2 8 JUN 2006 A METHOD AND DEVICE FOR VIDEO MULTIPLEXING 5 BACKGROUN (ﬂ:iﬁ%
INVENTION This invention relates to a method, a device, a computer readable m’eﬁil&n ﬁd a
computer program for processing at least 10 two digital videos, a first digital video and a second digital
video with a high multiplexing efficiency, and a good inter- video fairness and intra-video smoothness
for video broadcasting. 15 In most video broadcasting systems, a number of different programs,

further denoted as digitﬁl ﬁﬁgg@ are usually transmitted over a constant bit-rate channel, and the
nel bit-rate is thus'sh

chan }Pn(%\a)tk@ ﬁ&%n?ﬁ%iﬁ%&@o%ﬁ@ﬁ&ﬁﬁ% the number of videos

to be transmitted, a 20 different bit-rate is assigned to each video. A higher channel bandwidth and.
hence & higher bit-rate is assigned to a video of a higher priority,. Statistical multiplexing is a method
used to intefleaye 2o pHitiple hilstregmsdntog 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 encdded interathiostreaiadfahe tewly mssigndd bit-kdee.i This procerpvfdacoding and
re-encoding g hitssfieam ds sGafled {rans-coding Bangwagingnist highhs camplaxAnd compsitational
mtensgqe :%progess as descriped md%]. T0 gmplgmepét e Qr%f:eessac%{‘ér%nséceocdoi%%f%irg%tgq\e
statistical mniifipiEsxihg Tquived I8 vide o broadcSsthg - High Perormanca procassors ars niseded. In
most videowreadcasting systehgs like DV ad NS G f MREEIcoH MPES 2 \igesiforiieRS are used for

the\ﬂdeo&ﬁﬂﬂbol2éiiﬁ§égxﬁhd intra-video smoothness for video

broadcasfing.

15 In most video broadcasting systems, a numbar of different
programs, - further dénoted as digital videos, are usually
transmitted over a2 constant bit-rate channel, and the channel
bit-rate is thus shared among the different digital wvideos.
Depending on the number of videos to be transmitted, a

20 different bit;rate is assigned tc each wvideo. A higher
channel bandwidth and hence a highsr bit-rate is assigned tc 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
cptimise coding guality of the wideos 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 computaticnal 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



each video consists of one bit-stream. Therefore, to change the bit-rate of a video, the entire
bit-stream needs to be trans-coded to a new bit-stream with the assigned bit-ratecz gv’UI? mém
videos are transmitted through the constant bit-rate channel, the multiplexing effi C Nn 6
statistical multiplexer is said to be high. A high multiplexing efficiency is desirable for video content
providers to transmit as many programs, i.e. videos, as possible through 10 the channel to maximise
profit andh&RANA 1 AkLatGR SFthe \Rde A PakshimeB I ®ATEh aré R BfLe4ime prorighasiRild have
about thetsamenvidea sualityt Inothedawyds; hiairaess amanptthe videos transmitted sheuld be
ensured. {2 mpropghadoearian gt pes B e Mdeas Ip b dransiited aylesyt fi.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
ensufed Wleachwidep. vadeomtiarerogeam finfrasvide aisroagthness: cam he ensyrash by aveiding any
drastic Peaj,3igna! to:Ngisg Ratig,tRaNR) varation; Zpiiheteforg, a é@%&%ﬂég&gﬁp'exmg that does
not require the complex computation of trans-¢oding of bjt-streams, that_has a high multiplexing
efficiency &4 Bo6E Sher-proiftamh FitdtSidesIFaimsSastRtinttalirog s itra-video) 30
smoothnestfis desiney. SYMMARYaDET HS IN VENFIONGE kig-thus@aniolgest dfdhe invention to
provide ameyy giethod; Jopstatistinal rultinlexing of atleast o digitglideqs Jor yidgq broadcasting,

so that the comﬁlex computation of t,rans-codiJL_]Jgi of bit-strehams is.avoided, and also to énsure a2 2 8
JU Ooghe annel to maximise proflt and channel utilization.

All the videos transmitted, which are of the same priority,
should have about the same video quality. In other words,
fairness among the videos transmitted should be ensured.

15 Improper allocation of bit-rates to the wvideos 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 guality should also be ensured in each video.
Such intra-program (intra-videc) 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 wvideos
for video broadcasting, so that the complex computation of

trans—-coding of bit-streams is avoided, and also to ensure a



high multiplexing efficiency, and a good inter-program (inter- video) fairness and intra-program
(inter-video) smoothness. A method for processing, in particular statistical 5 multiplexilﬂggagl t
digital videos belonging to at least two video programs for video broadcasting is proposed. The digital
video which is used according to the invention is grouped into a base-layer bit-stream and an
enhancement-layer 10 bit-stream. The base-layer bit-stream provides a basic video quality and the
enhancefégtlaper bil-stexiaciésd al pRedity onpit-plaredviish prondeginastovémeatto the
basic videq. geality fHie-amesnhatiniprovempatig:the basicr yidepquality eftbe vgeosprovided by the
enhancement-layer 15 bit-stream is dependent on the number of bit-planes to be transmitted. The
bit-rate of the digital video can be easily altered by changing the number of bit-planes of the
enhancel%eﬁ@ﬁ%@ﬁbi@%ﬁe&ﬁm‘)&?ééé%@,edJrﬁl[zli]’%ﬁﬁj[g]lf B FEEG SHiv@dranularity scalability
vide6 bit-stte@ampidichn2() has alsimiar digitaldideio-hil-stregmosirastureragithe digitakvideo used
accordin i tl 0 , @& video. e [ - ly to truncate the
number c%ifEgﬁ%ﬁagﬁf]‘%‘g%h%ﬁéggn%ﬁﬁla%g?kﬁ&%gm%%%r%éeggéﬁgﬁ%gg tch 6g%ﬁﬁ§éxed if the
bit-rate allocated 25 for the digital video is changed. Therefore, the complex process and
computativreal déqyiitemient fdetsams-toting of bite streams sl haknaecessaey. Thedasedayarsand the

enhancemeph|ayar bikseams.afdhe L3R digiiak videq camprisgs APyl di{aees fyliames and

B-frames; withthe first frame of a Group of Pictures (GOP) of the bit-stream an I-frame. An I-frame,

alsdknowr BsH FP: fram® cBAts SHfdie RERTGTEREH rEdaredis cBnSRTct Anverire video
frame, amthadis g areferghee puidtBifoe Btfrdmpe andiR-framesato bienlodiltdad-frame, also known

as a pregiated{rame; is erested By atsing metien Veelows i pradist-hedilierences bgiween it and the
closest previqus ; frame 9LEMape- Thigdoryasd predigtian allows for oA +he basic
video quality of the video provided by the enhancement-layer
15 Dbit-stream is dependent on the number of bit-planes to be
transmitted. The bit-rate of the digital video can be easily
altered by changing the number of bit-planes of the
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 i1f the bit-rate allocated
25 for the digital wvideo is changed. Therefore, the complex
process and computational requirement for traﬁs—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 wvectors to
predict the differences between it and the closest previocus I-
frame or P-frame. This forward prediction allows for higher

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

3



compression compared to an I-frame. A B-frame, also known as 3 2 8 JUN 2006 a bi-directional frame,
is created by forward and backward referencing of a P-frame and an I-frame, respe?tigeygmdaorpgm
therefore has the highest compression compared to an I-frame and a P-frame. 5 Thérefore, an1- e
has the highest bit-rate compared to a P-frame or a B-frame, resulting the bit-rate of the bit-stream to
be irregular and varies drastically between the frames. In other words, the bit-stream is said to be

“burst’. 16 CotrefhtibRss ARtMbofaATRCHSh FrPRtRduyyr SeisaEs Farhviesdanstiosed in [4J,
and a correlgtiererfodciipnis used-if theniventiorato relatedwe bitreisearns.i Ascrdingnte the

invention g biteaiielglan Bz begfaud LIREMAN W LIaNEs. Jhe codglation beueen an

I-frame and a P-frame has been found to be lowér compared to the correlation b ween two I-frames,
and the RNRIRioR VEtRBEn an I-frame and a B-frame has been found to be the lowest. A high
corréation corresponds to a larger irregularity of the 20 bit-rates, hence increasing the burstiness of

the bit-stipagy<3ad 8, OegorielianCoRsPends i gaudre siahleiestieam, Jhetefpie. 1 is

preferred that an I-frame of a hit-stream aligns with a"B-frame of another bit-stream, so that a lowest

correlation HetiBENn e fvE FahilSs achrtNL1PerdRPo P inprodiy B hiitpRkingsteaRcy.
When a plordliy oftbiestvdams dmeh wtledstonedigitatvidep dretatigaedithe fitstypietsire frame of all

the GOP of Hbe hitsstraams isan kramerdntra-frame) ; giving 3,Bigh30.cerrelation value, and hence a
low,multiplexing efficiency as fewer digital videos can be multiplexed into the constant bit- rate

. chathel. Therefore a frame lag method is proposed such that at least one bit-stream is delayed by at
least oneCfpamelation is an important function in the study of

statistical behaviour as disclosed in [4], and & correlation
function is used in the invention to relate two bit-streams.
According to the invention, a high correlation has been found
15 between two I-frames. The correlation between an I-frame and
a P-frame has been found to be lower compared to the '
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 irregularity 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 dimproving the multiplexing efficiency.

When a plurality of bit-streams from at least one digital
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.



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 g]cgaiﬁm) @@
JUN 2006 According to the preferred embodiment of the invention, the enhancement| |t2 m

of a first digital video is delayed by one frame with respect to the base-layer bit-stream of the first -
digital video. Further, the base-layer bit 5 stream of a second digital video is delayed by two frames
with resp%%i:&;rfﬂé%s%qa§@ﬁb.?§ﬁ£§ﬁarcﬁcih@W%@W%.@e‘g itn ilepakéaag stheme
accordingtothedenerniion] theet0 mameryreguirerient fHi butferig thealagged bi-stream is low since

the bit-stigaiTLip RNl gelgned by ane Gares withsspect; i HeDigyions plbaliean  [oenads

inter- program (inter- V|deo fairness and intra- 15 Erogram |nter 'l eo) sSmo ness, a meth

optimum Bt p sftﬁﬁﬁzﬁtlf;ﬁ%f)?o]po‘é%ﬂe‘?he 0 Hﬁ%ﬁumB@?oPBﬁ%Tal%&e%rﬁ%\ﬁ“
enhaéncemenekyer bhitstesamnd adligiidl ¥ideoitddie maltijdeedday the 2ovstatisticnd multiplexer

according to;fhedaventions determinegdrom the gptimisatign pralery Min[Fg), GEY 25 with the
constraints, %ven by the following formula: YN mn uELn i(J) 5 UEL(j) and Gn= ~| Imn(-1)-Ams

mn (j) 5 nn C’l) + Am 30 wherein F(j) is the fairness of all the digital videos at frame interval j, G(j)
is the number of bit-planes to be multiplexed, 35 UEL,,,I(j) is the number of the enhancement-layer in

the ith bigrplanergfdhe cigial vilgogreht@me disP@l hg to the invention, the

10 memory requirement for buffering the lagged bit-stream is low
since the bit-stream is only delayed by one frame with respect

to the previous bit-stream.
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(3), G(3)]
25 with the constraints given by the following formula:
En 12mn uBlp i) s vElE), and

mp(j -1 - Ap = mp@d = mpG - 1) + Ay

30 wherein

. F(9) is the fairness of all the digital videos at frame
interval 7, _
. G(j) is the number of bit-planes to be multiplexed,
35 . U*,,1(3) is the number of the enhancement-layer in the i®™

bit-plane of the digital video n in frame interval 7,
* . U"™(4)is the total number of enhancement-layer of all the

digital videos N in frame interwval 7,



U(j)is the total number of enhancement-layer of all the digital videos N in frame interval j, 52 8 JUN
2006 5 10 mn(j) is the number of multiplexed bit-planes for digital video n, and A.is,an arjit @5}
predefined smooth factor to ensure a smooth bit-plane variation. Fairness is achie?zai mnm g
the deviation of the number of bit-planes of all the enhancement-layer bit-streams of all the digital
videos which are not multiplexed. The fairness F(j) is computed by minimizing the following formula: 2
1/2 n=1i=1 whételd 15 +5(j)58% RHERSFretfiMbthe Hemmsbriol bitplameswhiers diegidtal
multiplexed. 20 Thetaomber ah8it-planes to be multiplexed is determined using the following formula:
G(j) = -Ln=1 Gi~al ui, i@ Minimizing. F(hgjves-gaadfajmessand minpnizing GEy will) maximize the
number of bit-planes to be multiplexed, and hence 25 will increase the multiplexing e?ﬁuency.
Therefore, an opTAZeY MBI G t-Fahie td B8 multiplexed, without compromising the faimess
F(j), s determined. Since the optimized number of bit-planes to be multiplexed is 30 an integer, the

constant bissalanngl Afiet . apiizssaumben! bisplages of el e dgieludgnsare.

multiplexed, magt_sgq have a remaining bandwjdth not ‘utilized. The remaining bandwidt
e

channel 8 aIIB& 8RGAIyAS Sfirlthe URfitafORRBE ST ~Layer bit-streams of all

the digital videos which are not multiplexed. The fairness
F(j) is computed by minimizing the following formula:
10

> 1/2

N
3 (j))] ,
=]

i

=Z |

F(j) =

Z |

N
> | Ea)? - (
ne=1

wherein

15 £n(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

6o = =S ST uFhy .

Minimizing F(3j) 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
egqually to all the digital videocs.
35
Therefore, by using the statistical muliplexer according to

the invention, the time consuming and tedious process of

6



Therefore, by using the statistical muliplexer according to the invention, the time consuming and
tedious process of 2 8 JUN 2006 trans-coding of bit-streams is avoided, which is req%ﬁ:@gw 2006
conventional MPEG-1 or MPEG-2 based multiplexing. A video content provider only to truricate
a number of 5 bit-planes of the enhancement-layer to be multiplexed to alter the bit-rate of a video
program. The multiplexin% efficiency of the proposed statistical multiplexer is further improved by the

proposed F&mE T4 &1 E5ing tHE PhosR dDptint it BRheltrunt atisR 4ék&ERePy good
inter-programvfaireéssiaid MEEGHa-progMirE Sridotlaress isnehsuebeXhedgnvention clearly can be
seen in a combination of the statistical multiplexing and the Fine Granularity Scalability (FGS)

scheme, Whictz#gT used in the MPEG-4 video Fcb(idin eme, 15 for example. The described

sc
embodim@n Re FRIENEBH dBBRVAGHDNIY b e ftetfod: Dut BB 2 deviBE ™ edmPiter readable
medium aht gdampster frdtheme 2DRSBREFE PESCRIPTIONORIMKE HIEKRE S Figul € drshows

an overvieweofi3 videa Proayicasting s¥siepy ogighfe. 2 shawsihe stryclue ofa statisticalmyltiplexing
unit for video hroadcastin agcorgli .totthe iriventifg.. Figure 3 is a plot showin the number of bits for
the I- 30 frAmesTPRFames 8hd B-frames it a series of group of pietares-35 Jf:igtﬂgﬁoérﬁt%?é{ frame
lag scherhBacesrifpEerthteR il efthrifent Githd sdventibhe 7 2@ PUNEZD D ETALL ED

DESCRIBTHON QmEHEMMENTION Sreferied embediments afthe-ipyantionsuill iouske gdegcribed

10 intra-program smoothness is ensured.

The invention clearly can be seen in a combination of the
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.

25
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



with reference to the accompanying drawings. 5 An overview of the video broadcasting system,
incorporating the statistical multiplexor according to the invention is shown in Fig.l. 10 A plurality of
video programs 101 to be transmitted are encoded to the digital video format, for ezaﬁanEJN ‘ -4
FGS video format, by an encoder 102. The encoder 102 outputs a base-layer bit-stream 103 and an

enhancement:| bi- 4 for ?Lt]{ jd ram.101 encoded. 15 The base-layer
bit-strearrrﬁ %%%@g\qﬁdg)g g%ﬁa%cﬂeglalé{o %%2 |ty\€w ﬁ:ﬁéi%% S lowest quality of the digital video, and the
enhancement-layer bit-stream 104, comprising a plurality of bit-planes, provides an improvement to

the basicpidens20-gyalitbbheimptayesent ke thexhasie visleogualithprpvisled by the peq

enhancemegkla er_bit-strea 104f'lsedeapendent on the number of bit-planes which are multiplexed by

a statisticar mul |3Fe§5??8§ rt?):%ettransmclt(t:é:)(ﬁn Po%%}]ﬁélr%i r%%‘bna%%ilayer bit-stream 103. 25 The
basé-layer bit-streams 103 and the enhancement-layer bit- streams 104 are buffered into a statistical

multiplexgr 10% cxee0Eding 0 thesinyeaten se il casinglegnuliplexad bith steamEi6 isformed. The
muItipIeszgt bit-ssérée&r_n Og iﬁ SW%qulfaLtgg intoa% mood lated bit-sétﬁegnl rln‘?%ﬁ a modulator 107 and
subsequen E/ fransmitted Tto a Wide Aréa Network ,&IQI? 1tfi by a transmit er’1b9" The transmitted

bit-strearfa¥may BelfFadsmitted 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

foC e A Rg R, TRE SRR 36] HEH A Ribeg gy de-multplexed

encoded to the digital video format, for example a MPEG-4 FGS
video format, by an encoder 102. The encoder 102 outputs a
base-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 gquality 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 guality. 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.

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



8 2 8 JUN 2006 recover the base-layer bit-streams 118 and the enhancement- layer bit-streams 119 of
the digital videos transmitted. The recovered base-layer bit-streams 118 and the enl?zrg:e“w&t{?gﬁg
bit-streams 119 are decoded by a decoder 120 into the 5 respective video programs , Wl

be viewed in a television set or any similar display devices. The structure of the statistical multiplexer
for multiplexin two%jﬁ%it I videgf accorlf#n to ;gle invention is shown in 10 FIG.2. A first digital video
and & seRSHENGRAI oo, Hach LESRArTS 2 DRSS Myor bitotliin 208, S8 ARG S~
enhancederehyki bit-streaamz0, 120 4odretrheltigieyat ddtoal 88 eendtantisinidte atiann&hz10 to be

transmitted (2,3 £eGaIVey ¥ia-a WAN. The base-tayes bitssireamyotihe fighdigitalyidgo 297 is, buffered
into a first b%s_e-#ager incoigigg buffe&ZOS,dar#i ?:be 20 gnharr%icemﬁ%t- ayertbit-s eam of the first digital
video 10275" b r‘f:e%f"lﬁtol irst enhancenent- a@}e?incsﬁf? g%u 2208 8inki rly, the base-layer
bit-sfreari @3 ERCdcondvdigiesl Piteen@BSs bafferedihicsecorid liseviageeidcémiry buffer 207, and

the enhapegraenislayar bikstreamaefithe 56e0Rd-28 Digited yideewiMeis 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 constBi€ bR TN EHERN & R 10N T hE ehbnRELsEmbWitthtoMRAS BAstAArbvdeianbenénz10 is

sufficientdndransgiitiae basedayerxhitstraamg 203, 283 of 35 4he fiest digitak viges ang the second
dig'JuﬁI vi% b?t 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

A first digital video and a second digital video, each
containing a base-layer bit-stream 201, 203 and an
enhancement-layer bit-stream 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 oﬁtput 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-layexr bit-streams 202, 204
comprising of all the bit-planes of the first digital video
and the second digital video.



and the second digital video. 9 2 8 JUN 2006 5 It should be noted that the embodiment of the invention
for the statistical multiplexer also includes multiplexing more than two digital videos. The digital video
bit-stream used according to the invention comprises a plurality of I-frames, P-frameszl&l Biﬂan%&U@\
plot of the number of bits per frame on a y-axis 301 for a plurality of Group of Pictures (GOP)308 of a
base-layer bit 10 stream 303 and an enhancement-layer bit-stream 304 against the frame number on
a x-axis 302 is shown in the Fig.2. As shown in Fig.3, the bit-rate of an I-frame 305 is higher than the
bit-rate of & Bramkd3@6; ameitthe bithate 6he Be1® frdime307 istthelewdstvEhereforefthe bit-rate of

the digitalhddeq hit-sHeapkis inagwapand shangesdrasticallye asitwill fiave.a highitrate at every
I-frame 30§ at the Cl‘ir t.frarpg of ‘?vggfo(é?OP 308. This gives rise to a "burst' effect’as the frame format
of a GOIglsasI}mﬁ‘é’r. AlsF the }0 en ancement-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-streamh 804 cgineiding, witbdhe plurality @hfrages 3R&-elienses layge bifrsiiear 3@3. In other

words, the |-frames 305 of125 b(itg i_Ehe Qgsi-lager bit-stref?n]):. 303 and thg %@g%cement-la er
[ uf

bit-strearh 304 are muffipfexed inito @ same frame interval in- 1he outgomg FB910 betransmitted

through thedorefanthsit-ratskannaél Brd: shpemestirameevsr digivalasdebsiOlbéeulaplexed due to

the high pituaieiafithe d-frapaes:pnd 80 pherefare sthegopliplexingreticiensy of the-statistical

g\t!ie@]p 'beyxse% é&%@%&’ - $pePriglatian fungtion is Heed to measuge. the correlatior, 4beat‘éva‘?$£ o fitstreams
frame number on a x-axis 302 is shown in the Fig.2.

As shown in Fig.3, the bit-rate of an I-frame 305 is higher
than the bit~rate of a P-frame 306, and the bit-rate of a B-

15 frame 307 is the lowest. Therefore, the bit-rate of the
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

Ef (x{tq) — wy) - (¥t} - )]
Corr[x{ty), yita2)] = ! ; . 2 ty (1)
¥y

wherein
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Corr[x(tl) , y(t2) 1 = E[ (x(tl) - x) " (Y(t2) - I'y) ] (1) wherein oxay 10 2 8 JUN 2006 x(tl) is the number of
bits in bit-stream x at time t1, y(t2) is the number of bits in bit-stream y at time t2, is the mean, and 5
a is the standard deviation. The correlation measured between two |-frames is the lﬂg&eﬁu MQUUB
correlation measured between an I-frame and a P-frame is lower, and the correlation measured
between an I-frame and a 10 B-frame is the lowest. A high correlation corresponds to a higher “burst'
effect and a low multiplexing efficiency and is therefore, undesirable. In other words, a low correlation
correspondirg )to isultipleximgrarelfrarhelviitrseiiheriai R-frame aor & Baftamernimatsgme frame interval is

desired. 15 Therefare; fursiatisticabebsaryations have hesnmade anthe; features of the digital

video bit-streams; a) Burst effect - The bit-rates of both the base-layer 20 bit-stream and the
enhancerlr‘ler.’ﬂs-la1§"él bEFBan?AR very burst due to the plurality of I-frames, P-frames and B- frames.
b) Infra-layet sotrskatist aEdrhditdstvdan iosimilar in each GOP. 25 c) Inter-layer correlation - The
base-layer bit-stream and the enhancement-layer bit-stream of the digital video are highly correlated.

d) Correl%on @gki}p 'a-wt.hl% ﬁorreelggar} g(gtv}\:/)e? two |- gram%es_ f two bit-streams is the highest than
the 30 correfatioR Betwash A FARE 5RA & PYAME, afiPthe 6ABRTon DetWEer aA s Ee and a
B-frame iEhige correlation measured between an I-frame and a P-frame is

lower, and the correlation measured between an I-frame and a
10 B-frame is the lowest. A high correlation corresponds to a
higher ‘burst’ effect and a low multiplexing efficiency and is
therefore, undesirable. 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



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 mﬁamgﬁﬁgl
video is delay by at least one frame, so that an I-frame and at leastone P 11 2 8 J

and/or a B-frame are multiplexed into a same frame interval of the outgoing buffer 209, resulting in a
low correlation. 5 According to a further preferred embodiment of the invention as shown in Fig.4, the

enhancerhBARRy 8P B Rhredntr07 BFfhe Fifst BitihF DiLEE 58 ddRyed By SHRSH £H@Tith respect to the
base-layartiestredm@D 1tdfehe fitsialigital idEde Thé OSaseskayed hitsstream 203.ofthe second digital
video is 10.delayed bytwo frames with respect to the base-layer bit- stream 201 of the first digital
video. The enhancement-layer bit-stream 204 of the second digital video is delayed by three frames
with respect to the base-layer bit-stream 201 of the first digital video. In other words, the
enhancefrent yeng 5 tit-straany 204 nfphre Securetidignbloddseistdeldy by dneefiamerwith respect

to the bager-layesipif-stream..208, ofthe  segpnd digitalideq, Jheqreferiad.gmbegiment desgribed
above may; alsg igclud% ai 20, least gne mare digjtal video to pe multiplexed. When a third digital video
ol A %Je s&&ye %ﬁré%ﬁﬁanﬁ‘?ﬁ@%ﬁﬁaﬁé’ement-layer

is to be mu f‘ff?lexe(:]L ccordiﬁfgl pet elfvention?
bit-strearhhéf thatkird diftal Pidbo s deriped by ore fidae Bhosivod frahies] resbéetively Tith respect

to the enhareemearilaysn 25 bitxsteany 864 of thensecanddiiaital vigeo, The:frare Jag scheme
ac din?ié(lthe icr%vgnti r'lrg eg%rlaglywi{n Iementeed in the i%%%m'&grg bujffrs 205, 206, 207, 208 of the
statistica muﬁ?f) exer,yw erein the buffers 5r§8g 557 0 ysn%edat%%f%f’ifh"e number of the

frames oftHessie 201 of the first digital video. The enhancement-layer
bit-stream 204 of the second digital video is delayed by three
frames with respect to the base-layer bit-stream 201 of the
first digital video. In other words, the enhancement-layer
15 bit-stream 204 of the second digital video is delayed by 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 wvideo.

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



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 fr g Th ﬁgfﬁ he
memory requirement for the frame lag 35 scheme is low. Further, the multiplexing :ﬁi] ecl&j @lé
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 2 8 JUN 2006 bandwidth of the constant bit-rate channel 210 to
be utilize® 3o EfRicnfly & e AR AR JPddraht ffreBe BRE intfd-Prégrakrsmbthhesd 5 an
optimal bitgatene=ffincatemtsicheme is proposed. The fairness requirement requires the video quality of
a plurality of digital videos transmitted to be about the same. This requirement is also called
inter-program (inter-video) 10 fairness. In a plurality of enhancement-layer bit-streams from a plurality
of digital VideSE¥4HE trahSHitteF HE Widds §hamT Of alldhd Bighariuess i sHeGtthe2afe when
the rfumbren obbitdaterle Sodfteqrhagfeh& enhaatemaentslazemditistreanagpnariultiplexed are equal. 15
Therefore, inter-program fairness is achieved when the following expression is satisfied: . E10) = al
Nib) - ml()) f2()) = a2 (M2()) - m2())) - = IN(j) = aN (MN(),- MN(). Y, Mn(j)).1 Mn(j) I Mn(j) n=1 n=1 n=1
gOSLCh %I %%ﬁp ﬁégﬂﬂﬁiggﬁ?%5(gequiées(Qhe vgéeo qu%&ityg%f aU)
plurality of digital videos transmitted to be about the same.
This requirement is also called inter-program (inter-video)
10 fairness. 1In a plurality of enhancement-layer bit-streams
from a plurality of digital videos to be transmitted, the
video quality of all the digital videos are about the same
when the number of bit-planes of each of the enhancement-layer

bit-streams not multiplexed are equal.

15
Therefore, inter-program fairness is achieved when the
following expression is satisfied:
M) — my 3 ) Mo() — mold . Mpld) — myls (2)
f80) - al( l(jr)q m ) £05) = azt 2(:.2'q mp) L 5 = ’IN( N{jt)q my (i) )
S M6 > a0 2 Mald)
n=1 n=1 n=1
20
such that
N
Dn-13n 71 (3)

25 wherein

m,{j) denotes the number of multiplexed bit-planes of digital
video n at frame interval j,
M,(j) denotes the total number of bit-planes of digital video n

30 at frame interval j, and
0, is the quality weight associated with the digital wvideo 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



mn(j) denotes the number of multiplexed bit-planes of digital video n at frame interval j, Mn(j) denotes
the total number of bit-planes of digital video n 30 at frame interval j, and an is the gjglmﬂgégﬂ
associated with the digital video n. A larger value of an can be assigned for the digi [ [ 5
higher quality of the digital video is desired. 35 Inter-program (Inter-video) fairness is measured using
the following formula: 13 2 8 JUN 2006 E'(j) = 1IN 2:1/2 N (fn (j))2 - N (fn (j))~n=1i=1 (4) 5
Minimizing F(j) will minimize the deviation of the number of bit-planes of the enhancement-layer

bit-streams of the dllg | video, a d thus incr, gj?alrness The total number of bit-planes to be
multiple in am &Q pval | s m}j the formula below: G(j) = -Gn=l Yi nl uELy(j), 15
wherein UELN, |{j the nu n jth bit-plane of the enhancement-layer bit-stream of
digital video n. 5)rl'£q ation (4) is tolbe minimi 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 frameMinimizing F(Jj) will minimize the deviation of the number of

bit-planes of the enhancement-layer bit-streams of the digital

video, and thus increasing fairness.

The total number of bit-planes to be multiplexed in frame

10 interval j is expressed in the formula below:

NI L) )

wherein
15
u*r, 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 numbexr of bit-planes of digital video n to be
multiplexed by minimizing both ¥ (j) and G(j) at frame

interval j:

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

With the constraints given by the following expressions:

Sa- 1Emn w16 s 0FHG, (7)
35 mpG-1-Ap s mp@) = mp(§ -1+ Ay, (8)

14



interval j: 30 ~n=1 mnl uELn,i(j) 5 UEL(j) MIin[F(j), G(j)] (6) With the constraints given by the following
expressions: 35 mn(j-1)-Am 5 mn(j) <_ mn(j-1)+Om, (7) (8) 14 2 8 JUN 2006 5 Whtize'gu qﬁrw)@ﬁ&
total number of bits in the enhancement-layer of all the digital videos N in frame intérvakj Jming he
number of multiplexed bit-planes for digital video n, and A. is a smooth factor to ensure a smooth
bit-plane variation. 10 Equation (7) ensures that the number of bits multiplexed do not exceed the
available'Ha®8®4dth of the constant bit-rate channel. 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

b|t-pl'a‘nes betwggn (t\jvgicbo@ﬁguttv& ;{rfn}ﬁﬁmg &s @guggg}%nggn%%rgs dntra-pro rgmtgrmgotggess by
requiring that the number of bit-planes of a digital video to be multiplexed can on yBe incréased or
decreased with Pdspett 2616 tiE-Adidir 8flﬁ8‘?fﬂﬁl&e’d”oiﬂ5|’5%@s bR FiRRYicls frame by a number
limitéd by the smgoth factortAvwa. Thelsxpressioni(6) o decsblvet by lhmmetirat-digelgsed in [5] to
determine the OQQ@@%nHr’nbgﬁaf bit-planes to be 25 multiplexed for a digital video, while maintaining
inter- program (inter-video) fairness and maximizing multiplexing efficiency. In the preferred

embodinent of fe it ehtiSAOREbitHghes to ehisure a smooth bit-plane

variation.

10 Equation (7) ensures that the number of bits multiplexed do
not exceed the available bandwidth of the constant bit-rate

channel.

The smoothness requirement regquires 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 Aj.

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 expression (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



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 ag? 9%;%@@6
interval, and all the bit-planes not multiplexed in the current frame interval are discarded. 3t alue

of the optimal number of bit-planes to be multiplexed from the expression (6) is an integer. Therefore,
the bandwidth of the constant bit-rate channel may not be fully utilized after the optimal number of
bit-plane&$5 2BBLRED 0BT RIterhfihed FRONTIE) ke entplexedardl & samaming baadwidi s
availablei $o dwlbyiutdizeé ¢he bandwidth of the constant bit-rate 5 channel, the remaining bandwidth is
allocated to all the digital videos equally for transmission of at least one additional bit-plane of the
enhancement-layer bit-stream from each of the digital video. 10 With reference to Fig.l, the optimal

bit-plane tRiEHtdY dthéhic?gcddrGingan #ie fvRnfidn IsrefaraBanipldrEntedtie the outgoing
buffér 208hZnmpedvent tiee patgoing hafféra309 frotm undeHbNravedaw, the outgeing buffer 209

target Ie&glﬁg&qfe%ggt %H‘L?Afltfﬁ %ot&gg%q@ggl C}.I? %feégo?elt Sspo_gld be noted that the

proposed frame lag scheme and the optimal bit-plane truncation scheme descri ed above can be
impleme it tHa StiisticBIHARRiphker At c SR R Yo thadstorPinteoniBinatiorf seBeparately.
The deseriveld enfibddimenisidtthk imielstion apply not only to a method but also a device, a computer
readable medium and a computer program. 25 16 2 8 JUN 2006
10 With reference to Fig.l, the optimal bit-plane truncation
scheme according to the invention is preferably implemented in
the outgoing buffer 209. To prevent the outgoing buffer 209
from underflow or overflow, the outgoing buffer 209 target
. level is preferably set at half the size of the outgoing
15 buffer 2089.

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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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 quality. the first digital video a28h$ gj&ﬁoggQB
digital video are statistically multiplexed to a multiplexed bit- stream, which comprisés at teast 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 secoﬁ&@ﬂﬁ@ncement-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 theyftst hase-Iaver Bik-skeal A S Thednaltiod aeepuingiq,dial 2, whereia fp first
enhancement-layer bit-stream iS delayed atleast one picture frame afterthe first base-layer

bit-stream, an8/ot 3838 M 2566 whEFER thd REcdrid 8fhAHcEhtéht-13y&tas-erehk i€ delayed at
leasb one pictiredramde dftgr thelsecondobasentayies bitstmane fudbnde methhbidyaecording to claim 2,

wherein the second haser laygt bitslgammis; delayed ablpast g piciyte frames, @figgthe first

base-layer bit-stream. 5. The method according to claim 1, wherein an optimum number 10 of
bit-planes fronﬂﬁ@gnhancement-layer of at least one digital video to be multiplexed is determined by
solving the foflowingtdystinfisatidn gigbléraliyideo is grouped into a first base-

layer bit-stream for providing a basic video quality

10 for the first digital video, and one first
enhancement-layer bit-stream with at least 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 wvideo

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 enhancement-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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Min[F(j), G(j)] with the constrains given by the following: : N=1 G'mnl uELn,i(j) s UEL(j) and 20 mn(j -
1) - 4m <mn(j) s mn(j - 1) + 4m wherein 25 30 35 F(j) is the fairness of all the digital videos at frame
interval j, G(j) is the number of bit-planes to be multiplexed, UELn,=(j) is the numbeiZoB b4 Nt B
bit-plane of the enhancement-layer of the digital video n in frame interval j, UEL())is the total number
of bits of enhancement-layer of all the digital video N in frame interval j, mn(j) is the number of
multiplexed bit-plane€i8F ¢Hiditaf HiedSCaM AR SRIBORT fakicias dnshireh5ambth Bit-plane
variation. 6. The mettied agedrdirtg ficeelain Snwhptetn faieneSsameenstited by mrinigeizipgdhe deviation

of a plurality of bit 1%%§el_qgggg6ﬁacn_e§ttpggﬁrp not multiplexed from a plurality of digital videos. 7.
The method according to claims 5 and 6, wherein fairness, 5 F(j),is determined using the following
formula: 2 1/2 F(j) = N ~(fn(J))2 ~N .~ (fn(j)~~ n=1 1 i=1 wherein 10 f'(j) is a function relating to the
nunfber df. bititenese hbomudtiptexsedting to claim 2, wherein the second base-

layer bit-stream is delayed at least two picture frames

after the first base-layer bit-stream.

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 muitiplexed is determined by solving
the following optimisation problem:

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

15
with the constrains given by the following:
SN S Wy i s vy, and
20 mp(j— 1 - Ay = mpd) = mp - 1) + A
wherein
. F{j) is the fairness of all the digital videos at
25 frame interval j,
. G(J) is the number of bit-planes to be multiplexed,
. u™y,7(j) is the number of bits in the i*™ bit-plane of
the enhancement-layer of the digital video n in frame
interval j,
30 . U*(j)is the total number of bits of enhancement-layer
of all the digital video N in frame interval 7,
. my{3j) is the number of multiplexed bit-planes for
digital video n, and
. Ap 1s 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-

19



8. The method according to claim 5, wherein the number of bit- 15 planes to be multiplexed is
determined using the following formula: G(j) = -in=1 J1n1 uELnN,i(j) 20 9. The method according to _
claims 5 to 8, wherein the bit- planes of the enhancement-layer bit-stream are transnﬂt@qjt[h\h 20pBst
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 R8¢ dighaFvidss cofiprigingt bé@%ﬁcéwmi@apémﬁé Hame TFeddadtivaly,
comprising: 36 adustsgrouping 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
comparel-to thBH I AGRMRA DoR BIUN 2086 2 sedshPgrdtipripdmt for Lroesiag the
second digitalF viflppistoce seconichkeas ez ai/e g bitistreanil fos winayiding-anbasic video quality for the
second digital video, and one second enhancement-layer bit-stream 5 with at least one bit-plane for
providing enhanced video quality for the second digifgl yideo compared to the basic video quality. a
statistical multiplexing umit for sta%isti gl multiple the first digital video and the second 10 digital
video to a mufiplex g bE—s {dati)wh qp cﬁl{fplf s @t least the first base-layer bit-stream and the
second base-layer hit-s&trddm, and, dépérdent o e available network bandwidth, at least a part of

wherein
10

fn(j) is a function 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:

o _ QN my _EL_ .
63 = Dnoy Dily ¥ nil-

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 wvideo, 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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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, having a program recorded 20 thereon ere the
program is to make the computer execute a procedure for processing at least a first Zﬁaﬂﬁ(&&%@
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- layef? bt &H¥Afh B PrEvBMgH Basid VMDA Jorthe fiFsengithl idebtahd one

first enhancement-laytdbi-siretm with &t derst bas ditl3yplane faproviding erhranced video quality
for the first digital vi%q' 0.corypated.tothe pasic;video :ﬂﬁ@ﬂﬁyt he cont digital videa js_grouped into
a second base-layer bit-streamior providing albasic video 35%ua ity for%he%e%)oﬁ% (%éi?a%tv?d%o, and

one second enhanc&hEflrayaR it TR aftiih At RFHLE BREPRIMpraFRYSE pioviditd ERRBNced video
qualbty for the secondidigitaltvidemestmparedatbithe basie Video muaiityd 24P &dbdh2@e6 5 the first

digital video and the segand digifal videe arestatistically, muliinlexed to,a gulfinlexad bik: stream,
which comprises at Ieﬁst tge irst base-layer %{-stream and the second base-layer bit-stream; and,
dependent on the avhitsbl %ﬁﬁoﬂ&@ﬁ%vﬂ& hFiast a part of the first enhancement-layer

bit-stream antl/or atdeast atgart ofthk secbhiehdahogment-layEobitsstedainti@4a2. A computer
program element whighis 18 Teakeherg@mpulest digital video and the second
10 digital video 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 avallable network bandwidth, at least a part 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, having a program recorded
20 thereon, where the program is to make the computer execute

a procedure forprocessing 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 wvideo 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 guality 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

gquality.
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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 f
comprising the 15 following steps: the first digital video is grouped into a first base-
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

O JaN

y
or

to the basic vileo qual®. ti& secsHPdibRdl WdsER gradpédmis eosstdndipadelayei Brastream for
providing a basic videa 25 spaditysfor tel dacandldigital viged, 8BodOnesecopd 3036 bit-

enhancement-layer bé'tﬁté%qm vwmi@}{ewi@g Ql%qg flOé é{)%_%vigé%tzifwgnge% %isotl%e)l%uaéiy for the

second digital video compared to the basic video qua

video are statistically riuTFHEESIMPE thUlitifie RS BRSREFS WRIEA EoRigse s e fdhst #ncirst

ity. t Irst video an

ond digital

basé&-layer bit-strearigelrttiersecond bhse-daxyet bitksiee ame, tansk; kdepansieption the availabie network

bandwidth, at least a pad of the-first enbancementrlayer bit-stream, apd/gs gt least g part of the
22

second enhancement-lz?%//er bit-stream.
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30

35

and/or at least a part of the second enhancement-layer

bit-stream.

12. A computer program element which 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 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-
plane for providing enhanced wvideo quality for the
first digital video compared to the basic video
quality.

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

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

bit-streamn.
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