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WD 2004/ 023821 PCT/ S&002/ 000206 1 A METHOD AND AN
APPARATUS FOR CONTROLLI NG THE RATE OF A VI DEO

WORGQJmERERE) A VI DEO ENCODI NG DEVI CE Thi s i nvent POW/SG2002/000206
relates to a nethod and an apparatus for 5
controlling the rate for encoding a video sequence and
a video encoding device, whérein the available
channel bandw dt h and conputati onal resources are

VEDEG sagdsmcmyem EEEEHHHNSODMNGWDEWBOM ted bandMAdth

for exanple over an internet or a wireless network,

and has been widely 15 studied by many researchers.
TE st PRGRF &Sk %%l%fr?% dt® MR 2eddpscrepedatns| Ipr
cbakrol 3ingl the aF £rbagsd ON-dNG g BSSUMRL QR LBAL Ry 4
conput ati onal resources are always suffici'ent an
Vhéﬁ@eenﬁﬁél@@squ‘é?eF%nc’@rﬁrrﬁj-ff rtdyee avatid abde ghampsl

e 2 e i 0 n

o e R e o e rehe B ERES
acopputati onal resources of the Central Processing

Unit (CPU) nay not always be sufficient for the

encaodi ng . .This is due to the fact that the 25

S : Fesburees of the CPU may be taken up by

ot her processes having a higher priority. In rea

time video coding systens, encoded bits are stored in
R3CLHUFPRFTBEIRIRYS 1A RoE tandndivilet é8 S0er epRedirg vof klive
viQed 9§§9d§rchéﬁﬁﬂl wﬂgﬂ”f'ﬂ%ﬁ%@%dcggﬁﬁ&§ﬁtﬁnakor example

resources are allocated for
over an internet or a wireless network, and has been widely

studied by many researchers. Existing results on rate
control as disclosed in [1], [2], [3], [4] are based on the
assumption that the computational resources are always
sufficient and hence, the desired encoding frame rate is

always guaranteed.

However when a live video is encoded via software under a
multi-task environment, the computational resources of the
Central Processing Unit (CPU) may not always be sufficient
for the encoding process. This is due to the fact that the
computational resources of the CPU may be taken up by other
processes having a higher priority. In real time video
coding systems, encoded bits are stored in a buffer before
they are transmitted over the network to a decoder. When
insufficient computational resources are allocated for the
encoding process, the actual encoding frame rate is less
than the desired frame rate, and the number of generated

bits stored in buffer is too low. As a result, the available
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30 encodi ng process, the actual encoding franme rate is

less than the desired franme rate, and the nunber of
wqgemariased bits stored in buffer is too | ow. RASTAG2002/000206

result, the avail abl e WD 2004/ 023821 PCT/ SG2002/ 000206

2 channel bandwi dth is wasted. This phenonenon is

especially comon when the @ldeo encodi ng process is

i mpl enented on a handheld deV|ce with limted

a pabi e eX|st|n rate

ngﬂgg%lﬁéggﬁl%gﬁégg 5%%3§§d on lﬁ phggsémpﬁa l?h specially
cavabhahen chiaemel dbandw et ind @rrddes s tLrsaﬁmmls&eamedf on a

t he vi de con However, when t live_video
nngp P bfion Y E et VRt T IR CETBRAGIR LoRaRAGE 1L F RS-

the Internet or a wireless network, the avail able 10

achanngbsbasgs et dy fartd hebrithaNs Mcs$iodd afet B8 UEE800n the
usually varies over tinme. Wen the avail able

CRAAdWRAE htoe 2Rl laNdhidlandedr Pagsyidithe frunbbe of
t?hh§mi93£8ﬁ Qﬂféﬁg vfﬁéaﬂﬂéfﬁa%%tAQQe” h%%e@ggbe&hgﬁ ghe

ts in the buffer i's too large, the encoder usua
lskﬁp31@©ﬁﬁl$r%ﬁﬁﬁﬁmxtmﬂﬁunﬁnlhellﬁlb@ﬁfeandehdyhanﬂanmel

[ over fl ow. .Frane ski n oduces
l?% engaé ern ?6ﬁ: ggg?%@ﬁ&l e%%ﬁ %he%% dggallable
csequehcban@wi@mmnmxieaﬁhwn@nbmleeﬁemebeetbs]vddscl@§@§11y

t trol 20 _nethod that can adapt the encodi ng
VRRE 851 BV T het VB y | MEPCTavAiY 45Pe LBRnanPdbA e Phr Ene

cBEONhED| doBt &gk diSesha dfurbed- offl @wirDdel the sQppUte a
target bit rate for each frame of t he vi deo sequence.

a%%%?te% hd'her EhoMRermethbd tas indicsel Byédernif 5§00

16988, Nohe t@kEddH @ ALOAYNGILRE avAkl 8RLRed5to reduce the
conputatlonal resources.” Moreover, the total nunber o
bpffer delay and to avoid buffer overflow. Frame skipping

produces undesirable motion discontinuity in the video

sequence.

A recent teaching in reference [5] discloses a rate control
method that can adapt the encoding rate to the varying
available bandwidth. The rate control method uses a fluid-
flow model to compute a target bit rate for each frame of
the video sequence. However, the rate control method as
disclosed in [5] does not take into account the available
computational resources. Moreover, the total number of bits
allocated to each Group of Pictures (GOP) are distributed to

each P frame in the GOP evenly.

Summary of the Invention

It is an object of the invention to provide a rate control

method that is suitable for live video encoding process with
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all ocated to each G oup of Pictures (GOP) are

distributed to each P frane in the GOP evenly.
weunweys2of the Invention 30 It is an object 8€THSB2002/000206

invention to provide a rate control nethod that is

suitable for |ive video encoding process with WO

2004/ 023821 PCT/ SG2002/ 00020 3 varyi ng conputationa

resource and varyi ng avail able bandw dth. The object

i [ cant l i t r; 5
e A e e A e B T e
bgeduedtk. conprises a plurality of Goup O Pictures

(GOP), wherein each Goup of Picture conprises at

| east an I-frane and an Inter-franme, the nethod
Taenpbij st 0i § hecH Ddang StephdoFort kenereeding ehe rate

each Inter-frane in the Goup of Picture; 10

TEt BRAPHIRY & ST P FISARe + e ThdSed6n vaAeqvarrapnee

cbapdws ds ha of1 @ shanpels oy arsmitkiRg st RBo¥h de@nerein
sequence and on avail abl e conputational resources for
SRR ERewRi P Pirloees sompatieied Ritnd castargef -Budherand an

L d t ' 1 t .
shevelebaaed o W AEsLpL e L8l SRS prgos o
thef eapedimndotetarhm Imteg -drearegen bihe Gabtep baseilcoure;

e target buffer |evel and_the avail able chann
d%gﬁﬁﬂf : %Wéﬁ%ﬁﬁ$ ﬁgagg?égFebPESthgni§nu§¥al$% le
bepattothiag 4 hehamate ffor enreodnigting vhdeoigequesgeence
20 A GOP of the video sequence is assuned to conprise
251 P2 FY AREh SR Tale !l FeSOUECPPafBl AP cARFRIing
p£08pk e} el et @ncdety W theyk tPeuiFeEM NE8vARtH9%d on the
estimation and notion "
desired frame rate and the position of the Inter-frame with
respect to the I-frame; and determining a target bit rate
based on the target buffer level and the available channel
bandwidth, wherein the target bit rate is used for

controlling the rate for encoding the video sequence.

A GOP of the video sequence is assumed to comprise an I-
frame (an Intra-frame, i.e. a frame, which is completely
encoded without performing motion estimation and motion
compensation) and a plurality of P-frames (Predictive-
frames, i.e. frames which are encoded using motion
estimation and motion compensation) or B-frames (Bi-
directional-frames, i.e. frames which are encoded using
motion estimation and motion compensation from two adjacent
Intra-frames) as Inter-frames. The bits are allocated to
the I-frame based on its complexity, and the bits are
allocated to each Inter-frame, preferably of each P-frame,

using the rate control method according to the invention.
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conpensation) and a plurality of P-frames (Predictive-

franmes, i.e. frames which are encoded using notion 25
wegbi4masizon and noti on conpensation) or B-franeeT8B602/000206
directional -frames, i.e. frames which are encoded

using notion estimtion and noti on conpensation from
two adj acent Intra-franes) 4s Inter-franes. The bits
are allocated to the I-frane based on its conplexity,

i is ocat 0 .ea ILnter-fr ,
A%?g é gb?§£o¥§%§€%955%kaﬁgﬁﬁgﬁéiﬁgliﬁgtﬁgﬁéago%ggo
deethndnangoodi tige ttoa tdet ifefietri drvelDa2d04h@2382tesponding

PCT/ 002/ 000206 4 t hough the rate control t hod,
SRR A PP CFar ot e A 5 TP IERA T Grgerehar FERncs of
thevebrandit hens@rd espantindpe thar@et thiat kakerakd control

performed preferably on the P-franes of the GOPs, it
meRBAMd2 ABREVERI bR ridted-HRaXt 1toRe M4t @ l66nProPesfRERAGION
rfecprding-to the invention may al so be perfornmed on

the B-frames. Wien encoding the Inter-frane,
preferably the P-frame, a desired franme rate is first

erLn 16 avai |l abl a | _bandwi dt h
O R o st St Bl hSeBa cGacr Br CPRRS: *
dentodilnfrpnecesise ihefidesi rded cfrrdmedr abeeddoasthet

remai n. constant, but changes adapti vel, r each ,
2P RELPE}F anEe ekt i ROSATar abRelehifngpbutational
rbapdwedt hfandchd hen el alplre ceerput atthenaksiesquUEESse rate
15 Waen the avail abl e conputati onal resources are
dPRSURPTF cT &R 11 t &Pt Hve Hdte CHESI9PED 2F PRI VRAY ef OF heach

Itﬁgsgdfgaxhéltéepmwlcﬁi &dhd BvhRE a81e0ERENREAf BEndSidth and
ererore | ow,
the available computational resources.

When the available computational resources are insufficient
to achieve the desired frame rate, the encoded bits
accumulated in the encoder buffer is therefore low,
resulting in buffer underflow and wastage of channel
bandwidth. A target buffer level is therefore predefined to
prevent buffer underflow by taking into account the

available computational resource for the encoding process.

The target buffer level defines how the total number of bits
which are allocated to the GOP are to be distributed to each
Inter-frame (preferably P-frame) of the GOP, i.e. the budget
for each Inter-frame. However, there is normally a
difference between the budget of each Inter-frame and the
actual bits used by it. To ensure that each Inter-frame, and
hence each GOP, uses its own budget, the target bit rate for
each Inter-frame is computed. The target bit rate is

computed using a fluid flow model and linear system control
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resulting in buffer underflow and wastage of channe
20 bandwi dth. A target buffer level is therefore
wonred@bsszed to prevent buffer underfl ow by taRCmM§GRINR000206
account the available conputational resource for the
encodi ng process. The target buffer |evel defines how
the total nunmber of bits 25 ich are allocated to the
GOP are to be distributed to each Inter-frane
t%@%ﬁ&ergﬁhy Ekiﬁ@nﬁ% éﬁaééb he ﬂ%r e@ePGQ%%%tleggﬁ and
eac fnter r anme wever, Here a
tdbfﬁeaehehl©e¢hwmnellhaﬂnummmmof each Inter-franme and
the actual bits used by it. To ensure that each
Inter-frame, and 30 hence each GOP, uses its own
ThédgeblrédilEfi:@ﬁQQIaﬂli tig aled frefine@n®ly WBtekmhihang hstarget
nput ed. . The target_ bit rate is conputed using
ePFaiﬂang | BW%H%W%W 1 Hedh o atem-ERteol pveferably the

p2004n023824. PG4 SGHOH Q206G 1> eh*&%@ 8 %HQ &ﬁ%é?gframe

into account the target buffer |evel
Theatpanee %mﬁﬁﬁkﬂgkﬁﬂmﬁmkﬁtinvﬁmeedespm@é@ttanea&ate Flke

d9§59531f§$n9yr%§§eﬂﬂkﬁ'%Qd%téyﬁi %@Sogh”QBE'QEallable

I nterva e Inter rane era
bandwithle am@eahsededﬁkﬂﬁﬂﬁncaaweg bheahnaeEréganEncodlng

The t et _encodi n i nversel rqportion

e[ ' G088 s B e o, i S Bl Al n e  baaaaabRS "cne
Ihberayaihabl € phaydw idinland aheo comgheraabbyabasedo@hces,
an aver age encodln%ﬁfo tinme. The average encoding tinme

aPHt BEYSE or RRcGdintg He thene@rifpRAe FEMPRERBEPRBhAl

rb8othge £ ONPEY Atd ANala18S PERS dthakdnNBBRCest $mated using
i ndicative of the avail able conputational resources.

trpenabard abl eckairdhiidt Hedan be estinmated using the
nmet hod di sclosed in [6].

The target encoding time interval for encoding the Inter-

frame is determined using the following equations:

Tﬁ(n)=A1*Tﬁ(n_1) if Bmad(n)>B TBmad()
Tﬁ(n)=A2*Tﬁ(n_1) if Bmad(n)<B *TBmad(n)
Iﬁ@ﬂ=1}br—ﬂ otherwise,

wherein

Tzi(n) is the target encoding time interval or the target
time needed to encode the Inter-frame,

A; is a parameter wherein 0.80 < A; < 1.00,

A, is a parameter wherein 1.00 < A, < 1.10,

By is a parameter wherein 1.00 < B; < 2.00,

B, is a parameter wherein 0 < B, < 1.00,

TBpad (1) 1s the average of Bpg(n), and
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Inter- frame is determ ned using the follow ng
weqgoatnsms: Tfi(n)=A *Tfi(n-1) if Bmad (n)>BeCct/SBow@d/ 000206

(fl) 20 Tfi(n)=A2*Tf(n-1) if Brmad(n)<B2*TB, nad(n),

Tf(n)=Tfi(n-1) otherwi se, wherein Tfi(n) is the

target encoding tine intervalP or the target 25 tine

needed to encode the Inter- frarre Al is a paraneter

wh [ met.er, wher ein
BeghT Lo 80T g e B B RATRAR HREEELA, Toce
bs 2. 00, B2 is a paramster V\,here|n 0 < B2 <1.00, 30

TBmad (n) is the average of Bmad (n) , and WO
2004/ 023821 PCT/ S&2002/ 000206 6 Bnad(n) is related to

t he avg gaxgnceding (i interval Tave by u (n)
Bypx(#): i ?n()zd-ll) g ~ Bmad fin) = MAD(Nn) 5
wher e| n u(n) (f’i)\e avai | abl e channel bandw dt h,

Tave(n-1) is the average encoding tinme interval for
the Inter-frame, and 10 MAD(n) is the nean absol ute
whiefrEénence between the current frane and the previous

ugé? gﬁ%oggafﬂabf% gﬁ%ﬂﬂ%ﬁ”ﬁén&%ld“h I's preferably

Tave (n— 1 is the average encoding time interval for the
Inter—-frame, and

MAD(n) is the mean absolute difference between the current

frame and the previous frame.

According to the invention, A; is preferably set at 0.9, A,
is preferably set at 1.05, B; is preferably set at 1.5, and
B, is preferably set at 0.25.

The value of the target encoding time interval Te; (n)

obtained is preferably further adjusted using the following

equation:

T,(n)= min{4; : ,max{;’? r T (n)}} i

The target encoding time interval T¢; (n) is inversely

related to the desired frame rate.

The average encoding time interval is determined using
information on an actual encoding time interval for encoding
the Inter-frame, the target encoding time interval, and the

number of skipped frames due to buffer overflow.
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Is preferably set at 1.05, Bl is preferably set at
1.5, and 15 B2 is preferably set at 0.25. The val ue

wofhodvessear get encoding tinme interval Tfi(n) 80raG2@d/ 000206

is preferably further adjusted using the follow ng
equation: 20 T. (n) = mn 5 ,max 3 ,Tfi (n) 4F, 4F
The target encoding tinme intérval Tfi(n) is inversely
related to the desired frame rate. 25 The average
encoding tine interval is, determ ned using

Tt GYRAEPENSBROAMNActHAE BNcdihg rﬂfﬁqeﬁft“éﬂ%’i usgpg the

RNaeding ethgtipher-frame, the target encoding tine
interval, and the nunber of skipped franes due to
buffer overflow. WD 2004/023821 PCT/ SG2002/ 000206 7
The aver age encodi ng t'ne interval is. determ ned using

.jfﬂ%g%englﬁgy@ﬁhg eL@huﬁ TaVe(n 1) +z* max

5 "wher ei n* is the
average time interval Tor encoding the Inter- frame, X
wherginei ghting factor, T,,(n) is the actual time for
1£04891 00 the LPLelsd raie 1A AT Tt RERLEHEUNL! e,
frame,

X 1s a weighting factor,
T.(n) is the actual time for encoding the Inter-frame,
Fr is a predefined frame rate, and

RTst is further defined as

RTS,(n)=0 if max{TC(n),Tﬁ(n)}<FL—RTS,(n—l) or Npos,() 0,

r

RT, (n)=max{T, (1), (n)}+ RT, (n - 1) - |lmaxir, (n).7, ()} + RT, (n - 1))F, |

F

r

otherwise,

wherein Npgst (n) is the number of skipped frames due to
buffer overflow and the [aJ refers to the largest integer

less than a.

The use of the sliding window based method for computing
Tz (n) has the advantage of reducing the effect of burst
noise on the overall performance of the whole encoding

process.

This simple method of adjusting the desired frame rate
according to the invention is able to keep the quality of

Inter—-frames in a tolerable range under time-varying channel
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RTst is further defined as RTT,(n)=0 if

max{ TC(n), Tf (n)}<F -RT5, (n-1) or NPost (n)>0, RTs,
woOnyo40288x{ TC (n), T. (n)}+ RTs, (n -1) {(max' pTOCSG2()02/000206

T. (n)}+ RTst (n -1))F, J F, 15 otherw se, wherein

Npost(n) is the nunber of skipped franmes due to

buffer overflow and the [aJ Pefers to the | ar gest

integer |ess than a. 20 The use of the sliding w ndow
bQﬁé@gg{?ﬁFQ% Qédé&?%%i' chbd 1088 khegdygat age

of reducing the effect of burst” noise on the overall
dpgrhdaangeinfthde e wicoditign pmooessesa5 Thi s

sinmple nmethod of adjusting the desired franme rate

according to the invention is able to keep the quality
TRt depieedfrodms ddta ilRtalhe neangeivgdehformation on

time-varying channel WO 2004/023821 PCT/ S&002/ 000206
thepangtir dt R St deMshoti 6t VéHardge (W v haaf BBRFBuRased
ofleghadatd Phah e thenRaraepidial fmijueResmoOt hness. The

desired frane rate is determ ned using information on

5 the average encoding tine interval Tave(n), and

e b d vVa| ut.at i I Ut ces.
e e T B rror Mool oodef FRENESTS
ppeddéfnaddin na anarararerswsic Ealtatthiehewomer eibst srarellocated

.2l %gca} ed 10 to the rIerﬁeerr yAfls ?g%sf, glr gfergbl¥ E(—)fl[’gnei_
Rearer ¥o Tt he" "t ate of the YGOP 't RaN °t HE* it er ©f I Atre
fwhimehofir€éhé utderthan the Inter-frames which are further
away and belonging to the same GOP. In this way, Inter-
frames which are near to the I-frame are encoded with a high
quality, and subsequent Inter-frames which are predicted
from these high quality Inter-frames are also of a high
quality. As a result, the prediction gain based on these

Inter-frames is improved.

The target buffer level for the Inter-frame is predefined

and determined using the following equation:

B (t. )-— S%B  Nes(n-DiSc(n-1)
T arget(n) =Target(n—1)_ € ]I\; . S 4 ZWPOS (n+ )

gop I=

wherein

Target(n) is the target buffer level,

Ngop is the number of frames in a GOP,

Bs is the buffer size,

Be is the actual buffer occupancy after the coding of I-

frame,
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away and belonging to the same GOP. In this way,

Inter- frames which are near to the |I-frame are
wenoemdest2ni th a high quality, and subsequent PCT/SG2002/000206

Inter-frames which are predicted 15 fromthese high

quality Inter-frames are also of a high quality. As a

result, the prediction gain $ased on these

Inter-franes is inproved. The target buffer |evel for

the Inter-frame i redefin 2 nd. det erm ned using
S1e POl PG i Ebne EnphEier oS FhE BT
iedA)ic dnhtarayaeti@vlel ompBtattibnajl reSoBScd¥¥ pHor (¢hdoding
' oP -1 wherein .Target(n) i,s the target buffer
eh b1 o 25 N S TG T bbb Bof S AR TN TRFS . S
WS (13 Nes DURL 68051 2fon Breidift Uhe el yal f{d.ere,06eURAICY
dfter the coding of |- frame, WO 2004/023821
PG 5@9002/ 000206 9 S. is an average nunber of franes
ski pped due to insufficient avail able conputationa

resources for encoding the Inter-frame according to
v he desired frame rate, and W)(Il) is the position

EEW%QQ=QN thg Ith Inter-frame which 5 satisfies Ns p
- S (Y = NgoP -1 and 10

and

Wpos (1) = Wpos (2) == Wpos (N gop - 1) *

The average number of skipped frames due to insufficient

computational resources is determined based on an instant

number of skipped frames 3;@) due to insufficient

computational resources when the Inter-frame is encoded.
The instant number of skipped frames due to insufficient
computational resources is determined using information on
the actual encoding time interval and the target encoding
time interval. The determining of the instant number of
skipped frames due to insufficient computational resources

can be summarized using the following equations:
S.(n)=|78T(n)+F, |

wherein TST(n) is further defined as
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W. (1):5 W. (2) :5 ... 5 WPos (NsOP - 1) The average
nunber of skipped franmes due to insufficient 15
woan@uea2i onal resources i s determ ned based ORC&a8G2002/000206
i nstant nunber of skipped frames S,(n) due to
insufficient conputational resources when the
Inter-frame is encoded. Thet9nstant nunber of ski pped
frames due to insufficient conputational resources is
determ ned using information on 20 the actual encoding
e Vv n ng tinme interval
]$E' dé?%fﬁ%%ﬁ?; gglﬁﬁéﬁ?gg g?* n%er of ski pped
frames due to insufficient conmputational resources
a6an T8¢ (sunmard zrd iwsiingst he fol | owi ng equations: 25
S,, (n) = LTST(n)*F,] wherein TST(n) is further
defined as WD 2004/ 023821 PCT/ SG2002/ 000206 10
TST(n) =max O, TST, -% ﬂa (n), TT(n)}-- Fr and
T§9T 4 n1)L) 19714 def (n-1)=TST(n-1)- _
LTST(n-1)*Fri Fr 5 Vherein T. is the actual encoding
time interval, and Fr is a predefined frane rate. 10
The average nunber of skipped frames due to
whesdf ki cient conputational resources is then
determned using the follow ng equation: S, (n)=
Tb(qsc§Q?(qptqglﬂqugggﬁp tipg interval, and Fr is a

predefined frame rate.

The average number of skipped frames due to insufficient
computational resources is then determined using the

following equation:

&Oﬂ=W—0ﬁAn—D+9mi@”

wherein 0 is a weighting factor.

The advantage of using the average number of frames skipped
Sc instead of an instant number of skipped frames for
computing the target buffer level is that the value of S,
changes slowly. This slow change of S. coincides with a
slow adjustment of a quantization parameter Q used for the

encoding process of the wvideo.

It should however be noted that in an alternative embodiment

~

of the invention, the instant number of skipped frames SC@)

can be used instead of the average number of skipped frames

Sc(n) to determine the target buffer level.
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wherein 0 is a weighting factor. The advantage of
usi ng the average nunber of franes skipped S, instead

woRo@n2ssst ant nunber of skipped franes for 20PCT/SG2002/000206

conmputing the target buffer level is that the val ue of
S, changes slowy. This sIOMIchange of SC coi nci des
with a slow adjustnment of &-quantlzatlon paraneter Q
used for the encoding process of the video. 25 It
shoul d however be noted that in an alternative
enbodi nrent of the invention, the instant nunber of
Iﬁktm@edaééaﬂ381$jknkhama@lb®au§®ddkhsieadoﬁéthﬂﬁ the
average nu f ski franes to detern ne
Comple +5%tn% éh i SSB64RH 3% desired frame rate
1 BCHh H20024 H0G26 talrlge'tn bh&@e%aiav@@eﬁokhﬁhéhﬁﬁln@hter—
bandwi dth is gonstant the conplexity of each frane

fraee shirethdl t heOB st kP fyigmel fdesl tos bggsrant eed,

t he target buffer Ievel for the nth Inter 5 frame in

the ith GOP can §%HD|Ifled to becone T arg et(n)
T e-t(,ﬁ_(t“ c@xl S v YXRPS (n) F, N9op -1 As can be
seen roﬂ1thejﬂbove equd?lon the target buffer 10
level of the current Inter-frame is greater than the

target buffer level of the subsequent Inter-franes.
In other words, nore bits are allocated to the

AF nERR -#% aFREIWHI P (19e AP&Er SEYAERED! - FP%nEaB%?BrT%‘F?%er

18@el h@fS@r@% R dhan e - chater 1&r geeawblchnis M therfget
away fromthe I-franme, i.e. 15 fromthe Intra-frane.

bq‘ﬁéeralc@é@l ik tha é@@@@mmﬁgllpéea prefesredln other
wEPROdi Bt (Of 5 ¢ garl\i%%ta't%@i kS deterptpedebased oy is

t he average enco
nearer to the I- frame belonging to the same GOP than the

Inter-frame which is further away from the I-frame, i.e.

from the Intra-frame.

The target bit rate according to a preferred embodiment of
the invention is determined based on the average encoding
time interval, the average number of skipped frame due to
insufficient computational resource, the target buffer
level, the available channel bandwidth and the actual buffer
occupancy. In particular, the target bit rate according to
a preferred embodiment of the invention is determined using

the following equation:

f(n)=max{O,u(t"’i)*max{Tave(n—l),T ( )} (y 1)(B (,”) T arget(n))}

wherein

~

f@ﬂ is the target bit rate,
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time interval, the average nunber of skipped frane due
to 20 insufficient conputational resource, the target

wourbf4ar3s2l evel , the avail abl e channel bandw dt RCasd2a00000206

actual buffer occupancy. In particular, the target
bit rate according to a preferred enbodi nent of the

i nvention is determ ned usinb? the foll ow ng equati on:
25 r 7(n)= max{O, u(tn i )* maxTave (n -1),Tfi (n)}+

(Y -1) n_i): N) thj erein f(n) is the .
Speiy gltjast (tgi%t @ﬁﬁ e,ln%bgé%o%%f%sﬂn%/ %@%2?%0%%61 160F is
clodleid, i sntlhe tinme instant the nth Inter-frame in the

ith GOP is coded, and y is a constant. 5 Since the

YaVvai f apPRSEM@nel bandwi dth u(tn,i) and the average
encoding tinme interval Tave(n-1) are used to determ ne
the target bit rate for the Inter-frane, the bit rate
Sdorer the pethbddoaecoraihmgl tlrridveldtiiventt,pn iasdadapt bverage
to hoth the availab channel bandw d and .t he,

B oRTht1 & Bonpir &t [Shalve G0 Tesor cBed oo dekeaaing he
thatetf bitt beténfer - fianm et-erranmed takowa tcal tebeontrol
further ad&asted by a meughted t enpor al snoot hi ng

m&%?lﬁg AERETRORE obf NP @ gt UnO™ 5  @SREFEYe to both the

akati 1 3b1 BB IAaVe ( bddawd dtd MndtRhed i ey % computational
f(n)+(1-,uyx f(n-1) 3t wherein

resources.

The target bit rate for the Inter-frame determined above can
be further adjusted by a weighted temporal smoothing using

the following eguation:

f(n) =max 3

{u(t,,j)*max{fm D70k -t o)+l o-1)

wherein

f(n) is the smoothed target bit rate,

m is a weighting control factor constant, and

Hpar (n) 1s the amount of bits used for shape information,

motion vector and header of previous frame.

It should be noted that in an alternative embodiment, the
actual encoding time interval T (n) can be used instead of
the average encoding time interval Tae (n) for determining
the target bit rate. The advantage of using the average
encoding time interval T.. instead of T. for the computation
of the target bit rate is that T, changes slowly. This

also coincides with the slow adjustment of the quantization
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f(n) is the snmobothed target bit rate, 20 is a

wei ghting control factor constant, and Hhdr(n) is the
wanoue3ai bits used for shape information, nBCTASG2002/000206

vector and header of previous frane. It should be

noted that in an alternative _enbodi nent, the 25

actual encoding tine i ntervadP Tfi(n) can be used

i nstead of the average encoding tine interval Tave

n) for term.nin t target _hit rate, Th

paﬁv%%%%@g§d§Nﬁ§¥ﬁ5Q¥ﬁ€%§§'r§g§06§808 i%éetyﬁge?n?%?%% ce-
ATavewherstigad «oftubQ ffaankheatenput aksenthah the pasg@etined

bit rate is, that Tave changes slowy. This 30 al so
TEIPRcTHey wi 1% the sl ow adj ustment of the quantization

WD 2004/ 023821 PCT/ S&002/ 000206 13 parameter Q for

t he encodi ng process of the video sequence. Al so when

thg;hptual frane rate is |less than the predefined

frape rate, i.e. 5T.V, >Fr nore bits are assigned

to each frame. Therefore, the possibility of buffer
.underflow is reduced conpared to any existing rate
n$RULOL MELhOd . and g WLELI zation ofy Lhe 10, chagnel

and%nd?h i'S |npﬁbved. Oice 't he ?afge bi T 7ate for

peasibl hitey -dff &t fexr codputtédy ishecdaceaspompingd to any

guanti zation paraneter for the epcodi . process ca
B NP PHEREHaBY "8y nghehEhRat B 152 BE S0r 01 orhe
clh R 1 neihod descrd hegriohrel?] . 1N a post-encodi ng

stage of the rate control nethod according to the
invention, a sleeping tine of the encoding

Once the target bit rate for each Inter-frame is computed,
the corresponding quantization parameter for the encoding
process can be computed, preferably using the Rate-

Distortion (R-D) method described in [5].

In a post—encoding stage of the rate control method
according to the invention, a sleeping time of the encoding

process 1is updated using the following equation:

F

r

ST (n) = maX{Fi - RT, (n - 1) - maX{Tﬁ (n ), T, (n)},O} + w

r

wherein ST.(n) is the sleeping time of the encoding process.

The starting coding time of the next frame is then given by
SCT(n) =T, (n)+SCT(n —1)+STC (n)

wherein SCT(n) is the starting encoding time. The starting

decoding time of the next frame is given by
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process i s updated using the follow ng equation: 20 (
1 ST.(n)=max -RT,, (n -1)- max{Tr(n),TC(n)},0 + r F
woOlpoo4/2382t wherein ST, (n) is the sl eeping timePof/SGh@2/000206
encodi ng process. The starting coding tinme of the
next frame is then given by_ 25 SCT (n) = TT (n) + SCT
(n -1) + ST, (n) wherein SC#én) is the starting
encoding tinme. The starting decoding tine of the next
frame is given by WO 2004/ 023821 PCT/ SG2002/ 000206 14
SDT(n)- SCT(n)*FT Fr wherein SDT(n) is the starting
deﬁgpi thbai The starting 5 decoding tine is to be
ént) =t er to provide information on the tine
for decodirig each frame of the encoded video
sequence. Three points should be considered when
determ ning the 10 sleeping time ST.(n) and the
W HE IR n%Dijg‘t‘)odlisr@ﬁei e agHTENg) deNedftpgnBing .- t oThe starting
d€868888 {MEas 1L dd MRAtes! Ul LEBLS- LT peBthe
necessary tinme shoul d be el apse en the burfer is in
igéogest ofn overfieow inks forhdecobjiegt sacheatramesofiniche
eagg n a9e€K§CCOQPHP to the invention wll be
Present edTh 1617 owi ng detailed description of
the illustrated enbodi nents when read in conjunction
Wth the acconpagying drawi ngs. 20 Brief Description
T%ﬁe?fﬁp{ﬂEﬁM%ﬁﬁyl be” conside¥ed when determining the

sleeping time ST.(n) and the starting decoding time SDT(n).

ve

No frame is to be encoded twice, the time resolution is 1/F.
and necessary time should be elapsed when the buffer is in

danger of overflow.

Other objects, features and advantages according to the
invention will be presented in the following detailed
description of the illustrated embodiments when read in

conjunction with the accompanying drawings.

Brief Description of the Drawings

Figure 1 shows a block diagram of the rate control method
according to a preferred embodiment of the

invention.

Figure 2 shows the channel bandwidth used for each frame of

the “weather” and “children” video sequences.

Figure 3 shows the computation time needed to encode each

frame of the “weather” and “children” video
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Figure 1 shows a bl ock diagramof the rate contro

nmet hod according to a preferred enbodi nent of the
wonvanessan. 25 Figure 2 shows the channel bandrCasiy2002/000206

used for each frame of the "weather” and "children”

vi deo sequences. Figure 3 shows the conputation tine

needed to encode each 30 frame of the "weather" and

“chil dren® video WO 2004/ 023821 PCT/ S&002/ 000206 15

sequences, referr e

vont i o AR U BRCLEE] RE-EERESH TEloGinedll akygbe

for thei rm&aﬁh. . 5 V|deo sequence. Figure 5 shows

the conparison of the PSNR for the "children" video

sequence. 10 Figure 6 shows the conparison of the
ragtidal 4 i des O0C AR 1 sor offheheweglReFor Vit HeO weather”

sequence. Figure 7 shows the conparison of the actua

buf f er FERFaFSEUSREE -t he "chil dren" video sequence.

15 Detail ed Description of a preferred enbodi nent of

the Invention 20 Fig.1l shows a bl ock di agram of the
Fiatee conthrofs rtétawmmp@afd@p@i rd tbeaPENBf éprethe “children”

enbodlmyy ég %ehggentlon The rate control nethod

according to he tnvent i on conprises the follow ng

t hree stages 25 the initialization stage,

Figure 6 shows the comparison of the actual buffer occupancy

for the “weather” video sequence.

Figure 7 shows the comparison of the actual buffer occupancy

for the “children” video seguence.

Detailed Description of a preferred embodiment of the

Invention

Fig.l shows a block diagram of the rate control method

according to a preferred embodiment of the invention.

The rate control method according to the invention comprises
the following three stages:

the initialization stage,

the pre-encoding stage and

the post-encoding stage.

In step 101, a frame rate F, is predefined for the encoding
process for a Group of Pictures (GOP). Practical issues
like the parameters/specifications of the encoder and

decoder are to be taken into consideration while choosing a
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the pre-encodi ng stage and the post-encodi ng stage.

In step 101, a frane rate Fr is predefined for the
wenomdsigl 30 process for a Goup of Pictures PGDR2002/000206

Practical issues |ike the paraneters/specifications

of the encoder and decoder are to be taken into

consi deration while choosind‘% WO 2004/ 023821

PCT/ S&G2002/ 000206 16 suitable encoding frame rate at

s&h Bgl ECUE % rgﬁg(%%&“ gﬁ:%?ﬁ%g he) 1W%ys %no%ﬂermore, it

ware on € Vi encodi ng
1prQOESSlwaﬁ£|kmbwm]WHEtHGﬁEthﬁﬂﬂaﬁdwarbsOMHHh&ﬂEnth video

can support the predefjined frame rate. 5 In step 102,
fRBIEHPTBr eI 9% PICRHETH 4 PraoEont ety L pasBl ghented

chat epyor et & eFmsdse i rRef aaniheercoding of the
|-frane, the buffers are initialized at Bs* 8 wherein

BSis the buffer size and S is a paraneter defined as

78: 36801 82, l@neT heydeds agzezé %&ﬂﬂ% %a%%df&camégeﬁs@ét

using a predefined initial value of quanfization
bpaednen et a @ndher enciotineg tof. 1Ha§omef¢aﬁeennoguep ¢03the

be i npl ement ed usi ng a t he t hads . descri ed
TRYPRE, 17 STAIS T 7 T AP o o P Ak Pl B
t8ACRHedert BE, PAURTRY 8IS 20La2 JRRERY BE$tALLI 98 (B Lo .
nodel which is subsequently used to determne a

Thai Tabremguaht vt |€m¢q@aadar1@t erteporl O8nuedinagat heedefined
iggg{isip%‘ﬂhé‘gof tf?;% f)q:%%e%%% pgdat it '”nctoh of

encodi ng s ither s
thk Ehér&@epnsts@nxdﬁﬁhgwgtagﬁJﬂthemnumbdrueﬁngkappedf the

m%?§$§§a§$§0%§rHEUffelﬂr Eﬁkow4weo%ggq) i s determ ned

After the I-frame is encoded, the parameters of a Rate-
Distortion (R-D) model which is subsequently used to
determine a suitable quantization parameter for encoding the
corresponding frames of the video are updated in the post-
encoding stage (step 104). In a further step 105 of the
post—encoding stage, the number of skipped frames due to
buffer overflow Npest(n) is determined, preferably using the

method disclosed in [5].

In step 106, a sleeping time ST.(n) of the encoding process
after the current frame 1is determined, wherein the sleeping
time STc(n) is used to determine a starting encoding time
SCT (n) for the next frame. The determined starting coding
time SCT(n) is then used to determine the starting decoding
time SDT(n) of the next frame in step 107, wherein the
SDT(n) is transmitted to the decoder.
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nmet hod disclosed in [5]. In step 106, a sleeping tine

SCT(n) of the encoding process 25 after the current
wonremm2321det er m ned, wherein the sleeping tiReTSG2¢2)00206

is used to determne a starting encoding time SCT(n)

for the next frame. The determ ned starting coding

time SCT(n) is then used t o Idet erni ne the starting

decoding tine SDI(n) of the next frame in step 107,

Ye2bhi 535E Pl Snds 600308 " 17 BneE The BRcanifg

fofmehewhi & ahe drs IHHHﬁ%ﬂﬁﬂhetﬂkaamﬁbﬁedfﬁaﬂﬁg whech is
nte -frame is encoded using the quantization

qgan FOMR TIPS et HEF 9% teRBIprayi-gushe previous

p@@ﬁteﬁﬁﬁﬁiﬁgmbﬁ&ﬁgﬁ 5 When the channel bandw dth or
the statistics of the video contents is varying with

time, the quality of each frame of the video sequence

w%hl £ NET ¥n A9 Tl GRntl % | xthl_%ee%%%@ §9+cérgfetﬁét§1a§o

fixed at the predefined frane rate Fr avol
cohtenta iargetviorg dedily édnferamber gueliisydefeeathefirame of

e e agcording t.o t avai | abl e .
chRSRaFs HEALNG, 3% AP LRI ARPT, YRR Eygpin
fawee agetencodi inged iate thet @rmaﬂef"[a‘eel( lﬁ):amér rhhe Ry.ermge

t I ded, f coding an P-fr
e TRHbG * | FRAD CFOGle St GPHGe T BRE oBF e FpFELRed in

thet gryaéndeve{f)sdaye thepridsed te detenphnedbiet ahfeicl
encoding tinme interval Tfi(n) in step 109. The target

b%ﬂ@%ﬂ?ﬁ% WHETNBIAPED TOERP chgnPRversely related to
the desired frane rate.

An average encoding time interval T.w(n), or the average
time interval needed for encoding an P-frame, is determined
in step 108. The average encoding time interval Taue(n) is
then used to determined a target encoding time interval

Tes (n) in step 109. The target encoding time interval Teg;(n)

is inversely related to the desired frame rate.

The determined desired frame rate is then used to determine
a target buffer level for the P-frame in step 110. 1In step
111, the target buffer level, the actual buffer occupancy,

the available channel bandwidth, the desired frame rate and
the average encoding time interval T.w are used to determine

a target bit rate f(n) for the P-frame.

Based on the target bit rate f(n), bits are allocated to the
P-frame in step 112. The corresponding quantization
parameter Q is computed as described in [5] in step 113
using the updated R-D model from step 104. The gquantization

parameter Q is used to encode the P-frame in step 114.
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20 The determned desired frane rate is then used to

determne a target buffer level for the P-frane in
wente@/ 02121 In step 111, the target buffer | eveCT/sSGh@2/000206

actual buffer occupancy, the avail able channe

bandw dth, the desired franme rate and 25 the average

encoding tine interval Tave Hte used to deternmine a

target bit rate f(n) for the P-frame. Based on the

target bit rate f(n), bits are allocated to the

P-frame in step 112. The correspondi ng quanti zati on 30
Wphananktenekr | Sramapid ed Bsfdescr itdhed R-D [WbHeilnist epdated

113 using th pdateed R-D nodel fromstep 104. The
*aaRt FSarroh TRArSheREr RITS CSHCY Shcade “Phlethe whole
pBstFaftotiingt £pd 1dde- MR 200 32381 iRCTASL2084/ 880206

18 Wen the next frane is a P-frane, the R D nodel is
cnpadtRe tRgareEt P stePra04 O tive N5edt fepesdiiigast agérame
o2nd hBertWopbe, PPshransed nGord RLe- enceding Ekeegsgs

iterated for % encodi ng the next P-franme. If "the next
stpafe fgaan Ftfytere 1Of omohe Grovdiol Pifctbeesext I-
f?g§£Q, t he encodi ng process starts again at step 101

or the encoding of the next |- franme. 10 The
i npl enmentation of the steps 108 to 111 of the pre-

di . and 06 107 h
1B e ahenih RO &l G g 108 the it B FBR RPFT

enawibrg dessgé bath i srepdetiaid .ankb 1At eff the poeditngnebdang
ith I-frane, the initial value of the target buffer

SFEJ8I 2FSOFRRY af Zetf VP gTetidd) BOB, bet flesyrikgd in
detail.

After the coding of an i*® I-frame, the initial value of the

target buffer level is initialized at
T arget(0) = B, (tl.’ ; ) (1)

wherein
Be(ti,z) is the actual buffer occupancy after the coding of
the i*® I-frame, and

ti,r is the time instant that the i*™® I-frame is coded.

To determine the target bit rate of each P-frame of the GOP,
the target buffer level for the P-frame needs to be
determined. The first step of determining the target buffer
level is to determine the desired frame rate. This is
achieved by first determining the average encoding time
interval of the P-frame Tawe(n) using the following equation

(step 108):
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20 wherein Bc(ti,l) is the actual buffer occupancy
after the coding of the ith I-franme, and ti,l is the

woiom/sRtant that the ith I-frane i s coded. 2BCTIS8G2002/000206

determine the target bit rate of each P-frane of the
GOP, the target buffer level for the P-frane needs to
be determned. The first stldh of deternmining the
target buffer Jlevel is to determne the desired frane
rate. This is achieved by first determ ning the
average encoding time 30 interval of the P-franme
Tave(n) using the foll pw ng,equation  (step 108): WO
TdapL Q2ase., (CT)iSERaN 1000286~ RES(RY (n) =( 1-X (2)
ave(n- 1) +x*max Tc(n), FWanlﬁ(Z)r wherein 5 X
is a weighting factor T,,(n) is the actual tinme for
encoding the P-frame, and RTst is defined as
whRErebp) =0 i f max{TC(n),T.(n)}< -RT,,(n-1) or NpO5
(n)>0, (3) F, 10 RT, (n)=max{Te(n),T.(n)}+RTs,(n-1)-
m¢mnummmumqm$ﬁ&m(n1nFrJ(4) Fr otherw se,
ereJn fers to the |ar i nteger lLess than a.
e R AT T e DR Shgosig SRS G, Sha
Rpggﬁ%raakynggtasto a value of 0.125. The initial value

of the average encoding tine interval Tave(n) is
gi ven by

RTst(n)=O if maX{Tc(n),Tﬁ(n)}<FL—RTS,(n—l) or Npos,() 0, (3)

r

RT, (n)= maxlr, (0,7, ()} T, (1 1) - (B ELAT (0l R, (-2 |

F

r

otherwise,

wherein [aJ refers to the largest integer less than a.

The weighting factor ¥ is 0 < x < 1, and is preferably set
to a value of 0.125. The initial value of the average

encoding time interval T,w(n) is given by

7,.0)= (5)

and the initial value of RTs:(n) is given by

A variable Bpag(n) is further defined by the following

equation:
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Tave(O)F (5) r 20 and the initial value of RT5t(n) is

given by RTS, (0)=0 (6) 25 A variable Bmad(n) is
woéuondsvess2def i ned by the followi ng equation: WBCT/SG2002/000206

2004/ 023821 PCT/ SG2002/ 000206 20 Bmad (n) = u (n)

max~Tave (n -1), T f (n -1)} MAD( n) wherein u(n)

is the avail abl e channel bar?cRM dth and 5 MAD(n) is

the mean absol ute difference between the current

frame a . p eV| % fnanme. The avail abl e channel
Pa r(gywﬂpﬁ Mmt ed by the method
d&scribed in MiﬂD(n).O An average val ue of Bmad(n) is
then conmputed using the follow ng equation: TB, nad
(n) _ (1 )TBmad (n -1) + TBrmad (jz) (8) 15 wherein
w}l{ggggﬁn) is the average val ue of Bmad(n), and ~ is a
ighting factor, {Jreferably at a value of 0.125. 20

uAflﬁ et st hee vayail 2 TBRameLl andemsiihedanthe t ar get

AGIREL 19, chd T gyl e Sl gl B on.

trIBend(d| Yhe (@)evious frame.

The available channel bandwidth u(n) can be estimated by the
method described in [6].

An average value of Bpag(n) is then computed using the

following equation:

TB 0y (1) = (L~ JIB 1y (1~ 1)+ B0y (n) (8)

wherein

TBnaa (n) is the average value of Bpag(n), and

E is a weighting factor, preferably at a value of 0.125.

After the value of TBpaq(n) is computed, the target encoding

time interval Tgi(n) can be calculated as below (step 109):

T,(n)=A +T,(n-1) if B, (n)>B *IB,, (1), (9)
T,(n)=A,*T,(n-1) if  B,,(n)<B,*IB,,(n), (10)
Iﬁ@ﬂ=]ﬁ0y—ﬂ otherwise. (11)

wherein
A, is a parameter wherein 0.80 < A; < 1.00,

A, is a parameter wherein 1.00 < A, < 1.10,
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T.(n)=A2*Tf(n-1) if Brmad(n)<B2*TBmad(n), (10) 25
Tf(n)=Tf(n-1) otherwise. (11) wherein Al is a
woanarmesr wherein 0.80 < Al < 1.00, A2 is a paraceaein20e

wherein 1.00 < A2 < 1.10, WD 2004/023821

PCT/ SG2002/ 000206 21 Bl is a paraneter wherein 1.00 <
Bl <2.00, and B2 is a pare%Jreter wherein 0 < B2 <

1.00. The val ue of the target encodi ng tine interval
pTEi(n) rm fro a 9 (10 or (11)
hals PUP?EQSE & Vr}h ?L‘jjs]qJnég % ?)Pb equati on:
BJfﬂs(ra)mmnét,emawhar&ﬁny) €1R) < 41F004F, 10 wher ein the
initial value of Tfi(n) is given by Tr(0)=F (13) r
After the desired franme rate is determ ned fromthe
ThaVei Bee d5 e tthe dear gelcoenagdicnBet i ARLBLEr ¥al(n

Tfi(n), the average  nunber of franes Sklp ed due to
dehetmined eftot argnatdnendl®) r d$8Ur ess Sé(nl)lalfsfurther be

t e target buffer

gg%%ga ggng% t?{e(igro&églwggl%e%qgrgglgefl ned as foll ow
TST(n-1)=TST(n-1)- LTST(n-1)*F, | (14) F, 1

TST(n) Tﬁx O,T9Tgn-1) +m}x{Tc(n),Tf(n)}-- (15) F,

)

T \n)=min]— max!— T« 12
+l) 4F, 4F, il (12)
wherein the initial value of Ts;(n) is given by

1
T, (0)=— (13)

After the desired frame rate is determined from the inverse
of the target encoding time interval T¢;(n), the average
number of frames skipped due to insufficient computational
resources Sc(n) is determined in order to determine the

target buffer level.

Two time variables are defined as follow:

T8T (n-1)=TST(n-1)- [TST(’;:l)*F'J (14)
. 1
TST(n)=max{O,TST(n—1)+ maX{Tc (n),Tﬁ (n)}—F—} (15)

wherein the initial value of TST(n) is given by
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25 wherein the initial value of TST(n) is given by WO
2004/ 023821 PCT/ SG2002/ 000206 22 TST(0)=0 (16) An
wonsd4anssznunber of ski pped frane S, (n) due to PCT/SG2002/000206
insufficient conputational resources is then given by

5 S (n)=[TST(n)*F,j (17) and the average nunber of

ski pped franes due to i nsuf f4<i ent conput at i onal
resources Sc(n) is given by 10 S. (n) = L(1- 0)S, (n

- + *S,, (n)j (18 wherein 0is 0 <0 <1, and
ngi)(?)Fec?er ably set at a value of 0.125. The initial (16)
value of S,(n) is given by 15 S, (0)=0 (19) The target
buffer level for the P-frame can now be determ ned
asiingtthe hohbow of SauldDEd=Stes 111p)dueZQ:oB 1tnsu(fs‘f1c@ent

Nno (n-1)+S(n-1) T arg et(n) =T arg et(n -1) N -1
cwdpritiatiphagopefo@r¢D)is vitimmeigivEar dgpat (n) is the

target buffer level, 25 Ngop is the nunber of franes

in a GOP, and Wos(l) is the position weight of the

8.6 B8R Fame whi ch (17)

and the average number of skipped frames due to insufficient
computational resources S.(n) is given by

10

S.(n)=|-0)s. (n-1)+6 +3. (n)] (18)

wherein 0 is 0 < 6 < 1, and is preferably set at a value of

0.125. The initial value of Sc(n) is given by
s.(0)=0 (19)

The target buffer level for the P-frame can now be

determined using the following equation (step 110):

B (t. )__5 *B  Npas(r-D+5.(n-1)
T aI'g et(n) = T arg et(n _ 1 - c \"i,I s " N -
) N -1 ;; p (n+))

gop

wherein
Target (n) 1s the target buffer level,

Ngop 1s the number of frames in a GOP, and

W,,() is the position weight of the 1™ Inter-frame which

satisfies
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satisfies WO 2004/ 023821 PCT/ S&002/ 000206 23 Ng a
-1 Wos (I) = NgoP -1 and 5 WPos (1):5 Wpos (2):5
WO .20042023820S (NgoP -1) . As the R-D nodel is noPCe$a62402/000206
there is usually a difference between the target
buffer | evel for each frame _and the actual buffer
occupancy. A target bit raté€3i s thus conputed 10 for
each frame to maintain the actual buffer occupancy to
vbe target buffer level. The target bit rate for each
\ any§ deyerm ned by: f (n) = max{0, u(t" | )* max
n 1), T fi (n)}+ (y -1)(Bo (t" i)-T arg et(n))}
(21) 15 wherein f(n) is the target bit rate, tn,i is
the time instant the nth P-frame in the ith GOPis 20
affded, and y is a constant whichis 0 <y <1, and is
preferably set at a value of 0.25 . Since the
avai | abl e channel bandwi dth u(tn,i) and the average
tlne val . Tave(n-1) are used to
Qirﬁ%ﬁgn aﬁ e DYt rate for each P- frame, the
bit rate control nmet hod according to the invention is
adaptive to the channel bandw dth and the
A€ otiputRdD anale Ir ésounotesxaWd, 2004£828821sually a difference
PCT/ S 992/0002

between e targe%6bu%%er level for each frame and the
actual buffer occupancy. A target bit rate is thus computed
for each frame to maintain the actual buffer occupancy to be
target buffer level. The target bit rate for each frame is

determined by:
f(n) maX{O u( ) max{Tm(n 1 }+ y 1 BC(,”)—Target(n))} (21)

wherein

f@ﬂ is the target bit rate,

ta,; is the time instant the n™ P-frame in the i*™™ GOP is
coded, and

Y is a constant which is 0 < y < 1, and is preferably set at

a value of 0.25

Since the available channel bandwidth u(t,,;) and the average
coding time interval Tawe(n-1) are used to determine the
target bit rate for each P-frame, the bit rate control
method according to the invention is adaptive to the channel

bandwidth and the computational resources.
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Further adjustnment to the target bit rate can be made

using the follow ng wei ghted tenporal snoothing
weqgoatness2l . f(n)=max u(t"')*max{Tale(n-1), Ts, BCNBEG2002/000206

+Hhd, (n-1),xJ(n)+(1-)xf(n-1) 3 5 (22) wherein f(n)

Is the snoothed target bit rate, t is a weighting

control factor constant whicl is set preferably at a

value of 0.5, and 10 Hhdr(n) is the anobunt of bits

0 f n_vectaor _and he
gl O PUERELLLI AL o0 01 4501 0,200 USBHCLiing
tuetéohineﬂngbweﬁghn&ﬁzﬁémpnﬁaﬂjsMnmtaam@ thaaﬁenbased

on this target bit rate (step 112). 15 The

correspondi ng quanti zation paraneter Qis al so

cal cul a gipgﬁ 1 )ﬂqsL the nethod disclosed in
B} maT Hzbi ) paF balw(er iR 3 - 1)}
then used for coding the P-frame (step 114). 20 ‘After

the coding of the P-frame is conplete, the paraneters
of the R D nodel is updated and the nunber of sklpped( 2
wheapes due to buffer overflow are determined in the

post encodi ng stage (step 104, 105), respectively,
£48] ngS t Hee netPRid e ditedigsde diitn TRSE, 25 In a further

p_ of 0 odi ge (ste t he
Itlge%%%{%ﬁt&%fc%%ﬁc%oenco r?% ﬁfbég’tésgta Ehl;htﬁg set
pﬁafeemblyfaﬁne-v&iuhﬂaﬂwn 56daﬂ$lng the foll ow ng
% Elon 2004/0238 1 PCT/ SG2Q02/ 000206, 25
Hmk n) 1s the amount its used for shape information,

motion vector and header of previous frame.

Once the target bit rate is determined, bits are allocated
to each P-frame based on this target bit rate (step 112).
The corresponding gquantization parameter Q is also
calculated (step 113) using the method disclosed in [5].
The corresponding quantization parameter Q is then used for

coding the P-frame (step 114).

After the coding of the P-frame is complete, the parameters
of the R-D model is updated and the number of skipped frames
due to buffer overflow are determined in the post-encoding
stage (step 104,105), respectively, using the method

disclosed in [5].

In a further step of the post-encoding stage (step 106), the
sleeping time of the encoding process after the current

frame is determined using the following equation:
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ST, (n)=max -RT,,(n-1)-max{Tf(n), TT(n)},0 +NF (n) (23)

Fr wherein ST. ,(n) is the sleeping tine of the
wenoewmdsig1 process. 5 The starting encodi ng ti RETSG2¢0RA00206

next frame can then be obtained using the follow ng

equation: SCT(n)=T,, (n) + (n - 1) + ST, (n) (24)

10 wherein SCT(n) is the st i ng encoding tine. The

starting decoding tine for the next frane can then be

obt ai ned ysing the follow ng eéﬁ%} s ep 107):

SSIT% n)nax{éﬂﬁf b - PShaxfr, (AT is the 53

sfa?tlng Hecoding t1 me fQF the next frame
is then transnitted to the decoder to decode the next
frame at the tine indicated by SDT(n). 20 It should be

that Jyn h e f ) SDT(n
wﬂg£§?%n%ﬁis eﬁ%o gg %ﬁéggggghgymgd%§rééglu%IOdl ér cess.
1/ Fr, and necessary tine should be el apsed when the

u is in danger .af ov ow. 2 0 denDnstrate
B e85y R0 AoV Lo 28 To_deronst [l .
oBEEOREH NGs 119y tie: ifvIaRkIiey Rasakeen:met, the rate

control nethod according to the invention and the

rate control met hod used in the standard MPEG 4

ng-@@ z:qgne)g%\@ﬂ ii)'+eS]g\QL()2004/ 023821 PCT/ S&002/ 000206 (24)

two' Vi sequences, and their
perfornances are conpared accordingly.

wherein SCT(n) is the starting encoding time. The starting
decoding time for the next frame can then be obtained using

the following equation (step 107):

SDT(n)=J~M-[ (25)

F

r

wherein SDT(n) is the starting decoding time. The SDT (n)
for the next frame i1s then transmitted to the decoder to

decode the next frame at the time indicated by SDT (n).

It should be noted that in the determination of ST.(n) and
SDT(n), no frame is encoded twice, the time resolution is
1/F,, and necessary time should be elapsed when the buffer

is in danger of overflow.

To demonstrate that the objective of the rate control method
according to the invention has been met, the rate control
method according to the invention and the rate control

method used in the standard MPEG-4 encoding device are
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The two video sequences are referred as "weat her" and
5 "children", respectively, and are in the size of

wQRhH/02Fe predefined frame rate, F,, is 30 fPpET/SG2002/000206

(frames per second), and the length of each GOP is
50. The avail abl e channel bandw dth and the
conputation tinme used for eﬁgbding each franme of the
vi deo sequence are shown in Fig.2 and Fig. 3, 10
tiLye C abov
FRIZES; Pkl PRGOSl Alr i e B R e B e
cbppardficacootdahgbuf f er fuIIness is set at BS/ 8 and
the initial quantization 15 paraneter Q is set at 15.
Fig.4 and Fig.5 shom1the Peak Signal -to-Noise Ratio

TOBSNRY vOded heegueatdierarant feaidadign wi-dee rsegygnce
“uslng the rate control nmethod according to the
FRYAAEPBN, aRSRPE HE e 23 cbittoll imdtiso§ 1gse@fi RCIF. The

oVBEGr fneliesperd i voly, slhe; @ngagﬁep$%@%ﬂestﬁgr econd)

"weat her" vi deo sequence using t rate contro
apgt hbe heeotli o each KO nvedli.on The 34aiBa@Be channel

t f th vi deq.

b§28ﬁ§%g% %§d3§$£ %ﬁe rgfg)cgﬁ'rol %et%%& use 8%Hg each

fWE’Eé} 4fi ’shéZvﬁd@IdB sed@ienidaardng, shioemavaer a“gg.ESNRdoFighe,
ren vi deo sequence wusing the rate contro

rﬁﬁ?ﬁg 1%&tbrding to the invention is 30.51 dB,

wherein the average PSNR of the "children" video

sequence using the rate control nethod used in MPEG 4
The '3ptval g7 YEe W 2004/823¥821 'PEPFSPBO2006208S S 2Fhan

tﬁeef)eé@éelnécﬁ £athde Seen hat e a\f%ﬂ@ﬁﬁ%‘ﬁ phekbe
i deo sequences using the rate control met
faéé6?§$nﬁst%ﬁ¢fﬁ$ Bs/8 and the initial quantlzatlon

parameter Qp is set at 15.

Fig.4 and Fig.5 show the Peak Signal-to-Noise Ratio (PSNR)
of the “weather” and “children” video sequence using the
rate control method according to the invention and the rate

control method used in MPEG-4, respectively.

The average PSNR of the “weather” video sequence using the
rate control method according to the invention is 34.16 dB,
wherein the average PSNR of the “weather” video sequence
using the rate control method used in MPEG-4 is 32.6 dB.
Similarly, the average PSNR of the “children” video sequence
using the rate control method according to the invention is
30.51 dB, wherein the average PSNR of the “children” wvideo
sequence using the rate control method used in MPEG-4 is

29.87 dB.
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15

invention is higher than using the rate control nethod

of MPEG 4. 5 Fig.6 and Fig.7 show the actual buffer
woceoupasey for the "weather” and "children” vPAdes8G2002/000206

sequences using the rate control nethod according to

the invention and the rate _control nethod used in

MPEG 4, respectively. 10 As <an be seen fromFig.6 and

Fig.7, the occurrence of buffer underfl ow using the

tr [ r th .

B T e
séqhéhdeenﬂsym@ebhseqﬂsnc&nﬁﬁhﬂraemﬁomOabub&dﬁng to the
.unde f|OMIl r t two vide seqguyences using the

s POPEELRR o n I Hod P Gt N a o CTe CRpSREtofe togs! of
MBOO44023821 PCT/ SG2002/ 000206 28 The fol | owi ng

docunents are used in this specification: [1] H J.Lee

and T.H. Chiang and Y. Q Zhang. Scal able Rate Contro
F§8r6N§§§}ﬁl§fﬁ39qu%%% Tansy Suredit oéﬁ%banc? Ybdeone

Technology, 878-894, 2000. [2] T.Chang and

“wegtzgah and\ ‘Préwlromeél c oritdes| seghemeegsivagngqbhdr aste

[ . | EEE . . Creyi S
o %foﬁfé%%o%gy el o 1931t 1g1 3y bne it
cBnbasl Coeerd wrell Snl @PEGCREL e resperaliveayDCT vi deo
coding for |owdelay communi cations. |EEE Trans.
Circuit Syst. Video Technol ogy, 9: 172-185, 1999. 15
Ab4AtaA Met s@on HSun mnd 6Y Wangi gVMPEGtAer ateueoshedl of or

buffer underflow using the rate control methed of MPEG-4 is
12 times for the “weather” video sequence and 18 times for
the “children” video sequence. There is no buffer underflow
for the two videos sequences using the rate control method

according to the invention.
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mul tiple video objects. IEEE Trans. Crcuit Syst.
Video Technol ogy, 9: 186-199, 1999. [5] Z G Li,
W& 2004023821 Zhu and F. Pan. A novel rate control PRD/SG2002/000206
schenme for video over the internet. In Proceedi ngs
| CASSP 2002, Florida, USA, Vol.2, pp. 2065-2068, My
2002. [6] Z. G Li, N Ling, C.ZZ?hu, X. K. Yang, G N. Feng,
S.Wi and 25 F.Pan. Packetization algorithmfor MPEG 4

in Ayl ag] Ll Vsl e internet. Ln_.
e o SRR R B ol S e Bk it
California, pp. 17-20, June 25-27, 2002. WO
04/ 821 P Q2/ 000206 9_What is clainmed is
A PP RS 0T SotTrarS A5 e Or 4PE For SeACORLRoRars
Vi deént BETUEHE ePRIier giikidde T¥Edea raaguencecGoapLEyses
a 5 plurality of Goup O Pictures, wherein each G oup

of VPR uFecliiidveed %6t 878adP%an 20%rane and an
Inter- frame, the nmethod conprising the foll ow ng

[ShepSchfq tiity eneoging of eagh r'ag%%zakgég? 58nLRE using
G oup of %I cture: Determning a desire rane rate
basedadraaic 10 eyl ilsdigire lvanowidgtlhngf. aEEHafinehswhCthcuit
is f.or ransm t.itin he ,vi.d se ce and on
avalg)?ggl e\%%eon'pﬁetcginlo&r?glygrte7§o&r406eg%196r QEEZ' encodi ng
process; Determning a target buffer |evel based on
e esired, frane rate and.the position of the Inter-
(337 1 RIS T T R Er L 6 Ld | REAREoNERaT bbt SFH Hiep
a tas@eig bfdr rade-deased cotniuhe chargat . IEEE Trans. Circuit
Syst. Video Technology, 9: 172-185, 1999,

[4] A.Vetro, H.Sun and Y.Wang. MPEG-4 rate control for
multiple video objects. IEEE Trans. Circuit Syst. Video
Technology, 9: 186-199, 1999.

[5] Z.G.Li, X.Lin, C.Zhu and F.Pan. A novel rate control
scheme for video over the internet. In Proceedings
ICASSP 2002, Florida, USA, Vol.2, pp. 2065-2068, May
2002.

[6] 2.G.Li, N.Ling, C.Zhu, X.K.Yang, G.N.Feng, S.Wu and
F.Pan. Packetization algorithm for MPEG-4 Fine
Granularity Scalability over the internet. In the 3%
workshop and Exhibition on MPEG-4, USA, California, pp.
17-20, June 25-27, 2002.



10

15

20

25

30

buffer | evel and the avail abl e channel bandw dt h,

wherein the target bit rate is used for controlling
woheodriass21f or encodi ng the video sequence. 20 BCT/5l32002/000206

method for rate control according to claim1,

conprising the further steps of: Determning a target

encoding time interval for £Re Inter-frane; and 25

Determ ning the desired frame rate based on the

W]dgt erm Eedmtegrgest encoding time interval. 3. The
ontrol according to claim?2, wherein
the target encoding time interval for the Inter- 30
frame is determ ned based on the avail abl e channe

1 bakdfiedfR9ah8T afCRVEP A Encddi 1Y i ¥ iSHAYVAI Fsdddee
f oI5 WR.2004/ Q23824 P4 SE2002/ D206« Idmcading the

Inter-frame, wherein the average encodi ng tine
i nedmrall ity Otfhérpﬁpe@f f PheeuTss prdporeiorach aawe of

aval;l-ahle Eg%#&g&ﬁgé‘ 1Egsources £ he £neo é{-t%r—

pr ocess. or rate control according to
cl &iram@, thhemethcdheomzarg@in@nUmjlIﬁglltqwmq rtepelfor the

ter- t
osrtBE 8 85 hhA Eat Sr SR SRS I B Y
*T'nadﬁ@%ermfﬁiﬁ )a-dé%lfgd'ffamé'&aﬁ@ﬁ@a@@h nBén

*TBmad (n) , T.(n)=Tr(n-1) otherw se, wherein
available bandwidth Of a channel which is used for

transmitting the video sequence and on available
computational resources for the encoding process;

. Determining a target buffer level based on the
desired frame rate and the position of the Inter-
frame with respect to the I-frame; and

. Determining a target bit rate based on the target
buffer level and the available channel bandwidth,
wherein the target bit rate is used for controlling

the rate for encoding the video seqguence.

2. The method for rate control according to claim 1,
comprising the further steps of:
. Determining a target encoding time interval for the
Inter—-frame; and
. Determining the desired frame rate based on the

determined target encoding time interval.

3. The method for rate control according to claim 2,
wherein the target encoding time interval for the Inter-
frame is determined based on the available channel

bandwidth and an average encoding time interval used for
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15 Tfi(n) is the target encoding tine interval for the
Inter-franme, Al is a paraneter wherein 0.80 < Al <

w0 2003/0238282 i s a paranmeter wherein 1.00 < A2 <paT/832002/000206

Bl is a paraneter wherein 1.00 < Bl < 2.00, 20 B2 is a
paranmeter wherein 0 < B2 < 1,00, TBmad(n) is the

aver age of Bmad(n), and B3 (n) is defined as \

u(n) maxt Fav, (n -1),Tf (n -1)J Bnad ~nl - MMXfI) 25

whe . u(n S Aabl nn I band dt h
Tavé?ESF}HésQ?%eI%%%?gé%mgdco %TI%E §F€§F pgroding

t hetinteinteonel fmnd VAW Zﬁﬁﬁdﬂxﬁﬁﬁ&b E@T@SG@@Q2&68@2060 the
31 N%E{n% is the nmean ahsolute diffe enc bet ween t he

cur PERL-F Ja%ec%ﬂl%“ﬁtel TSRO &re TO8. TiRe CRECAORY
forpratesgontrol according to claim4, 5 wherein the
target encoding tine interval is further adjusted by
Tf(n)=mn 5 max 3 ,Tf(n) 4FT 4F, 10 6. The nethod for

472t €n.EORL£19ba BESOT NG Gl Al Mdorhier %'onctla m 3,
average encoding tine interval for the” Inter-frane is

det shefrebd b ngetarerastdialg énoediingerviade font hvalnter-
for bl o 14 S { LA d Bstng M5TEOA ARG LELETORLL O

accor

Tﬁ(n)=A1*Tﬁ(n—1) if Bmad( )>B TBmad( )
Tﬁ(n)=A2 *Tﬁ(n_]') if Bmad (n)<B *TBmad( )
Tﬁ@)=1}(n—1) otherwise,

wherein

o Te; (n) is the target encoding time interval for the

Inter-frame,
. A; is a parameter wherein 0.80 < A; < 1.00,
. A; i1s a parameter wherein 1.00 < A, < 1.10,
. B; is a parameter wherein 1.00 < B; < 2.00,
° B; is a parameter wherein 0 < B, < 1.00,
. TBmaq (1) 1s the average of Bpag(n), and

. Bunag (n) is defined as

u(n)max e (n —-1),Tﬁ (n —1)}
MAD(n)

B, (n)=

wherein
. u(n) is the available channel bandwidth,

. Tave (n—1) 1is the average encoding time interval for

the Inter-frame, and



wherein the average encoding tine interval for the
Inter-frane is further determ ned based on the target
wenoemdesigiti ne interval and the nunber of ski ppe®/s$G2002/000206
franes due to buffer overflow 20 8. The nethod for
rate control according to claim7, wherein the
aver age encoding tine intervdl for the Inter-frane is
determ ned using the foll owi ng equation: 25 T.ve (n) =
(1-,x)TOve (n .-1) + max Tc (n), F - RT, (n -1) T
mhereiﬁﬁgknpslg %@Fgﬁ??ﬂgaP%BiBF? d#ff%fé?%et$ﬁ¢¥ﬁﬁQEﬂhe
encodi ng drici®, F¥WEN0Q46028824r PETH 9620820000206 32
Fr is a predefined frane rate, and RTst is further
defined as RTS, (zz) =0 if max k (n), T, (n )} < -
RTS), -ddeifia MG ke 2olerol® - -
5% thtd trol d t 1 4,
BT, (n) =max{ T, (N} TF(Nn) TR, J(nofyoreing to ciaim
[ (rrelxe O )L IR (TRoeRT encedinpFine Enteovhér wssEurther
wher ei n__Npost(n) is the nunber of skipped frames due
to aiiﬁ?%gpgaerf|OML 10 9. The nmethod for rate contro
according to claim5, wherein the target buffer |evel
is determined such that an Inter-franme which is
nearer, to the $-franme3in,t co
?ﬁ (n)= m1nT4F ,,maXTE,Tﬁ @?}} .

r

6. The method for rate control according to claim 3,
wherein the average encoding time interval for the
Inter-frame is determined based on an actual encoding

time interval for the Inter-frame.

7. The method for rate control according to claim 6,
wherein the average encoding time interval for the
Inter-frame is further determined based on the target
encoding time interval and the number of skipped frames

due to buffer overflow.

8. The method for rate control according to claim 7,
wherein the average encoding time interval for the

Inter—-frame is determined using the following equation:

L)~ (=) 0= ems 7. o) -7, 1)

r

wherein
. X 1s a weighting factor,

. T.(n) is the actual encoding time,
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has a higher target buffer |evel conpared to another
15 Inter-frame which is further fromthe |I-frane

woebmrngsszyg to the sane GOP. 10. The net hod f oPCTAG2002/000206

control according to claim9, wherein the target
buffer level is determ ned using the 20 follow ng

equation: ((ti, I SBS Bc (i32 - Np,51(n-1)+S, (n-1) T
arg et(n) =T arget(n-1)- N WPO, (n+ j) SoP 1=0
wherein Target(n) is the target buffer |evel, Ngop

i s the hwiep Bfefledipedi frameoate25mBE s the buffer

sizg |s t ctua uffer occupancy WO
2004/0 91+ @%&%é%ﬁﬁﬁg i s an average

nunber of sklpped frames due to |nsuff|C|ent
avai | abl e conmput ati onal resources for encoding the

VRIS R IR RS oL AT . 9,
Infjerofram:l whi ch satisfies Ns Emiﬁg’%k‘bbp'\%o (h) 1]),)lFJ
-?EGR#E q‘%ﬁn%{ﬁ%fﬂ?& E(ﬂ é):cordl ng 10 clarm 10,

wherei n the average nunber of skipped franes due to
otherwise,

wherein Npest (n) 1s the number of skipped frames due to

buffer overflow.

9. The method for rate control according to claim 5,
wherein the target buffer level is determined such that
an Inter-frame which is nearer to the I-frame in the GOP
has a higher target buffer level compared to another
Inter-frame which is further from the I-frame belonging

to the same GOP.

10. The method for rate control according to claim 9,
wherein the target buffer level is determined using the

following equation:

B N poge (n=1)+8,, (n-1)
T arget(n) =T arget(n—1)- C(l_‘]l\rl) 61+B * YW ))

gop J=0
wherein
. Target(n) is the target buffer level,
. Ngop is the number of frames in a GOP,
. Bs is the buffer size,

. B. is the actual buffer occupancy,
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15 insufficient avail able conputational resources for
encoding the Inter-franme according to the desired

woram23nate i s determ ned based on an i nst ant POUSIERE02/000206

of skipped franmes due to the insufficient
conput ati onal resources while encoding the
Inter-frame. 20 12. The method for rate contro
according to claim11l, wherein the instant nunber of

ski pped, franes due to insufficient, conputation

resour élesaHe?g?ﬁ?%%dn?éhﬁﬁiOéwgk*ﬁ? tﬁﬁﬂm%§n i G
tinme iniefnEicdrett Beat abpet 26meAeQdisfal i MBsources for
interval. 13. The nethod for rate control according to

cl ai m BRACOARSr PR ERESERSFENE AGRBEALRY &%kipPpediesired
frames d,9medet@em ggd using the follow ng equation: 30
WO 2004/ 023821 PET/ SG2002/ 000206 34  Si(n)=

LTST( n)WEr() wherdien pBSTti)oni siefighther dati p€dIaser5frame
TST(n) =max O TST(n-1)+max{Tc(n), Tf(n)} Fr and

TST(n- ¥hiich gatigédeas TST(n-1)=TST(n-1)- | TST(n-1)*Fr

Fr 10 wherein S, (n) is the instant nunber of
skippedgpﬁﬂn@§=qWe tp insufficient conputationa

resour ceg, ™ s

and

Wpos (1) = Wp (2) =-- sI/Vpos (Ngup - 1) *

oS

11. The method for rate control according to claim 10,
wherein the average number of skipped frames due to
insufficient available computational resources for
encoding the Inter-frame according to the desired frame
rate is determined based on an instant number of skipped
frames due to the insufficient computational resources

while encoding the Inter-frame.

12. The method for rate control according to claim 11,
wherein the instant number of skipped frames due to
insufficient computational resources is determined based
on the actual encoding time interval and the target

encoding time interval.

13. The method for rate control according to claim 12,
wherein the instant number of skipped frames is

determined using the following equation:
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T,,(n) is the actual encoding tine interval, and 15
Fr is a predefined frane rate. 14. The nethod for rate

woanidroads2accordi ng to claim 13, wherein the arerage02/000206

nunber of skipped franes due to insufficient
conput ational resources is determned using 20 the
fol | owi ng equation: Sc(n)= I34-0)Sjn-1)+0 *Sc(n),
wherein 25 0 is a weighting factor. 15. The net hod
for Se coR according to claim14, wherein the
tar@éﬁ b1 &ST; @Jﬁf}ls det ermi ned based on the WO
2004/023821 PCT/ S&002/ 000206 35 average encodi ng
time interval for the Inter-frame, the average nunber
of gkd pyied fomemes idueut-ehersubkige@nts conputati onal
resources, the target buffer level, the available
channel bandw dth and actual buffer occupancy. 5 16.
The nmethod for rate control accor |3E1to clains 8 and
15, TM@?@hﬁx mﬁf@igﬁuﬂm r(;a)tze § erm ned using
the follow ng equatlon
7(n)=max{0, u(tni)* naxk,(n D TfUﬂ}+ y-1)(B. (t"i)-Tar
get(n))J wherein f(n) is the target bit rate, t,,,I
ist st an th Inter-frame in the 15 ith
oo tE B o Sstted Sonatant . 17 The et hod f or
rate control according to claim 16,

I8T(n-1)= 18T (n-1)- [TST(”F‘l)*FrJ

r

wherein

. SZOO is the instant number of skipped frames due to
insufficient computational resources,

* T.(n) is the actual encoding time interval, and

* F, is a predefined frame rate.

14. The method for rate control according to claim 13,
wherein the average number of skipped frames due to
insufficient computational resources is determined using

the following equation:

&OQ=M‘GFJ”"D+9*QO%

wherein

* 0 is a weighting factor.

15. The method for rate control according to claim 14,

wherein the target bit rate is determined based on the
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wherein the target bit rate is further adjusted by a
20 wei ghted tenporal snoothing using f(n)=max

waRoew/023semax!| ~v, (n-1), Tf,i (n) ~+H , d, (n- 1), xf ( NPETBEGR002(000206

n-1) 3 wherein 25 f(n) is the snoothed target bit
rate, t is a weighting control factor constant, and
Hhdr (n) is the anmount of bit¥ used for shape

i nformati on, notion vector and header of previous

f 1 0Q2/.00020 36 18. Th
n;? o%rgg?wggﬁggéggtro accorggﬁg%%5 33ai§?£?r u??ﬁé?

con@Vésa@@ mwmbénﬂdﬁnmkuppﬁ@eﬁ&ame@eﬁaenmbimgsaff1c1ent
slee tinme of each frame r th frame i s coded,
SRl s e G TOr e POF LBRchoBrLs hehe
ffaﬁﬁai&@%ﬂb(Ehdﬂﬁkﬂﬂbﬁﬂdw1$t&|@Q@lB@thbﬂebuffer occupancy.
Determ ning a starting decoding tinme of a next frane

based on the conputed starting encoding tine, and

15 afsei hd e ths: deley lped oSt %Uogalﬂgcegi Bgﬁﬁnges }rqd

to a decoder which is designed for ding t
seqbenceergin tﬂﬁahﬂ@@@@dhﬂ@rrﬁ&ﬁel@odﬁt@tmanedrdsngg the

n the sleeping tine is determ ned
accor&}nf%%)?#gggl follomnng formula: ST, (n) = max
1 - RTS (n-1) - mx{Tf (n), T,,(n)},0 + NpoS " nl

F() = max{o,ufe, s max{T,,, (1~ 1) 7, ()} + ( ~1B, (1, )~ arg ex(n))}

wherein
i f@ﬂ is the target bit rate,

* t,i is the time instant the n'® Inter-frame in the

i*™ GOP is coded, and

i Yy is a constant.

17. The method for rate control according to claim 16,
wherein the target bit rate is further adjusted by a

weighted temporal smoothing using

3

f(n)=max{”(%)*max (117, ()} +H,,d,(n_l),uxf(n)+<1_u)xf(n_1)}

wherein
o f(n) is the smoothed target bit rate,
. nw is a weighting control factor constant, and

. Hpar (n) is the amount of bits used for shape
information, motion vector and header of previous

frame.
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Fr Fr wherein ST (n) is the sleeping tine of the
coding process. 20 20. The nethod for rate control

weacomrodsszg to claim 19, wherein the starting eacsdo03/000206

time is determned according to the follow ng
formula: 25 SCT(n)=TT(n)+SCT(n-1)+ST, (n) wherein
SCT(n) is the starting encodithg time. WD 2004/ 023821
PCT/ SG2002/ 000206 37 21 The met hod for rate control

SBEERHNEAS) LTS, S8l Dethe gt desed o

s de erm Hed 2 AcSOY

f or futiehed &l{(#i)s3nSCHpR) *flo,l 1 olvingWaeepeksn SDT( n) is
the starting decoding tine. 22. An apparatus for

cont r ol0gtegtimé ngare SfePPEREOHING af 2@ckifewne after the
sequengs,, whereinLhe video sequence conprises a
pl urallty ot érgup Pi ctures, wherein each G oup of

Pi ct ur ocamingeg at sltaashngnsnboam@emﬁ@ &N dddIelof the
frame, the az}parat us conprises a processing unit being

adapt ed %28 PFSF‘WPPhEhFoFP]SWEﬁdSFé%%p¥%9‘ thee,
d
b ot ur eEelndREnd SPRELLhERLIAa S OB o peir fpame

avai | alblaes doladwittieh cofipat eianneat t by cdanctcsdusgedtirm, and

transm tting the video sequence and on avail abl e
conbut deEFAL tréaguFBEs IpbPTIhRE@nE bRT AP Hprdveading time

to a decoder which is designed for decoding the

video sequences.

19. The method for rate control according to claim 18,
wherein the sleeping time is determined according to the

following formula:

ST (n)= max{Fi ~RT,(n-1)- max{Tﬁ (n)T, (”)},0} + —N”}";‘ ()

wherein ST.(n) is the sleeping time of the coding

process.
20. The method for rate control according to claim 19,

wherein the starting encoding time is determined

according to the following formula:
SCT(n)=T,(n)+SCT(n-1)+ST, (n)

wherein SCT(n) is the starting encoding time.



20 Determining a target buffer |evel based on the

desired frane rate and the position of the Inter-
wobnremm2si2t h respect to the I-frane; and Det er RCTiSBQ002/000206

target bit rate based on the target buffer |evel and

t he avail abl e channel bandw dth, 25 wherein the

target bit rate is used for %Bntrolling the rate for

encodi ng the video sequence. 23. A video encodi ng

evi f ntrolling the rate for ..encoding_a video
Zgéqgggc%?{aﬁgré?ﬁ 5$%gé?ﬁgﬁxgeéﬁ§ﬁ%€l§€ g8nﬁgﬁégsbg’
pl uwaéié yn of hdx Ot O Pidetaadds,g wWhekeiis dacbrMOned
2004/ 023821 PCH]@%QO /.000206 _ 38 Group of Picture
conPrieediny fedste oS eE OARGLER I nter-frane,
the encodi ng device conprises a processing unit being
adapted to performthe follow ng steps for the :
enc 85,2’9)_0|[SC€TE£E ‘Hijter-frame in the Goup of 5

Pi cture:’” Detgrmining a desired frane rate based on an
avai | abl e bandw dth of a channel which is used for
transmtting the video sequence and on avail abl e

conput at j on sources for the encodi.ng process; 10
et BV gL 2 U8 get B Far Tl Spaedatan tis:
desired frane rate and the conplexity and the

ion of the Inter-frame with respect to the |-

osi t , ,
ZEra%%;aEﬁﬁFaqﬂﬁ(§9ﬁlﬂQQ§QQlﬂéP§th8ifaFﬁtéoﬁagéﬂo%hngh%

10 targedeo 1o hiffer, heveleiandntheiavai kablhenchbaphghrises a
bandwi dth, wherein the target bit rate is used for
conpteraiigy of Group Of Pictures, wherein each Group of

Picture comprises at least and I-frame and an Inter-
frame, the apparatus comprises a processing unit being
adapted to perform the following steps for the encoding

15 of each Inter-frame in the Group of Picture:

i Determining a desired frame rate based on an
available bandwidth of a channel which is used for
transmitting the video sequence and on available
computational resources for the encoding process;

20 d Determining a target buffer level based on the
desired frame rate and the position of the Inter-
frame with respect to the I-frame; and

d Determining a target bit rate based on the target
buffer level and the available channel bandwidth,

25 wherein the target bit rate is used for controlling

the rate for encoding the video sequence.

23. A video encoding device for controlling the rate for
encoding a video sequence, wherein the video sequence

30 comprises a plurality of Group Of Pictures, wherein each
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the rate for encoding the video sequence.
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Group of Picture comprises at least and I-frame and an
Inter-frame, the encoding device comprises a processing
unit being adapted to perform the following steps for
the encoding of each Inter-frame in the Group of
Picture:

. Determining a desired frame rate based on an
available bandwidth of a channel which is used for
transmitting the video sequence and on available
computational resources for the encoding process;

. Determining a target buffer level based on the
desired frame rate and the complexity and the
position of the Inter-frame with respect to the I-
frame; and

o Determining a target bit rate based on the target
buffer level and the available channel bandwidth,
wherein the target bit rate is used for controlling

the rate for encoding the video sequence.



