bit
streams. The encoder also inserts a new type of frames, referred to as
S-frames in this description, into each bit stream at locations where
switching beiween different bit streams will be allowed according to the
. invention. The S-frames may be used at locations where in prior art
35  methods an Intra coded frame would be inserted, or the S-frames may
be used in addition to using Intra coded frames in the video sequence.




and/or Sl-frames according to the invention, new functionality. Iiﬁ ngﬁg
in the encoder. This will be explained later in greater detail. oder
al so inserts franmes encoded using notion conpensated 30 predictive coding.
(P-frames and optionally B-franes) into the bit streans. The encoder al so
inserts a new type of frames, referred to as S-franes in this description
into each bit streamat |ocations where swtching between different bit
streanms Wi ll be allowed according to thg invention. The S-franmes may be
used at locations where in prior art 35 nethods an Intra coded franme woul d
be inserted, or the S-franes may be used in addition to using Intra coded
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net hod accomethmg fop me&dngntm@qu%t@m cg‘?ﬂfsﬁgt Porh hfﬁgl%‘{ﬁ:'& D THd | Pe

|

descr.i bed. ts art of afir art of a
second bit t@%@ﬁ'@ge i quﬁf%m%nttmgﬁla@m Sireﬁrrytcath%w _
P-frah@s otrau‘rlsenlsemeneiwmkt(nbtmmmt)s are shown. Specifically, the first
bit stream 510 is shown to conprise P-frames 511, 512, 514 and 515, while

t he second bit stream 520 conprises corresponding P—frarres 521, 522, 524
and 525. B theHellewing, ainethod aaaoatogatodamrmjmagelobstembodmeﬁeo al so

O ook IR BbRAMRld HoSe o faief 4 ARRMEASEN ™
520 corresbgﬁd ap§ paE OEM%QEQeE?HeSUﬁé\BH&?(at whigh @renformed riat the f or
exanpl® byensodgr. Only arfent Ptrameg of fite réspéativanbit SRldmmbs dresshelvhons or
different gpecifically, the first bit stream 510 is shown to comprise P-frames
- 511, 512, 514 and 515, while the second bit stream 520 comprises
corresponding P-frames 521, 522, 524 and 525. Both the first bit
| stream 510 and the second bit stream 520 also comprise S-frames 513
20  (also labelled S;), 523 (also labelled S,) at cotresponding locations. 1t
is assumed that the two bit sireams 510 and 520 correspond to the
same sequence encoded at different bit rates for example by using
different frame rates, different spatial resolutions or different
quantisation parameters. It is further assumed that the first bit stream
25 510 is being transmitted from the transmittirtg server o a decoder 600,

- 1200, 1300 (Figs. 6, 12 and 13, respectively) via a transmission
network, and that the transmitting server receives a request from the
transmission network to change the bit rate of the video stream being
transmitted.

30 _ :
As mentioned above, S-frames are placed in the bit stream during the
encoding process at those locations within the video sequences where
switching from one bit stream to another is allowed. As can be seen
from Figure 5, in an advantageous embodiment of the invention a
35  further S-frame 550 (also labelled S;,) is associated with S-frames S,

and Sp. This S-frame is called a secondary representation of the S-




- quantisation paranmeters. It is further assunmed that the first b'tﬁﬁtgggy125
510 is being transmtted fromthe transmtting server to a deco er” 600,
1200, 1300 (Figs. 6, 12 and 13, respectively) via a transm ssion network,
and that the transmtting server receives a request fromthe transm ssion
network to change the bit rate of the video streambeing transmtted. 30
As nentioned above, S-frames are placed in the bit stream during the
encodi ng process at those locations w tfin the video sequences where
switching fromone bit streamto another is allowed. As can be seen from

Fi gure 5, iP an advant ageous_enbodi pent. of the invention a 35 further
S-frame 550 r@m%&ﬁ%w |£@!YS§2§3F@ 3ok cndhis iondy iranmited durags?.
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par aneteger s 0 - in the 5 second . bit stream
520 and usi o PR IERRCRER e el Faotfih FPBpeRsaleR PiftaR fiies o
the nth frafe reference iframesi of sheeath Bame lin thehdinst bite streted 51t Itin t he
situation sdyidi | e - s U h evi I ngt ruct ed
frames fron1theds@%gﬁg#giﬂégtfggﬁ?qgggﬁg@ §§¢%¢%ﬁ%gﬁ§¥§%g§ %ﬁgiﬁ%eég
secondary H§§%the @IQWS’Q@&’ freonstrdeted ragmgs fyonthe seconds bihatkedmom t he
first bit s52Gags Gbforence! frnesnd MECSecbRUAKP'S MR’ E5NHdLIGhed Pi xel
val ue f . a S12 are identical. S-fra S12 is transmited only
when s tc%&'oﬁ%n&%@#’ﬂc‘gﬁdb?@r@% e&iﬁmil%'et ‘rﬁheggeé'gﬁﬁnbi ?1@¢ a8am 520
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: rane rd¢ n | e ching i.s ..
per f or med. Sﬁénghggﬁﬁgﬁg,g??gﬁgig%%?%égﬂk¥nﬁgu£§§@9d?h?@gywﬁgﬁﬂg
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When t%e t?%msm’ tt d n%ﬁegff\grr@ ?eggg_ﬁ‘té’? ?%%@%Srdéﬁefboﬁ H[Wqulédg%%sﬁe%nge
: frames” durlmg the encoding phase but only when switching is
~ performed. On the other hand, it may be useful to have at least some
secondary S-frames formed earlier at the time when the different bit

streams are formed to reduce computationat load during transmission.

20 When the transmitting server reaches the frame of the video sequence
encoded as S-frame 5183 (8,) in the first bit stream 510, it can begin the
necessary operations to continue fransmission of the video stream
using the encoded frames of the second bit stream 520. At that point
the transmitting server has already transmitted P-frames 511 and 512

25  from the first bit stream 510 and the decoder 600, 1200, 1300 has
received and decoded the respective P-frames 511, 512. Thus, those
frames have already been stored in the frame memory 640, 1250, 1360
of the decoder 600, 1200, 1300. The frame memory 640, 1250, 1360
comprises sufficient memory to store all those frames, which are

30  needed to reconstruct a P-frame or a B-frame, i.e. the necessary
information of all the reference frames required by the current frame to
be reconstructed. )

The transmitting server performs the following operations to continue

35  the transmission of the video stream using the encoded frames of the
second bit stream 520. The fransmitting server notices, for example, by




encoded as S-franme 513 (Si) in the first bit stream 510, itftangggﬁmsthe'
necessary operations to continue transm ssion of the video stream using

t he encoded franes of the second bit stream 520. At that point the
transmtting server has already transmtted P-frames 511 and 512 25 from
the first bit stream 510 and the decoder 600, 1200, 1300 has received and
decoded the respective P-franes 511, 51?. Thus, those frames have al ready
been stored in the frame nenory 640, 12 6? 1360 of the decoder 600, 1200,
1300. The frane nenory 640, 1250, 1360 conprises sufficient nenory to
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523, 550 can COHBrlse'b|Q$ s encoded usi
) encoded frames if the second bit stream 520, i.e., 524, 525, and so on.

The S-frame 513, 523, 550 can comprise blocks encoded using only
Spatial correlation among the pixels (intra blocks) and blocks encoded
20  using both spatial and temporal correlation (inter blocks). For each inter
. block the prediction of this block, P(x,y), is formed in the decoder 600,
1200, 1300 using received motion vectors and a reference frame. The
transform coefficients Cprea fOr P(X,y) corresponding to basis functions
fi{x,y) are calculated and quantised. The quantised values of the
25  transform coefiicients Cored @re denoted as lyeq and the dequantised
values of the quantised transform coefficients lpred are denoted as dpreq.
Quantised coefficients I, for the prediction error are received from the
encoder. The dequantised values of these coefficients will be denoted
as der. Value of each pixel S(x,y) in the inter block is decoded as a
30  weighted sum of the basis functions f(x,y) where the weight values d,e,
will be called dequantised reconstruction image coefficients. The
values of d, have to be such that coefficients Crec €Xist from which by
quantisation and dequantisation d,.. can be obtained. In addition,
values dr.c have to fulfill one of the following conditions: '
35 -
‘drec = dpred + derr , OF



spatial correlation anong the pixels (intra bl ocks) and bl ocks! éﬁéoé@ﬁ 20
using both spatial and tenporal correlation (inter blocks). For each inter
bl ock the prediction of this block, P(x,y), is formed in the decoder 600,
1200, 1300 using received notion vectors and a reference frame. The
transform coefficients cpred for P(x,y) corresponding to basis functions
f;j(x,y) are calculated and quanti sed. ﬁ?e quanti sed val ues of the 25
transformcoefficients cpred are denoted as | pred and t he dequanti sed
val ues of the quantised transformcoefficients |Ipfed are denoted as dpred.
Quantised cegfH gl gt g, lerr for the prediction error are received fromthe
encoder. The deqguUanti séd val ues of these coefficients wll be denoted as
derv. Value of each pixel S(x,y) in the inter block is decoded as a 30

vei ght ed suMabtlies Séx ypean flwthn e aohaeliz¥d aMPfiterdie. wei ght val ues drec

wi |l be called dequantised reconstruction i mage coefficients. The 35 val ues
~of drec have to be such that coefficients crec exist fromwhich by

guant ih_sét i ?N&mnepeqdimt iof dheoS-ftarres phadeal Q\gtl‘?n npe. bgnst?é% Eilé)gd S_;V3| ues
rec have 0 .conditions: drec = dpr err,
or 1 JUL Zoggh%g g’éégnféﬁbe%ﬁ(gws %ﬁ&ecg(x,y) can further be
normalized and filtered. Next, encoding of the S-franmes placed within the
bit stream Grre 2 4315 L Hi i i Q@Tlc | geglﬁally,
an S-frane ségolrraﬁfgéﬂti %CI herﬁ %ﬁ?/%%rlhgﬁ&gﬁéa{é%gﬁg _?é lf@'ge n- Fi’gure 5
i s const rucPed 'Bri 'aUBF oc- 890sirdeledhani  blogk-byhleck basis Asexpiainedach of
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sequence (i o ~ b0 -fr accordi.ng to the
i nvention 6]( ﬁh%efede %ﬁ%éﬁﬁ‘b\i&ﬁ é@&%@'&@‘%%@@%ﬁyﬁc%ﬂa bl ock
di agram of HAMES phawideo sequence (inter or SP-biocks).
15 _ ,
The encoding of S-frames according to the invention will be described
with reference to Figure 11 which is a block diagram of an S-frame

encoder 1100 according to a first embodiment of the invention.

20 A video frame to be encoded in S-frame format is first pariitioned into
blocks and each block is then encoded as either an SP-block, an Si-
biock, or an intra-block, an intra-block being known as such from prior
art. Switch 1190 is operated as appropriate to swiich between the Si

_ and SP encoding modes, i.e., the switch 1190 is a construction used in

25  the description of the invention, not necessarily a physical device. In
SP-encoding mode switch 1190 is operated to obtain a motion
compensated prediction for the current block 1170. Motion
compensated prediction block 1170 forms a prediction P(x,y) for the
current block of the frame being encoded in a manner analogous to

30  that used in motion compensated prediction known from prior art. More
specifically, motion compensated prediction block 1170 forms the
prediction P(x,y) for the current block of the frame being encoded by

- determining a motion vector describing the relationship between the
pixels in the current block and pixel values of a reconstructed reference

35  frame held in frame memory 1146.




encoder 1100 according to a first enbodinent of the i nvent i ofit 120}A dideo
frame to be encoded in S-franme format is first partitioned into blocks and
each block is then encoded as either an SP-block, an SI- block, or an

i ntra-bl ock, an intra-block being known as such fron1prior art. Switch
1190 is operated as appropriate to switch between the SI and SP encodi ng
nodes, i.e., the switch 1190 is a construction used in 25 the description
of the invention, not necessarily a phy8i cal device. In SP-encodi ng node
switch 1190 is operated to obtain a notion conpensated prediction for the
current block 1170 Motion conpensated prediction block 1170 fornms a
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bei ng encod¥tEodechneighbauringapingisuwithin the fraimel beshg entated, pr edi cti on
known from. pr| or art. Mire specifically, intra prediction block 1180 forns

t he p di ct| F(éPy) for the current block of the franme bei ng encoded
edalr c
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_ g specifically, the current block of pixel values of the original image belng
encoded is applied to transform block 1110. Here, a forward transform
(e.g., a DCT) is applied to the pixel values of the original image biock to
20 form fransform coefficients Coig- These transform coefficients are
passed to quantisation block 1120 where they are quantised to form
~quantised transform coefficients long- The summing element 1130
receives both sets of quantised transform coefficients lored aNd lgrg from
the respective quantisation blocks 1150 and 1120 and generates a set

25 = of quantised prediction error coefficients lerr - @ccording to the
relationship: '

lorr = lc:orig - Ipred -

30 - The quantised prediction error coefficients I @re passed to mutliiplexer
1135. If the current block is encoded in SP-format/mode, multiplexer
1135 also receives the motion vectors for the SP-coded block. If the
‘current biock is encoded in Sl-format/mode, information concerning the
intra prediction mode used to form the prediction for the Sl-coded block
36 in intra prediction block 1180 is passed to the multiplexer.
Advantageously, variable length codmg is applied to the quantised




" encoded is applied to transform bl ock 1110. Here, a formard‘tnad§t02mﬁ _
. (e.g., a DCT) is applied to the pixel values of the original imge block to
20 formtransform coefficients corig. These transform coefficients are
passed to quantisation block 1120 where they are quantised to form

guanti sed transformcoefficients lorig. The summ ng el enment 1130 receives
both sets of quantised transforn1coeffhgients | pred and lorig from the
respective quantisation blocks 1150 and 1120 and generates-a set 25 of
guanti sed prediction error coefficients lerr according to the

rel at1onshigrediction 2rict coeffidienes 130 dha @'aflel SRENBHSTeEdroBreMmi®y
coeffici entpi Ider.r are asst t(%. mul,t1 pl exer, , 35. the current block is
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is applied to the quantised 1TA M5 19 prediction error coefficients "err

and to the_ﬂ%tli on vector or intra prediction node information in the
mul ti pl exerl NELSsirameyenceder 4HQ0 according toytheiinvantion alsa comprises he
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Irec = Ipred + ‘err -

The reconstructed quantised transform coefficients are passed to
inverse quantisation block 1142 which inverse quantises the

20 reconstructed quantised transform coefficienis to form inverse
guantised reconstructed transform coefficients d... The inverse
quantised reconstructed transform coefficients are further passed to
inverse transform block 1144 where they are subjected to e.g. an
Inverse Discrete Cosine Transform (IDCT), or any other inverse

25  transform corresponding to the transform performed in bloc'k"1160. As
a result, a block of reconstructed pixel values is formed for the image

| block in question and is stored in frame meh‘}ory 1146. As subsequent
“blocks of the frame being encoded in S-frame format undergo the
previously described encoding and local decoding operations, a

30  decoded version of the current frame is progressively assembled in the
frame memory from where it can be accessed and used in intra
prediction of subsequent blocks of the same frame or in inter (motion
compensated) prediction of subsequent frames in the video sequence.




The reconstructed quanti sed transformcoefficients are passed tof Juﬁvgp%%
quanti sation bl ock 1142 which inverse quantises the 20 reconstructed

guanti sed transformcoefficients to forminverse quantised reconstructed
transformcoefficients drec. The inverse quantised reconstructed transform
coefficients are further passed to inverse transform block 1144 where they
are subjected to e.g. an Inverse D screte Cosine Transform (1 DCT), or any
ot her inverse 25 transforn1correspondia@ to the transform perfornmed in

bl ock 1160. As a result, a block of reconstructed pixel values is forned
for the i ck 4 n_question and is stored in frame nenory 1146. As
subsequen'[reﬂ"gefré@t?gI 091’ t e YGIERC b%‘&@%cﬁ@é@%ﬁﬁ aacosghiag otora@ Jifakr go t he
pr evi ous| yetesadinent ehﬂm@ﬁngenﬂdnhﬂmahoﬂﬁbédﬂégcﬁ@@ﬂaWﬁﬁW@fr%n%? fipcoded
ver si on of rent frame is progressively assenbled in ﬁ%e rame
menory from<wheére it can be accessed and used in intra prediction of
subsequent bl ocks of the sanme franme or in inter (notion conpensated)
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When decoding an SP-coded: block, demultiplexer 1210 first applies
20  appropriate variable length decoding (VLD) to the received bit-stream
- to recover the motion vector information and quantised prediction error
coefficients lg,.. It then separates the motion vector information from the
quantised prediction error coefficients ler. The motion vector
information is supplied to motion compensated prediction block 1260
25  and the quantised prediction error coefficients recovered from the bit-
stream are applied to one input of summing element 1220. The motion
vector information is used in motion compensated prediction block
1260 together with pixel values of a prévious!y reconstructed frame
held in frame memory 1250 to form a prediction P(x,y) in a manner

30  analogous to that employed in the encoder 1100.

.V_Vhen decoding an Sl-coded block, demultiplexer 1210 applies
appropriate variable length decoding to the received intra prediction

- mode information and the quantised prediction error coefficients lg,.
35  The intra prediction mode information is then separated from the
quantised prediction error coefficients and supplied to intra prediction
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* When decodi ng an SP-coded bl ock, demul tiplexer 1210 first appliks°26°""
appropriate variable |length decoding (VLD) to the received bit-streamto
recover the notion vector information and quantised prediction error
coefficients lerr. It then separates the notion vector information fromthe
guanti sed prediction error coefficients lerr. The notion vector

Information is supplied to notion corrp§nsat ed prediction block 1260 25 and
the quantised prediction error coeffic dnts recovered fromthe bit- stream
are applied to one input of summng elenent 1220. The notion vector
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The intra E}%gﬂbﬁégon node information is used in intra prediction
1270 in conj n with previously decoded pixel values of the current
frame held in frane nenory 1250 to forma prediction P(x,y) for the
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e cas , Switc is operated to gconnect notion
compelgat cgasr ST EE: BBk, shlloh Todd o5 opbratid 1 Sonnaf mdtian
compensated prediction block 1260 to transform block 1290, while in
the case of an Sl-coded block it is operated to connect intra prediction

block 1270 to transform block 1290.

20 In block 1290, a forward transform, e.g., a Discrete Cosine Transform
(DCT), is applied to the predicted block of pixel values P(x,y) and the
‘resulting transform coefficients Cored are supplied to quantisation block
1295 where they are quantised to form quantised transform coefficients
lorea- Quantised transform coefficients lored are then suppliedto the

25 second input of summing element 1220 where they are added 1o the
prediction error coefficients I, to form reconstructed guantised
transform coefficients I, according to the relationship:

lrec = lpred + Ierr-
30 _
The reconstrucied quantised transform coefficients hkee are further
supplied to inverse guantisation biock 1230 where they are inverse
quantised to form inverse quantised reconstructed transform
coefficients d.. The inverse guantised transform coefficients d.. are
35  then passed to inverse transform block 1240 where they are subjected
to e.g. an Inverse Discrete Cosine Transform (IDCT), or any other




the case of an Sl-coded block it is operated to connect intra prediction-

bl ock 1270 to transform bl ock 1290. 20 In bl ock 1290, a forward % K&h hsPogsm
e.g., a Discrete Cosine Transform (DCT), is applied to the predicted bl ock
of pixel values P(x,y) and the resulting transformcoefficients cpred are
supplied to quantisation block 1295 where they are quantised to form
quantised transformcoefficients Ipred. Quantised transform coefficients

I pred are then supplied to the 25 secopg input of sunming el enent 1220
where they are added to the prediction error coefficients lefr to form
reconstructed quantised transformcoefficients Irec according to the
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it possible to switch between bit-streams without mismatch errors such
as those encountered in prior video encoding/decoding systems.
Referring once more to the bit-stream switching example depicted in
Figure 5, switching from the first bit-stream 510 to the second bit-
stream 520 occurs at the location of S-frames S, (513) and S, (523) in -
20  the respective bit-streams. As previously noted, when switching is
performed, a secondary S-frame, denoted Sq2 (550) is encoded and
transmitted. The secondary S-frame S,, is encoded using the encoding
parameters of the second bit-stream 520 and reference frames from
the first bit-stream 510 in such a way that when the secondary frame
25  8,,is decoded its reconstructed pixel values are identical to those that

would have resulted from transmission of frame Sz in the second bit-
stream.

Let Por and 12,4 denote the quantised coefficients of ihe prediction
30  error and the prediction frame, rfespectively, obtained from encoding of
the SP-frame S, with the procedure described above, and let 12
denote the quantised reconstructed image coefficients of the S-frame
S, .The encoding of the secondary S-frame 550 (S4,) follows the same
procedures as in the encoding of the S-frame 523 (S2) with the
35 | following exceptions: 1) The reference frame(s) used in the prediction
of each block of the secondary S-frame Si2 are the reconstructed




Referring once nore to the bit-stream sw tching exanpl e depictedqi pyi {%gre
5 switching fromthe first bit-stream 510 to the second bit- stream5
occurs at the location of S-frames S1 (513) and S2 (523) in 20 the
respective bit-streans. As previously noted, when switching is perforned,
a secondary S-franme, denoted S12 (550) is encoded and ~transmitted. The
secondary S-franme S12 is encoded using hge encodi ng paraneters of the
second bit-stream 520 and reference fr&fes from the first-. bit-stream 510
in such a way that when the secondary frame 25 S12 is decoded its

reconstruct ' ks I.C t.o those t would have resulted
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t he pr edi cidoeffidi eSmaaLts! i.nael fraom encedi ng of the SP-frame
S2 with the, pr légﬁﬁgr%esprl E@ﬁ%@@%’dﬁl%’t*%ﬁ%é aresd ﬁefehé prednt i sed
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of the S f S2) .with the 35 follow ng exce s erence
frame(s) ui@g??ﬁ%f%ﬂ 953’3 |0ction of each bl ock of the secondary S-frane S12
are the reconstructed ? 1 JUL 2005 23 franes obtained by decoding the first
bit strea : th frame,in the video sequence, 2) The
quant i sed%ﬁ%?é%%@'@ﬁgé%éc%&i %ﬁf@“&r%wc'é] &lﬂ deeqdgy 1&90 "o | 12err

= 12rec - @ReNsiHoted fiapesdroneths firsttdibskeant 5$6 bafoasilss isaitch ansf or m
coef f1@i ens. refd hees Lot pa er coefficients . 112errand the
notion vectors a%erwé?g’%'m 't é%gﬁ%gélﬁ%epd’éﬁ?o eihﬁggﬁgnaﬁgﬁ g&fﬁ‘?rﬂet he

secondary ‘SOPvUHeteth AN, addedctndbe reoeives myantisedr preditionc terebif r anes

from the fcostfichentssii?.come B i ti¢h 10 s refierenced ranes,
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the recei vePguant Pedd” presdi'cERBrPR MR iEQRY thisiequalion tat I'as. aascr i bed
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frames, when S,, is decoded it produces an image with reconstructed

pixel values identical to those that would result from decoding S-frame
S,. :

20  From the foregoing description of the encoding and decoding of S-
frames according to the invention, it will be appreciated that a
significant difference exists compared with encoding and decoding of
P-frames and I-frames according to prior art, specifically, it should be
appreciated that when encoding or decoding an image block in SP or

25  Si -format, the prediction P(x,y) for the block in question is transformed
into the transform coefficient domain by applying a transformation such
as a Discrete Cosine Transform. The transform coefficients thus
produced are subsequently quantised and a prediction error is
determined in the quantised coefficient domain. This contrasts with

30 = predictive coding according to prior art in which a prediction error is
determined in the spatial {pixel value) domain.

In the following, operation of the decoder 1200 during switching
between bit-streams 510 and 520 is described in detail. At the position
35  in the video sequence where switching from the first bit-stream to the
second bit-stream 520 takes place, the decoder 1200 has already




15 the S-frame of the second- bit stream S2 have different refenf@gg .
frames, when S12 is decoded it produces an inage wth reconstructe £P¥%|
val ues identical to those that would result fromdecoding S-frane S2 20
From the foregoing description of the encoding and decoding of S franes
according to the invention, it will be appreciated that a significant

di fference exists conpared with encodi ng and decodi ng of P-franmes and

| -frames according to prior art, speciféﬁally, it should be appreciated
t hat when encodi ng or decoding an imge block in SP or 25 SI -format, the
prediction P(x,y) for the block in question is transformed into the
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1200 has al §gger5@ 8005 24 received and decoded the previous P-franes

511 and 512 of the first bit-stream 510. The decoded franes are stored in
s reference franmes. Wen
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15 quantised prediction error transform coefficients 1'%, and motion. vector
information. For the Sl-coded blocks of the secondary S-frame 312 the
compressed video information comprises quantised prediction error
transform coefficients 1'%, and information relating to the intra
prediction mode used in forming the prediction for the Sl-coded block in
20 the encoder. As previously explained, the compressed video
information is subjected to appropriate variable length coding (VLC)
prior 1o transmission from the encoder in order to further reduce the
number of bits required for its representation.

25  The compressed video information for a given image block is received
at decoder 1200 and is first subjected to appropriate variable length
decoding (VLD) and is separated into iis constituent parts by
demultiplexer 1210. The quantised prediction error coefficients 1'%,
extracted from the received bit-stream are applied to the first input of

30  summer 1220 and a block of predicted pixel values P{x,y) is formed for
each image block according to its coding mode (SP or Sl). In the case
of an SP-coded block, the block of predicted pixel values P(x,y) is
formed in motion compensated prediction block 1260 using a reference
frame from the first bit-stream (e.g. P-frame 511 or 512) available in

35  frame memory 1250 and the motion vector information extracted from
the ‘encoded video information of secondary S-frame Syo by




" information transnmtted from encoder to decoder takes the form afJUl5 20385

quanti sed prediction error transformcoefficients 112err and notion vector
information. For the Sl-coded bl ocks of the secondary S-frame S12 the
conpressed video information conprises quantised prediction error
transformcoefficients I12err and information relating to the intra
prediction node used in formng the pre ﬁl ction for the Sl-coded block in 20
the encoder. As previously explained, the conpressed video information is
subj ected to appropriate variable | ength coding (VLO pr| or to
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“prea With quan’used prediction error transform coefficients 1'2,,, to form
reconstructed quantised transform coefficients 1'%, according to the
relationship:

20

12 12 i2
I ree = | pred T er.

The reconstructed quantised transform coefficients 1'%, are then
supplied to inverse gquantisation block 1230 where they are inverse

25 quantised to form inverse quantised reconstructed.. transform
coefficients d'’... The inverse quantised reconstructed transform
coeflicients d'%,. are then passed to inverse transform block 1240
where they are subjected to an inverse transform operation (e.g. an
Inverse Discrete Cosine Transform (IDCT)). As a result, a block of

30  reconstructed pixel values is formed for the current block of the
- secondary S-frame Sq.. The reconstructed pixel values Iy(x,y) are
supplied to the video output and to frame memory 1250. As
subsequent blocks of the secondary S-frame S, are encoded,
transmitted from encoder 1100 to decoder 1200 and subsequently

35  decoded, a decoded version of the secondary S-frame is progressively
- built up in frame memory 1250. From there, the already decoded




set of transformcoefficients cpred. These transform coefficienfts dre F n
passed to quantisation block 1295 where they are quantised to form

guanti sed transform coefficients 112pred. The quantised transform 15
coefficients 112pred are, in turn, applied to the second input of sumrer
1220. Summer 1220 conbi nes the quantised transformcoefficients 112pred
with quantised prediction error transformcoefficients 112err to form
reconstructed quantised transform coef28cients 112rec according to the
relationship: 20 112rec = |112pred + 112 err The reconstructed quanti sed

transform effiaﬁats 112reo are then 8 plied to inverse quantisation
bl ock 1230 ¢ aeeonGiRY $eerBIQ]Gaﬁt gekpttiovedrand rusads byginrd i sed

reconst rucpeedictionsisiook 42901 ite! 9ohh HratiRted i RAIaEs IBRRY) STy
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suppl i ed t8n9ﬂ690’|d@@ mﬂqrdlngatcdthe)rélahoashmry 1250 As subsequent

bl ocks of the secondary S-frame S12 are encoded, transmtted from encoder
1100 to decoder 1200 and subs quen |y 3? decoded, a decoded version of the
secondary S-franme is progresérbfe1= recb'u drequp in frame nenory 1250. From
there, the al ready decoded 26 bl ocks of the secondary S-franme can be

retri gqed intra predr ction block 1270 to form predi cted pi xel
val ueﬁs!ﬁP( X%%ré Efecs i SHANISesl segansiruclpd Sranshernyceetficiant wakiesere it
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coef fi ci eninfy@h#fSn for secondary S-frame S are identical to those which

15 would have been produced if S-frame S, from the second bit-stream

had been transmitted and decoded. As previously explained, this
follows since:

12 12 12 -
I rec = | pred + | “err
. 20

_ |12 i2

2 2
pred + e = | pred = IFrec

12
ThUS, i ec — lzrec.

25  Therefore it can be seen that by constructing a secondary S-frame S5
according to the method of the invention, transmitting it from encoder to
decoder and subsequently decoding it, mis-match-free switching
between a first and a second bit-stream can be achieved.

30  Consider the case that the secondary S-frame is an Sl-frame while the
S-frame within the bit stream is an SP-frame. In this case, a frame
which uses motion-compensated prediction is represented by a frame
which-uses only spatial prediction. This special case has implications in

random access and error resiliency which will described later.




: 114
* produced by encodi ng and subsequently decoding S-frane S2 in thej‘ggc3w@5
bit-stream This neans that the reconstructed transform coefficients
112rec produced by decodi ng the conpressed video information for secondary
S-frane S12 are identical to those which 15 woul d have been produced if
S-frame S2 fromthe second bit-stream had been transnitted and decoded. As
previously explained, this follows since: 112 rec = 112 pred + 112err 20 =
112 pred ' 12rec - |12pred = I2rec Thud7 112rec = |2rec 25 Therefore it can
be seen that by constructing a secondary S-frame S12 according to the
met hod of the invention, transmtting it fromencoder to decoder and

subsequent ltyshaidddepotad thatdn mqadarr‘ew&wndomm@emHMancanﬂmgsto and a
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coefficients Ierr This is advantageous since the summation performed
in order to produce reconstructed transform coefficients | is
15 performed in the quantised transform coefficient domain, i.e. since

bhee = lprea + lerr,

failure to use identical quantisation parameters in the construction of
20 Iprea @Nd e will lead to errors in the reconstructed quantised transform
coefficients |,q.

Figure 15 shows a block diagram of an S-frame encoder 1500
according to a second embodiment of the invention which provides
25  greater flexibility in the choice of quantisation parameters to generate
the quantised transform coefficients ly.q and lor. As can be seen by
comparing Figure 15 with Figure 11, the principal difference beiween
“the S-frame encoder 1500 according to a second embodiment of the
invention and S-frame encoder 1100 according to a first embodiment of
30  the invention concerns the location of quantisation blocks 1525 and
1550. The operation of the S-frame encoder 1500 according to the
second embodiment of the invention will now be described in detail

with reference to Figure 15.

35 Ac_cording to the second embodiment of the invention a video frame to
be encoded in S-frame format is first partitioned into blocks and each




paranmeters used in generating the quantised prediction errorggn?ggLo?mg
coefficients lerr- This is advantageous since the summation perforned in
order to produce reconstructed transformcoefficients Irec is 15 perforned
in the quantised transformcoefficient donmain, i.e. since Irec = Ipred +
lerr, failure to use identical quantisation paraneters in the construction
of 20 Ipred and lerr will lead to errors in the reconstructed quanti sed
transform coefficients Irec. Figure shows a bl ock diagramof an S-frane
encoder 1500 according to.a second e di rent of the invention which

provi des 25 greater flexibility in the choice of quantisation paraneters to
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of t-héOfrafran’EehemhﬁammbmbwfﬂWOi on conpensat ed prediction block 1575.
Motion conpensated prediction block 1575 forns a bl ock of predicted pixel

values P(x,y) for the current block of the frame being encoded by
det er ni ni nly shoading, wadeswitttioBbng operatetatd obtdinpasodistivond e  pi xel s

Frame hel o ey FRREBIRA oPtrEPtralty HERPntelE8 RN G fIE B per ot oo
to obtain a98PeHitid ROt oN block 1580 operates in a manner analogous to
15 that described in connection with the first embodiment of the invention
' to form a block of predicted pixel values P(x,y) for the current block of
the frame being encoded using spatial prediction from already encoded
neighbouring pixels within the frame being encoded.

20 - In both SP- and Sl-coding modes a forward transform, for example a
Discrete Cosine Transform (DCT), is applied to the predicted block of
pixel values P(x,y) in transform block 1590. The resulting transiorm
coefficients Cpeq are supplied to summers 1520 and 1540. The original

_ image data, comprising the actual pixel values of the image block
25  currently being encoded, are passed to transform block 1510 where
they too are subjected to a forward transform (e.g DCT). The resulting
transform coefficients ¢,y are then passed to summer 1520 which
forms a difference between Corig 8Nd Cpreq 10 generate prediction error

: transform coefficients ¢, according to the relationship:

30
' Cerr =Corig " Cpred .

The prediction error fransform coefficients are supplied to quantisation
block 1525 where they are quantised using quantisation parameter

35 - PQP to form quantised prediction error transform coefficients I, which
are, in turn passed to multiplexer 1540.




the current block of the frame being encoded fromintra predictidn bl othith
1580. Intra prediction block 1580 operates in a nmanner anal ogous to 15 that
described in connection with the first enbodi ment of the invention to form
a bl ock of predicted pixel values P(x,y) for the current block of the
frame bei ng encoded using spatial prediction from already encoded

nei ghbouring pixels within the frane bebgg encoded. 20 In both SP- and

Sl -coding nodes a forward transform fof exanple a Discrete Cosine
Transform (DCT), is applied to the predicted block of pixel values P(x,Yy)
in transform bl ock 1590. The resulting transform coefficients cpred are
supplied to rs 1520, and. 1540. The original _ inmage data, conprising the
act ual pi'xellfﬁe@g@% 8&9@% $ageting &rwog@d?m rnfosmati myliplexded 540 e
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they are inverse quantised using quantisation parameter PQP to form
inverse quantised prediction error transform coefficients d.,. The
inverse quantised prediction error transform coefficients der are next
passed to summer 1540 where they are combined with the transform
20 coefficients ¢, produced from the predicted pixel values P(x,y) for the
current biock. More specifically, summer 1540 adds transform
coefficients c..q and inverse quantised prediction error transform

coefficients d., to form reconstructed transform coefficients Gy
according to the relationship: |
25

Crec = Cpred + Uerr

The reconstructed transform coefficients Crec are then passed fo
quantisation block 1550 where they are quantised using quantisation
30  parameter SPQP to produce quantised reconstructed transform
coefficients I It should be noted that guantisation parameter SPQP
used io quantise the reconstructed transform coefficients is not
necessarily the same as the quantisation parameter PQP used to
quantise the prediction error transform coefficients e in quantisation
35 Dblock 1525. In particular, a finer qQuantisation can be applied io
reconstructed transform coefficients c,., and a courser quantisation can




decoder by mul ti pl exi ng together t he vari ous forns of |nfornat|anngm
quanti sed prediction error transformcoefficients "err are passed 1 Prom
guanti sation block 1525 to inverse quantisation block 1530 where they are

i nverse quanti sed using quantisation paranmeter PQP to form inverse
guantised prediction error transformcoefficients derr. The inverse

quanti sed prediction error transformcoefficients derv are next passed to
sumer 1540 where they are conbi ned mﬁ?B the transform 20 coefficients
cpred produced fromthe predicted pixel""values P(x,y) for the current

bl ock. More specifically, sumer 1540 adds transform coefficients cpred -
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prx values I{x,y) is su%sequentiy stored in frame memory 1570. As
15 . subsequent blocks of the frame being encoded in S-frame format
undergo the previously described encoding and local decoding
operations, a decoded version of the current frame is progressively
assembled in frame memory 1570 from where it can be accessed and
used in intra prediction of subsequent blocks of the same frame or in
20 inter (motion compensated) prediction of subsequent frames in the
- video sequence.

Operation of an S-frame decoder 1300 according ito the second
embodiment of the invention will now be described with reference to
25  Figure 13. The bit-stream generated by the S-frame encoder 1500
according to the second embodiment of the invention and described
above in connection with Figure 15 is received by decoder 1300 and is
demuitiplexed into its constituent parts. The decoder reconstrucis a
decoded version of the S-frame on a block-by-bleck basis. As
30.  previously described, an S-frame generally comprises both SP-coded
and Sl-coded image blocks. For SP-coded image blocks, the
information in the received bit-stream comprises VLG encoded motion
vector information and VLC encoded quantised prediction error
transform coefficients ls,. For image blocks encoded in Si-format, the
35 information in the received bit-siream -comprises VLC encoded
information relating to the intra prediction mode used to form the inira
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operation e.g. an Inverse Discrete Cosine Transform (IDCT) As a result of
this operation, a block of reconstructed pixel values Vx,y) is forned for -
the i mage bl ock in question. The bl ock of reconstructed pixel val ues
| O(x,y) is subsequently stored in frame nenory 1570. As 15. subsequent
bl ocks of the frame being encoded in S-frane format undergo the previously
descri bed encoding and | ocal decoding _gperations, a decoded version of the
current frame is progressively assenbBdd in frame menory 1570 from where
it can be accessed and wused in intra prediction of subsequent bl ocks of

the same fr L Qr I gt er | on conpensat e redi ction of subsequent
franes in Pﬁga'c&fo&eﬂ)rg@'&ul%ﬁf@@qggbm’ cﬁﬁng‘(quﬁss\? LQEQBC@ ed qwantised
accor di ng psedictioneewodiranstart ceefficiéntshig,i nvention will now be described
with reference to. 25 Figure 13. The bit-stream generated by the S-frane

encoder 1500 according to the second enbodi ment of the invention and
descri bed V¥Betedeaodingn e iShronded iinggee bicek, sderdiiplesebyl 3tHS dffet 1300
d i d ibBl I3 ' j : t t
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decoded, in a manner analogous to that employed in encoder 1500.

When decoding an Si-coded image block, demuitiplexer 1310 applies

appropriate variable length decoding to the received intra prediction

20  mode information and the quantised prediction error transform

coefficients lg,. The intra prediction mode information is then separated

from the quantised prediction error transform coefficients I, and is

supplied to intra prediction block 1380. The quantised prediction error

transform coefficients |, are supplied to inverse quaniisation block

25 1320. The .intra prediction mode information recovered -from the

- received bit-stream is used in intra prediction block 1380 in conjunction

with previously decoded pixe! values of the current frame held in frame
memory 1360 to form a prediction P(x,y) for the current block being

decoded. Again, the intra prediction process performed in decoder

30 1200 is analogous to that performed in the corresponding encoder

1500 previously described. | -

For both SP- and Sl- coded image blocks the quantised prediction error
transform coefficients I recovered from the received bit-stream are
35  inverse quantised in inverse quantisation block 1320 using quantisation
parameter PQP to form inverse quantised prediction error transform




notion vector information is supplied to notion conpensated predid¥io2lio

bl ock 1370 and the quantised prediction error coefficients [err recovered
fromthe received bit-stream are applied to inverse quantisation bl ock
1320. The notion vector information recovered fromthe received bit- stream
s used in notion conpensated prediction block 1370 together wth pixel

val ues of a previously reconstructed franme held in frame 15 nenory 1360 to
forma prediction. P(x,y) for the curredd bl ock being . decoded, in a
manner anal ogous to that enployed in encoder 1500. Wen decodi ng an

Sl - coded | , (e tiplexer 1310 lies appropriate variable
| engt h decgggﬁgﬁeﬁﬁsh@ﬂﬁf'ggbi'%eﬁ“ﬁeﬁﬁgaQHﬁgggggi eredistiopderror dransfoem and
the quanti seaepicetitstd.garerapplisd tmsherinputobslimnentsakefr. The intra
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- according to the retationship: |

20 : Crec = Cpreg + err.

The reconstructed transform coefficients ¢, are then passed to
quantisation block 1330 where they are quantised to produce
quantised reconstructed transform coefficients |, using quantisation

25  parameier SPQP. The quantised reconstructed transform coefficients
lec @re, in turn, supplied to inverse quantisation block 1340 where they

~ are inverse quaniised using quantisation parameter SPQP to form
inverse quantised reconstructed transform coefficients drec. The inverse
quantised reconstructed transform coefficients d,., are then passed to

30 inverse transform block 1350 where they are subjected to an inverse
transform operation, for example an Inverse Discrete Cosine Transform
{IDCT). As a result of the inverse transformation applied in inverse
transform block 1350, a block of reconstructed image pixels l(xy) is
formed for the image block in question. The block of reconstructed

35  pixels l;(x,y) is supplied to the video output of the decoder and to frame
memory 1360, where the pixels are stored. As subsequent blocks of




. aforward transform for exanple a Discrete Cosine Transform (DCI)Juis 248
applied to the predicted bl ock of pixel values P(x,y) to formtransform
coefficients cpred. Transform coefficients cpred are then supplied to the
second i nput of sumer 1325 where they are conbined with the inverse
guantised prediction error transform coefficients received from inverse
quantisation block 1320, to formreconstructed transform 15 . coefficients
crec. Mre specifically, the reconstrugged transform coefficients are
determi ned by addi ng together transform coefficients cpred and inverse
quantised prediction error transformcoefficients derv according to the
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passed to 30 inverse transform bl ock 1350 where they are subjected to an
i nverse transformoperation, for exanple an Inverse Discrete Cosine
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the video effectively prevented. The blocks 1610, 1620, 1625, 1630, 1640, 1650, -
1660, 1665, 1670, 1675, 1680, 1685, 1620 have similar functionality to
the blocks 1510, 1520, 1525, 1530, 1540, 1550, 1560, 1565, 1570,
1579, 1580, 1585, 1590 presented in Fig. 15, respectively.

20  In Fig. 6, a decoder 600 according to an advantageous embodiment of
the invention is described. Most of the elements of the decoder 600 are
the same than of the decoder 1200 presented in Fig. 12. The
operational blocks of the decoder 600 are arranged to decode the
prediction blocks of the frames, wherein no switching means are not

25  shown in Fig. 6. Other blocks 610, 615, 620, 630, 640, 650, 660 and
670 have similar functionality to the blocks 1210, 1220, 1230, 1240,
1250, 1260, 1290 and 1295 presented in Fig. 12, respectively.

- In Fig. 9, a decoder 600 according to another advantageous

30  embodiment of the invention is described. The decoder 600 presented
in Fig. 9 is a modification from the decoder 600 shown in Fig. 6. The

difference between the decoder presented in Fig. 9 and the decoder

presented in Fig. 12 is that a nommalisation block 680 is inserted

between the demultiplexer 610 and one input of summing element 615.

35  Other biocks 610, 615, 620, 630, 640, 650, 660 and 670 have similar




sequence. In Fig. 16, an encoder according to a third enbodi meng 9®=tﬂg5

I nvention is shown. In this enbodinent, the transfornrcoeffrcrents cpred
undergo 10 quantisation and inverse quantrsatron using the same

guanti sation paranmeter SPQP both in the encoder section (blocks 1625 and
1630) and in the decoder section (blocks 1692 and 1694). Therefore, the
encoder does not introduce any additional quantisation error to the
prediction | oop, and error build-up ingyhe prediction |oop is thus 15
effectively prevented. The bl ocks 1610, 1620, 1625, 1630, 1640, 1650, 1660,
1665, 1670, 1675, 1680, 1685, 1690 have simlar functionality to the bl ocks
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decod#&b 1300 presented in Fig.

The encoding of a video frame can be performed block-by-block basis

such that in the same encoded video frame there can exist differently

encoded areas. For example, some parts of the frame can be inter

_ coded and some other parts of the frame can be intra coded. The

20  above procedures are applied to each part of the frame appropriately,
according to the encoding procedure of the part in question.

In addition to the transmission network, the request for the change of
the bit stream transmission properties may also be originated by other
25  parts of the transmission system. For example, the receiver rrray
request the fransmitting server to change the parameters for some

“reason. This request is delivered to the transmitting server e.g. via the
transmission network.

30  Although H.26L is used as an example of a standard, embodiments of
the present invention and any variations and modifications are deemed
to be within the scope of the present invention. '

Bit stream switching is not the only application in which the present
'35 invention can be applied. If one of the bit streams has a lower temporal
resolution, e.g. 1 frame/sec, this bit stream can be used to provide fast-




13. The operational blocks of the decoder 600 are arranged to”decffe ppathe
predi ction bl ocks of the franes, wherein no switching neans are not shown
in Fig. 10. The other difference between the decoder 10 presented in Fig.
13 and the decoder presented in Fig. 10 is that a normalisation block 680
I's used i'nstead of inverse quantisation block 1230. O her blocks 610, 615,
620, 630, 640, 650, 660 and 670 have simlar functionality to the bl ocks
1310, 1325, 1330, 1340, 1350, 1360, 1350 and 1390 presented in Fig. 13,
respectively. 15 The encoding of a video frame can be perforned

bl ock- by-bl ock basis such that in the sanme encoded video frame there can
exi st di f f forwandyfunetionality. SSpecifically, deaading frommthe it stream ivéth dane can
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20 above proceduresS are app appropri ately,
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not the oné%@appllcatlon I n which the present 35 invention can be applied.
If on Ciia and FRandomaACee$Swer tenporal resolution, e.g. 1
frame/ sec, this b|t stream can be used to provide fast 1 JUL 2005 35
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15 needed. Examples include: switching between bit streams arriving from
different cameras capturing thé same event but from different
perspectives, or cameras placed around a building for surveillance;
switching to local/national programming or insertion of commercials in
_ a television broadcast, video bridging, etc. The general term for the
20  process of concatenating encoded bit streams is splicing.

When switching occurs between bit streams that belong to different
sequence of images, this only affects the encoding of the S-frames
used to switch between bit streams, i.e., the secondary S-frame Sy in
25 Fig. 5. Specifically, the use of motion-compensated prediction of
frames in one sequence of images using reference frames from a
different sequence of images is not as efficient as when both bit
streams belong to the same sequence of images. In this case, it is
most likely that spatial prediction of the secondary S-frames frames
30  would be more efficient. This is illustrated in Fig. 7 where the switching
frame is an Sl-frame using only spatial prediction, which identically
reconstructs the corresponding SP-frame S,. This method can be used
as a random access mechanism into a bit stream and has further
implications in error recovery and resilience as described in the

- 35  foliowing.




the first bit-stream Furthernore, "Fast Forward" can start and] siiop 2585 -
any location in the bit-stream In the follow ng, sone other applications
of the present invention are described. 10 Splicing and Random Access The
bit stream sw tching exanpl e discussed earlier considered bit streans

bel ongi ng to the sane sequence of inmages. However, this is not necessarily
the case in all situations where bit streamswitching is 15 needed.
Exanpl es include: swi tching between bit3gtreans arriving from different
caneras capturing' the sane event but fromdifferent perspectives, or
caneras placed around a building for surveillance; swtching to
Iocal/natioEﬁﬂMbE@@Nemning or insertion of comrercials in a television
broadcast, video bridging, etc. The general termfor the 20 process of
concatenat i gncoded bit streans is splicing. Wen sw tching occurs
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resilience & . ectly received Dy the receiver. For slice based

15 packetization and delivery, the sender could further estimate the slices
that would be affected by such a slice/framée ioss and update only

those slices in the next S-frame with their alternative representations.

Similarly, and as mentioned- earlier in the discussion of splicing, the
20  secondary representation of the S-frame can be generated without
using any reference frames, i.e., an Sl-frame such as that shown in
'Fig. 14. In this case, the sender would send the secondary Sl-frame,
l.e., Sl instead of S, to stop error propagation. This approach could
also be extended in a straight forward manner to slice-based
25  encoding/packetization. More specifically, the server sends the slices in

., the next S-frame, which would be affected by the packet loss, from Si-
frame.

Error resilience
30 :
The encoding of a video frame can be performed block-by-block basis
such that in the same encoded video frame there can exist differently
encoded areas. For example, some parts of the frame can be inter
coded and some other parts of the frame can be intra coded. And as
35 . already discussed, the intra-biock coding, since it doesn't employ any




‘encoded vi deo sequence and/or to inprove recovery fromerrors infthe. 205
bit-stream This is illustrated in Fig. 14. In a situation where a packet

| oss occurs during stream ng of a pre-encoded bit streamand a frane 10 or

- sliceis lost, the receiver infornms the transmtter of the |ost

frame/slice and the transmtter responds by sending one of the alternative
representations of the next S-franme. The alternative representation, e.g.
frame S12 in Fig. 14, uses reference frafes that have already been
correctly received by the receiver. For slice based 15 packetization and

delivery, the sendFr CE’@' d further estimate the slices that would be
af fected by !'SHORIE! QArFIAlPENESIOBS s aBNd Sliffatsopagationhvduck | might ibe t he

next S-franstavted dd@e[dtrahgpoﬁqﬁ-ipé@rmgm§sent ations. Simlarly, and as
mentioned. earlier in the discussion of splicing, the 20 secondary

representation of the S-frame can be generated w thout using any reference
frames, i.eln less\Sitarispore nedwbrles ahdhtrahmeeroblodk tefrdgh stratédy case.

t he sender l:d.se 3 ec r .-fra i.e. |2 instead of S2 to
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forward nanideragiivel i genisesder Beanait, ndheackeodent onnthdbsengpesida cal |y,
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by the packgtéeﬁ%effa?sfé%%g -thP r g%e%%ﬁﬁqépléﬁgfgﬁtr@%%% D&h%@(ﬁ bcof a
vi deo fra_rreQe@Ap JECed cff%lﬂbéhebsll_l%mbcﬁ-g)asﬁl‘@ exach losationn of hthesame
encoded vi diostiooaiptelierana/siesihackt T HRIK) bF b8SEaIBH #ieaexpheled
exarrpl.? Sﬁﬂ’s ‘@(ﬁﬁ{)s of .ﬁhe f{\émeaiaa &g mhér coded and sone oP er CIoarts
of the ¥randCh £qnitiang (erigulake oggna negsiations ensthed measure
¢ intra- bl ocknetwidrg,carnditions: Thiss iirid ﬁmlfplintraémﬂci'ol?bgkempahﬁé gﬁg{g@!@t ion,
- stops any e starte e 1o transpor
i mpai r ment s{miﬁﬁoﬁsggfl@w gﬁ@’p%#ﬁ%é%yégb \%gre?oi ﬁerJOHEﬁ'PQ)lﬂr &fkresi‘f)@w
strat egy caﬂndsel’;b'@b\m@v@n@ nThe e@timalr indra-rmeadrobéoclky Upeaty gefrephr fate mance.
In an interpglithe frbbABhCY HtVRhicH AMEEbBIodKE afd SRS cdtied Wepdhds ors' €
15 the transport channel conditions, e.g., packet loss and/or bit error rate.
However, when already encoded bit streams are sent, which is the
case in typical streaming applications, the above strategy cannot be
applied directly. Either the sequence needs to be encoded with the
worst-case expected network conditions or additional error
20  resiliency/recovery mechanisms are required.

From the earlier discussion concerning the use of S-frames in error

recovery and splicing applications, it can be noted that S-frames or

slices within them can easily be represented as S|~frames/$l,icés that

25 do not use any reference frames while still leading to identical

reconstruction of the S-frame. This {feature can be exploited in the

| adaptive intra refresh mechanism discussed above. First, a sequence

- of images is encoded with some predefined ratio of S-macroblocks.

Then during the transmission, some of the S-macroblocks are sent in

30  their secondary representation that is as Sl-macro blocks. The number

of S-macroblocks to be sent in SI representation can be calculated in a

manner similar to the method used in the real-time encoding/delivery
approach previously described.




decides to encode the franmes/ macrobl ocks either based on specifijcjii edidback
received fromthe client, e.g., the exact location of the |ost/corrupted
frame/slice/ macro bl ock, or based on the expected 10 network conditions
cal cul ated through negotiation or the neasured network conditions. This

ki nd of intra-macroblock update strategy inproves the quality of the
received video by providing error resiliency and error recovery. The
optimal intra-nmacrobl ock update refresi8gate, i.e., the frequency at which
macr obl ocks are infra-coded, depends on 15 the transport channel

conditions, e.g., packet |oss and/or bit error rate. However, when already
encoded bi t VidaeBeslundancynCoditg ch is the case in typical streamng
applications, the above strategy cannot be applied directly. Either the
sequence.neéds to be encoded with the worst-case expected network

condi ti ons or'raiags: hawelotber dises2im ppplications in svbichr thayedoamotsast ase

requi red. Fy | dfe [-Feh Sy ' t - in
error gecoudr ang os Uil TEREH VA Hodehdafey GRAILE (IR LR BB e, o
slices Wit hQ'Heﬁh%%%ﬁX@Hw g‘ya@@ pEprpse Rfdde YRS -methad is to slividenat 25 do
not use anyseqiencaof pictures ks k@osd ot ddica@id ™ baeRta sidy that all

cdapti ve i RELrBerdBe i Arepssiied fo. 6000 e Broads g g of
i mages is eitbiadashionh Eantethreadds icoakbd imdeperfdetitiye AtakbalirsinterVas) during -
ropr esont at 1 pieAGS W Ry Rt e BB g SR o 4 S fraBfEcks 1 o
be sent0in &inewpheardhs@riasniscatariad.diiane af dbei ihreadedardamaiged arg.to the
doscri bed. DaGSE (¥ PG U5 MO LRRINKEY thichlt BGCAR) ST Mt |,
uses in appRi€aEa e ys ité)hpf@&ﬁ& enpexhdyngs framg) 4t dsprssible 1tof r anes.
Vi deo RedurctmtinueCadende¢dfity ofthédeddmaiges) tiveadl) WhIPldadsThe dlighici pl e
f‘;” teggsvfg @%&%%%t@yﬁfﬁg{tﬁéﬁ ﬁuglity? %?L{%ngt%po{hep H%tcgafnsg of El'?e t&fmgéego re
15 thread, which leads to a drop in the frame rate. Sync frames are always
predicted from one of the undamaged threads. This means that the
number of transmitted I-frames can be kept small, because there is no
need for complete re-synchronization. For the sync frame more than
one representation (P-frame) is sent, each one using a reference frame
20 from a different thread. Due to the use of P-frames these
representations are not identical. Therefore mismatch is introduced
when some of the representations cannot be decoded and their
counterparts are used when decoding the following threads. The use of
S-frames as sync frames eliminates this problem. |
25
It is obvious that the present invention is not limited to the above
- described embodiments but it can be modified within the scope of the
appended claims. ' '




pictures in the sequence are assigned to one of the threads.-in ajr F
robin fashion. Each thread is coded i ndependently. At regularflnterva S,

all threads converge into a so-called sync frame. Fromthis sync frame, 10
a new thread series is started. If one of the threads is damaged e. g.
because of a packet |oss, the renainlgg threads typically stay intact and
can be used to predict the next sync franme IS possible to continue the
decodi ng & e damaged thread, which | eads to slight degradation in
picture q y, or to stop the decodi ng of the damaged 15 thread, which

| eads to a drop in the franme rate. Sync frames are always predicted from
one of the undamaged threads. This means that the nunber of transmtted
|-frames daft rethepios iransmitiiag aideo inferraatian. b wiish dtf lsast arfiystbi-

re-synchr Qﬁééﬁ‘lt 0 358 fa L%y Hl? s{régw?@fo?m%gqum (tﬂ(g 61[ iﬂﬁ'ﬁmﬁpb ar ent

59
(P-frame) 1s sedn h  one using a reference framne roma

threads Dtre ficst thitestresan 510 t:mmmases iaeﬁﬁt setek’»lf émﬁatonmlergeamwast
i denti cal . Therefgre m%gtch is introd sone of

r epr esent 9PF ofideq & dlae sgsan rmt'ﬁﬁﬁ%@m (58% RPEWHSEE A §%ortf§ ést when
decodi ng Eé’i‘%))fd?lfté?ﬁ\éé‘ﬁoﬂﬁrng at, IEQ@tb Pédl e wﬁ@@? ﬁy
|1 S Vi O rese | nvent | on i S not

elimnates this problem at t
limted tpathyeditibent endeémglum‘drrmﬁdmschmm@ Wwiit ent:odlag dfd¢hedidiriésdf Wi t hi n

th f th | 2005 39 i g, 1. hod ,f
tranem ¢ Fg raesSPRRDrRaef oRt SR Sarend bl ABto2d) ol EsbPte Mefitam (510)
and al@eceﬂ@am tﬁrétttsm—gfreame(Sm)r@dbéuhgmréﬁ@n%de%nunﬂ@ t@hsm‘bsuoﬁm de first
bit-stream rses first set of franes conpr Si ng a | east one

vi deo frafwl C 0v¢re remcesid flbﬁttblts$tf%%[m(’é$9btp sritsecend bat—at@fméﬁ%@t (520)
1| ST pharbAZEd AP SwABRiB Y BhhafitloRt RV A% S8 d Bl { T

partly d| erent encodi ng parangters dre frames

of said &iream Wbt1optiveaaid Sdébonan dilsstrahra e¢520), bine- Seteam bﬁ%@eanat | east
one frame io of sal?l first bit-stream (510) is being transmtted, and the

t ransmi ssPempPriges ahiqash oneripary: sieung freme (543) aseceraaysiching sai d
seconds bi frafld &) (223hsmitted, the secondary switching frame (550) having been

encoded using the encoding parameters of the second bit-stream (520) and at
least one reference frame from the first bit-stream (510), and said secondary
switching frame (550) is used in place of the primary switching frame (523) as
a reference frame to be used in the reconstruction_ of said at least one

20  predictive video frame (524) of the second set of video frames.

2. The method according to claim 1, characterized in that the first bit-

stream (510) comprises at least one primary switching frame (513).

25 3. The method according to claim 1 or 2, characterized in that the first bit-
stream (510) comprises one intra frame and one secondary switching frame
(513) to perform a changeover from one location of the video information to

another location of the video information.

30 4. The method according to claim 1 or 2, characterised in that the first bit-
stream (510) comprises only intra frames and primary switching frames (513)

to perform fast forward operation to the video information.




characterized in that in swtching the transm ssion over from saiJdlf 260t
bit- stream (510) to said second bit-stream (520), the second bit-stream
conprises at |least one primary switching frame (523), a secondary sw tching
15 frame (550) is transmitted, the secondary switching frame (550) having
been encoded using the encodi ng parageters of the second bit-stream (520)
and at |east one reference frame fromthe first bit-stream (510), and said
secondary itching franme (550) is_used in place of the primary. swtching
frame (528) The mathodr afcadipur oaamy 0 Uik Claia 7 f dnEhasaeleBzrdan BAt of sai d

at | east i Q1+ i ?ﬁd"ﬁ i ef, vi deo
franes. 2%%%’@%5{10 !tﬁidg%?rl ngqtggé%?g?%& , Cr%gmggﬁg}qsﬁ‘gﬁfé%ﬁﬁatg at he first
"~ bit- strepradid@ie) videoyfrarees irmwhicka ptedicteorpinfomngticwconiprings fandmint(é613) . 25
3. The method .according to claim1l or 2, characterized in that the first
bit- streBf @m'nﬁ%ﬁlﬁﬂpges one intra frame and one secondary switching
frame 5(513) to performa changeover fromone |ocation of the video
information to another |ocation of the video information. 30 4. The net hod
accor di ng6t bhe Imgthed ageoring traary otihiesdaiman1 that chaeadterized i that the eam

510) conpLi nly. intr and pripar Lt chi ng..f.r S 3 to
bor £ or m 1 BEERE B ing Bk [T e R St bt AR b o' &
The met hodalear@sdli 89d t quantsedf tohdomhaigiiBnlsdd dalugdabhcther itzp’form t hat
said primary switching frame (523) or secondary switching frane (550) is a

pr edi ct i veo&ifigiests berdhat guaiised coelisients dn fonpedigianorrrecsrdefidedon| y
intra,,pragdictl | | 1 ccor di.ng.# t he
claime 1 ﬁ%t%bgﬁ%ﬂrr%?%r f{ggeﬁﬂq{%aﬁfgﬁﬁe%ﬁ}?&nggy&&% cﬁ?ﬁlﬁgéo?rgén@fa% 513) is
formed socodffitientsansf axdistcheff whicntby gpastibativs, recdraihetet qaadtisedint | sed

to formquantised vglues, of the transform coefficients |pred, tha
quant i sedTEBRIOTICs QSO ISt oo (O b ORRAINPOAE Toat rBPantiBHGthe duantetat
reconStrU%ﬁ@fo%%éffﬁﬁ&qt&ﬂ%@ﬁﬁmrdﬁqu%éif&!id%ﬂﬁé cbhéffiopse defined so that

coefficients crec exist fromwhich by quantisation, reconstructed quantised
transformcoefficients Irec can be obtained, and that reconstructed

quanti sed, transfqrm coefficients Irec fulfil one of the follow ng

condi t1 onk‘?c'l ref e =) pred + lerr , or

Crec = Cpred T derr,
in which derr are dequantised values of the prediction error.

20 7. The method according to claim 6, characterized in that same quantisation
parameters are used with quantisation of the transform coefficients Ipeg, and

with quantisation of prediction error.

8. The method according to claim 6, characterized in that different
25 quantisation parameters are used with quantisation of the transform

- coefficients e, than with quantisation of prediction error.

9. A method for transmitting video information, in which at least a bit-stream
(510) is formed from the video information, the bit-stream (510) comprises a
30 first set of frames comprising at least one video frame, and a second set of
frames comprising at least one predictive video frame (524), at least partly
different encoding parametérs are used with encoding of the frames of said

first set of frames and said second set of frames, at least one frame of said




Crec = Cpred + derr, in which derr are dequantised val ues of tﬁ%?pﬁ%biﬁmion
error. 20 7. The nethod according to claim®6, characterized in that sane
guanti sation paraneters are used with quantisation of the transform
coefficients Ipred, and wth quantisation of prediction error. 8. The

met hod according to claimbé, characte&'zed in that different 25

quanti sation paraneters are used with guantisation of the transform
coefficie an wi.th quantjsation of prediction error. 9. A nethod

ts Or. ., . _
for trans Ry Wﬁ_@dsibﬁ'm sBHtted nanghitap tansmissien & sivicked ¥R (510)
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first set of frames conprising at [east one vi rame, and a second set
of franethatdnmvitohing #ie fraasmissien pvedifroin said, fidkd sef rdfearc&249 ,sait | east
partly different,encodin raneters are.ysed with encodi of the franes
of sald  PPYQId Set O MepEedne RPCoR sELob AAeY HMRTISEeal oAt YAt one
frame of pahiry UwiMifg 4fakid -SbBgam (RkBhdhsy ReNiRidd anshbt (58h) add the
transmssion is switched over fromsaid first set of frames to 'said second
set of frHagsmittashthe secondaryiswitching framed®E0L havigg tieent ennoskedseding over

of 11 ames yspodfl Bprarh@EFS ol sPoqlfRLor farfks PPN jeddjorg "™ =

secondar y referdriel frgmier from (HebE)stiset dfrfeapas! bad.sdid &eseadangagwitchimg chi ng
been encoded usin t he encodi ng paraneters of the

frame (558_) havi n(%e [ g f di n

second seff@pie (palhels asadain plagst obie primane swichingnameo®4dheasid st set
of fr S ' S ' : ' LG ce of
the promar el e & PR e $hé febdiayoh B it ot CRERPrEIRER® 1 the
r econst r ugideorfrarhe {824 aft theesecondreet jpf eiticot fraraes vantk thet rsaibs¢&@wargf t he
second set qf video fr S ang t hat said ﬁecondar . _switching frame (550)
s used f SYPIRG MG (5R) 38 U8R fRieeer NG PRy Eanyiss e TS Whetiondar y
swi t chi n_gséﬁa@écbﬁdz%ypé\%ﬂblﬁih{ﬂﬁa#ied@@ A 3&Rictiye NvidBb Cfranty edirt Wiieh
information conpriseS prediction information fromearlier video 15 frames
t han t he presiginmdnioragtionfcarprigasegrediciian unfegnatiomnfcoml earliar nddeémd f or

For mo £ r BAMSSAGR A8 oS Feid ot He e fotye Bkeatts Compri ses a  first
set of franmes conprising at |east one video frane, and a second set of
10. A method for transmitting video information, in which at least a bit-stream
(510) is formed from the video information, the bit-stream (510) comprises a
first set of frames comprising at least one video frame, and a second set of
20 frames comprising at least one predictive video frame (524), at least partly
different encoding parameters are used with encoding of the frames of said
first set of frames and said second set of frames, at least one frame of said
bit-stream (510) is being transmitted, and the transmission is switched over
from said first set of frames to said second set of frames, characterized in
25  that in switching the transmission over from said first set of frames to said
second set of frames, the second set of frames comprises at least one
primary switching frame (523), a secondary switching frame (550) is
transmitted, the secondary switching frame (550) having been encoded using
the encoding parameters of the second set of frames and at least one
30 reference frame from the first set of frames, and said secondary switching
frame (550) is used in place of the primary switching frame (523) as a
reference frame to be used in the reconstruction of said at least one predictive

video frame (524) of the second set of video frames, and that said secondary




20 frames conprising at |east one predictive video frame (524),7 datiL| gggst
partly different encoding paraneters are used with encoding of the franes
of said first set of franes and said second set of frames, at |east one
frame of said bit-stream (510) is being transmtted, and the transni ssion
is swtched over fromsaid first SEtﬁﬁf franmes to said second set of
franes, characterized in 25 that in swtching the transm ssion over from

said first ﬁ of fra@_gqto salg? second set of franes, the second set of
frames coffy ¢hing frame } ig,Haed T TREPYETIW @'Fi‘itﬁ%j'ﬂ“?"%'@”(aj@ﬁ W'ae@é’bondary

swi t chi ”gsﬁlﬁ@&ogéa@kw;ﬁ:hlﬁ s ik didiGe SR HARY ﬁ%ﬁlﬁﬁg@%dlf:{cﬂm (550)

havi ng been enco usi ng e encodi ng paraneters of the s d set of
frames anthfatmatesstoroprsesoomlyfirtra posdidticaniefdrmationhe first set of franes,
and said secondary switching frame (550) is used in place of the primary
switching frame (523) as a reference frane to be used in the

reconsirU@ﬁ'WﬁeQﬁetﬁ@U%c@brdlﬁ@fﬁé aﬁg%fﬁiﬁ@@la‘%'s\ﬂeto Y0, 0eParaciezddbithapf the
second set of video franes, at said secondary 1 J U L 2005 42

swi t chi ngbetassid chbE;astsonusmmﬁaw $witalvag iframe r(6@3 remsa@@sseﬁor@rarwrs

wni on pr eBTRETEE FAE YR oRUEE ot oBH® Iste Pl toslictiseifal [R5t on.
5 11. Theoneiphodicaaratieb meante®(52w). of the claims 1 to 10, characterized in
that both said at |east one primary switching frame (523) and said

secondary switching frame (550) produce the same reconstruction result of

sai d 8 1 §95¥ho SMEnBEAUBIING f by 6T s 110 187cnIPRuREREth

accordlng to any one rac erize
said at | Mtborbrmeamf atnteayt sme tmumarg siwiehing( o8 (804d) and dakksecmaiayy

switching fr 550 sane reconstructed values. 13. An encoder
conpri si ng¥ H‘a}ﬁ g{mﬁ}?deiheﬁ@ggq reconsirdetedalugS eam (510) 15 and a
second bit-streamfroma video information, the first bit-stream conprises

a first set of frames conprising at |east one video frame, and the second
bi t - st r eatBcOnmriooder sogweising meang Sa0joruing ablesst ao"rrﬁtrﬁ)it-isttgamt(ﬂ‘léétst one

oot 4 1V Bl A 2e A 858 PR 5 Ueb e AR S, B, e
(510) 20 apmhpsiskd asfeoBEt bf fraﬁ{erse@dmbﬁaﬁ%; atN8aitordeovidebanak! bhdghat | east
one frame of said first bit-stream (510), and neans for sw tching the
t ransmi ssPeeers bit-siream comprises a second se (520) of frames comprising at least
one predictive video frame (524), and means for using at least partly different
encoding parameters with encoding of the frames of said first bit-stream (510)
20 and said second bit-stream (520), means for transmitting at least one frame of
said first bit-stream (510), and means for switching the transmission over from
said first bit-stream (510) to said second bit-stream (520), characterized in
that said means for switching the transmission over from said first bit-stream
(510) to said second bit-stream (520) comprise means for encoding a
25 secondary switching frame (550) using the encoding parameters of the
second bit-stream (520) and reference frames from the first bit-stream (510} to
enable to switch the transmission over from said first bit-stream (510) to said

second bit-stream (510).

30 14. The encoder according to claim 13, characterized in that it comprises
means (1670, 1675) for producing prediction information by using said
reference frames, and means (1692, 1694) for performing quantisation and

dequantisation to the prediction information.




said first bit-stream (510) to said second bit-stream (520); &hdélactlési zed
in that said neans for switching the transm ssion over fromsaid first
bit-stream (510) to said second bit-stream (520) conprise nmeans for
encodi ng a 25 secondary switching franme (550) using the encodi ng paraneters
of the second bit-stream (520) and rgference franes fromthe first
bit-stream (510) to enable to switch The transm ssion over fromsaid first
bit-stream (510) to said second bit-stream (510). 30 14. The encoder
according to claim 13, characterized in that it conprises neans (1670,

1675) fOHBrOthﬁe%cBEiéP'béédrem @faéiﬂwtmoewad{éhasa%ﬁ'tr% lfeérﬁpﬁgese_frarres,

and neans (1692, 94) perform ng quantisation and equantisation to
t he predi bigaos (‘rﬁTd} nﬁ@?@)n for pmniudn@Spne@u:t@n Wermmcmjd:y alsbw diaity t o

;lrgeltTc}ﬁgregE%(rﬂ%g it Z%%f Pﬁ%tgﬂhtﬁy%ﬁé%g g'éu pjansl. Bfrﬂ Qnégéf Pﬁ%‘géhgrg:ld means

(1690) 5 f onfémaatriner M ng the prediction 5 information. 16. A decoder for
decoding a video information froma signal conprising franes fromat |east
a first bit-stream (510) and a second bit stream which are formed from

the vi deo,Enfor e f|r o of
frames corr%r |As P%&é eas?c%dﬁég y Oﬁﬂ%ﬂz asgggo %h&?sbni
conpr i sesframsscioosh atel‘eaé‘éacﬂrst)blt-fslt@m (@mymndsar@c@hdl Isiestreame whigtdli cti ve

video franme (5 and at |east partly different encodi ng paraneters are
used Wi tﬁreelg%mdﬁgoreft %weepr'af%@a&pnsmeoﬂrﬂ bl&ﬁtr@am%qme@ﬁﬁ%ﬂtﬁt Sghd sai d

secondy bi br yaaEbBAthg SINUARIGH ol RahBaarkhelSER phagRERpes Means

for is deco ing a s svvlt sal d secon wi t chi ng
frame (560nphiags rgseemmd eet(ﬁﬁﬁj ofsframesheompnmdgrﬂgi ipastaaee grsdicfive he

second bit-, stream 0) an e refere frame fromthe, first
o1 t - ot r eaHUEBIGHTE (575 Rt Sestotary citirar PR eI le ALHSSGw ¢ ohi ng
frame (52&)th@1c@duﬁ$&ﬁﬂh@%é§%%atd)fln%ﬁbﬂ%%‘éahﬂ(fﬁf@ drRC&A18 tseshd Oft- of sai d
at | east one predictive 20 video frane (524) of thé second set of video

franes, aftieaMald53Q) ccharasterized inedwmli the desedendeomprsas cmearge fioanme (550)
e R e e R S

(550) having been encoded using the encoding parameters of the second bit-

stream (520) and at least one reference frame from the first bit-stream (510),

and added to said signal in place of a primary switching frame (523) as a

reference frame to be used in the reconstruction of said at least one predictive

20  video frame (524) of the second set of video frames, and that said means for

decoding a secondary switching frame (550) comprise means for using

decoding parameters of the second bit-stream (520) and reference frames

from the first bit-stream (510).

25 17. The decoder according to claim 16, characterized in that the primary
switching frame (513) pomprises areas encoded by intra prediction using only
spatial correlation, and areas encoded by inter prediction using motion
compensation, wherein the decoder comprises means for using motion
compensation information with reconstruction, means for using spatial

30 correlation information with reconstruction, and switching means to perform
the reconstruction of each area either by said means for using motion

compensation information or by said means for using spatial correlation




25 17. The decoder according to claim 16, characterized ' inr tjat200be primary
swtching frame (513) conprises areas encoded by intra prediction using
only spatial correlation, and areas encoded by inter prediction using
notion conpensation, wherein the decoder conprises nmeans for using notion

conpensation information with reconstp ction, means for using spatial 30
correlation information with reconstruction, and switching neans to perform

the reconstruction of each area either_ by said nmeans for using tion
conpensat IEAMHSY ARREIng Oﬂy%Paﬁq@m medhodidisey BYANCRAINGOPT dit i on 1
JUL 2005 ??’sﬂe%fi@é gpdd on, depending on the prediction nmethod used by
encodi ng of 'the respective area. 18. A signal representing encoded vi deo
information, and conprising franes 5 fromat least a first bit-stream

510) and bit-str. ich are formed fromthe videq information,
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frames conprising at |east one predictive video frane (524), at | east
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for one reference frame from the first bit-stream (510), and said secondary
switching frame (550) is in place of the primary switching frame (523) as a
reference frame to be used in the reconstruction of said at least one predictive
video frame (524} of the second set of video frames.
20
19. A decoder for decoding a video information from a signal comprising at
least one video block and at least one predictive video block, said predicted
video block being predicted from said at least one video block, the decoder
including a memory (640, 1250, 1360) for storing reference information on
25  previously decoded blocks, and a predictor (650, 1260, 1270, 1370, 1380) for
forming a predicted block by using the reference information stored in the
memory (640, 1250, 1360), characterized in that the decoder (600, 1200,
1300) further includes:
a transformer (660, 1290, 1390) for transforming the predicted block to
30 form a transformed predicted block, and
a summer (615, 1220, 1325) for summing the transformed predicted
block with an information representative of the current block to obtain summed

information for use in the decoding of the current block.




formng a predicted block by using the reference informatiorl Jter &% n the
menory (640, 1250, 1360), characterized in that the decoder (600, 1200,
1300) further includes: a transfornmer (660, 1290, 1390) for transform ng
the predicted block to 30 forma transfornmed predicted bl ock, and a sumer
(615, 1220, 1325) for summ ng the tra&iforned predicted block with an
information representative of the current block to obtain sumed
information for use in the decoding of the current block. 1 JUL 2005 45 20.
A decoder according to claim19, characterized in that it includes an

I nverse augniy getod&Becotdivg t g?a?r)gr?@,dcﬁﬂrédic‘iﬁié& ih "tAGS tohBRkes 6. 1240,

1340) for i1 nverse quantizing an I'nverse transformng the current bl ock
5 after shiversaugquantizer 620 A1288@,062830)azmd =di ingetse trarasfomier (§3020,240,
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accor di ngafer &hidistindhingcharacterized in that said information
representative of the Current bl ock has been obtained by at | east
transform ng and quantizing a video bl ock, said transformtion and

qgquanti zat Lon,bei n identical wth, sai ransf or nation o} i.zation
Haat i ¢ h22opacer AEERNE Akl 193 ©d, GaRACITRENIR AL HARSTE T 06 o
20, char agugntiZed670, 129%) ®ridhantipihgr $8d iteihsfd iR SRidRited dledk béRreur r ent
bl ock has been obtained by at |east transform ng and quantizing a video

bl ock, wh&aEisyneméndecoder includes an 20 inverse quantizer (1320) for

i nver sg quanti zing said information representative of the current bl ock
before said summ ng. 24. A decoder according to claim19 or 20,

char act er R2ed decddertacsarding itofaaimaRi poharguoterized dah ithat sdid tifermatioent bl ock
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identical with said transformation and quantization used with said predicted

15 block.

23. A decoder according to claim 19 or 20, characterized in that said
information representative of the current block has been obtained by at least
transforming and quantizing a video block, wherein the decoder includes an
20  inverse quantizer (1320) for inverse guantizing said information representative

of the current block before said summing.

24. A decoder according to claim 19 or 20, characterized in that said
information representative of the current block has been obtained by at least
25 transforming and quantizing a video block, wherein the decoder includes a
normalization block {680) for scaling said information representative of the

current block before said summing.

25. A decoder according to claim 23, characterized in that it includes a
30 quantizer (1330), an inverse quantizer (1340) and an inverse transformer
(1350) for quantizing, inverse quantizing and inverse transforming the current

block after said summing.




30 quantizer (1330), an inverse quantizer (1340) and an invef:sit“r.-ansiggr mer
(1350) for quantizing, inverse quantizing and inverse transfor i hg tive
current block after said summng. 46 26. A decoder according to any one of
the clains 19 to 25, characterized in that transformbasis functions are
arranged to be used in the transfor maB{éon.

26. A decoder according to any one of the claims 19 to 25, characterized in

that transform basis functions are arranged to be used in the transformation.




