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A predictive frame is a frame that is encoded/ conpressed using notion
conpensated prediction froma so-called reference frane, i.e, one or 35
nore previous/subsequent intra frames or Predictive franes available in an
encoder or in a decoder. A bi-directional frame is a frame that is 3
encoded/ conpressed by prediction froma previous Intra frane or Predictive
frame and/or a subsequent Intra frane or Predictive frame. Since adjacent
frames in a typical video sequence are higthly 5 correl ated, higher
conpressi on can be achi eved when using Bi directional or Predictive franes
instead of Intra frames. On the other hand, when the tenporal predictive
_coding is errpdlfi@mtvencadmgrmarametarsmemmdmhinemeodmgeef thedframes pf anes

cannot be de rgflf)lt'% FR'dref mﬁém%ﬁag %}éarbhe ot her previous and/or
e

subsequent 1 erence ranes Ich were us h coding of the
Bi -di recti onal and Predictive frames. In situations in which the reference
frames} used BACKGBRENGREEr and respective reference frames) in the decoder

Mhtent orl  dievenonnusimatiacaPplicaiors dhal iheteR shaining auiia . 15
rraktehgsgegg d:cm@@lo cmi‘cmmamc?? isandh comef ?t@rga@aﬂename;aSeveralbmtemwm ;ﬁt ed
encoded on ¢ radafuflizafio; cofohifgias  haveT SHBISHRY Bnbi nbuShesd™ Y
si ngl e frane Ssiandargs fmrcpmmegamgéemcmdlngeamtdnejacmmpeeamleg/dfecndtngathe

conpensat ed %ﬂﬂilﬁganaovﬁlﬁ)r$ m?orﬁiétldj\ MPEGr @tﬁn{jgf?dé y@@fsalﬂlfsg PX the,.

encoded/corrpressed vid use deo d i ng

system Wivarvialiesushigtuis: i Expest eﬁif@ﬂpng ar@het g casds \Mfdec'!he aﬂCéP@

fgqggggﬁt ar e mté?haﬁéﬁélecértIQIvith@ean?% Lﬁ@l@i of fﬂétﬂrmiltﬁgbdie}( il Rfa‘riildon?ﬂg

ot lﬁer t wo egc\zaﬁérgsgﬁn?l gcf.f\eé gﬁ’g@?g véxéﬁas‘ gr%qgﬂWQEK'HSné@ BEoftRir)

conponen]t S. Rilcect[bh okfhieciBUtTelevasnmunichatioh Mnum?zanuomnseem (IRU<€Mncoded
i

Tl uSt ra os oS O JROUE" RLRIE Mtahbakd 26t gt BB, brdligof pidving

repr eserit® t H¥CW@Sof notion conpensated prediction to create the Pframe
210. Fig. 1 C depicts construction of Bi-directional franes 220. Bfranes
are usual ly inserted between i-frames or P-frames. Fig. 2 represents a
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bet ween | - andoPad framess. EFheV\#lain@SS cé sedphiets %r@hg@ﬁh@ﬁa'ﬂ@oﬂh apotion

f
Gepret for waranhot Ex<iieb U pbffing! sfiaaﬁaa&%twﬁw AR et ReRa 283y 1o
reconst ragct HBM&WE@}?: dhsearmais tyies aingicRligs deei deflrmd i ntra d

t 2
Gomensal o1 SRS TEM B ASE PHBuERiEn T M EaTeand2 Byl dh AN
205a and 215dramew (Beramessw bach npisture: itype weyplgitsed c&ilﬁeéemtrémg @ e
predi ct ed frcr@ubhaa”ﬁé thﬁta aééu@ﬁdé o irﬁage§phﬁm @bﬁ@éﬂb@ﬁﬂ i

rows 215h oW, 0
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used to descrédpdoiting (Wdy thﬁ spatil qorsedaton of theipixalsolithindiesframeciteelf ween
successive  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



15 franmes of the sequence. The notion vectors provide offset val ues and
error data that refer to a past or a future frane of video data having
decoded pi xel values that may be used with the error data to

conpress/ encode or deconpress/decode a given franme of video data. 20 The
capability to decode/ deconpress P-franmes requires the availability of the
previous |- or P-reference frame, furthernore in order to decode a B-frane
requires the availability of the subsequedt |- or P-reference franme is al so
requi red. For exanple, if an encoded/ conpressed data stream has the
foll owi ng frame sequence or display order: 25 11 B2 Bs P4 Bs Ps B~ Pa Bs
Blo P11 . . .ermoded/Bempressad! by, prédictionr foponadi previegsdint dratme iogs: 30

(1 P4 B2 B3 G e Hankd hoPoBlQubsequelt it Bedinb by BREICRROHES 0T der

differs fromt I splay order because equire Tuture 1= or
P-frames for their decoding. Fig. 2 displays the beginning of the above
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dependenci esc%l theééjraceﬁt ﬁ‘ggﬁé es'cﬁri%egy@gﬂ)i gi?r.eotP??r%neséér egﬁelrgm‘%%% _
ui res

previous q - drorelaied, méééf r GPROPKRSSIon SARY | @ achieyede ViR cUSIY

1ldto :Je gecq?jim?bticﬁhaﬁ éxaﬂragiotmnfg%ﬁ@sr ?méaaw hﬂEa %r’fnésaméghéletﬁem
order to decqde/dec s fra . Bfranmes, such as frane require a
past and/ or }qrﬂj&’ur"@‘?ﬁ etﬁfe g@%(%‘n@éggngg, CQHE!Q a8 ?JZ‘PMP%WFH'%&@ r to
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cal I ed tHe cuieferanae tiages which werediter withoceding-efgieaBi-disgetionabando’ KxL
pi xel s. The cppidiehind HameésYin Smichd i wiicRthetefirehe PAMR(S) Ukeaiin the
frame. Each bhock | S encoged usi rlg ei ther m%ra Cé?l.n% e sl ng%onl y the
spatial corrdhg £BROGer aRE feshectiyg: refarance, rame ) deheqdecodel arg dlaig

é i.e. uzi |'i siidentioah eithalri dueats erorrdbring eldansmﬂEﬁonTPﬁ dwe | wrigegne
escription c [OCESS erg o, 0 r

for m&*dl.o Each 'ﬁﬂ?’gfoer@a%‘gﬁ)df8§ktﬁ%str§%§mk&JS@%‘O tpéo%%%%ﬁﬁ%éf%e&%usl y
(or subskmuermiakp ciseedf aprediction nfromedsuctaresreigrence iframee canamot neeor y
350, call ed gph@itifsy Uifif dBBEAlIRY SR 10\RLIERA IdodRetlirtife idtical
predi ction is obtained Tromnmotlon estimation and, coding bl oc ) Dy using
t he ref er enceof thateorginalivienaadachonothe easedits sideellist Mismatghbisdiaton i s

represented bynig ¢yRfikkdROSA SNdgle"Rahfn bm%ﬂheff;irépa%iewrtmemé t8
hori zontal a t he tion conpensat ed

(MC) predict ﬁgﬁ %J%Z’E%‘é/teﬁg %ﬂ@jﬁaﬁ%aw&e Lged together with the
referen@® frame to construct prediction frame P(x,y): 25 P(x,Y) = R(X+~X,
Detuben the. dubrer i EallIsHE e Rds b ExkobbgicorBpibsied Mdd ffies .
307 30 accor disedtin &(lypigal videovpneoging/decadingasystem Adwantageoushe
Franst o m ey ] (PETERSIngPhePhigliesoPing hass abris M sépbaEnc! =
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



6 h" L' E(x~Y) _ ~~2Cerr(i~J) fig (x~Y) i=1j=1 The weights cerr(i,j)
corresponding to the basis functions are called transform coefficients.
These coefficients are subsequently quantised 5 in quantisation block 320
to give lerr(~~~)=Q(Cerr(~~~)~QP) where lerr(~~~) are the quantised
transformcoefficients. The quantisation 10 operation Q) introduces-|oss
of information, but the quantised coefficients can be represented with
smal | er nunber of bits. The | evel of congkession (loss of information) is
controlled by adjusting the value of the quantisation paraneter QP. 15
Before the notion vectors and quantised transformcoefficients are supplied
to the mul ti prediotiopsinformnationmedessaneio secoasituckPristames 2H).ewhereas
Codes (VLO): | r@@bc t iy PN Bt idrot i on
vectors and qa-jgél\'?f’se tgﬁd ??@n@??@frﬁanah:@mqﬁﬁgﬁléﬁ%@?ﬁn@@g#%&gtﬁ?s,

.trans efficien The enc
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oo e AN & SR g R B i Y d BURADe! Rl Ef
i nformati on mpredicipdi Boatdexmes thaté greclater da display preex tham thesirameng
element to OQ%%BQ rggﬁbgﬁgﬁ{é(?rre that can be subsequently stored in the

> n the

frame nmenory ol owi ng, decoding video franes will be
describeP with reference to Fi gure 4. The decoder 400 receives the

Tﬂ)thpl erte_d ﬂhdm“ﬂ? cgtrgmt eﬂéat ﬁ)reugmﬁm ?L@@@ﬂila{igﬂ@e&\{véedem&t d?‘ﬁtiﬁger
enmu I pl,exes e | ream al . ONSLI en . e
vi deo franes fﬁf“ﬁé W&o yipo 'ﬁ%‘y@%ﬁgr {Ss uﬁgﬁgit@e"gpnﬁ\g%ﬁocﬁ'ﬁ@ eﬁgg'&ﬁ]cy'
quanti sed pr ddore ispecificalby, rso-catladsinotionc vettdrsi are sisealdta descoidded thet i on
vectors, whi r d n q%), t ' sed
prediction ef\&%ﬁ ‘f‘r m@gmﬁg‘ée#i "Zﬁﬁ'ﬁ% éafng‘xr%%]i on \?eg?g}raééh%%gr‘\?‘?sed
t r ansf orth codfameseoh theapequanees dhguastiopedestars previde afisek valuesoand| ock
420 to 5 obt gign [ n r frfdrbent i k3 Ihavi
accordi ng toaélﬂ%ll q\% gﬁ\nafﬁgérrgerl %ﬁiﬁﬁ%éﬁdgiﬁ ?ﬁgﬁéﬁﬁf %Z@gégaiavﬁgl n
i nverse tran QQ%; oRikeh 3ualugse At onay sl Mty dBec e odataci@nt s
are subj ect eccdrppasd/eneode driderimprassideddde a givedi fedmenofevideo datax, y}: K
L Ec(x~Y} _ ~ ~ Cerr(~~J) fij (x~Y)~i=1)=1 15
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 |- or P-reference
frame is also required. For example, if an encoded/compressed data
stream has the following frame sequence or display order:
25

l1 BaB3P4BsPsB7 Pg BoBio P11, . PagBna Pt I,
the corresponding decoding order is:
30 41 P4BaB3sPgBsPgB;P11BgBig. .. Py Braln.

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



The pixels of the current coded frane are reconstructed by finding the
prediction pixels in the reference frame R(x,y) obtained fromfranme nenory
440, and using the received notion vectors together with the reference
frame in notion conpensation 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 sumred together in a summ ng el enent 435 according
to the following relation: |~(x~Y)= R(x+¥%&, y+~y)+E~(x~Y)~ 25 These val ues
| ~(x,y) can further be filtered to obtain decoded video franmes 445. The
values | ~(x,y} are also stored in the frame buffer 440. The reconstructed

~ val ues | ~(x, ygvailablecFor examyple; °arequites intp beodecoded. Similarlynfranger e 4)
after the su i : '
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pre-encoded sequences 1S To produce mul ti'pl e and’i ndependent "Streamns havi ng
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i t ches bet i NEGGEd iid i iih @bl
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decoder recei ves.franFsng, n g P, n-1 ~ P2,ne P2,n+1 ~ P2, n+2~ In this

case P2, ~ carﬁ{gp'%@%&‘ K’W’ ecoded since its reference frame P2,n_ 1 1iS
not recédlved. On the other hand, the frame Pl,n-1, which is received

instead of PZn-h — i, nat, Ldenpical to P2, n-1 Therefore switching between
bit streans g‘?&a)bbi t':\f(é'rké&l’g ?ﬁ%bns | eads to 35 visual artefacts due to the

m smatch between the reference frames used for notion conpensated
predi ction i ngihsedliddtRy #i8 phediegbR%Sror E&,y), i.e. the difference between the

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

E(x,y)= l(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 f,(x,y),



These visual artefacts are not only confined to the frame at the
swi tching point between bit streans, but propagates in tinme due to the
continued notion conpensated coding in the renmaining part of the video
sequence. 5 In current video encodi ng standards, perfect (m smatch-free)
switching between bit streans is only possible at positions where the
current and future frames or regions thereof do not use any information
previous to the current switching locatioh, i.e., at |-franmes. Furthernore,
by placing 10 I-franmes at fixed (e.g. 1 sec) intervals, VCR
functionalities, such,as random access or "Fast Forward" and "Fast
Backward" (i eaje‘ﬁglﬁbacﬁ.rﬁt e) )fnor stream ng video content, are
achi eved. Th T i eI ’J)p "r(?('x of the video sequence and restart
playing at any |-frafeljebcation. Simlarly, an increased playback rate can
be achieved by 15 transmtting only I-frames. The drawback of using
| -frames in these applications is that since |-frames do not exploit any
t enpor al r edubldianygightsyCadiidi carrespandingat@dhenbasis functions arragalbedr ames
at the sane qughéfoym 88eﬁ}é!i@4ﬁ§ﬁ%s@"§oby}ﬁéﬁisgﬁrétsdb%e?jc?;le?iﬂﬂ/“ ﬁﬁahﬂ§ed

an for tra

present invention tp prov)de ew net ho a system smitting

vi deo i rr%es InAUARYSion IIP'PQK?-’?#%EQ 8W€nvi ronments. The invention is based
on the idea that correct 25 (m smatch-free} swi tching between video streans
i s enabl ed by fonm . ype of a conpressed video frame and inserting
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11 . of said at |east one predictive video frane of the second set of video
frames. Consi derabl e advant ages are achi eved by the present invention 5
conpared to the nethods and systens of prior art. The invention allows

swi tching between bit streans to occur not only at the |ocations of
|-frames but also at the |locations of the SP-franes. The coding efficiency
of an SP-franme is nuch better than the coding efficiency of a typical

| -frane wherein | ess bandwi dth is needed ¥o transmt bit 10 streans having
SP-frames in | ocations where, according to prior art, (frames would be
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THE DRAW NGS aaeffmléﬂits ard bgmemeﬂh@ aﬁwmérsmtmdslfom teegiotdin gtetliction” e
detail with ref erg&e o the appended drawi ngs, in which Figs. 1 A-1 C and

2 are di agran§ rOR the prior art 35 encodi ng/ conpression of video
franes, 12 5 10 15 20 25

o(X,y) = Z Z Cerr(i,]) fj (X,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:

L.(x,¥)= R(x+AX, y+Ay)+E.(X,y).

25
These values ly(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 |.(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-



30 35 Fig.3 is a block diagramof a generic notion-conpensated predictive
vi deo coding system (encoder), Fig.4 is a block diagramof a generic

not i on- conpensat ed predictive video codi ng system (decoder), Fig. 5 is an
illustration showing switching between two different bit streans using
S-franes according to the invention, Fig. 6 is a block diagramof a decoder
I n accordance wth an advant ageous enbodi nent of the invention, Fig. 7 is
an illustration of random access using S-8ranmes, Fig. 8 is an illustration
of a fast-forward process using S-franmes, Fig. 9 is a block diagramof a
decoder in accordance w th anot her advant ageous enbodi ment of the
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\l; I fleot si gnal rage. eﬁg@gafd usﬂn@mtagcmﬁnthgebqem ESH'stpbﬁ fbeababkteﬁ@m {"F@Ch

| streamii encode ro e 0 SI €as ar
di fferent en?f)%n% ﬁﬂ?% m\ﬁ’loé Ifgay r?S”%?m SB?‘P”I'&? M%mad%f gﬂqlé"?‘%d by
sel ecti ng t heerwoded nigambi rstteam islitd ber wansmittaddo ithe recesivesythiei abeve eans

with differ e'}{olml n'&reot $3a '3 15 formed. The encodi ng paraneters can
be, for exa rane rate, |sat|on paraneter, spatial resolution, or

anot her Tf%ctor affecting the i mages size, known as such to a person skilled
inthe art. ﬁFeﬁlﬁ%p ) é@hlgi@ebéﬁdﬁ?dt'heé‘éélfa‘b"lﬁx lﬁtéé’sé ro?éﬁ?eténé‘é’&&ﬁ bi t
stream Typlce L}/nces |eat% r gucérr%ultl le and mcf1 ncJ nt t ?1 !
preferably arsedue S pro ple ependent streams having
different bit-rates and quality. The transmitting server then dynamically
swiiches between the streams 1o accommodate variations in the
20 available bandwidth. The following 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 .1, P1n, Py} @and
{P2n1, Pon, Pons1} 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 P;,; and P,,;, 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 n.2,
P1n1, Pan, Ponets Paniz). In this case P, , cannot be correctly decoded
since its reference frame P21 is not received. On the other hand, the
frame P4 .4, which is received instead of P,,,.1, is not identical to Py n.1.
Therefore switching between bit streams at arbitrary locations leads to
35 visual artefacts due to the mismatch between the reference frames
used for motion compensated prediction in the different sequences.



20 Intra frame. This enables the decoder to start reconstruction of the

vi deo signal. The encoder used in the encoding of the |I-franes, Pfranes and
B-frames can be any prior art encoder which perforns the encoding of the
video signal, or there nmay exist nore than one prior art encoder each using
different encoding paraneters to formnultiple bit 25 streans. However, to
encode a video signal containing also SP-franes and/or SI-frames accordi ng
to the invention, new functionality is needed in the encoder. This will be
explained later in greater detail. The encoder also inserts frames encoded
usi ng notion conpensated 30 predictive coding (P-frames and optionally
B-franes} intbhese Wsuaktartefascts Tare evadoosly atandinatdot ¢he ame yate theé
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32) at cor r edeekdARCY dBaYirEAUIreIa uThiasgRemURe! DhBRs 1paB IR armesat 510
and 520 corr eppasneQudity.same sequence encoded at di fferent bit rates for
exanple by using different frane rates, different spatial resolutions or
di fferent quantisation paraneters. It is further assuned that the first bit
st ream 29 51GUMMARY) QF disEiINVENTIOM t he transmitting server to a
decoder 600, 1200, 1300 (Figs. 6, 12 and 13, respectively) via a

transm ssion network, and that the transmtting server receives a request
from the trardbni$ & aimnek iRe ipresephimantiarn o provide aonewhgathagdoand raam

bei ng transnidystam 3frAstraRoitiAg] deleve. m$a§;é§nﬁﬁ afaenamécetﬁhmmisrs@orblt
stream duri n the enCijl nq_flﬁ%ocess at tho ocat i Oﬂ'is hi n the vi de
Shg &e

sequences wh %V'E‘Wm@ﬂ i YROtIgN, i8¢ @é‘[’ﬁ]dt Pn 63 that oY EeChs can
be seen 45 om(migmatch-frée) aswitchiagt duptwesnemiddonsitearhst lie enablgd doy a 35

S5 This o1 f@mﬁ?@ aipyPE 8 e ﬁﬂ’@%éee?r GRRAFLANES Al Pegridd Feings oo
(or secondar yofshernaw type iRlieovitpo Rilvatreamsay lacations whete SMMhChg‘lg)fr'Dm;t ream
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the nt" frane int qu usi ng_the enco rs of _the
cor r espondi ndYRerof W@@Qgg)w @ptwgne wnII 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 Sl-
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)



5 second bit stream 520 and using notion conpensated prediction fromthe
reference frames of the nt" frame in the first bit stream 510. It should be
noted that in the situation shown in Figure 5, S-frame S2 uses the
previously reconstructed frames fromthe second bit stream 520 as reference
frames and the secondary S-frane S, 2 uses the 10 previously reconstructed
frames fromthe first bit stream 510 as reference franes. However, the
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17 Crec = Cpred 'E derv Values S(x,y) can further be normalized and
filtered. 5 Next, encoding of the S-franmes placed within the bit stream
e.g. Sframes 513 (S1) and 523 (S2) is described. Generally, an S-frane
according to the invention such as frames 513, 523 in Figure 5 is
constructed on a bl ock-by-bl ock basis. As explained 10 earlier, each of the
bl ocks may be coded either in such a way as to take advantage of the
spatial correlations anong pi xels of theiimage being coded (intra or

Sl -blocks) or in such a way as to take advantage of the tenporal
correl ati on between bl ocks of pixels in successive franes of a video

. sequence (i ntoérsaid dBHebSboe) pradiciie ideodrameotf the secendasebotividea o t he
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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,



lerr = long - Ipred 30 The quantised prediction error coefficients lerr are
passed to nultiplexer 1135. If the current block is encoded in

SP-format/ nmode, nultiplexer 1135 al so receives the notion vectors for the
SP-coded bl ock. If the current block is encoded in SI-fornat/node,

i nformation concerning the intra prediction node used to formthe
prediction for the Sl-coded block 35 in intra prediction block 1180 is
passed to the nultiplexer. Advantageousl §2 variable length coding is
applied to the quantised 19 prediction error coefficients ierr and to the
notion vector or intra prediction node infiormation in the multiplexer

1135, a bit-dtigedm i s is forbtedk bdiagram pbéxangensyiet aotiphecormpensatddr ns

of information and th Ry g t#ﬂ&i [ itted to a
correspondi ng decoderﬁgg?gag&aﬁggb se%égﬁgggnf§ngﬁggig;. The S-frane
encoder 1100 according to the invention also conprises |ocal decoding
functionalityjgThe quagti edifdy agsf k6| or ned
in quantgfat¥g% bIocki%%éii%i?@ag‘d%ﬁggggésigéﬁgézggagfﬁghgﬁgﬁghﬁ§§§%%

whi ch al o receives t f l err . The sunm ng
el ement 1140 reconbi nes the quantised prediction transform coefficients

| pred and the.quantised predicti.on erraor coefficients lerr to.form.a .set of
Feconst r uct edhuant | sa8 3t GRsFBHAN Fieing ShchPedietieds hva gitigfahiabit

rel ationship: 15 | rectreamsamsing S-frames abeordingio thedneshtipmnt i sed
transformcoefficients are passed to inverse quantisation block 1142 which

i nverse guanthes the 20 reconstructed quantised transformcoefficients to
form i nd8r se Fi@aBt i sedsrachieskr diagsam qinaf deapdeefini aceondangee withrran

i nverse quantised reccgm;gmg?ggug "e@rﬁ‘ﬁé@ﬁhﬁ@ﬁlo@fftfﬂecig_%@hﬁogfe further passed

to inverse transform bl ock 1144 where they are subjected to e.g. an Inverse
Di screte Cosine Transform (I DCT), or any other inverse 25 transform

correspondi nfigo7t he tis amsillastratien fofrapdonnabtesk usigPS-ifanes, esul t, a
bl ock of reconstructed pixel values is forned for the inmage block in

question and is stored in frane nenory 1146. As subsequent bl ocks of the
frame bdbng éigoBed i s avilluakation wdta iastidogwarchprqoess usingySdresnesped
encodi ng and | ocal decodi ng operations, a 30 decoded version of the current

frame is pro%;essively assenmbled in the frame nenory fromwhere it can be
accessed andTi@ed in %@ Blogkdingtamnoba degadearipracaardaree ovith gnothee

frame or in inter (”Dtddi}hrﬁﬁgﬁmé?%diﬁﬁ@ﬂi & theingbnfigRsequent frames in
t he vi deo sequence. 20 Operation of a generic S-frame decoder according

to a first enbodi nent of the invention will now be described with reference
to Figue@ 12Fi§. The biis -sthieckndiegrarat el apy debod8r fin saccardander witheyebus! y

domil 1 pi exed 1 nto i t SNIEL AR Sl RERmERE oXnd BF98 e “Tie "decoder
reconstructs a decoded version of the S-frame on a bl ock-bybl ock basis. As

previously desgriped. 8 hipERMadPamC M thcoer anl AcbbRfdifoe WitFadpd and

Sl -coded i nage™ bl ocks. For  SP-format, i nage blqgks, the rnformation in the
recei ved bit-strean1céﬁgkvgégeQ@%e@WE R 19 IBYENHPRI ent i nformati on
and VLC28ncoded quantised prediction error coefficients lerr For inage

bl ocks e”COd%‘ii%.'oﬂggl i A Block GabPA 8B Rk ddbriRSdtaanES With BhotRaM

conprises VL
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,



15 information relating to the intra prediction node used to formthe intra
prediction for the Sl-coded block together with VLC coded quanti sed
prediction error coefficients lerr Wien decodi ng an SP-coded bl ock,
derul ti pl exer 1210 first applies 20 appropriate variable | ength decodi ng
(VLD) to the received bit-streamto recover the notion vector information
and quantised prediction error coefficients lerr- It then separates the
moti on vector information fromthe quantil8ed prediction error coefficients
| err~ The notion vector information is supplied to notion conpensated
prediction block 1260 25 and the quantised prediction error coefficients

. recovered fromthe bitstreamare applied to one input of summ ng el ement

1220. The notg;gnqmect S t
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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 between 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.



22 inverse transform corresponding to the transform perforned in bl ock
1290. In this way, a block of reconstructed pixel values is forned for the
i mge block in question. The reconstructed pixel values are supplied to the
video output and to frame nenory 1250. As 5 subsequent bl ocks of the
S-franme being decoded undergo the previously described decodi ng operati ons,
a decoded version of the current frame is progressively assenbled in franme
menory 1250 from where it can be accessed4and used in the intra prediction
of subsequent bl ocks of the same franme or in the inter (notion 10

conpensat ed) prediction of subse%@(‘aint frames in the video sequence. Having
. revieved the Advantageoushy thencdifiereot kih sireamse arec stieedarintalesiosage
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di fference exlsts co red wth enco rarres an
| -frames accdf$@ted.prior art, specifically, it shoul d be appr eci at ed
_that whep encodi ng or decodl ng an imge block in SP or 25 SI -format, the

prediction P( e.bl ock.i stion is transforned into the
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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 S,. This S-frame is called a secondary representation of the S-



30 predictive coding according to prior art in which a prediction error is
determ ned in the spatial (pixel value) domain. In the follow ng, operation
of the decoder 1200 during swi tching between bit-streans 510 and 520 is
described in detail. At the position 35 in the video sequence where
switching fromthe first bit-streamto the second bit-stream 520 takes

pl ace, the decoder 1200 has al ready 24 received and decoded the previous
P-frames 511 and 512 of the first bit-stfggam 510. The decoded franmes are
stored in frame nenory 1250 and are thus avail able for use as reference
frames. When switching fromthe first bit-stream 510 to the second
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first bit-stream(e.g. P-frane 511 or 51 vai l abl e 1 frame nenory
1250 and the nmotion vector information extracted fromthe encoded vi deo

i nf or matd®n oNrercthedtranshiftingeefbt reacheg3hdedrame of theewidedl8equentéde
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transform comprlses sufficient memory to store all those frames which are

30 needed to reconstruct a P-frame or a B-frame, je. 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 transmitting server notices, for example, by



. the secondar

15 coefficients 112pred are, i.n turn, applied to the second input of
summer 1220. Summrer 1220 conbi nes the quantised transform coefficients
112pred with quanti sed prediction error transformcoefficients 112err to
formreconstructed quanti sed transform coefficients 112rec according to the
relationship: 20 112 - 112 + 112 rec pred err The reconstructed quanti sed
transformcoefficients 112rec are then supplied to inverse quantisation

bl ock 1230 where they are inverse 25 quaidfi sed to forminverse quantised
reconstructed transformcoefficients dl 2rec. The inverse quantised
reconstructed transform coeffjcients dI2rec are then passed to | nverse

t r ansf or m bl c¥amimog iher ypenigjormatien gfdbestrame, dhat rtber@erremtakamﬁ 9
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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 cyeq for P(x,y) corresponding to basis functions
fy(x,y) are calculated and quantised. The quantised values of the
25 transform coefficients cyeq are denoted as l,eq and the dequantised
values of the quantised transform coefficients 1,4 are denoted as dyreq.
Quantised coefficients |, for the prediction error are received from the
encoder. The dequantised values of these coefficients will be denoted
as de. 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
will be called dequantised reconstruction image coefficients. The
values of d,e; have to be such that coefficients ¢, exist from which by
quantisation and dequantisation d,. can be obtained. In addition,
values d,.. have to fulfill one of the following conditions:
35
drec = dpred + derr , Or



25 Therefore it can be seen that by constructing a secondary S-frame S12
according to the nethod of the invention, transmtting it from encoder to
decoder and subsequently decoding it, ms-match-tree swi tching between a
first and a second bit-stream can be achi eved. 30 Consi der the case that
the secondary S-frane is an Sl-frame while the S-frane within the bit
streamis an SP-franme. in this case, a frame which uses notion-conpensated
prediction is represented by a frane whict7uses only spatial prediction.
Thi s special case has inplications in random access and error resiliency
which will described later. 35 27 1t should be noted that in encoder 1100
and decoder 12@@=aﬁﬁﬁﬁdd@g to the first enbodi nent of the invention,

descri bed above, the quantisation applied to the transform coefficients
cpred produced in transform bl ocks 1160 (encoder) and 1290 (decoder) to

_ yield quanti sd@lees Sixy 6am fuskrerikg pamalized @nddilteredsane as that used to
generate the quantised prediction error transformcoefficients lerr. Mire

specifically, .in,the first odi,nent of the jnvention, when a bl ock of

o e ct eabp, xbleXraheoding. of hes Soamsslated MifieBe bitoskedn, 5 S ane
whi ch is bei nfragne8dal (S} andb23 (8, pisadescriachn paraneter QP used to 10
quantise the transform coefficients cprea corresponding to the predicted

bl ock of pixel values P(x,y) should be the same as the quantisation
par amet er s usé&knaeralignan B-framehaceprding dedheriedentionsusty as framest ot

aneters us€iriaraliynan i edhprisuenton sus _
o der Lo pr odbes Feehe? %ﬁggﬁgﬁggﬁ?ﬁé?m @%jj‘? R

in the qifinti sadier £aoNop 8 dRaydeeiaded edhegjifguch i @@)Eaﬁptped
'~ lerr fail wile fa@vaﬁﬁa(féithh@a’spgﬂahbbﬁélétmhspahﬁﬁﬂj ®igelsnof fie image
}

quant | sed 11 et GoBBE T oniSrplicksiobi suBhd L a5 o Ok’ SRATAGES: 21

S-frame encodef the0fempocaldcogreiation slkeetwebretilodksreoft pitelshin isuceessive

whi ch provi de t lexd i AA i Ghaj of quantisation

par anet ers to?@iﬁ%ggfg \ﬁﬁ%& W@@fﬂ“ﬂéﬁrﬁs’f@;‘?f@@%@ﬂ cients Ipred and lerr.
As can b&5seen by conparing Figure 15 with Figure 11, the principal
difference be énéMn§‘6F Sﬂﬁaﬁ%féf)ﬁééoﬂeﬁﬁ té(’cﬁ@riﬁggatiéﬁ \Rrijlll.sﬁé%cribed

enmbodi nrent of the 1 nvention an -frane, entoder , 1 .accor di tQ a first
onbodi mont of Yt TBTORGR10; BIOUEN S br WBIGES o biadho Hiag A 01, HBSHEAME! ocks
1525 and 1550¢nEbdepnenotdcvording teeadirkt entbotiimedt of 108 Inwenitanli ng to the
second enbodi ment of the invention will now be described in detail with

reference to Figure 15. 35 According to the second enmbodi nent of the
i nvent i o80a viAdeigeo frama o e encoded innSSramentormatnatfinst plaritiened into

partitioned i a’a(gﬁq@(ap r?t%ﬂ deg_ I Lhhegkon
SP- bl ock or ogﬁ@l@bﬁgg% 'btc i%é@épgé operéggghg?gg%ﬁogﬁi lgit%gﬁt T(?I;"S\_/S\llltch
between the Shlegtd @l ar difradlaeigean inradpogknaigg ddwevis @s such deun; prior
operated to obfpi SWACHTI19D i€ OfReeated &8 appiptdtend Switthebemweanthe! ek of
the franme being 5 Bncode from,nmotion g]orr&rpe.?%ggljg predi ctipn ﬁﬁ!)OCk 1dg.75.
Mot i on conpen AP RRARTRY SROHES ke 2578 S QI'ﬁ(ﬁ(CSFSﬁ'PE RUSE RN el
val ues PS5, y) therddseiptionr ehthélinuentidn} het nezmsshelyng physidat dayice. In
determ ni ng adpti tar desqrihin e:telati hi en t nixel s
of the currentgpgltelgggdm r&o%.sé_gqtgﬂésquba lér eé@%gﬁraﬁcttgd%ﬁjg%@re%c@‘%i@@(rane
hel d in franecestmensatedo. prediction for the current biock 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.



In SI-coding, node switch 1585 is operated to obtain a prediction for the
current block of the franme being encoded fromintra prediction block 1580.
infra prediction block 1580 operates in a nmanner anal ogous to 15 that
described in connection with the first enbodiment of the invention to form
a block of predicted pixel values P{x,y) for the current block of the frame
bei ng encoded using spatial prediction from already encoded nei ghbouri ng
pi xel s within the frame being encoded. 208In both SP- and Sl -codi ng nodes a
forward transform for exanple a Discrete Cosine Transform (DCT), is
applied to the predicted bl ock of pixel values P(x,y) in transform bl ock
1590. The redmiSliencadiagshode swich |1d|9&ulssopﬁraiedah0eobtaﬂp)la pedicticudeer s
1520 and 154 [ I | ues
the Hifrglt' BIER | of {Weggraﬂ?é Bei @;&Ucpéd ADrh hﬁtrag;saé%ﬁ.gtws;od@

of the imge are passe ranstrorm
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ar amtor 35 bﬁ@“5&ﬁ?%?m“*ﬂ%éﬁ?%'hﬂe%“%iﬂ%aq@?M%ﬁr@fﬁ%ﬁ@%3@'\3&4@’%\{ ent s

| err which aencoded:neighpasising piselsuvithin theefrantetbeing eacodledhe current
bl ock is being encoded in SP-format, nultiplexer 1540 al so receives
information rel atj n§8to the notjon vectors used in fornati on of the notion

conpensdPed P &0tbtSBn andk Shcoding rmedes thedprsiclinn (. W) rtakas tharfosm
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transform e er r ction
rmdesl nf or mat %féﬁ a(#ugb %#%rea' ér?%&b%%gﬁémlyo {lpgﬂg%{r&gs’ﬁo ‘9%’6{' {:Og‘r %@g{mdl ng
decoder 16y millS0pitexifergn t gyantieedt transtormueoeticiantsf ljeaf cﬁaﬁespan
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quanti sation to I nv ation ere ther%/ are
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bl ock. Mot e $peckly fald:ontSURBRT bR ﬁgtg%éﬁmg\e\p rﬁr%"ﬁﬂ&hﬁééd‘tté fiRppd and

i nver se quan error of M Coe
reconstr uct e@&&@ﬁ@ﬂoﬁfﬁ&ﬁf@fml soefficientsedorge cbhgi sgmmingheeleaent disid p: 25

Crec = Cpred recelqgérb&h%étgcﬁr%ﬁémtrhhgftﬁfh@rc'@S'eﬁRﬁélf\!Q e”%\hdclror.%“fr@ﬁ? then

passed to qu i sation bl oc

quant i sat i on?}?% rﬁﬁpﬁﬁﬁ‘t’%ﬂ% ?8”;6'98@%3 %{y% asﬁ;ﬁ? ?'P%@qgﬁaﬁﬁhsform
coef fi cigent s off r epranitiseshoptedibtionotercont hedeffickaniss alj, omceardingt eto SR used
to quantise fﬁ%@ ?@gﬂ?truct ed transformcoefficients is not necessarily the
sane as the & on paraneter PQP used to quantise the prediction
error transformcoefficients cerr in quantisation 35 block 1525. In
particular, a finer qqanI_||sat||on can be applied to reconstructed transform
coefficients cre~ and & cotl’sef®*4uantisation can

30  The quantised prediction error coefficients |, are passed to multiplexer
1135. If the current block is encoded in SP-format/mode, multiplexer
1135 also receives the motion vectors for the SP-coded biock. If the
current block is encoded in Sl-format/mode, information concerning the
intra prediction mode used to form the prediction for the Sl-coded block
35 in intra prediction block 1180 is passed to the multiplexer.
Advantageously, variable length coding is applied to the quantised



~ blocks of th

30 be applied to prediction error coefficients cerr. This ultimately
results in a smaller reconstruction error (distortion) when a decoded i nmage
is formed in the decoder. 5 Quantised reconstructed transform coefficients
| ~e~ are next supplied to inverse quantisation block 1560 where they are

i nverse quantised using quantisation paraneter SPQP to forminverse

quanti sed reconstructed transform coefficients drec. The inverse quantised
reconstructed transformcoefficients dret9are then passed to inverse 10
transform bl ock 1565 where they are subjected to an inverse transform
operation e.g. an inverse Discrete Cosine Transform (IDCT). As a result of
this operati dedigtionoetrast costigientscleedand xtd the uaetianx vestars of ot f or

0 L’?g?sb'sfg‘ég“’“gﬁt‘ A oA o MEASDRM 1 fE5 Bt dodaris
| SRR MBI DgCPIatREr 1 Mariay S iR Tl BOIMRION Acbus| y

descri Peg enahdi g saedm Qhaislfdﬁfn@di mrr@gsnﬂtt?drm aac@kresﬁ?g%@; deooovtﬁf th.et
curren a r SSi ¥e in frane nenor rom where i
can be a ceg‘saleécpsoaﬁc#ggé?sq ﬁ'Q%tﬁgﬁagdﬁcti on of subsequgnt bl ocks of the
sanme frame or in 20 inter (notion conpensated) prediction of subsequent
frames in theryd | 1d & '
with referen 0 18dr { it r r h
encoder 1500 qedfitidhidl 3 foRPIERP QaniiBatomNocki1 1591° ard \Ripplied ®1the
I | g AN T T TR e N S N M o e
and is i i"Ue . e n cts a
gecod_eg \éer sigoefiidientsels- TRerguomming eterkehy 4 bnOcF:)ﬂedombimesﬂttIeS@axglmqnusl y

escri bed, an S r ] Sies - 3 mage
bl ocks. - For - SHSHIRIT ARG GbelRiisToay BRHINED AR MedlablSitot ™0
bi t - st r eam c@gefficientsvilg dactaea avsebofvernanstiudtednguastisad dtransfasntoded
quanti sed pr %éfﬁéi@ﬁtse{,%gdcgrlamﬂffﬂéF@éﬁbﬁ&ﬁi ts lerr. For inage bl ocks
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VLC encoded quanti sed prediction error transformcoefficients lerr Wen
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quant i s&@ pr elbcddeshversian of the durrentdeshti isi progsessivelyeassempidd gdthe

i nverse quantgj i jnt A { nf.o0 ion
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decoder 30 1200 is anal ogous to that perforned in the correspondi ng encoder
1500 previously descri bed.



. block of pix

For both SP- and SI- coded image bl ocks the quantised prediction error
transformcoefficients lerr recovered fromthe received bit-streamare 35
i nverse quantised in inverse quantisation block 1320 using quantisation
paranmeter PQP to forminverse quantised prediction error transform 32
coefficients derr. The inverse quantised prediction error transform
coefficients derv are applied to one input of sumrer 1325. Once a

predi ction P(x,y) for the current block 80 the frane being 5 decoded has
been formed, either by notion conpensated prediction in notion conpensated
prediction block 1370 or by intra prediction in intra prediction block

1380, switch Qpemtian opér a egeaenapps-&@mat glacodarppagcaningr i et efdl'Sff)l xel

val ues P(Xx, r f
txampi e 5 D y}f?@%’éf SRl o8, Renta il b eEfiBelf aith @iBteld to |

gyEe dés P(x,y) to formtransform coefficients cprea.
Transform coefficients cPrea are then supplied to the second i nput of

orror 1 et o Bt deSeraelticiie Sohiie Breodg: ArevionsicaBhFthed: oo
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result of t hﬁ)réplt‘ifo‘iﬁféf ﬂi@fs?lté@déd”blécﬂp't?gétﬁér Withevee bb@gafg ﬁé
e |1 mage

1350, a bloc reconstruct? | Tage pl xe X,y) is forne
bl ock in que§¥?9H3KWh%”9r89 Bﬂeﬂﬁhbmstructed 35 pixels I~(x,y) is supplied

to the video output of the decoder and to franme nenory 1360, where the

Gecdi ng operdTiebnQEReBHRY Bt S s00RE Bitic, i Mifedal o2 BRLCRBRIST  are

i s prografssi \agpropsisdeiasiabile IEngﬂEdeeodmg {¢bD) ter the treeewedrblt-strelam
accessed and tH%%@o}g@r‘tﬁ? thflbﬁ VICRSY ﬁf af?&a%‘f?isgﬁ‘éﬁ Hkti%f %%rsa”e

frame or inin i conpensa e guent frames in
the video sed@atbieients |4 &t €6, SeRAaIRSD mfm aeﬁtprtlaf@rrmanqm frenm 88 nent

of the i nventyeinhtisecs hpradictiBnt hefof Meedini@Bhts the,.t raRef anBtieae! fedtbent s
cprea unOIergOm‘ormatlon 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 previously 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.

When 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



10 quantisation and inverse quantisation using the sane quantisation
paraneter SPQP both in the encoder section (blocks 1625 and 1630) and in

t he decoder section (blocks 1692 and 1694). Therefore, the encoder does not
i ntroduce any additional quantisation error to the prediction |oop, and
error build-up in the prediction loop is thus 15 effectively prevented. The
bl ocks 1610, 1620, 1625, 1630, 1640, 1650, 1660, 1665, 1670, 1675, 1680,
1685, 1690 have simlar functionality to2the bl ocks 1510, 1520, 1525, 1530,
1540, 1550, 1560, 1565, 1570, 1575, 1580, 1585, 1590 presented in Fig. 15,
respectively. 20 In Fig. 6, a decoder 600 according to an advant ageous

~ enbodi nent ofblodie 1270e ThHeo quastidedquickiictionverbr dodfficieateigrare sppied

operati onal 8P g TR LI By SHEFERE 1208, T 368 Factcti fod? . 107
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é 0 agot hg(r) Oa@@wt gpl amlf3€he'%rihﬂﬁl @@lgﬂ]@nt foaésee Berfdrmed dﬁsgébbﬁdr The
ecoder R nt e n_Fi i fication code

shown in Fig. 1@%@“@#99%‘%5@ h@it%ﬁ'@%@ B&Qﬁﬁ‘i ﬁb@n@%@ RrﬁVIQng?yQ and
the decoder plesoeibeeld in Fig. 12 is that a nornallsatlon bl ock 680 is
inserted between the denultiplexer 610 and one input of sunm ng el enent

615. 35 O her blocks 610, 615, 620, 630, 640, 650, 660 and 670 have sim| ar
34 f unctli®nal@nge wopradiction tasthe corrent biock obthe irame beimg decpeied ha90 and
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1370 and 139Gy psieger tr&n st ck’ ctively. 15 The encoding of a
vi deo frame canébe pgr or med bFB E’ ck basis such that in the sane

encoded video franme there can exi st dlfferently encoded areas. For exanpl e,
some par2s ofintiieck r@eD, cartoheard treinstotede and asDistrete Gogiae tRrapbidrie
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in question. resuliing transfarm woefiiciantnCasd are seppiied, ta Auantigaken bloek t he
change of thﬁsé@(% \Aﬁuh‘efe ét@tﬁggra'i‘é S B ghﬁﬁng@bﬂ t?éﬁéfﬁ% Béfatrphsd by

ot her 25 par sm s$i on sysiem r exa recei ver may

request the tlrans@uantisgds&ansiomrg @%ﬁ!@@"t ﬁelppar%rrﬁattgﬁﬁ sBpPURFeOr R on.
This reqeest devoirl ln{ﬁﬁ%‘f santrhmg eferaght ti220 We\réfth%ygare/la@ld@meto the

transm ssi on net 6 ugsed as

st andard, enﬁﬁﬁﬂﬁg Wofhgoﬁﬁggﬁﬁ%; tvei?|§H72n693995658ﬁ%f|QHQ“Eﬂ%d
modi fi cati ondransformesuefiicients I abcordimg te thp eclationshigr esent i nventi on.
Bit streamswitching is not the only application in which the present 35
i nvention can be applled |f one of the bit streans has a | ower tenporal
resolution, e.g. 1 fr merhed+thns bit stream can be used to provide fast

30
The reconstructed quantised transform coefficients [, are further
supplied to inverse guantisation block 1230 where they are inverse
quantised to form inverse quantised reconstructed transform
coefficients d... The inverse quantised 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



35 forward functionality. Specifically, decoding fromthe bit streamwith a
| oner tenporal resolution and then switching to the bit streamwth a
normal frame rate would provide such functionality. Fig. 8 depicts two bit
streans the second of which conprises only S-franmes predicted 5 from each
other at intervals greater than the frame repetition interval of the first
bit-stream Furthernore, "Fast Forward" can start and stop at any | ocation
in the bit-stream In the follow ng, son@ther applications of the present
i nvention are described. 10 Splicing and Random Access The bit

stream sw tchi ng exanpl e di scussed earlier considered bit streans bel onging
~ to the sanme sitweese dramsfonsgeorrespanding to Hhe transtormm quericrmeéd yint blockase
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further esti e,.t slices that.wuld be aftected by such a s me
fifgtobitabeara 5 Rbin SHehra Wk that hatt the SRooRgan frame

Toss and upda
al ternat2§e r8pyissdetadedls. reSomstracted pinel \aduesireddedtiear io thosenthidte

be gener at ed UPEIbAEVSS [t REF SPARiissRan T Phtle 2R e Setopd Wh.h 5
t hat shown i nstfé@m.14. In this case, the sender would send the secondary

Sl-frame, i.e., S12 instead of S2 to stop error propagation. This approach

could al so be exﬁﬁnded ip a straight forward manner to slice-based
Let I and I,q denote the quantised coefficients of the prediction

30 error and the prediction frame, respectively, obtained from encoding of
the SP-frame S, with the procedure described above, and let 1%
denote the gquantised reconstructed image coefficients of the S-frame
S, .The encoding of the secondary S-frame 550 (S;5) follows the same
procedures as in the encoding of the S-frame 523 (S,) with the

35 following exceptions: 1) The reference frame(s) used in the prediction
of each block of the secondary S-frame S;, are the reconstructed



25 encodi ng/ packeti zation. Mre specifically, the server sends the slices
in the next S-frame, which would be affected by the packet |oss, from
Slfrane. Error resilience 30 The encoding of a video frane can be perforned
bl ock- by- bl ock basis such that in the same encoded video frane there can
exist differently encoded areas. For exanple, sone parts of the frane can
be inter coded and sone other parts of the frane can be intra coded. And as
35 already discussed, the intra-bl ock co@ggng, since it doesn't enploy any
37 tenporal correlation, stops any error propagation which m ght be started
due to transport inpairnments. In |lossy transport networks, an intra

macr obl ock r dfamels ebhaa’na!;)bycelecﬁdmlgomeiﬁrstl lgmstneaamtsm uprto the current

the encoder dh tTAMELH, JReCVEED, seByBRhce; 4 i‘“‘%ﬁg i‘?@éﬁbebfﬁ@ . ©
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I nproves t he {gupkidecodertt®@.ecei ved video by providing error resiliency
and error recovery. The optimal intra-nmacroblock update refresh rate, i.e.,

t he frequency at which nmacrobl ocks are infra-coded, depends on 15 the
transport chainen deoddingotiee secgndapa&rame §5, imdherddoddesr 1200 nesiig

typi cal st eaNErgCapsRERy BRomes AT BRETIrE i Sfckm Hhckelstel p% fighen' "
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mechani sns are U|re romthe. earlier di.scusgi on pancer gk ng the use of
S-frames in ?eerya§n@e§‘§ﬂ'b‘i¢ AP i al i ens |err draﬁ i T trecd t hat

gl-f][ames ;)r SII‘% grs» \I\Ji2 5;; B Phemtasn b@snbteﬁpﬁdrﬂﬁh@equadoﬁahat 1'% and
-frames/siig a ehehe I

l eading to |cl ?t%l'a?'%&ﬁq r"\%?fb(fﬁ %HmPH l}eré ngﬁ %&Pﬂﬁ?@a@ﬁ%
exploitd®d in theeSattame vaf mersea:(md elgilh meaanngnhavecmﬁm@naIbmﬁereMe st, a
sequence of [ f cks.
Then duri ng (TAPEeAMIETTERE TS dicodetpTinoBEss dIFimadb R rebaBEL Lt

thei r seconddtiyek \é@lu@%deatlcahtq thase thaisweuldrirsult oot kecodirg Rrfrasme of
S-macrobl ockggj o be sent in Sl representation can be calculated in a manner

simlar to the method used in the real-tinme encoding/delivery approach
previ ously descri bed. 38 Vi deo Redundancy Codi ng S-franes have ot her uses

I n appl 2gat i dFram rthehiaregbirey dbsonigttionc of dhier eptedieeans! decbdligsS- Vi deo
Redundancy Cqfli 4gq( %@%rc‘ﬁﬂﬁs the invention, it will be appreciated that a
significant difference exists compared with encoding and decoding of
P-frames and [-frames according to prior art, specifically, it should be
appreciated that when encoding or decoding an image block in SP or
25 Sl -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



5 given as an exanple. The principle of the VRC nethod is to divide a
sequence of pictures into two or nore threads in such a way that al
pictures in the sequence are assigned to one of the threads in a roundrobin
fashion. Each thread is coded i ndependently. At regular intervals, al

t hreads converge into a so-called sync frame. Fromthis sync frane, 10 a
new thread series is started. if one of the threads is danaged e.g. because
of a packet |oss, the remaining threads 24p|cally stay intact and can be
used to predict the next sync franme. It is possible to continue the
decodi ng of the damaged thread, which |eads to slight degradation in

pi cture qual regeived a@dsdeg@dedathewew@glscP f&@&ﬂiagﬁ@]e&m Hihot e fiet ch
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one of the undama ed hr ea nmeans e nu fted
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decoded and tt@%lelb tb{_egfooarts are used when decoding the follow ng

t hreads. The use o anes as sync franes elimnates this problem 25 It

I s obvious that the present invention is not limted to the above descri bed
embodi ment s M 'réwea@. héde‘eﬁ@ddh shﬁeﬁeﬂﬂgd%nta%@e%t&ﬁ a' Ims.
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2. The met hosupsiser df bits reggired fodits copresentatiend in that the first bit25
stream (510) conprises at least one primary swtching frame (513). 3. The

nmet hod according to claiml1l or 2, characterized in that the first
bi t - st r m ( The) compressed wdey miwmatlonafo‘rranrmvem@rnage Iploickes yreseiviachi ng

nformation £ At 200°8R3 38 sy SRBARY o cHigBrgle \ifiaBl o,
accor di ng t odecadiha 6V D) angl dst sapasated iiat itsheconstiiuent t patisedv (510)
gorrfr:cses ogbnemtmtu tte%éramoaﬂm%)rqumm ”gréhldtmnf eRBtS coefizlenta PeéLform
ast torward Shacted ?rom the (raee/ellveg bI'P 'sfream are appﬁted 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 1o 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 Si» by



40 5. The nethod according to any of the clains 2 to 4, characterized in
that said primary swtching frame (523) is a predictive video frane (524),
in which prediction information conprises only intra prediction
information. 5 6. The nethod according to any of the clains 1 to 5,
characterized in that the primary switching franme (513) is formed so that
transform coefficients cpred are cal cul ated and quantised to form quanti sed
val ues of the transformcoefficients |Ipr&h that quantised coefificients
lerr for 10 prediction error are defined, that dequantised reconstruction

| mage coefficients drec are defined so that coefficients cre~ exist from
_ which by gquandesuttiplexend 2iyudmtiheatdase, ofiegnabi-codedr blegist Aublach afnage

fif t
once ot ) YRS N LR Dk i (A prEQ eI
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auant 1 sd, Lt e B e D B .
Char act e sedd ¢ Nafracarsician: Mol THOpmRLRD: Extaces Fomm (i fécéived
quant i sati on wtiebhiafémzatidrofon sscanmidryi $ifearhe S@rtgddemtdtnptekbrqﬂa@tl sation
of prediction error. 8. The nmethod according to claim®6, characterized in

that different quantisation paraneters are used with quantisation of the
t ransf or m coePncei arpredlqiwemF on theen curtemt duleek iof dhicosecongarydSeframe dasor .
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relationship:

20

1
|12 I 2 |12

rec =1 pred + 1 “err

The reconstructed quantised transform coefficients I'%.c are then
supplied to inverse quantisation block 1230 where they are inverse
25 quantised to form inverse quantised reconstructed transform
coefficients d'%... The inverse quantised reconstructed transform
coefficients 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 Sy, The reconstructed pixel values l(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



_ said second

12. An encoder conprising neans for formng at least a first bit-stream
(510) and a second bit-streamfroma video information) the first bit 15
stream conprises a first set of frames conprising at | est one video frane,
and the second bit-stream conprises a second set {520) of franmes conprising
at | east one predictive video franme (524), and neans for using at |east
partly different encodi ng paraneters with encoding of the franes of said
first bit-stream (510) and said second 2B6bit-stream (520}, neans for
transmtting at |east one frane of said first bit-stream (510), and neans
for switching the transm ssion over fromsaid first bit-strean1&g$9) to
%ilcocka ofdhe( seopndaryaCattame cam be rettevedi andeised intra

switching th ré&ﬁ:%?gi‘ gt?'bgg 90 P Foprdl @@éoﬁétbdbidﬁ'xéf r\‘i‘é\ﬂb§51=33< o fgpi d
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enable tqQ swi,tch the, transm ssion over froms first bit-strea 10) to
ond secdnd 9% SAcDaimAGRNOCK SN YTE FREOBRAN o TATE, SiaTa JeRBIRIAG )
char act eri zeéncoderat100 acconling ¢s the sekatiob8hip: 1675) for produci ng
prediction information by using said reference frames, and neans (1692,
1694) for perform ng quantisati g{l ang deq&anti sation to the prediction
information. 35 42 14. A decdder =fbrc déCpeing a video information froma
signal conprising frames fromat least a first bit-stream (510) and a
second bit-stream shich are forned fromthe yideo i nforma%fi_on, the first

bi t st red® cotprerged e AYe sguanlised recanstyustam transfgrny coediciont Vﬁ?‘é%% 5
frame, and tkgodaeeddbPidncidig and Subseerichtiyedesodingt Stirafe &, i @@s

i Si t | t d . id 524 d at, | t tl
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first bit-stoeafficiehty HAd, s prodgesd nihybi decodiegm the20gompnessexd envideal i n

t hat the dec r [ o} eodi >ond Lt c s
frame (550, ToraedRR] 8E SRR %—g%ﬁes@% B R e
t he encdd ng weuldnbave degn predueedntl birane r@afiqedbe aecond hitaeasne
reference fr f t i bhhys 5i AQ) i { gnal
in place of gmﬁiﬂrgérh Q?\nntggﬁ?%% ?t‘grrgé?ggg)ﬂ aégap{éé\?gygﬁ/ge régrr}gaf gﬂ.ﬁéé used
in the 15 redOWRWP §IRE&n of said at |east one predictive video frame (524)
of the second set of video franmes, and that said neans for decoding a
secondary sw tching frane (550)|1;_COI’H) tbse nmegns for using decoding
paranmeters of the second bit-stréé@rﬁ‘[SlZ?)’)+ néTreference frames fromthe
first bid0 stream (510). 20 15. The decoder according to claim 14,
characterized in that the pri na_r:rlzsvm' _F_qfhi n_gl1£rar]_3j|2( 513) conprises areas
encoded by intra prediction using Ol y <fati d&®%or f%€l ation, and areas
encoded by inter prediction using notion conpensation, wherein the decoder
conprises 25 TRaIY'E Qr= I¥si.ng notion conpensation information with
reconstruction, nmeans for using spatial correlation information with
reconstruction, and switching nmeans to performthe reconstruction of each
area ei t2%r bBjhereforentaan bersaen thatriyy constragtingsaseocondahpSrfraimen Sqs by

oredi ot on RO Bl et Bp i0het g BRbeRupBaL RO BReBBeL KY,
represent i ng daeasierd andiesubsequently odecading: oifprinis-mpatchdies swiiehing | east
afirst bit- %‘Wﬁiﬁ%ﬁ %2(? %ngt@tp@hrme%mgy?ge formed fromthe

vi deo i nformation, t-stream 35 conprises a st set of franes
conprising at |lest one video frane, and the second bit-stream conprises a

. second g8 (¥26nsidbr thewase 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.

35



43 conprising at |east one predictive video frame (524), at |least partly
different encodi ng paraneters are used with encoding of the franmes of said
first bit-stream (510) and said second bit-stream (520), characterized in
that in switching the transm ssion over fromsaid first 5 bit-stream (510)
to said second bit-stream (520), the secondary bitstream conprises at | east
one primary switching frame (523), said signal conprises a secondary
switching frame (513, 523) having been e@foded using the encoding
paranmeters of the second bit-stream (520) and at | east one reference frane

fromthe first bit-stream (510), and 10 said secondary sw tching frane
. (550) is in ptsabeuld bemaotpdnhatm encodar Ad O0r ane desp8ler 4208 a@t@TChmgéOf ranme

to be used ”’cpb flfsﬁcoéiﬁgbt’!ﬁ@éﬁ? %ff StF\la]SI gfr}/g'n?ﬁﬁt ‘Hé%ﬁﬁb%%cé%@e

frame (524) t he secon .
A AU . A ABIaTdisaton apliedatey th@atmatpmle caeflicieptsacaay . *toduced in

| yAéFéiy Al AQrar»ﬁ*ﬁorMMcRéaw B8Ny and 390 Adécoddr)Iv- yikid diiantiged AL3- A

3‘%8DG§VPS\?[%@S‘¢PW}1 cogtficionis, lorn U8 \iNE: SPMR 3% HRRY HgPHala 9eRerale 8 ca ca
] ca] ca] ca] ca\dumitcwd: yedictieh caryoP daraiforrhcedeititionts 4], ¢ dViop epecifidalhgds) +,

Q]D;;\+/1 ca] ca] déef@g%%m %iﬁ éﬁ%ﬁi’g@ﬁ?ﬁv%% éﬁiﬂérbgﬁgﬁé?bg]cgﬂg

] ca! >%® CQ QONA8 difekiarLvoage block of an S-frame which is

VZ5\ W 2\ \ /] 2] i W@T ]qﬁ]ac ﬁ] et E::c ‘g_ ié{ca] ca
o

Jealeal o Rl Rt ) i

a] ca] ca] ca] cet'u@@kccﬂ a&ette\]alaéga? eh@@ﬂ@aﬂecaﬂuéadambcaé GRAkC hanh?émhﬁl | WOM

>#. =Uzupkf a\
cal ca] ca] ca] GBS %as%ﬁrbc%%;wbﬁwea HedEpgETon Hherlarlioh =
| ] ~y]s nh]c] Xi(f aodfiicient§ da) CENb oa]amkardapemma.*}lnabcwm] saimadiiom]p=foermedd] ca) c
ajcalca]calc a
TheaG Kﬁvqﬁ% %@%\ gj@% ?gé’bfﬁéﬁﬁdaﬁ t“sf‘%f’ﬁ@] s9pfiiants) ey d% cau
afie & NEXBLy CRHYBWRAf h
EEL??}E][UF%g?xl{;a]fa]E?]c?]ca]ga;f%?]cakﬂfa]ca]ca]caLﬂca]caLﬂca]caEEég]ca
ca] ca] ca] ca] cal] ca] cal] ca] cal)] ca] ca] ca] ca] ca
9236KbdgN#81 69238vcf | | w mhc” YU]'e }cah@aﬁcLhca]ca]ca]caLﬂca]ca]ca]ca]ca]ca]ca
éga%cg%cg%s?%ca]ii];a]ca]cg]ga]ca]ca]ca]ca}ca]ca]ca]ca]ca! > |
Il XSni cal cal cal,c calgal gaj cakcal ca
40 Il Lada S il
= cajc
a]ca]ca]ca]ca%gﬁgg ca]caU]ca]ca]ca]ca?ta]ca]ca]ca]ca]caU]ca]ca]cAa]ca]
ca! OOSSVWAL| ! ~CCCCCDEEEbGeGHI NNOO~yt oj e [ VU] ca] ca] ca] ca] ca] ca] ca
]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca

] ca] caBDGIMPHghrd 0Y€& shbw Jé)"/@ck)di PAER OF - ah0%aime LOAEBAéY - 1500

0% " STOY&: PSVLbcde
10@:10%& () i %%() ; E?Oé %f(ﬁ}leg)m@(r{ l@fbdg]C %rovndes
(10%ob&2(5) r(eh@@ﬂoﬂ&x@htgag@tm@‘mﬁol@ bDg@hb%htién (Darameters to generate

9@ 10%& () - 'tﬁg( QO4RRSEE tharstotrh™ %éﬁﬁfentgolpred% IelrrO bRs ' be seen by
comparing Figure 15 with Figure 11, the principal difference between
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  According to the second embodiment of the invention a video frame to
be encoded in S-frame format is first partitioned into blocks and each
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encoded from motion compensated prediction block 1575. Motion
compensated prediction block 1575 forms a block of predicted pixel
values P(x,y) for the current block of the frame being encoded by
determining a motion vector describing the relationship between the
pixels of the current block and pixel values of a reconstructed reference
frame held in frame memory 1570.

Iin Sl-coding, mode switch 1585 is operated to obtain a prediction for
the current block of the frame being encoded from intra prediction block
1580. Intra prediction block 1580 operates in a manner analogous to
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.

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 transform
coefficients cpeq are supplied to summers 1520 and 1540. The original
image data, comprising the actual pixel values of the image block
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 ¢y, and cpeq to generate prediction error
transform coefficients c,,, according to the relationship:

Cerr = Corig - Cpred .

The prediction error transform coefficients are supplied to quantisation
block 1525 where they are quantised using quantisation parameter
PQP to form quantised prediction error transform coefficients ., which
are, in turn passed 1o multiplexer 1540.

108u8u 108u8u! O
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-@10%& () - }Qfe=Gurrent block is being encoded in SP-format, multiplexer 1540
also receives information relating to the motion vectors used in
formation of the motion compensated prediction P(x,y) for the SP-

5 coded block. If the current block is being encoded in Sl-format
information concerning the intra prediction mode used to form the
prediction P(xy) for the Sl-coded block is also passed to the
multiplexer. Advantageously, multiplexer 1540 applies appropriate
variable length coding (VLC) to the quantised prediction error transform

10  coefficients |, and to the motion vectior or intra prediction mode
information and forms a bit-stream for transmission to a corresponding
decoder by multiplexing together the various forms of information.

The quantised prediction error transform coefficients |, are passed

15  from quantisation block 1525 to inverse quantisation block 1530 where
they are inverse quantised using quantisation parameter PQP to form
inverse quantised prediction error transform coefficients dg,. The
inverse quantised prediction error transform coefficients de, are next
passed to summer 1540 where they are combined with the transform

20  coefficients c,eq produced from the predicted pixel values P(x,y) for the
current block. More specifically, summer 1540 adds transform
coefficients cpeq and inverse quantised prediction error transform
coefficients dy, to form reconstructed transform coefficients Ce
according to the relationship:

25
Crec = Cpred + derr

The reconstructed transform coefficients ¢, are then passed to
quantisation block 1550 where they are quantised using quantisation
30 parameter SPQP to produce quantised reconstructed transform
coefficients l.. It should be noted that quantisation parameter SPQP
used to quantise the reconstructed transform coefficients is not
necessarily the same as the quantisation parameter PQP used to
quantise the prediction error transform coefficients Cq in quantisation
35 Dblock 1525. In particular, a finer quantisation can be applied o
reconstructed transform coefficients ¢, and a courser quantisation can
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109& ()- 100dbe applied to prediction error coefficients cer. This ultimately results in

a smaller reconstruction error (distortion) when a decoded image is
formed in the decoder.

5 Quantised reconstructed transform coefficients I, are next supplied to
inverse quantisation block 1560 where they are inverse quantised
using quantisation parameter SPQP to form inverse quantised
reconstructed transform coefficients d,.. The inverse quantised
reconstructed transform coefficients d,.c are then passed to inverse

10  transform block 1565 where they are subjected to an inverse transform
operation e.g. an Inverse Discrete Cosine Transform (IDCT). As a
result of this operation, a block of reconstructed pixel values I.(x,y) is
formed for the image block in question. The block of reconstructed
pixel values l.(x,y) is subsequently 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 to 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
demuliiplexed into its constituent parts. The decoder reconstructs a
decoded version of the S-frame on a block-by-block basis. As
30 previously described, an S-frame generally comprises both SP-coded
and Sl-coded image blocks. For SP-coded image biocks, the
information in the received bit-stream comprises VLC encoded motion
vector information and VLC encoded quantised prediction error
transform coefficients lo,. For image blocks encoded in Sl-format, the
35 information in the received bit-stream comprises VLC encoded
information relating to the intra prediction mode used to form the intra
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When decoding an SP-coded image block, demultiplexer 1310 first

5  applies 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 lg,. The

motion vector information is supplied to motion compensated prediction

10 block 1370 and the quantised prediction error coefficients o, recovered

from the received bit-stream are applied to inverse quantisation block

1320. The motion vector information recovered from the received bit-

stream is used in motion compensated prediction block 1370 together

with pixel values of a previously reconstructed frame held in frame

15  memory 1360 to form a prediction. P(x,y) for the current block being
decoded, in a manner analogous to that employed in encoder 1500.

When decoding an Sl-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 ., and is
supplied to intra prediction block 1380. The quantised prediction error
fransform coefficients |, are supplied 1o inverse quantisation 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 pixel 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 SI- coded image blocks the quantised prediction error
transform coefficients lgr 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
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Once a prediction P(x,y} for the current block of the frame being

5 decoded has been formed, either by motion compensated prediction in

motion compensated prediction block 1370 or by intra prediction in

intra prediction block 1380, switch 1385 is operated as appropriate to

supply the predicted pixel values P(x,y) to transform block 1390. Here

a forward transform, for example a Discrete Cosine Transform (DCT) is

10  applied to the predicted block of pixel values P(x,y) to form transform

coefficients Cpeq. Transform coefficients cyeq are then supplied to the

second input of summer 1325 where they are combined with the

inverse gquantised prediction error transform coefficients received from

inverse quantisation block 1320, to form reconstructed transform

15  coefficients c,. More specifically, the reconstructed transform

coefficients are determined by adding together transform coefficients

Coreq @Nd inverse quantised prediction error transform coefficients de
according to the relationship:

20 Crec = Cpred + derr-

The reconstructed transform coefficients c,; are then passed to
quantisation block 1330 where they are quantised to produce
quantised reconstructed transform coefficients .. using quantisation
25 parameter SPQP. The quantised reconstructed transform coefficients
lec are, in turn, supplied to inverse quantisation block 1340 where they
are inverse quantised using quantisation parameter SPQP to form
inverse quantised reconstructed transform coefficients dy.. 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.(x,y) 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
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the S-frame undergo the decoding operations described above, a
decoded version of the current frame is progressively assembled in
frame memory 1360. From there in can be accessed and used in the
intra prediction of subsequent blocks of the same frame or in inter

5 (motion compensated) prediction of subsequent frames in the video
sequence.

In Fig. 16, an encoder according to a third embodiment of the invention
is shown. In this embodiment, the transform coefficients c,,.q undergo

10  quantisation and inverse quantisation using the same quantisation
parameter 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 loop, and error build-up in the prediction loop is thus

15  effectively prevented. The blocks 1610, 1620, 1625, 1630, 1640, 1650,
1660, 1665, 1670, 1675, 1680, 1685, 1690 have similar functionality to
the blocks 1510, 1520, 1525, 1530, 1540, 1550, 1560, 1565, 1570,
1575, 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 normalisation block 680 is inserted
between the demultiplexer 610 and one input of summing element 615.
35  Other blocks 610, 615, 620, 630, 640, 650, 660 and 670 have similar
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functionality to the blocks 1210, 1220, 1230, 1240, 1250, 1260, 1290
and 1295 presented in Fig. 12, respectively.

In Fig. 10, a decoder 600 according to yet another advantageous
5 embodiment of the invention is described. Most of the elements of the

decoder 600 are the same than of the decoder 1300 presented in Fig.
13. The operational blocks of the decoder 600 are arranged to decode
the prediction blocks of the frames, wherein no switching means 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 is used instead of inverse quantisation block
1230. Other blocks 610, 615, 620, 630, 640, 650, 660 and 670 have
similar functionality to the blocks 1310, 1325, 1330, 1340, 1350, 1360,
1370 and 1390 presented in Fig. 13, respectively.

15 :
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 may
request the transmitting 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-
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forward functionality. Specifically, decoding from the bit stream with a
lower temporal resolution and then switching to the bit stream with a
normal frame rate would provide such functionality. Fig. 8 depicts two
bit streams the second of which comprises only S-frames predicted

5  from each other at intervals greater than the frame repetition interval of
the first bit-stream. Furthermore, "Fast Forward" can start and stop at
any location in the bit-stream. In the foliowing, some other applications
of the present invention are described.

10  Splicing and Random Access

The bit stream-switching example discussed earlier considered bit
streams belonging to the same sequence of images. However, this is
not necessarily the case in all situations where bit stream switching is
15  needed. Examples include: switching between bit streams arriving from
different cameras capturing the 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 S;, 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 Dbit
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.
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predicted from different reference frames, e.g., predicted from the
5 immediately preceding reconstructed frame and a reconstructed frame
further back in time can be used to increase error resilience of an
encoded video sequence and/or to improve recovery from errors in the
bit-stream. This is illustrated in Fig. 14. In a situation where a packet
loss occurs during streaming of a pre-encoded bit stream and a frame
10  or slice is lost, the receiver informs the transmitter of the lost
frame/slice and the transmitter responds by sending one of the
alternative representations of the next S-frame. The alternative
representation, e.g. frame S;, in Fig. 14, uses reference frames that
have already been correctly received by the receiver. For slice based
15  packetization and delivery, the sender could further estimate the slices
that would be affected by such a slice/frame loss 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,
i.e., Sly 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-block coding, since it doesn’t employ any
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started due to transport impairments.

In lossy transport networks, an intra macroblock refresh strategy can
5 provide significant error resiliency/recovery performance. In an
interactive client/server scenario, the encoder on the server side
decides to encode the frames/macroblocks either based on specific
feedback received from the client, e.g., the exact location of the
lost/corrupted frame/slice/macro block, or based on the expected
10  network conditions calculated through negotiation or the measured
network conditions. This kind of intra-macroblock update strategy
improves the quality of the received video by providing error resiliency
and error recovery. The optimal intra-macroblock update refresh rate,
i.e., the frequency at which macroblocks are intra-coded, depends on
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 Sl-frames/slices 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 S| representation can be calculated in a
manner similar to the method used in the real-time encoding/delivery
approach previously described.
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Video Redundancy Coding

S-frames have other uses in applications in which they do not act as
replacements of I-frames. Video Redundancy Coding (VRC) can be
5 given as an example. The principle of the VRC method is to divide a
sequence of pictures into two or more threads in such a way that all
pictures in the sequence are assighed to one of the threads in a round-
robin fashion. Each thread is coded independently. At regular intervals,
all threads converge into a so-called sync frame. From this sync frame,
10  a new thread series is started. If one of the threads is damaged e.g.
because of a packet loss, the remaining threads typically stay intact
and can be used to predict the next sync frame. It is possible to
continue the decoding of the damaged thread, which leads to slight
degradation in picture quality, or to stop the decoding of the damaged
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.
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Claims:

1. A method for transmitting video information, in which at least a first

bit-stream (510) and a second bit-stream are formed from the video

5 information, the first bit-stream (510) comprises a first set of frames

comprising at least one video frame, and the second bit-stream (520)

comprises a second set (520) of frames comprising at least one

predictive video frame (524), at least parily different encoding

parameters are used with encoding of the frames of said first bit-stream

10  (510) and said second bit-stream (520), at least one frame of said first

bit-stream (510) is being transmitted, and the transmission is switched

over from said first bit-stream (510) to said second bit-stream (520),

characterized in that in switching the transmission over from said first

bit-stream (510) to said second bit-stream (520), the secondary bit-

15  stream 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 bit-stream (520) and at least one reference

frame from the first bit-stream (510), and said secondary switching

20 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.

2. The method according to claim 1, characterized in that the first bit-
25  stream (510) comprises at least one primary switching frame (513).

3. The method according to claim 1 or 2, characterized in that the

first bit-stream (510) comprises only one intra frame and one primary

switching frame (513) to perform a changeover from one location of the
30 video information to another location of the video information.

4. The method according to claim 1 or 2, characterized in that the

first bit-stream (510) comptrises only intra frames and primary switching

frames (513) to perform fast forward operation to the video information.
35
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524), in which predlctlon information comprises only intra prediction
information.

6. The method according to any of the claims 1 to 5, characterized in
that the primary switching frame (513) is formed so that transform
coefficients cyq are calculated and quantised to form quantised values
of the transform coefficients Iy, that quantised coefficients I, for
10  prediction error are defined, that dequantised reconstruction image
coefficients d,e are defined so that coefficients ¢, exist from which by
guantisation and dequantisation, dequantised reconstruction image
coefficients d,c can be obtained, and that dequantised reconstruction
image coefficients d,e fulfil one of the following conditions:
15
Orec = dpred + derr , OF
Crec = Cpred + der,

in which  de,, are dequantised values of the prediction error, and
20 dpreq @re the dequantised values of the quantised transform
coefficients lyreq.

7. The method according to claim 6, characterized in that same
guantisation parameters are used with quantisation of the transform
25  coefficients lyeq, and with quantisation of prediction error.

8. The method according to claim 6, characterized in that different
guantisation parameters are used with quantisation of the transform
coefficients lyeq, than with quantisation of prediction error.
30
9. The method according to any of the claims 1 to 8, characterized in
that said secondary switching frame (550) is used for recovering from
transmission errors, wherein said primary switching frame (523) is a
predictive video frame (524), in which prediction information comprises
35 prediction information from previous video frames than the preceding
frame of the predictive video frame (524).
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11. The method according to any of the claims 1 to 10, characterized

in that both said at least one primary switching frame (523) and said
10  secondary switching frame (550) produce the same reconstruction
result of said at least one predictive video frame (524).

12. An encoder comprising means for forming at least a first bit-stream
(610) and a second bit-stream from a video information, the first bit-

15  stream comprises a first set of frames comprising at lest one video
frame, and the second bit-stream comprises a second set (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) and said second

20 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)

25  comprise means for encoding a 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
13. The encoder according to claim 12, 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.

35
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bit-stream, which are formed from the video information, the first bit-
stream comprises a first set of frames comprising at lest one video
5 frame, and the second bit-stream comprises a second set (520) of
frames comprising at least one predictive video frame (524), and at
least partly different encoding parameters are used with encoding of
the frames of said first bit-stream (510) and said second bit-stream
(520), characterized in that the decoder comprises means for
10  decoding a secondary switching frame (550), said 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 added to said signal in place of a primary
switching frame (523) as a reference frame to be used in the
15  reconstruction of said at least one predictive 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).
20
15. The decoder according to claim 14, characterized in that the
primary switching frame (513) comprises areas encoded by intra
prediction using only spatial correlation, and areas encoded by inter
prediction using motion compensation, wherein the decoder comprises
25 means for using motion compensation information with reconstruction,
means for using spatial 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 information, depending on the
30  prediction method used by encoding of the respective area.

16. A signal representing encoded video information, and comprising
frames from at least a first bit-stream (510) and a second bit-stream,
which are formed from the video information, the first bit-stream
35 comprises a first set of frames comprising at lest one video frame, and
the second bit-stream comprises a second set (520) of frames



10

43

comprising at least one predictive video frame (524), at least partly
different encoding parameters are used with encoding of the frames of
said first bit-stream (510) and said second bit-stream (520),
characterized in that in switching the transmission over from said first
bit-stream (510) to said second bit-stream (520), the secondary bit-
stream comprises at least one primary switching frame (523), said
signal comprises a secondary switching frame (513, 523) 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 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.



