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FIRST DI G TAL VIDEO AND A SECOND DI A TAL VI DEG A COVPUTER

AND A COVPUTER PROGRAM ELEMENT 5 BACKGROUND OF THE | NVENTI ON Thi s invention
relates to a method, a device, a conmputer readable nmedium and a conputer
program for processing at least 10 two digital videos, a first digital
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i s comrilhdisewant ivindgelesssehp provideds 2 clevind naseawditey qual ity of

the vi de%m.l@%e@ﬁlﬁﬂ%h@”b Bohputateps f\&}ﬁlfo dda | é;t artatl%aé%SI gned
t he bi stre mof eV|de0|s deco re 30

t
_ eﬁcg&é dalgdlqt r}g rEERSof 2t P%érﬁE §7g3a§§ ofedEDiang & esecoﬂﬂ §l;9116€éss of
decodi ng \emtbcr erigric ediigghambilt ipleranyi sf £ tal drady t rm-accgdjdag inteans- codi ng

s a hi gh)yadsonml %he%%daﬁgnpi.m:?% L008to! ShETOANEss SR PLAGRRS as described in

-[1]. To i npl enent e process o t rans-codi ng real-tinme statistical
mul ti pl eﬁ’?‘rbadr“@(ﬁﬁ for video broadcasti ng, h| gh per f or mance processors
are

15 In most video broadcasting systems, a number of different
programs, further denoted as digital videos, are usually
transmitted over a constant bit-rate channel, and the channel
bit-rate is thus shared among the different digital videos.
Depending on the number of videos to be transmitted, a

20 different bit-rate is assigned to each video. A higher
channel bandwidth and hence a higher bit-rate is assigned to a

video of a higher priority,.

Statistical multiplexing is a method used to interleave

25 multiple bit-streams into a single bit-stream with a fixed
bit-rate and is commonly used by video content providers to
optimise coding quality of the videos sharing a constant bit-
rate channel. When the bit-rate assigned to a video is
changed, the bit-stream of the video is decoded, and re-

30 encoded into a bit-stream of the newly assigned bit-rate.
This process of decoding and re-encoding a bit-stream is
called trans-coding.

Trans-coding is a highly complex and computational intensive
35 process as described in [1]. To implement the process of
trans-coding for real-time statistical multiplexing required
for video broadcasting, high performance processors are
needed. In most video broadcasting systems like DVB and ATSC,

MPEG-1 or MPEG-2 video formats are used for the videos, and



needed. I n nost video broadcasting systens |ike DVB and ATSC, MPEG 1 or
MPEG 2 video formats are used for the videos, and 1 each video consists of
one bit-stream Therefore, to change the bit-rate of a video, the entire
bit-streamneeds to be trans-coded to a new bit-streamw th the assigned
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fairness among the videos transmitted should be ensured.

15 Improper allocation of bit-rates to the videos to be
transmitted may result in some videos with good video quality
and others with low video quality. Therefore, inter-program
(inter-video) performance should be monitored to ensure

fairness.

20
A smooth visual quality should also be ensured in each video.
Such intra-program (intra-video) smoothness can be ensured by
avoiding any drastic Peak Signal-to-Noise Ratio (PSNR)
variation.

25

Therefore, a statistical multiplexing that does not require
the complex computation of trans-coding of bit-streams, that
has a high multiplexing efficiency and a good inter-program
(inter-video) fairness and intra-program (intra-video)

30 smoothness is desired.

SUMMARY OF THE INVENTION

35 It is thus an object of the invention to provide a new method
for statistical multiplexing of at least two digital videos
for video broadcasting, so that the complex computation of
trans-coding of bit-streams is avoided, and also to ensure a



for video broadcasting, so that the conplex conputation of trans-coding of
bit-streans is avoided, and also to ensure a 2 high nmultiplexing

ef ficiency, and a good inter-program (inter- video) fairness and
intra-program (i nter-video) snoothness. A nethod for processing, in
particular statistical 5 nultiplexing, at least two digital videos
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enhancement-layer bit-stream as disclosed in [2] and [3] for a
MPEG-4 fine granularity scalability video'bit—stream, which

20 has a similar digital video bit-stream structure as the
digital video used according to the invention. In other
words, a video content provider needs only to truncate the
number of bit-planes of the enhancement-layer bit-stream of
the digital video to be multiplexed if the bit-rate allocated

25 for the digital video is changed. Therefore, the complex
process and computational requirement for trans-coding of bit-

streams is not necessary.

The base-layer and the enhancement layer bit-streams of the

30 digital video comprises.a plurality of I-frames, P-frames and
B-frames, with the first frame of a Group of Pictures (GOP) of
the bit-stream an I-frame. An I-frame, also known as an
intra-frame, contains sufficient information required to
construct an entire video frame, and acts as a reference point

35 for B-frames and P-frames to be built. A P-frame, also known
as a predicted frame, is created by using motion vectors to
predict the differences between it and the closest previous I-
frame or P-frame. This forward prediction allows for higher

compression compared to an I-frame. A B-frame, also known as



35 for B-franes and P-franes to be built. A P-frame, also known as a
predicted franme, is created by using notion vectors to predict the

di fferences between it and the closest previous |- frane or P-frane. This
forward prediction allows for higher conpression conpared to an I-frame. A
B-frame, also known as 3 a bi-directional frame, is created by forward and
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.a P-frame has been found to be lower compared to the

frame and

correlation between two I-frames, and the correlation between
an I-frame and a B-frame has been found to be the lowest. A
high correlation corresponds to a larger irregqularity of the
20 bit~rates, hence increasing the burstiness of the bit-stream,
and a low correlation corresponds to a more stable bit-stream.
Therefore, it is preferred that an I-frame of a bit-stream
aligns with a B-frame of another bit-stream, so that a lowest
correlation between the two frames is achieved, thereby

25 improving the multiplexing efficiency.

When a plurality of bit-streams from at least one digitél
video are aligned, the first picture frame of all the GOP of
the bit-streams is an I-frame (Intra-frame), giving a high

30 correlation value, and hence a low multiplexing efficiency as
fewer digital videos can be multiplexed into the constant bit-
rate channel. Therefore a frame lag method is proposed such
that at least one bit-stream is delayed by at least one frame,
so that an I-frame of a bit-stream is aligned with either at

35 least a P-frame (Prediction-frame) and/or a B-frame (Bi-
directional-frame) of at least one other bit-stream, resulting

in a low correlation.



30 correl ation value, and hence a |ow nultiplexing efficiency as fewer
digital videos can be multiplexed into the constant bit- rate channel.
Therefore a frane lag nmethod is proposed such that at |east one bit-stream
is del ayed by at |least one frane, so that an I-frane of a bit-streamis
aligned with either at 35 least a P-franme (Prediction-franme) and/or a
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fairness and intra- 15 program (inter-video) smoothness, a method for
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t he falrness of all the digital videos at frane
To ensure inter-program {inter-video) fairness and intra-

15 program (inter-video) smoothness, a method for optimum bit-

planes truncation is proposed.

The optimum number of bit-planes from an enhancement-layer
bit-stream of a digital video to be multiplexed by the
20 statistical multiplexer according to the invention is

determined from the optimisation problem:

Min{F(j), G(3j)]

o

with the constraints given by the following formula:

N m . ,
Sh 30n uFhn 10 < 0FhG, and

mp(j - 1) - Ay = mp(d) = mp( -1 + Ay
30 wherein

. - F(3j) is the fairness of all the digital videos at frame
interval j,
. G(j) is the number of bit-planes to be multiplexed,
35 o U®*,,1(j) is the number of the enhancement-layer in the i'®
bit-plane of the digital video n in frame interval 7,
. U™ (j)is the total number of enhancement-layer of all the

digital videos N in frame interval j,



interval j, ) is the nunber of bit-planes to be nmultiplexed, 35 UELN,
i(j) is the nunber of the enhancenent-layer in the ith bit-plane of the
digital video nin frame interval j, U(j)is the total nunber of
enhancenent -l ayer of all the digital videos Nin frame interval j, 5
m(j) is the nunmber of nultiplexed bit-planes for digital video n, and Am
is an arbitrargle)prigdehengdns8Pobh hart 851d:2ELMHH-S1ane3Mekhabyi el ane
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is determ ned. Since the optimzed nuinber of bit-planes to be multipl exed

is an integer, the constant bit-rate channel, after the optim zed
2 :
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wherein

15 £,(j) is a function relating to the number of bit-planes which

are not multiplexed.

The number of bit-planes to be multiplexed is determined using

the following formula:
20

. N .
GE) = =¥, 2‘-1“21 uBhn, 1)

Minimizing F(j) gives good fairness and minimizing G(j) will

maximize the number of bit-planes to be multiplexed, and hence
25 will increase the multiplexing efficiency. Therefore, an -

optimized number of bit-planes to be multiplexed, without

compromising the fairness F(j), is determined.

Since the optimized number of bit-planes to be multiplexed is
30 an integer, the constant bit-rate channel, after the optimized
number of bit-planes of all the digital videos are
multiplexed, may still have a remaining bandwidth not
utilized. The remaining bandwidth of the channel is allocated
equally to all the digital videos.
35
Therefore, by using the statistical muliplexer according to

the invention, the time consuming and tedious process of

6



nunber of bit-planes of all the digital videos are nultiplexed, may still
have a renmai ning bandwi dth not wutilized. The renmai ning bandw dth of the
channel is allocated equally to all the digital videos. 35 Therefore, by
using the statistical muliplexer according to the invention, the tinme
consum ng and tedi ous process of 6 trans-coding of bit-streans is avoi ded,

which is teqnsreddbyg 60nYeiHd aRRind\RECakoatieNPEGh2chassd-ayhi ioh & ng. A
vi deo CO“ESH{‘,e{?{OV' dfr %yl neegﬁj o truncate i\ nunber of 5 bit-planes of
the enhanc@heRt-TaVar Yo bel MA pﬁte%e 3§ aPeF tPLR%IBIt -rate of a video
program The multiplexing efficiency of the proposed statistical

mul U1 pl exgr vi de Usfiedn{ TPEAMSE Dbn 1416 BHAPPSEH, hEALE, | a0, SlEIS,e By USi ng
the p(r;gposed optimal _bit-plane truncation schene, a good I nter-program
S

fai rness BhbPianesith-ProfHliprsBsnindsyerstentarpal tipkexed et i< ear | y
can be seeheilpie-cordidftd onidelo phegramat i shecahl publéplexi ®gr askddie Fine
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1 sh an overview of a video broadcasti na system 5 Figure 2 shows the
structur et BT A R T i O eSSpEx FRGUTER t  for vi deo broadcasti ng

-according to the invention. Figure 3 is a plot show ng the nunber of bits

for the |0 IdaimSio 1Aty 2ad Bel LaHRS 1A i ER Oy UAURLT

pi ct ures. Flgure, 4 shows a frame | ag schene according to the préeferred
statistical multiplexing and the Fine Granularity .Scalability
({FGS) scheme, which is used in the MPEG-4 video coding scheme,

15 for example.

The described embodiments of the invention apply not only to
the method, but also to a device, a computer readable medium

and a computer program.
20

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows an overview of a video broadcasting system.

Figure 2 shows the structure of a statistical multiplexing

unit for video broadcasting according to the invention.

Figure 3 is a plot showing the number of bits for the I-
30 frames, P-frames and B-frames in a series of group of
pictures.

Figure 4 shows a frame lag scheme according to the preferred
embodiment of the invention.
35



enbodi nent of the invention. 35 7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Preferred enbodi nents of the invention wll now be described wth
reference to the acconpanying drawi ngs. 5 An overview of the video _
broadcasting system incorporating the statistical mnultiplexor according
to the invention is shown in Fig.l. 10 A plurality of video prograns 101

to be tropsraties srrRETIOHEFt enEhendEgrteh video format, for exanple a
MPEG- 4 FGS video format, by an encoder 102. The encoder 102 outputs a

base-| ayer bit-stream 103 and an enhancenent-| ayer bit-stream 104 for each
-vi deo pr ogrefen0id amagidients dlietbhasénvayeiomiwikl rreamik) epcaibaes a

basic Vi dpoeiualidyendtieeh ihs bREohAURILnGUBHGIGY. the digital video, and

t he %nhancemant-l ayer bit-stream 104 rising a plurality of
bit - plYanes, provides an inprovenent to the basic video 20 quality. The
i nproveneir dwethewasi c¢hel &eaequakbayc@wymgieﬁysﬁam t heyytpreeragt - | ayer

bit-streamdQ d of bit- Ianes whi ch.are
mul ti pl exedel Sf/téaélsstcjc%l%%sqt %@athBlEPEI ?exer Jlrb% §% WE YOO tne&St oget her
with the £ |igydrig-Bi-t - stream 103. 25 The base-|ayer bit-streanms103 and

t he enhancenment-1ayer bit- streans 104 are buffered into a statistical

105 ccording to _the inve othat aS|n e nul tipl exed
g Bdds 4

mul t | e
bit- tré‘érﬁﬁ‘ﬁ@%ls % Gfndd e PhBIREFETDI 8780 nodul at ed
into a nehdcaiest to tthet dagiit208videa fmr:tuata,t oﬁoﬂ(é?kar@mé subPEGUANFES

transm t teid P ghaly, d%iA ﬁaehle&ﬁ@f kléy\Al\l)The’Lgis]n@Gear tlr()%n%ﬁ"t%ﬁl@g §09. The
‘transnmitted bit-stream be transmtte la a satellite or via a
terrestrikgse-layer bit- stream 103 and an enhancement-layer bit-stream

104 for each video program 101 encoded.

15
The base-layer bit-stream 103 provides a basic video quality
which is the lowest quality of the digital video, and the
enhancement-layer bit-stream 104, comprising a plurality of
bit-planes, provides an improvement to the basic video

20 quality. The improvement to the basic video quality provided
by the enhancement-layer bit-stream 104 is dependent on the
number of bit-planes which are multiplexed by a statistical
multiplexer 105 to be transmitted together with the base-layer
bit-stream 103.

25 .
The base-layer bit-streams-103 and the enhancement-layer bit-
streams 104 are buffered into a statistical multiplexer 105
according to the invention so that a single multiplexed bit-
stream 106 is formed. The multiplexed bit-stream 106 is

30 modulated into a modulated bit-stream 108 in a modulator 107
and subsequently transmitted into a Wide Area Network (WAN)
111 by a transmitter 109. The transmitted bit-stream 110 may
be transmitted via a satellite or via a terrestrial
‘transmitter.

35
A receiver 113 receives the bit-stream 112 from the WAN 107.
The bit-stream 114 received from the receiver 113 is
demodulated in a demodulator 115. The demodulated bit-stream
116 is subsequently de-multiplexed in a de-multiplexer 117 to



transmtter. 35 A receiver 113 receives the bit-stream 112 fromthe WAN
107. The bit-stream 114 received fromthe receiver 113 is denodulated in
a denodul ator 115. The denodul ated bit-stream 116 is subsequently
de-nultiplexed in a de-nultiplexer 117 to 8 recover the base-I|ayer
bit-streans 118 and the enhancenent- |ayer bit-streans 119 of the digital
vi deos traﬁ&ﬂbétedheTB@Se*E@@M@&ﬁﬁrbﬁﬁ%ah@yﬁnSbEhdSEﬁéaéﬁhéﬁé%ﬁﬁﬁkihe

enhancene | ayer t-str are,.deco ecoder, 120 into the 5
respectlvggylag ltr% X s¢§Q§<é%%$ﬁ 9§ﬁlﬁgq éaéaslﬁr%psTﬁﬁ%@$si Set or
any 5|n1Iaﬁcdvsptéybd@QTkﬁxﬁr'ﬁw¢1§hn§@m@ré16fandetbeaemhamcememnﬁldxﬂmmer
for nultighexspgeahyor i %E@'de‘@o@ﬁ‘?ﬁ b@cgoa@gegekolép e;hfyed on i's shown in

10 FiIG 2. Afirst digital video and secon vi deo, each

cont ai i n@eﬁpﬁﬁgé"? a‘ff%‘?ecblﬂr‘ﬁrraé‘b?m 1231, Z@BCQnGaﬁnbeeﬁh%‘ﬁ%naefhtal ayer

bi t-streame282is20d sste omldrplsdxadairndosplip eenst@s: bit-rate channel 210
to be transmtted to a receiver via a WAN. The base-| ayer bit-stream of
the first digital video 201 is buffered into a first base-layer incom ng
buf f er 20Bheaplri¢eureEeitencdmddetiapdr mpiltipievam &6r tmhel fiplsxidiai t al

video 102ts @Lk%:t‘@éﬁdvidg&s & dddrafi ngnNRanNeREEMh v LAY £6n | 118 AR veh byf fer 206.
ase-layer bit-streamof the second digital video 103 is

Slnl|ﬂf|y %
buf f efed | Ato>second base- | ayer incom ng buffer 207, and the
enhancenent -1 ayer bit-stream of the second 25 dlgital video 104 is buffered

|nto a SeRORf SANANFAIANtyI AP ad ACABLBAADHILPL.PORadL | dify outputs from
t he |ncon1%g %uffers 205, f%% 207 208 are % a?n % an oJ#%blng buf fer

209, and TRRLIAINE dPaATRT La¥§ToRiGoPhgeBNf £8F, 2083 jand rathsmi tted t hr ough
t he constemhabidémernitatlaydramiel-s2k8am 202, 204 are multiplexed into a

15 constant bit-rate channel 210 to be transmitted to a receiver
via a WAN.

The base-layer bit-stream of the first digital video 201 is
buffered into a first base-layer incoming buffer 205, and the

20 enhancement-layer bit-stream of the first digital video 102 is
buffered into a first enhancement~layer incoming buffer 206.
Similarly, the base-layer bit-stream of the second digital
video 103 is buffered into second base-layer incoming buffer
207, and the enhancement-layer bit-stream of the second

25 digital video 104 is buffered into a second enhancement-layer
incoming buffer 208.

All the outputs from the incoming buffers 205, 206, 207, 208
are fed into an outgoing buffer 209, and the output of the

30 outgoing buffer 209 is transmitted through the constant bit-
rate channel 210.

The channel bandwidth of the constant bit-rate channel 210 is
sufficient to transmit the base-layer bit-streams 201, 203 of

35 the first digital video and the second digital video, but is
not sufficient to transmit both the base-layer bit-streams
201, 203 and the enhancement-layer bit-streams 202, 204
comprising of all the bit-planes of the first digital video
and the second digital video.



The channel bandw dth of the constant bit-rate channel 210 is sufficient
A0 transmt the base-layer bit-streans 201, 203 of 35 the first digital
video and the second digital video, but is not sufficient to transmt both
t he base-layer bit-streans 201, 203 and the enhancenent-| ayer bit-streans
202, 204 conmprising of all the bit-planes of the first digital video and
t he second digital video. 9 It should be noted that the enbodi nent of the

inventio or st at i sti i so u (N3] i ng nore
t han tvvo ggq éJIl b eggteg ‘%ﬁaetgw‘%t% gg,&? tb Cff Qt%reeg%%ﬁgg gc%@?dl ng to
t he |nvenﬂmomta¢om¢np§ésmalpnnla¥¢¥yabﬁoIlﬁ¢knﬂ§§ nRlftiphex iagdmBrer anes. A

pl ot of qﬁgupqﬁgp@l%tpgqtglgggsfrane on a y-axis 301 for a plurality of
Group_of Pictures of a base-layer bit 10 stream 303 and an

enhanéenent-layer b|t strean1304 agai nst the frame nunber on a x-axis 302
I S shown The tdigyifiag. 2idAs bhowatieaki gsSd ddwomiing atoe the anventiane 305 is
hi gher t bi_t r@lg.%1 6,pand the bhigt oL atenel a B- 15
frame 30%@ﬁ}g#$%s wgggkg*ﬁgy ?gr£ §%|t€raté&%? tdéBdl |Fal eo

bi t - st r edhdlts Afr tEGURBFLERACE HARER PRI aSEaRRIqTY 2 ¥s axd syidP ﬁaveaa hi gh

bi t-rateptuevary bff GaoBp305 Aicthges f (G@Eﬁ) jaaatrnef af b@\s@r—ya%r 808~ IThl S
gives.rise to a c t 0 [ ar.
Alsoﬁph @ﬁhgﬁgeﬁﬁﬂtapaﬁaﬁaﬁ??m%?? rT% gE%%ﬁPnPﬁéraP?éﬁé§t§%e
format a< rare bagbelraper abktagised®d 3053 sfrcwulnm el Fig-2plurality of

| -frames 305 of the enhancenent-layer bit-stream 304 coinciding with the

plurality of I-frames K 305 of the, base- hit-stre 303. .1l.n ot her
3 e e 3

words, tHE Showendd ¥dg-4f SBepBih o dydreame; 390 &8nP'388%8nd t he
enhancenﬁﬂtnﬂamerblbhtaSEreﬁnaBBAfaamerﬁﬂﬁ;[ﬁnﬁ«ﬂhe tia -~-aasanmeff nabe

L eaxal el 9704L00LA0 Bl Ler 2felorhie NS ed Ehogughet he constant
b|t-rate channgl is result ewer_'diglt
digital video bit-stream is irregular and changes drastically

as it will have a high bit-rate at every I-frame 305 at the
first frame of every GOP 308. This gives rise to a ‘burst’
effect as the frame format of a GOP is similar. Also the

20 enhancement-layer bit-stream 304 has a similar frame type
format as the base-layer bit-stream 303, resulting in a
plurality of I-frames 305 of the enhancement-layer bit-stream
304 coinciding with the plurality of I-frames 305 of the base-
layer bit-stream 303. 1In other words, the I-frames 305 of

25 both the base-layer bit-stream 303 and the enhancement-layer
bit-stream 304 are multiplexed into a same frame interval in
the outgoing buffer 209 to be transmitted through the constant
bit-rate channel 210. This result in fewer digital videos to
be multiplexed due to the high bit-rate of the I-frames and

30 therefore, the multiplexing efficiency of the statistical

multiplexer is low.

A correlation function is used to measure the correlation
between two bit-streams given by:

35
E[ (x(t1) = uy) - (¥(t2) = uy)]

Corr(x(t1), y(t2)] = (1)

wherein

10



be mul ti pl exed due to the high bit-rate of the I-frames and 30 therefore,
the nultiplexing efficiency of the statistical multiplexer is [ow A
correlation function is used to neasure the correlation between two

bit-streanms given by: 35 corr(x(tl) , y(t2) I _ E[ (x(tl) - lTax) - (Y(t2) -
Ry) I (1) 6X ay wherein 10 x(tl) is the nunmber of bits in bit-streamx at
time t1, y(t2) is the nunber of bits in bit-streamy at tine t2, is the

mean, and t.he s dar eviatio correl ion asur ed bet ween
two |-frafn s Ys % hﬁln ot % ¥50%reE5F ﬁr%@%sﬁrihiﬁﬁﬂ%x;én an | -frane
and a P-fvdie iks ﬂhﬂmﬂumb@ﬂdOﬁhélcérielattﬁﬂtn@asuyeﬂ:bEMMEen an |-frane

and a 10 E fEafRel jedhe diyest. A high correlation corresponds to a higher
“bur st f

ect nd a l tiplexing efficiency and is therefore,
unde5|§ab9elsl 8tﬁ5?nééﬁ%?je%%%?iﬁ”correlatlon corresponding to
multiplexing an I-franme with either a P—frarre or a B-frane in a sane frane

i nt | bhg.desi : t bserv t|on ve been
mde on t bhe FaLEEtat ich MEARL paclilerttab! TLEERSOPETIA P

. §|t r eams ur S ‘ect -
The bit- r’é?%sc%#”r%b%wqfhé“wda%tweze Bht Isfrelamaml a he-frame is

enhancerrembwéﬁyeén@lﬁhétdcﬁ.&rél%rt@o‘hehﬁéasmééat blbfet® fher ptrdmd idng of
correlation_ - Each

[ -fr S, o P=franmes d ).

bit-stream 52 %?n%?agh [i?w%§%1 GEP%lfg E?rFﬁ?éFl?%y%ﬁr%ﬁﬁQQQQﬁ ittha The
base-layehl%h@rstb@%ﬁﬁ Bf adie agidhandementit aybexing -f f eaierofy tdrel disgi t al
video arenbighbye CAUHEIALRDIe. In other words, a low correlation

corresponding to multiplexing an I-frame with either a P-frame
or a B-frame in a same frame interval is desired.

15
Therefore, four statistical observations have been made on the
features of the digital video bit-streams:

a) Burst effect - The bit-rates of both the base-layer

20 bit-stream and the enhancement-layer bit-stream are very
burst due to the plurality of I-frames, P-frames and B-
frames.

b) Intra-layer correlation - Each bit-stream is similar
in each GOP.

25 <) Inter-layer correlation - The base-layer bit-stream
and the enhancement-layer bit-stream of the digital video
are highly correlated.

d) Correlation'ranking - The correlation between two I-
frames of two bit-streams is the highest than the

30 correlation between an I-frame and a P-frame, and the
correlation between an I-frame and a B-frame is the

lowest.

From the above observations, a frame lag scheme is proposed

35 according to the invention.

According to the preferred embodiment of the invention, at
least one bit-stream of at least one digital video is delay by
at least one frame, so that an I-frame and at least one P-

11



d) Correlation ranking - The correl ation between two |- franmes of two
bit-streans is the highest than the 30 correlation between an |I-frane and a
P-frame, and the correlation between an I-frane and a B-frane is the

| owest. Fromthe above observations, a frane |lag schene is proposed 35
according to the invention. According to the preferred enbodi nent of the

i nventi onframe amdsér anetitanst keammafitaplbrast 106 4 Hidal faddeo is del ay

by at le f so.that an |-frapgg,and at.|east, one P 11 frane
and/ or a ﬁ#?gﬂagl aéér%uﬁ Y9I ES ?’Htfgeﬁ gg?n’s FRAREC LR LBt the
out goi ng peffelaZoMm. resulting in a low correlation. 5 According to a

further preferred enbodi nent of the invention as shown in Fig.4, the

enhan%emant-l ayer bit-stream 202 of the first digital video is delayed by
one framePeFeIRE fettd i rthRe PESESFaGEr SBPPd Enear D uhefinvea tijonst

di gital vasleshowihein lrse-4,axee knhasterant 203yef bie-sacond adizgidrakhei deo
is 10 del g qf it ci,t he base-Jl.ayer hit- stream 201
of the fi%f%%ﬁ#l%lviﬂe%? ?ﬁe%%%gggefﬁ%ﬁ&% a§rearme b"‘l”ttf}}s/trreesfﬁcfo Cof the
second digi¢ A28 deavess dddrgfsgapy20hreé the afeestidigitedpedders t Abe
base- | ayesadd trHidre 2@t rebmt D03 br she di@bdd yigak1 lMidlgs words, the
enharl(berre&gl-l a%/ﬁer 15 bhi t-stream.§g4 of the secaond digital video is del ayed
by ong fIarY S (Y rESHEEPTES P& bREEPFAY ef O biite RFtimhaeF Sitrhe second

di gital dioesm THE mieftdver €drerbddgireal dedesi bRtk abhan cemenal-dayiercl ude at
20 |east one JWikflizgq dr ¥hdeQekBnleq My {4 Pl exed, ; ' Lgital
video is to be nultiplexed acco?di ?1 tgy% éltlapi nvent ilg%l%ﬁ{eembggeyﬂgggr

‘bi t-stredh3RP tHeeMeSREE e RP- FAFePadpTiaredit uitnase 201 @fditget al vi deo
i s del ayefditnt ahgyifuadnmeriaed.t Wwon éthASESword@spatid Winanceireht-asgeet to the

enharﬁe%ﬁ—lsacyreeramzé&ai to'fstti"xgagéggrllldOéiépteafe&iocpedo q.isgidteallay\éidd%?f one
frame with respect to the base-layer bit-stream 203 of the
second digital video.

The preferred embodiment described above may also include at
20 least one more digital video to be multiplexed. When a third
digital video is to be multiplexed according to the invention,
the base-layer bit-stream and the enhancement-layer bit-stream
of the third digital video is delayed by one frame and two
frames, respectively, with respect to the enhancement-layer
25  bit-stream 204 of the second digital video.

The frame lag scheme according to the invention is preferably
implemented in the incoming buffers 205, 206, 207, 208 of the
. statistical multiplexer, wherein the buffers 205, 206, 207,

30 208 only need to buffer the number of the frames of the bit-

streams to be delayed. For example, the incoming buffer 206

needs to buffer an additional frame as the enhancement-layer

bit-stream of the first digital video 201 is delayed by one

frame. Therefore, the memory requirement for the frame lag
35 scheme is low.

Further, the multiplexing efficiency is high since an I-frame
with a high bit-rate is multiplexed together with at a least
one P-frame and/or one B-frame, resulting in the channel

12



The frame | ag schenme according to the invention is preferably inplenented
in the incomng buffers 205, 206, 207, 208 of the statistical mnultiplexer,
wherein the buffers 205, 206, 207, 30 208 only need to buffer the nunber of
the frames of the bit- streans to be del ayed. For exanple, the incom ng
buffer 206 needs to buffer an additional franme as the enhancenent-| ayer

bi t-streamadliwiBenf bEsthdi gbhsdati deix 2Qkd shdahayedibytenge &t alEzed
Therefore, the uirement for the frane lag 35 schene is |ow.
Further, f1R&Sm ﬁﬁﬁé&fﬁg efficiency is high since an I-frame with a high
bit-rate is multiplexed together with at a | east one P-frame and/or one

B-rane, 'T%S'élnEhBQ !LHtéPepE&@fH}ﬂfa]i%r}&%d‘éﬂn@t Qn‘P_EaLBQO PARt Shbothled 4t €

channel 210 to be utilized Tnore efficientl TQ ensuré inter-program

f ai rness éﬁd°PﬁﬂW31p?b@r%h?%ﬁnﬁﬁQﬂﬁﬁiion §C§ﬁm8pﬁFnﬁF°BP§eﬁtane truncation
schenme is proposed.' The fairness requirenent requires the video quality of
a plural pgita i t ) d o] Thi s
reqU|renelr¥%1%|§gé?hgsg %?%%ﬁ|?1%ﬂiigkﬁﬁégw%(theylegg gya&g€¥a|rness In a
pl ural i t yPdurahhhcefredigl tylervidqosstiraasnittednta ppurbput ythd whng t al

vi deos torhest &aqem&ﬁ&% iden13d cteqwaalmtc)érOfaral;kahhelﬁtgtl@idé@ deos are

bout .t h
gnﬁ;né ngﬁ§§E§§§F bltns?réihﬁéiﬁﬁyréﬁtf%@§;§§e§£ ?@&ﬁﬁJblt 15591 or e,
i nter-prodram Rapitnessity &L higdadh wvereblse tof bkl bnengmekpedssilon i s

:??t'Sf'delﬁé 1&&211Ey”@flalf €ﬁgl&ldﬂ%gh Vbh Qb)a}e(g@%bt thergéﬂe) gzzh )
(1)=a gn the nu%ber of blt)planes %f eac J%f the enhancement fﬁ?ér 2

bit-streams not multiplexed are equal.

15
Therefore, inter-program fairness is achieved when the
following expression is satisfied:
80 = oq MO =mO) |y g M0 m0) L gy g N0 - ) (2)
Emm EWW 3 un(
n=1
20
such that
N
Zn=l an = 1 (3)

25 wherein

my,(j) denotes the number of multiplexed bit-planes of digital

video n at frame interval j,

Mp(j) denotes the total number of bit-planes of digital video n
30 at frame interval j, and

0n is the quality weight associated with the digital video n.

A larger value of o, can be assigned for the digital video n if
a higher quality of the digital video is desired.

35
Inter-program (Inter-video) fairness is measured using the

following formula:

13



ENnNnan1l(3) 25 wherein m(j) denotes the nunber of nultiplexed
bit-planes of digital video n at frane interval j, M(j) denotes the total
nunber of bit-planes of digital video n 30 at franme interval j, and a" is
the quality weight associated with the digital video n. A larger val ue of
an can be assigned for the digital video nif a higher quality of the
digital video is desired. 35 Inter-program (Inter-video) fairness is
measured usin the follomnng fornul 143 111 12 1/2 F(j) = N(fn (j))2 N

L1 (fn (})) Izl i=1 Nkﬂlﬁl F(j) will mnimze the deviatjon of
t he nunbeF23)of- |E &qné;ﬁes- €nl cenent -l ayer bit-streans of t
digital videq, aﬁ thus i cnea5|n irness. The total nunber of

bit-planes to be nmultiplexed in frane 10 interval j is expressed in the
formula below. G j) _ n=1 Ymrl uELn,i(j), (5) wherein 15 UELNn,I (j)
denotes the nunber of bits in ith bit-plane of the enhancenent-layer

bi t - St5 eamﬁimf'é ngl& aﬂéb}) 13 1M 3! gH& I O@hgéu.le{r?a%_o be Sen% tain

good inter- grog er - vi falrrness, equa |on o0 be
ni ni mi sedPs RS & QHﬂﬂh%mﬂ&@ﬁnéf1BV§rpbaﬁe§tI%amﬂnQﬁ[ﬁhﬁ«ﬁiquiadchleve

a hi gh miidedeximg @hfd cireessihgerat enesst he fol lowing expression is used
to determne the 25 optimsed number of bit-planes of digital video n to

be nmultiplexed by mininmzing both F(j) and Gj) at frane
The total number of bit-planes to be multiplexed in frame

10 interval j is expressed in the formula below:

. N .
6l = -3y I w0, (5)

wherein
15
u®n,1(j) denotes the number of bits in i‘® bit-plane of the

enhancement-layer bit~stream of digital video n.

Equation (4) is to be minimised to obtain good inter-program

20 (inter-video) fairness, and equation (5) is to be minimised so
that a maximum number of bit-planes is multiplexed to achieve
a high multiplexing efficiency.

Therefore, the following expression is used to determine the

25 optimised number of bit-planes of digital video n to be
multiplexed by minimizing both F(j) and G(j) at frame
interval j:

Min[F(3), G(J)] ' (6)
30

With the constraints given by the following expressions:
N . .

35 mpG-1D-A4Ap s ol s mp§ - 1) + Ap, (8)

14



interval j: Mn[F(j), ¢j) J (6) 30 Wth the constraints given by the

fol lowi ng expressions: N m uELn,i(j) s UEL(j), (7) n=1 ~i=1 35 m(j - 1)
- AmMmm(j) s m(j - 1) + On (8) 14 wherein U(j)is the total nunber of
bits in the enhancement-|ayer of all the digital videos Nin frame interva
j, 5 m(j) is the nunber of nultiplexed bit-planes for digital video n,
and A isharedmoth factor to ensure a snooth bit-plane variation. 10
Equation (7) ensures that the nunber of bits nmultiplexed do not exceed the
avai |l abl e bandmndth of the constant bit-rate channel. The snopot hness

requi r emefit refli(ied st bhe thbad nember drfadtiitts 115 tRSNBnhantameoh-heydin a

digital video deeato endrdniiG chara®s §f 1RUFDSh Ol PULYLp! pxed bit- pl anes

bet weep two cons cutive franes. This requirenent ensures intra-program
smoot hhess by ™M BHuilrd idie RAPPERe OfuMBLF IRt e ¥R i taridangts odi gilgaradi deo
to be nultiplekédocmn amdy be increased or decreased mnth respect 20 to

t he nunbeg of HUIQ;?L%%E%F%;% ng$e§ooén§£§%pre%%%3 glgg%va nunber

limted by the snmoo he eXpr €ssi on "ved by the
net hod di scl osBAr{dti9mw] to deternine the optinal nynber of bit-planes to
be 25 nultlplexed for a digital video, while nalntalnlng i nter- program

I ff In the
b o b ccEERBEbPheh e o e v B8, ipbef 6% P8 S LGSR bl exed

and transnvtted0$¢@wmh¢uaVﬂﬁﬁabiegbahdwadthbof tmeammnitaﬁﬂubﬂnarﬁxe
significaphakhdzpl ane in a sequenti al

The smoothness requirement requires that there is no drastic

15 PSNR variation within a digital video due to a drastic change
of number of multiplexed bit-planes between two consecutive
frames. This requirement ensures intra-program smoothness by
requiring that the number of bit-planes of a digital video to
be multiplexed can only be increased or decreased with respect

20 to the number of multiplexed bit-planes of the previous frame
by a number limited by the smooth factor A,.

The expression (6) can be solved by the method disclosed in
[5] to determine the optimal number of bit-planes to be

25 multiplexed for a digital video, while maintaining inter-
program (inter-video) fairness and maximizing multiplexing
efficiency.

In the preferred embodiment of the invention, the bit-planes
30 are multiplexed and transmitted from the most significant bit-
plane to the least significant bit-plane in a sequential
manner. The enhancement-layer incoming buffers are refreshed
at the new frame interval, and all the bit-planes not
multiplexed in the current frame interval are discarded.
35 |
The value of the optimal number of bit-planes to be
multiplexed from the exprésSion (6) is an integer. Therefore,
the bandwidth of the constant bit-rate channel may not be
fully utilized after the optimal number of bit-planes

15



manner. The enhancenent-| ayer incomng buffers are refreshed at the new
frame interval, and all the bit-planes not nultiplexed in the current
frame interval are discarded. 35 The val ue of the optinmal nunber of
bit-planes to be nultiplexed fromthe expression (6) is an integer.
Therefore, the bandw dth of the constant bit-rate channel may not be

fully uti Hbté@lm&f\éarfi&ﬁ OPf idred niwlrdigyl eXed)i anpl anesmi dndey evanhdeidii om
(6) are multi g and a remaining bandwidth is available. To fully
utilize th& 8§ %" tfi-of the constant bit-rate 5 channel, the remaining
‘bandwi dth is allocated to all the digital videos equally for transm ssion

of at |eagh 2ne1y addi 1§ ppadn diarR]ang rofo %eeeaaeesn‘englkaysfeblt stream
fromeach of t ed |taI v]j deo. 10 Wit hre erence to opti mal

bi t - pl neCPPUHEAtlB iRt g K ttholtshé‘lllﬁ%ﬁﬁﬁoﬁg %lbr&f‘%r ably
1 npl ement ddginalt hedeos gmungl]t;ufﬁcef 2@hsmiespoavelit atheeast gonag buffer 209

f rom underliow; gf, OVSI {1,04nd N QO AAULLEL 209 Lapget s, L eyl )

pr ef erabl y 'se t he out'goi ng shoul d be
noted t hatacheopr bhoségitaheidgp-scheme and the optinmal bit-plane
truncation scherre descrl bed above can be |rrpl enented into the statisti cal

| ti to_t t mbi nat tel Th
doscr TbedmEhBORPFERFECHITY e ive iR gy ROE BARY: b EhoREriod but al oo
a devi ce, sahenapater rdbay aixs e:heedmmné;n@na1scpnplﬁeeabioyogmzahem®5tej_os im this
docunent,, tBQeoﬁ%M’?& %Pf@é | QAf | ORg, %rr‘%v‘éhtteghe B&lg&n&%@fféﬁl\lz(ﬁa

Thebaul t, and E. Francoi s, Fi né G anul ar
ScalablllfﬁothFG%fflow or overflow, the outgoing buffer 209 target

level is preferably set at half the size of the outgoing
15 buffer 209.

It should be noted that the proposed frame lag scheme and the
optimal bit-plane truncation scheme described above can be
implemented into the statistical multiplexer according to the

20 invention in combination or separately.

The described embodiments of the invention apply not only to a
method but also a device, a computer readable medium and a
computer program.

25
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interlayer correlation of SNR scal abl e video", |EEE Trans. on CSVT, Vol.
783- 797, August, 1999. 20 [5] C L. Huang, A. S. M Masud,
NUltIObje&ffVES{X§ﬁ¥9¥ﬁ$erN§klﬁQeN@Ph§dSWaﬁd Wppl ¥ gbt iGren, 8md Bger - Vérlag,

1979. 17Fran¢dlé"q#1dé|d%an§la§L§NNBSéal£bﬂ?$ d forgqr ocessing at least a
first |g| %lrst digital video

t £0 an o, the [
and t %%aJc]o‘?%“tﬁrbﬁ't aII%aﬂ/(Sf%g Hé’ﬁg/ggﬁéwﬁléedﬁ%@%@/& 144 %;i t“"%lrc Boi cture
frame, reb%%&llvely, conprising the followng steps: the first digital
video is grouped into a first base- |layer bit-streamfor providing a basic

video quallty 10 for the first digital video, and one first
‘enhanceneftli &y Bilt- St rBanPit iMat VaRader cHhasit- Hol ddenfer SpPobildi ng
enhanced “WERE®- 4 ualddoy erQﬁ.fﬁ.bthf)hrEbdéil gvd2dioH dien o oM 0 the basic

vi de OQUQBTégysC%éiﬁéyﬁ 5%&%@@ d tal ggﬁyviqﬁH(MJped into a second
€0

base ayer amfor proV| ng a%0 quality for the second
digital video, and one second enhancenent-layer bit-streamw th at | east

one bit- [3] W.P. Li “Overview of Fine Granularity Scalability in MPEG-
4 Video Standard”, IEEE Trans. on CSVT, Vol. 11, No. 3, PP.
301-317, March, 2001.
15
[4] D. Wilson and M. Ghanbari, “Exploiting interlayer
correlation of SNR scalable video”, IEEE Trans. on CSVT, Vol.
9, No. 5, pp. 783-797, August, 1999.

20 [5] C. L. Huang, A. S. M. Masud, Multiobjective Decision
Making Methods and Applications, Springer-Verlag, 1979.
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plane for providing enhanced video qual.ity- for the 20 second digital video
conpared to the basic video -quality. the first digital video and the
second digital video are “m“ tiplexed to a multiplexed bit-
stream which conprises at XWM“ base-| ayer 25 bit-stream and the
second base-| ayer bi t-stre "‘deBendent on the avail abl e network
bandw dt brLmimMd east a part of the first enhancenent-1|ayer bit-stream
and/or at |east a part of the second enhancenent-|layer bit-stream 30 2.
The net hod according to claim1l, wherein at |east one bit- streamfromthe
first digital® wegbodafidkopreeesnindliafi tldastviaddo ris¢ débayed aideeasndone

picture frang %%t:%hdt aggitﬁtm@@ée 4 &f i Ay -BlJi®ATN v3aed. ahherABt hod
raccording to clai rein first enhancemant-laée bi.t-streamis

del ay@d at Ié&%ng]nélﬁﬁﬁ?irEl?‘?%n‘éo%li]esrlr’(%@ fSeencE oL ALgeFadi - stream
and/ or 18 11 ipliklthrkl Ekbink} | téspedtdtdly,] Gnipri¥sSngwhteeeifolibeisgcond
enhancenent - | Q. g)r .bit-streamis delayed at | east one picture frame after
the second bBas I"ayer bit-stream 5 4. The nethod according to claim 2,
wherein the fecon#hBadarstagbeital -sidammhs greuPefednisp PeASLSEWBARET ure

flrarres after theibyest phasertayeredy tpxs:tvrl%amg % biRecnetihed gespidyng to
cl al

enha?gemm?{g;gr%gfog% ngégft g%eglttﬂ leﬁe gg@a?)gl%b%rlon}:% |hSI exed is

det ermi ned by sol ehhgncenentold rkgitomtmaasrammm ptobkest one bit-

' plane for providing enhanced video quality for the
first digital video compared to the basic video
quality.

15 . the second digital video is grouped into a second
base~-layer bit-stream for providing a basic video
quality for the second digital video, and one second
enhancement-layer bit-stream with at least one bit-

plane for providing enhanced video quality for the

20 second digital video compared to the basic video
guality.
. the first digital video and the second digital video

are statistically multiplexed to a multiplexed bit-
stream, which comprises at least the first base-layer

25 bit-stream and the second base-layer bit-stream, and,
dependent on the available network bandwidth, at least
a part of the first enhancement-layer bit-stream
and/or at least a part of the second enhancément—layer
bit-stream.

30
2. The method according to claim 1, wherein at least one bit-
stream from the first digital video and/or second digital
video is delayed at least one picture frame after the first
base-layer bit-stream.
35

3. The method according to claim 2,
. wherein the first enhancement-layer bit-stream is
delayed at least one picture frame after the first

base-layer bit-stream, and/or
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Mn[F(j), §j)) 15 wt nstralns ven by the followwng: N m
UELNn,i(j) s UEL(j) , and n ;utlil ﬁ’"t - Ams m (j) s m (j - 1)
+ Am wherein F(j) is the he digital videos at 25 frame
interval j, ) is the nunber of b|t planes to be nultiplexed, UE 'n,
(j) is the nunber of bits in the ith bit-plane of the enhancenent-|ayer of
the digital w deowheireihr ahe sénbedvamhéncéMhdﬁﬂdeéﬁsulhest@éam hanber of

bi s of enhancerenilguer ocofeall bhe Sleial pidRo Nk Crarecboharval i,

m(j) is the nunmber o It- , and A
is a snooth factokasg-dngere atsﬁ‘é‘é@@mblt pl ane 35 variation. 6. The
met hod according to claimb5, wherein fairness is ensured by mnimzing the

devi atj on_of IurI|t bt- 19 11111 gl t T OEET Ll M
ol anes oy A MSEARG PEEPEathT FOnTEA B ralhS R GG SEFONYI BRSE- 7 The
met hod accor diaygr chud:}-artr:reaﬁ aaddelaywréraau nidaitr ness picSukEg) framedet er m ned
using the follquingformila: (2.3/2.(E(]gdS r(éa)n)z - N(f n(j)) n=1i=1
-wherein 10 f"(ﬁjq) is a ?unctlonsre% ﬁ:ng %[O e nunber of bit-planes
5. The method according to claim 1, wherein an optimum number
10 of bit-planes from the enhancement-layer of at least one
digital video to be multiplexed is determined by solving
the following optimisation problem:

Min{F(j), G(J)]

15
with the constrains given by the following:
S 3 uFhy i < v, and
wherein
. F(j) is the fairness of all the digital videos at
25 frame interval iJ, _
. G(3j) is the number of bit-planes to be multiplexed,
. u®,,1(j) is the number of bits in the i®™ bit-plane of
the enhancement-layer of the digital video n in frame
interval i,
30 . U (j)is the total number of bits of enhancement-layer
of all the digital video N in frame interval j,
. my(j) is the number of multiplexed bit-planes for
digital video n, and
. A, is a smooth factor to ensure a smooth bit-plane
35 variation.

6. The method according to claim 5, wherein fairness is

ensured by minimizing the deviation of a plurality of bit-
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formula: j) = -Yn=1 1li nl uELn,i(7) 20 9. Th to cl ai s
5to 8 wherein the bit- planes of t he enhancement ayer bit-streamare
transmtted froma nost significant bit-plane to a | east significant
bit-pl ane in plsegsetitaalamamrer m2sipdexAddévomea cobprakity of pHanidssli ng
unit for procgsgigg at least a first digital video and a second digital
video, the first digital video and the second digital video conprising a
sequence of digital picture frame, respectively, conprising: 30 a first
-grOUpi ng UD}tTﬁ@erElfjkbwia’tg:dﬂgﬁrfd st gdhg'mtsab arw]gep m?]m@eﬁxffanzztndmfa | ayer
it-streamfo oVi a basi VI a or.the first digita
vi deo, gand ﬁé?¥1%§t enhancenent -1 %%e ? hh%rea mn¥$|%ﬁ | east one
bit-plane for providing enhanced V|deo quality for 35 the first digital

not multiplexed. 8. The method according to claims5, nunber of
bit- 15 planes to be multiplexed is determ ned g g@“

vi deo conpared to the asic V|deo qua@ 220 1It! a ~ill a second
groupi ng unit_for Sy 8 1s ﬁng ital video into a second

base- | ayer bi {¥st [a Qﬁ ) si ¢ video quality for the second
digital video, and "G secon éﬁﬂanc t-layer bit-stream5 with at | east

one bit-plane for provi di ng enhanced video quality for the second digital
vi deo conpared to  the basic video quality. a statistical multiplexing
unit for stat¥ReFe® nultiplexing the first digital video and the second
10 digdtal video to a nultiplexed bit-stream which conprises at |east the

_f'rSt base-layfyjﬁnfg-%t%%ggkggg relating to the number of bit-planes
not multiplexed.

8. The method according to claim 5, wherein the number of bit-
15 planes to be multiplexed is determined using the following

formula:

. _ QN M EL_ .
6 = ~Fn_1 ity v nild

20 9. The method according to claims 5 to 8, wherein the bit-
planes of the enhancement-layer bit-stream are transmitted
from a most significant bit-plane to a least significant
bit-plane in a sequential manner.

25 10. A device comprising a processing unit for processing at
least a first digital video and a second digital video, the
first digital video and the second digital video comprising
a sequence of digital picture frame, respectively,
comprising:

30 . a first grouping unit for grouping the first digital

video into a first base-layer bit-stream for providing
a basic video quality for the first digital video, and
one first enhancement-layer bit-stream with at least

one bit-plane for providing enhanced video quality for

35 the first digital video compared to the basic video

quality.
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t he second base-I|ayer bit- ndent on the avail abl e network

.bandwi dth, at |east a partI‘Ii\mg“&iﬂﬁ“&fﬁﬂghancenent-I ayer bit-stream

and/or at |east 15 a part of cONG emhancenent -l ayer bit-stream 11
-A conputer readable nmedium having a programrecorded 20 thereon, where the
‘programis to nmake the conputer execute a procedure for processing at

| east a first digiat akcondegroapiing setbntbdigiduding dée, sekenfli ddgidadit al

video and the —seqaudodigibal ¥LdGos WUWLISING. Diteduepen ebrdigital -
.picture frame, respectively, conprising the follow nghé%steps: the first
t

digital video is §roypednPnRoP@asiF retdgmsmalidyerfop; esRnflofigt B34 di ng
a Easic videf quabgﬁﬁo,fthtBﬁef%ﬁéﬁnfﬁéﬁﬂéﬂcéﬁﬁ?ﬁaia®adlbﬂe-%ttéhm .
enhancenent - | ayer bit-streamwt t.least o it 30 ane I ovi di ng
enhanced vi deo qugllit%‘ya%o?e?ﬁ% 5 %%Jtt cﬁalzaﬂealr}%vri (?égvéggrﬂgr 88ngcgée basi ¢
video quality. whdesequadlitygfemnlthe derrdrsd gligijted vadecacsmpangd to

base-| ayer bit-strgan,LQl-peoNLdi fifpsic video 35 quality for the second
~digital video, and one second. en ancenent-layer_bit-streanlmﬁ h at | east

“one bit- plafe fof FEvLaFhG2EMAAhCERLSAdub WU ifoF S6ATERELCREcond digit al
vi deo conpared t omuheipasktnyi deo £l idigit2ll @ideot hedf khet sdegndal vi deo
and the second di gi [ tati.sit| |t ed
nultﬂ@lexed bit- g#%%éﬁ; gﬁ?%%a%%ﬁ%ﬁﬁggéfg%g%%%ggkt%ggkgﬁétw ggg-layer
bit-stream and t heosegdResbasel easterths tliststenseardyes BépoABERRM 0?NE he

~avai | abl e networ kthandetehll, badet Bagdr Wi thatiredin,t Aadfi t8pendent on

“enhancenent -l ayer _bit-str and/ or_.at, | east part .of the secpnd

'enhancenent-layertge avaiTqble AR ri@'ban w1d€%, at leas% d parg of
the first enhancement-layer bit-stream and/or at least

15 a part of the second enhancement-layer bit-stream.

11. A computer readable medium, hawving a program recorded
20 thereon, where the program is to make the computer execute

a procedure for processing at least a first digital video

and a second digital video, the first digital video and the

second digital video comprising a sequence of digital
picture frame, respectively, comprising the following
25 steps:

. the first digital video is grouped into a first base-
layer bit-stream for providing a basic video quality
for the first digital video, and one first
enhancement~layer bit-stream with at least one bit-

30 plane for providing enhanced video quality for the
first digital video compared to the basic video
quality.

. the second digital video is grouped into a second
base-layer bit-stream for providing a basic video

35 quality for the second digital video, and one second
enhancement-layer bit-stream with at least one bit-
plane for providing enhanced video quality for the
second digital video compared to the basic video
quality. ' '
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bit-stream 10 12. A conputer program el enent which gs ;? Fake_éhe cogputer
execute a procedure for processi ll l MLSt igita video and a
second digital video, the first HH nmmmm{t“ ind the second digital video
conprising a sequence of digital* pi‘cttre"fraame, respectively, conprising

the 15 following steps: the first digital video is grouped into a first
base- |ayer brt-stteanfiost ptigditdilnyigeoasind vhdeseqouadi dygifalr tidedir st

di gital video, andapgesfisdei @NNANGRITRNLILALE! ¢ Bi g-rm@fﬁl%@;éé‘ B | east
one bit 20 plane for providing enhanced video quality Tor the first
digital video conpifEtPFo WHEH LR LS§s0 atqhaRpEythet hibrsiedemtetiayanl

vi deo is grouped ilpib-#tseaonghd haze seayad bbtseSlﬁﬁam b OFf - P BVl Ntha basi ¢
and, one sec

video 25 quality f ecgn i gi.tal _video d _ .
enhanc%rrent-l ayer %lg?é%?er Cami h%‘ %tvallégé SoRETBPEX BEX l‘?@?’ fovighsy _
enhanced vi deo quatikarf qof tthe fdestnendiagicenmbnyi tayeronparsdrdamt he basic

video quality. 30ahdleof idtSticdis@i habayidee and E_Qéoﬁc?c&ﬂﬁjar%&ﬁér?éh—l‘ﬁﬁﬁzo,
are statistically mJItith exed to a nmultiplexed bit- stream which conprises
at least the first®basti%dfkr bit-stream and the second base-| ayer
bit-stream and, dependent on the avail abl e network bandw dth, at |east 35

a parfgof 15 heafigst, &OhaNceIE .'e'l%)ﬁ%htb%*lgér?é”?;o%{?ﬂé”tﬁ% d&@Rle & part of
the second enhancerent - |"ayer it-stream 2 _ o

execute a procedure forprocessing at least a first digital

video and a second digital video, the first digital wvideo

and the second digital video comprising a sequence of

digital picture frame, respectively, comprising the

15 following steps:

. the first digital video is grouped into a first base-
layer bit-stream for providing a basic video quality
for the first digital video, and one first
enhancement-layer bit-stream with at least one bit-

20 plane for providing enhanced video quality for the
first digital video compared to the basic video
quality.

. the second digital video is grouped into a second
base-layer bit-stream for providing a basic video

25 quality for the second digital video, and one second
enhancement-layer bit-stream with at least one bit-
plane for providing enhanced video quality for the
second digital video compared to the basic video
guality.

30 . the first digital video and the second digital video
are statistically multiplexed to a multiplexed bit-
stream, which comprises at least the first base-layer
bit-stream and the second base-layer bit-stream, and,
dependent on the available network bandwidth, at least

35 a part of the first enhancement-layer bit-stream
and/or at least a part of the second enhancement-layer

bit-stream.
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