, | JKLe3eh$R6Th" . . . 18 Septenber 2 * * MOVI NG Pl CTURES ENCODI NG
“WXTH* CONSTANT OVERALL BI T- RATE Fi el d Bﬂ@“@%ﬂ%ﬂm on 5 The present
invention relates to a nethod and app ... coding noving picture
In particular , the present invention rel #8% to a met hotd Septemppard8Qs for
performng variable bit rate control i m“mmm vi deo encoder while

mai ntaining a pa., scalar over all b“““mm kground of the Invention

| O One of the main obstacles faced by 1 n Ly dealing with digital video
processi ng storage and transm ssion is the large anount of data needed to
represent analog video in the digital domain. Accordingly digital

conpr essi . ( 3P | [ oGS, € ion in
Toquired POV ERETIRES ERCIDIRY WEDR CONSTANT CIPERRT, BITRCTE, T
conpressi on techni ques can be derived fromthe |1SQO | EC BEG St andards, the
ISO1EC 1 1172-3 (hfPEG 1)) tae ISOIEC 13818-2 (' ~IPEG 2) and tae |~fPEG Z
‘TM- (t dEieldipfidle igyendeavel oped by the. Mbving Picture Ezperrs Group of the
Irteraational O ?anisazion for Standardization. The discl osures of those

st andards docunents are hereby expressly incorpora:ed into this

speci§ iTa peReRYint SiRhaBERs VPGethddsant lapSartRETS EESbaIRg ThAMERP B nRls, Uﬁeg In

VideoC D waffle hiPEG 2 is the video cospression standard used i n DV-D and
many dipardculars.bhe adesast invaptisy stlans 0 ImetnPRESE speadas der poaforming varizbie t. ~/. e
srnta.~.of r.~ e conpressed bit eq-tns a ~d. nethod of decoding Tl:e

" Cew ittt cporaiil mena o neecet S relyautEd Pl VR rsper o and
any 35 form of encoder may be ernployed 4s long as the resulting bi;sream
~conior,.s wt~a the s~ecitied svncir. la cer-.a.in applications such as
‘vi deo Baskgreundeafithe Imveaden der ), it is posSI bl C CO uSC vsri.:ble bit rate
(VBR), encoding. A VBR encoder is abie to vary its output bit-r:~te over a
| arge. 30 range c:”,ar: a CBR encoder. y~d LhlS would grnrrate an out put
whi ch Iltage af (Y aigibsiagt red byl &RildHy ddaling widigitaivaded prBcsssingl storabe’ | 8
Sept enber 2002 visual quaiiry. :fin exanple of a VBR encoder i's described
in Uni 284 Susrussigraisene langenasequnt ofdaty newie) 1@ rapireseicanangayidso,in the digital

Quanri—ation"., |n order to .maintain a m ~ir bit rue allowed by the
SRR . MY A A L L R G R R R R e L
pi ctur radis@tin @Neeuitf BehsiiLiofhahidittodRbidsesz6t Onevariefateucgsch VBR
encoders utilise 5 nultiple encodir.~ passes. In the rirst encodi ng pass,

t he I§i comnressien leshninwdseae be dedyed fxor shaelSQ/IEC MPEe Ssangdardse gheelS6V I=Gch

uant| 940737 CHEECRHS AERIFHC 13712 TRER AR0Re MpEt TVt el bt
utilisabhj gsvélbpad by t@Movifg Picnerd Expetd GHABGh e MiremAddiab Degahisiibn tdget f or

each scene or picture such tl zat an overall target nunber of bits to code
t. ~e Séydmdizaden.f Thedisclgsues slathoserreandands dperneniss arerhgredyiexpmssiyvi ol at ed.

In cases. that Dbit i.liLsatd on infornatio jned i s _not .close.tqg that
Fequi r SRR v R s R, O (el Biee” YBRER Rifie FReBRinde 86y pass
nust200 st RE Mg OD dillePEGD UIhetideRERRMRERMIHMMEFS BdeldGR DVEPMAi z€. ' The
i ngut sequence is coded in a final pass usin; t':e ge.”. erated bit 15
budget mafbEigiel breadeastinhsvseast he target birs or overall bit rate.

Mul ti pl e-pass VBR a”“coders requires |large storage nenory for internediate
bit utilisation iniornation) and |lar~e conputation needs for t~ ~e

addi t i ongl M¥ESE e&nands bidcifPedBahe syniax of the compressed bitstreams and method of
decoding. The method of implementation in the encoder is l2ft to the developer, and any
25 form of encoder may be employed 2s long as the resulting bitstrzam conforms with the

specitied syntax.
[n cermin applications such as video storage device (recorder), it is possible to use variable

bit rate (VBR) ¢ncoding. A VBR encoder is abie to vary its ourput bit-rate over a larger

30 range than a CBR encoder, and this would generate an ourput which has a more coastant
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gen#& at.i on. Furl:”e.”.nore, such a VBR encoder cannot process input
sequences in real-true 2J as required by certain applications. Summary of
the Invention It is an object of the prose.”.t invention to prow ide a
single-pass real-tine variable bit rate 35 encoder for nowi 'ﬁi It
is also an object of the present invention to provide varﬁgggaﬁgltﬂégpgz
encodi ng of noving p~ctures s~ ch that the cf~. ange in e..”.coded picture
qualir~ fromone scene to anotf:er is_mnimsed. A further object is to
provide a real-ci.:~e variable bit rate encoding al gor,thrn which produces
a constant overall bit r ate. 30 L:~ paracuiar, Ire present invCntion

261 iRl phdime b e St R, B e e e s pekpg o T ©
encodi ngs; gspiskd Yerthted M AldSn ARt QUANRRShY B drabORt mERETR Al mBiihufPbie rmd Ne

target segnent bit rate of a current segnent is preferably derived fromthe
di ffer etiossdibytteenzahieagadayéte segribat abivera besragmwhichenaidesiapucodi ng

bit races of previous or previous few encoded segrn .5 To_mgj.ntain
Consi 5t HEHEHEHTTE 1 BFREY F6t 2 BFING TOTEESI it MG SBRATHASHS SEHE act ual
targets %ﬁltib?&tﬁcfzaﬁv eR&eding the pictures is node variable according to
their 'scene’ conple~tities as well as d:e target encoding quality of the
se~ne. t. 10 4s the target encoding quality of each segrn enc is nodi ned
based on~ the differences be wee?}écfi e target and th a a%t ual , bit rates of

pr evi oudhre BrEFRGEEns: Ravs it S SElisapTeine 8 IE ASHTBIGE [RRFGREC8808di ng

cz:aliryf; SGBAL; it 7 abi Y&k Ne Qfabare id0 that
of a CondTanrvar PR o RS T R B o b Y O PR o
encodi ngepssirsdndtdisabéing cen¥B Vannroll 5 The deacnareddiceidation infbreradonds eérh

inventjon) there is provided a thod for, use in novi n i:cn:res encoder -
f or e‘r?cé’é%dnfj’ %F’~§€’éﬁjéﬁﬁgbués?‘ QR AR HC S S '31“ Eba%%%ﬂgaaéswag@sr

COMP | Sgf ik P oSS s@thiondd isHREA! g'})mgx)ag R QUL bir e hodViflated! An' OF
encodi ng the sequence bf 1 nages; hete:~n|n|r:g a bit allocation and

t ar get qesestthadiranilistigm information ocbminedi is goacivse st thaempmeired tor geherabesi s of a
segnent target bit rate calcul ated using sdi.d overall .target biit rate; c)
enood! ngH Bl BuEsH TR BT GO ZATLBRE 1 PP M D e aRcE

accor di Rgak@kakifieskisize! ﬂféqgédca?&de%: i ERled i @ findBpabs L3R1ART DMt dbic

di fference be:ween the nunb bits used to encode said rust segnent and
sai d ¥3 betgsdniremetidn to ahieye dte w@rger bijts dr sveiald it rage.sai d di ffe. enee for use
in encoding at | est one subsequent segnent to deternine a subsequent
se~rz:ent bit allocation; t) determining a ne~.v target quantisation step

si ze fonempRIpAY VBRS&icBders requires large storage memory for intermediare bit utlisarion
information, and large computation needs for the additional passes and bit budget
generadon. Furthermore, such a VBR encoder cannot process input sequences in real-ime

20 as required by certain applicarions.

Summarv of the Invention

[t is an object of the present invention to provide a single-pass real-time variable bit rare
encoder for moving picturss. It is also an object of the present invention to provide
variable bit rate encoding of moving picures sch that the change in encoded picrure
quality from one scene to another is minimised. A further object ts o provide a real-iime

variable bit rate encoding algorithm which produces a constant overall bit rate.

30 In parucular, the present invention encodes an input moving picturss sequencs one
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30, subsequent segnent on ~ :e basis of a new target segnent bit rate

cal cul at ed using SUBSTI TLTTE SHEET ( rule 26 ) 18 Septenber 2002 said
segnent target bit rate and the disL~ibuted difference; and g) encodi ng
sai d subsequent segnent usi:”~.' a variable bit rate encodi®&eapiember 2002
according to the new target quantisation step size; wherein variable bit
rate encoding is er:.pioyed for encoding pictures wt(Zin a ~ segnent

whil st mai ztainir~g a sub5.antially <bastant bit rate over said seeuence.
The present invetaion also provides a t”.ethod for encoding noving plc ores
in a noving pictures encoder wherein a sequence or inmages are provided as
i.nput, th@.sREUaNCemehctdiBigeH £ afidiedtdln@qiiiley Mnichyis Abestirrentivaeagtt
havin' a prurali.ty of images, the method ~, | 0 inc lulling a) .

det e. - : . ~Segmehnbit a3fe odde drgettsegrnent bii raterafRecUrTsnt segmenp i Prgfarpdlysiagivedice of

Triages; Db intaining. a distribution record of bi , .on
previ 0us|f§3@ﬁ§5géﬁ~g%°gggﬁ s ‘Séﬁg%tdsg?@p{]bsléglt‘% %ﬁc%%?%%ﬂgo%ggﬁgﬁzé?o?
segnent tﬂeb@ugapggeﬁusqgwgﬁoggd Sagtidnty a target se-~eat bit rate for a
se~ent of the sequence of 1~ i.''nages on tile basis of the overall target

bit rat® and a bit raze change cal culated fromthe correspondi ng all ocated

bits fromthe.di.s~i bution record: .d).dete.~runin~.a_tar egnent, encodi ng
qual i ty TRORAEES chpeeR et Sl i pighi ol 2 E0PE OB
rate and g piie ERHNABdiha HEeicoRE IPMbd GBI @ csidald doVtheir 38heZOne)leLEOSH NY
the i nages of the segnent ‘according to the target segnent encoding quall Ly
LSi | : g a well as-fhgsreepencodiag quaite o epe8@e™ i que taking i nto account scene
conplexities of the il-nages in the segnent; wherein naintaining said
distribution record includes determining a difference between the nunber of
bits usedai ehextirzelencddgr dubltn|of bacteidetreACs afuti fidieb3edroaith® B fRirénces5

al l ocated for encodin' the partcul ar segnment on the basis of the tar get
segment EEWEREE GargRy ang thonacsut Qitfates of predioys oF BrRVIqUS BN tEnEPEedasagmientsy

pi ctures &,.d,5..d] Vi i T I Z: my
Br “su ¢ atits SRR riadl a0tk pRAS BB Beleh o GRS lin SRR IO AR
encadi ng aréd/tothhil oFCh s Bit-RAAESRIdes eddafkhdimiors M e @verat! biardi@bf e bit
rate (VQR) G i RCTTTIT iT~" Cu~"FT t r~t~e ~?~ 1 18 Sept enber 2002 encoder
is utilisgodiagdnEamsaingfcos@aiinenc according to its target encoding

qual i tés TI~. e cargo: sere.”™.c bit rate of an initial segnent is obtained
f: oma user deFz~ed target overall bit rate. :~fr~r encoding t.':e
segment, Inheceidhhiey whk ehertsmenvéddon, drtdidipritided atretiodefdr atelin 2 neovidy get
segnent bit rate is opbtained. This difference is prgoa~3ted to the next or
next few RigQTs sacadsrof gRcpding @ qe@ienghpisegmsaE $3ch) Raving akieas ongimagen

segt:: eat, g_ggrg r . each subsequent segnment, a new target soy neat
bit race closrﬁ_ ete’f?rlleﬁﬂeegts??'om tt:e user donned target ove:all bit rate and

the differences betdeemiting at avgell taegrtintaebior encudiss diedequencaof imhgdst t

rates of previous or previous, few segnents. 10 | L. )
20 b) determining a bir allocadon and target quangsation step size for encoding a

first segment on the basis of a segment target bit rate calculated using said overall
target bir rate;
c) encoding said first segment using a variable bit rate encoding methed

according to the target quantisation step sizs;

[ ]
in

d) determining a difference berween the number of bits used to encode said
flrst segment and said first segment bit allocation;

e) distributing said difference for use in encoding at leas: one subsequent
segment (o determine a subsequent segment bit allocation,;

f) determining 2 new target quantisation step size tor encoding a said

30 subsequent segment on the basis of a new targst segment bit rate calculated using
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The prose.”.t invention furtfier provides a nethod far controlling bit
allocation in a rzovirg picrtres encoder for encoding a sequence of inmages
comrisin~ a pluraliry of segnezss each having a pieraliry of irrtages,
ti,.e netvod inciudiag, for each segnent: dete:nining a di8SepeisBepbebgeen
a nunber of bits used for encoding a previous 15 segnent and a nunber of
bits allocated for encoding the previous segnent; calculating a bits
distribution fromthe determ ned bitg.difference and a predetetrsined

ai s~i bution function; calculating a bit rate change fromthe bits

di stribu,ion and a predete.”nined nunber of inmages in the segnent; 20

cal cul ati ng ai&”sgﬁﬁe'ﬁ‘?ﬂ'e&ecm abesrmw s.fr.ﬁﬁ‘tﬁthdtdli‘i?ex@hé' r@jge change and a
predet er m ned tar 7ec ovef rate for the sequence of inmges: and
dete:=nirirg g) tar gmcsggsmmbe&qmnh segment eding @ viariahtet bie ramenpedingegehod bi t

rate. The present inve tion tvtr—~her, grow des, an encoding ~sality
adj ust ment pr%ﬁ?@é@%% DSV GRETE AUAHSIGP “aSt?%FEEt seg:n ent encoding quality

value in a Mokhirem Pl 6 rEREA4RI RlenfREAR 19 Beofihl Bhedks SAENENCS each
havi ng ac | easc one i nage using a vd. )it rafe en I'ng sczen: e

whi | st 3 rsegmeaawhilsgmainsiisg ambmduyllyouss'mtbioxm plerdaid ssoenceconpri sing: a
bits difference conputation neans coupled to receive a segnent encoding bit
utilisation value and a target segnment bit race and generate chCret'roma
bits dif 4 B8 [ ited and
bi 15 used BPegr hprot kg R Rt HaoR Pl eeo s RTUE R PS8 R

Sept eanncxﬁ@ﬁ?encﬁaﬁ dmin&rsxndi s:qsezicbuﬂr immgeas| are pso\uoccbhsmpun t.hch eeduener of

di fference cor.:putatio rs for utin .l.east. or e‘i_)‘its )

di st o | DAAENCRPUESE AGIHENE B TEmaR FterEang SR R0 bIReat e SR

di ssi @ythagdﬁmctl on; a bit race di fference conputati on neans cout;led co
L':e bits |sdlbut|on nmeans for ~ conputing a segnent bit rate dlfference
fromthe at |&st odeefminmgcinsivietal! da:g]bobx.\zatamrancbchnpmmmﬂtaroiftimd=asunber

of images in segnent;. a target set ne t rate s~nent . means coupl ed
to the bit rabe di FaErigRga BEeft f%ﬂ“’f@‘a{ﬁ‘? Eﬁﬂlﬁtﬁﬁéﬁooﬁgpﬁq"f@é Yence

conputation ngaiged &y {&% Bidtate o?ékedmté:'&%b S8 TEMHE o Sechtherd E@E‘?c"oﬁﬁd.
segtnent bit rate difference azd a predete. ~ r "tned target overall bit ~..
10 rate for te¢)-| edserminimgen wfges segmant bit raredfoara sgmodt oijthg seduenye cbnput ti on

led tot 1 t bit. rat tent t f
Comuling a St 08¢kt FRINSIGHE T AY Hash Ve SR8 B T SiPd FAFYE s egnent

bit rate. |~ ghe @E%ﬁ&@&ooh&%@@hb@ﬂe& bitd 8 e QUEABSHGy FRYIAIY Pi ctures
cacoder conprising: a codin' “processor for encoding pi cture data based, on

t nacr obl ocks dxcor dctngn.mmlwaa warger segment encoding quality from the target segment bit

44

rate, a precading target segmect bit rate and a preceding target segment encoding
qualiry,; and
20 e) encoding the images of the segment according to the target segment
encoding quality using a variable bit rare encoding technique taking into accoun:
scene compiexities of the images in the segment;
wherein maintaining said diswribution record includes determining a difference
berwez=n the number of bits used to encode a particular segment and the number of bits
25 allocared for encoding the particular segment on the basis of the targer segment encoding

quality.
According to the current invention, a moving pictures sequence is divided into segrments.

The size ol each segment may be suitably determined. Each segmenc 1s encoded with 2

30 targe: encoding quality dertved from its targer segment bit rate. A vanable bit rate (VBR)

CITRATITIITE QEFFT ( rule 26 )
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-~

guanti,sation step size; a virtual buffer processor coupled to the coding
processor for azcking a nunber of bits used far encodi ng successive

sacrobl ocks in a picture and a nunber of bits used for 20 gg:odirg_lg
successive pictures in a group of pictures: a quantisati on®SepiempPee2002
processor coupled to the coding processor for dece;-m.ning said
auantisation step size froma target nunber bits allocated for a picr.:re
and tl' ~e nunmber of bits already used-for encoding tnacrobl ocks iz that
picture; a picture bit allocation processor coupled to the quantisation
step size processor for 25 dete.”.nining said Carve: nunber of bits

al | ocat edcdder ifuplisddmentodentha sé anete acdnrtiingatoatsaarket Enemdmgnduatityof bits

al ready used for encoding picrlres in a curre.”.t ?rouD of picrlres; a bit
rate adi usnnent processor coupled to ti:e picture bit allocation processor,
4" :e Vi I { > €550[ 2 Lhe., I QR ¢ Lzes or far
dewr n nﬁg‘g %g#dfs%a?gé% ?tbr?{?: rraa?lgg#apgedw?geég%j'{r?ggrrﬁgl)?ab@"fé&éﬁ%gggéused for
encodi N@vettiCHs ¥ e JPhtodteiing thetsBgment) cedidiftertdce derypesn the GorPalibif titees, a
tarjet encoding quantisation step size arid 3a'1l averag= CIIRCTTTT i TF
CHFFT 5( usgd éncbgzelmgelsem Sisae ipobrained. s fiffersRgeon Peanagated wothegext
picn:res_in. l=. e o) f i i = ] afnra
uarti S3f ey Erosii SR otlier! THl:Sl Ry s PR o Eh EEEE, Plrotore
processdsr fdvtt dubseuent segmlend) @fdear apyeoeamsen: Hioradistdetarmiedgramnidee tisar get
encodi n% guanri saraon step size fror.. a gredet~-rzined tar get overall bit
race andefped RIBHVeF Bif fye @%@é&*?ﬁ#n@%;wa‘g‘ de Jarge ey mgIghin FAsesAnd

{pi ct ureaa%%%,ftfr%@ggg }T/?og.\?,o?%rms%?@e%n%ne invent:er: is described in

greater er el na y way O
tl' ~go0accotr. panyirg drawi ngs, wherein: Figure | is a block diagran of the
constant_bit-rate controller based or. ?'Vh; Figure 2 iilusuates the

di f f er erf&€ REBIERE &Y CRUSH APEEr BIAVIQSS RJREEPE A0 RFRATRMITE Pif A1003RPR 1t 3 FRAYHSt i on
at macr Vel - ol a.P:niLct IS -t hi se),
ahere. dPTTE it EEEr (b obacdite Aok o u e bl OB RRIIPh hebiea™S

Fi gur e 3astshavihg aqluxliagefaimagss, tiremedoddhtiadingt forodaeh segmmber Wi t h const ant

overall bit-rate contro|... Figure 4 is a block, dia~rarn of ,the constant
overal | bi t-rdﬁee*ﬂe%ws@%ffe&epgwﬁﬂmaa i FﬁQF bist wedoneRRding & Ry Skt i n

bi t Cl%??%%r{'z% 4%,;;;,% %ngﬁgﬁvsog?ﬁé%ﬂﬁ%ﬁﬁ ﬁf—‘@%ﬁ&ﬁh@%{&gﬁg sddd@apext four se-ents

tod h A
(e.a. =11 sre Is a 0 a VBR algorithmwit< ~

exanple only, with 10 reference to

. const ant overcalchidring-a birsedisdhtidar from the determined bits differecce and a

predetermmined diswibudon functon;
calculating a bit rate change from the bits disoibution and a predetermined number
of images in the segment;
20 calculating a rarget segment bit rate from the bit rate change and a predetermined
target overall bit rate for the sequence of images: and

determining a targat segment encoding quality from the target segment bir rate.

The present inventon further provides an encoding qualiry adjustment precessor for
25 generating a target segment encoding gquality value in a moving pictures encoder for
ncoding a series of segments each having at least one image using a variable bit rate
encoding scheme whilst mainaining a substantially consiant overall bit rate, comprising:
a bits ditferance compuration means coupled to receive a segment encoding bit
utilisation value and a carget segment bit raee and generate therefrom a bits differsnce

30 wvalue representing a diftersnce in bits allocated and bits used for encoding a segment:
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Derail ed Description of the Prefezed Enbodi fnents la a standard Vi PEG
conpliaa video e.”.coder, a sequence of noving picn:res (e.g. video) ?~ is
input to the encoder where it is conpressed with a user defined target
bitrate. Tne target bitrat~ is set according to ta':e com@%@}gmr%bggnel
bandwi dth in which tine conpressed video is to be trara:nttted) or the
storage nedi a capaci ™~ in which the cor”pressed video sequeac~ is to be
stored. A cynical MPEG encoder involLges notion estimation,' prediction,
Incerllintra classification) discre;e cosine transform (DCT) 30 conout ~auon,
guanti sation, zi?-nag scanning, variable length codin' a.~d rate-control.
CITRCTTTT' T~ L3¢ aistriblidonmeads cdibpledlio thd iSRRE@ER8 codMtaricd meaxaba!
differe.”a t'or.ns o coglng can 'b: enpl oyed dependi ng upon tl:e charzeter
of t<he dommpurinpiaciaasesne bies dstribgtidrovalse Fropi the, bits défferbnge calue amba or
B-pic:ures, The I-Bigtures_are i ntracoded picn:res used mainly for randor: ~

access cﬁr':%‘?f%"ﬁé‘n% M“&?Hé"‘“ﬁpﬁpb~ ~res use ior~ard rnoc:on predictive
coding wth rfEWrﬁt@%fx‘Eﬁn&H&\‘ﬁ&}ﬁddﬁ 5048 oliple@ho Bre HHsCiMFSSrich £RARHRL
picn:ires), a.:d the B-picz:res use both forward and back-ward notion

pr edi ci i coetputing rapseigatenv bit coel diffprevcetfrom e ar lezst ene bitpdistri muish ywabredand 4 - or
P- pi ct ures, Fur.tt'e:‘m)reg,s LCJ l‘F Of picr,:res (GOP) is for:r~ed in
encoded RSPERESTRIEFE RrmPerOliMaEeSiR 3 $i8CKSF e and ending with the picture
before the nexfirlsReCbnd i datk 4 EscRRRUABER coupled 1o ieGhiT Bje Bifedrii@s a. ~e
pa.~titior ede"li(nt% tstl ?ar Lal’?d— ncgns- overl appi ngpbl ocks 5f pit xel data called
macr obl coksputateBshedrsf andaebebicodifferncEacimpltaBol meansafoP-compulnpiszitittanget i s
subjected to a .notiqn esb.~. ation pro s in ich forward motion vectors)
254 bacRERENTE Fh ek £ e oPrn e e AETSenc] A g Bisrarnps H0e: Gerel B
dete. e B hbSdtnendCiQbE&RCRPigtt:res f: oma t'rarne buiier. Tae target
nacrog? ?é?(e 1:%nLLhe cﬁ'rlren? %I?ct ure is matched with a set of displaced 15
macr obl ocks ian ¢drvedingf gréincempuwitonaneddseotpliad tothedaiget segswnt bagtemat ches
the targe ‘nac'[oblgc IS usedoas ttpﬂe gsr]_eldi ct ed..rgacra?.bl ock. .The Si taLon or
this preftFBERTEET IR BRRPYANSHBET T SeafbRF CHCUME BHIe X RYF Sroe Seoidiargst

| otion vRetRrShir WMitach describe the vertical and horizontal displace: aent
between ti' ~e target and predicted rnanrobl ock. For a B-picnrre) the
process is simlar eYCept there ars two reference pictures: a.-~chor
gicrstes,.2G im -nedi at el recedi,ng and. fol.l owi n Qtﬁpe B- Eéct ure. Wtht:e
det er r nedf FGETHAMREELS echvdﬁescaowﬁg%aﬁxF%ﬁsic CPEF FITPREA W her a 4 :e
intr a-or intgEodihsplb@sRt esH dricb&ig Frderadard bived BiPehdcfotibdiS tactlitifg tovd ned
according to the accuracy of the :nhotion vectors round) followed by

gener at | qupodsBionasterssiasy predicted 1~I'B. I-pictures ' 5 a.re always infra

coding wi I 1 bb Vil Bige ettt Guntedahs Hflog Rrob b B A8 A hh B ot noa
Wl gi Visird hs3€ fhOerfeodDigSubdebiite aitrobRsbke n a bicdirdlan@ & rmuaibe@ Bl Blts LE for

rracrobloc:k using a DCT is then carried out on flit 8x3 pixel blocks 30 -
wi t hi A0t $NECEINGSHEAASBYR PIoRes imnd grpupedipijfureshe actual picture data i s coded.

od g tne. pr SAMETEIO i P o kshon oimbe i uéBaftes it SSRREANE 0,

process @fid iAo &ep sik€ Froft & tiBd:Clrh by ®ity @BodAtedUdr alpiceie0ihdthé hivabaf | d a
quanti sation step size. The quarrized coef:icie..ts are ~':en rut.-I|engh

encoded 9 bits-alizagy jused forjeaensing meewdiocks LTHat pisBigsit ant bit usage and
staustical darn; . on rate _congr i Gh.Ls..u =for
all ocaur.; a %g}cg%% bﬁﬁ%gogrguo&E%f%sohé%ug?%ﬁemﬁ% g%ﬂg%c 5\3430{%7 étsoﬁ ﬁ%ggejg%h
nacr obk ogdextitinigsaid-ezfingmbe ot Jid Sldcsred f&r 4 PlRQUrS {ro & tarkéc Witith€anditHehe
encoder as it plays a tr.ajor role in maintaining the quqri_ty of the
encoded PImperr bitsrieady regd Sor ontodislg PiarucgsiB@ CUITERLEIOND @6 PICTUET~f ~)

conprises t:he.steps of | ocating the target .a ~no Qf. hi s.%r(;,ding
each picture, gggtrr:i% %agus[zﬁémrpé&éf%cﬂ'ccguaﬁgﬁ? %geaql?%ﬁ'rbdg&;?%f‘g? p%%,. S%f 'ot“ge used
on each ¢iruarb@idrosiscestoandithé SiieheisAikh §PSlvizabidaessb Ny rQecbRsafs afiditige:
activit-,~ masking level of the surrounding blocks of tike corespondirg
mar r obl oRik rg (it Arennurhier o dirs atrett yousgdtip sencoding suesgsHyw picturtd iguber ) used
co qu%ti S '1|t'47tf>u gpc.robl ocl&. S :fin objective of this,rate concoiier is

1T eprentr I

carrant 8 gistures: &, %riglﬁ: ra'lcfg{dﬁxig PSAYRYY SEEY size and an average

to enSuréal
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', qual,ity. It assunes that the subjective quality of a single coded picture
can be cualified wi 4h a single nunber V) described by factor KIQ where Kis
a constant particular to a picture type and Qis the gquancisation step size
for the picture being coded. T:nac is, the 20 rate controllBeSepiembec2002

preserve the followng eci:ation: y, = K~ _~~ = Ks D, O°P O The subscripts
i) p, breferstol) P, a.~.d B-picture Types. The paranete:s K . K~) and
Ks are experinene3lly det:,~ fined copstants for all |I. P) a.”.d B pictures

respectively, and IC, usually is nornalised to t. ~e value of 1. 25 Fi'ure
| illustrates a bl ock diagramof a known e:r~bodi nent of the T~t~ rate

controller,  .-~. -of.-AL ety es. ( LS o8 G0 Lan one 1 picture,
son;e P ﬁ}‘ﬁ,‘ysﬁggﬁgﬁg Sg'pflglé?%#egéma%&@é@ééﬁg&hgé 21'§1iccess unit with t;
re t picitur o Rsgd agcaiig fuaRBsationtstep3@igrodsasar coapidand e BiRld Adjusthen—uFFT

| ritiP ?~, 1 18 Septenber 2002 - |0 at:cess. The concroiler conprises
three | epegagsenr 35 b ¥isiuabulfer @opeassarder deigrminiag seish tars: paopdingl 10, and a

ovel 1 AesgsabbesB B it g pntdestr ipdodlets Pt Bl St S albu  ember

of bi g3( Bsed fo dre6dihed prevedhp@r&hdof Jiograsal ue of Riop is liven by: _ bit
rate x :4'" R-p picture rare fw S where bir rere is the target biz rare for
encodi ng the picture sequence, picrure rare is the nunber of pictt:res
coded pek._s : d AN L.s the total nunber of pictures coded in the
GOP. TherB ? é}gmm ; d\l r the GOP is deter.”.iined at the picture
level 1 10 by a remaining 10 bits determ nation process 106. The value of R
is updated as: R= R - S where S is the nunber of bits used by previously
coded pi dhariagentsntindescibed iprgremesdgwail hezeinaltely by 3re0f ©xamplelcdlyofith t he
cora.puted- val ue of R _a picture bit allQC3t;On proCesS 101 at the picture
| evel %5 i%eﬁn.c.: %%o%b%g‘gwﬁi‘tﬁ?‘ﬁa =Sb|wb°lg I'ue (T) allocated to the current
pi cture accor diibured Q@ Bl @agrat] ONGe REhsLit bRIra@Wone 6P kddod TVS;0r B
picture type: T~ =ma R~ btr rate | ~rV=X T NaXb x x picture rate .xx-~
x~xb , T _- ~Figumhillusraesthe differcacs berwesna treget bitallpeation:agd anpemal(igys * aks
gz&gﬂﬂéﬂ;ﬁ@%&ﬁca&h l;(t;ca% lé&z‘ifpfg 5~ oné framé P POUSERS tnd0 %00k dasly@hfetd =

d; is the viral buffer fullness at a pardcular instance;

-~

15 Figure 3 is a block diagram of the variable bit-rate encoder with constant overall
bit-rate corwol; _

Figure 4 is a block diagram of the constant overall bit-rate controller;

Figure 5 illustrates how the difference in bit count for the last segment is
redistributed over the next four segments (e.g. f(m)=1/4); and

20 Figure 6 is a flow chart of a2 VBR algorithm with constant overall bit-rare conwol.

Derailed Descrivdon of the Preferred Embodiments

In a standard MPEG compliant video encoder, a sequence of moving pictures (e.g. video)
by ~ ) =]

19
w

is input to the encoder where it is compressed with a user defined target bitrate. The
target bitratz is set according to the communication channel bandwidth in which the
compressed video is to be transmutted, or the storage media capacity in which the
compressed video sequence is to be stored. A typical MPEG encoder involves motion
estimation/prediction, [nter/Intra classification, discree cosine transtorm (DCT)

30 computation, quantisation, zig-zag scanning, variable length coding and rat=-control.
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'vD ~ XeKa where T" TT) Tb Represents tar'ec bits for the next picture
(I,P,B) N N, Represents tf~~e re..nainiag nunber of pictures (P,B) in tf:e
GOP 5 X, ?~) X, Represents ~lo bal conplexity rneassres and dives a
n:easttr a of the actuai nunber or" bits rewired to repres@S%ﬁ%ﬁgtﬁér

(wi thout conpression), and X; =Q xS; |0 Xp=QPxS~ xb=Qbxsd SJ, are the
actual nunber of bits used to code the previous I/P'B frane. 15 Kis a
constant (e.?. 8) After compudn~ thegtarget bis for the picture, a
reference cuantisation step-size (QF) conputation 10? is c3ried out at the
bi B I evel 109 for each macrobl ock vvithi n the picture. The value or" Q is

conput ed%é?f@?ﬁ?.‘x nemsrq@ feco'azx;é‘rglﬁ tbdhg E?:L 9684k 8 dnhrdc:eFQ) 1 :h@ or T,)

and a butfer I'T'ness ‘val ue ree picture types has a
virtual ihpidgicnass ooeaidg amItdnw:es.aMb drvheseorm-fpmams arkheurpiatiess 2t irera-

codi ng each nmacro bl ock .of the picture c~~p e accordi o.the tofl ow ng
equat i orf@ded pigryrss psed maipy: for randpmAcessE of &FEneLPALT PigigETURe rul e 26 7

18 Sept BPﬁ&dzrqgﬁﬂu D%%‘f vg(co(itnal‘lvxrﬁlgergreq@‘!g SreBousiy coded I-or §|$ is db=d~+B

?2-~x~ 1) =" he 1nitial virtual bufr Tl ness, d-~

i s thes endhozlpidies)eand thel Bigiss:ravhese b@ﬂdrd‘maicha;d backBarBmokions t; -to act ual
bits consuned up to and including (j-1)~" NP3 ~ provided by a v irrtai
buf f er %E@Févﬁkmén‘{ﬁ?d)?é’a‘ﬁ’db FASETERGs: toj PreYiRusiy GRERS [-8F PrRIFMESi n t he

Di Ot ur o = EUALRONS o0, 40Dl SEERSY Bk Ya 1 Beockigdlridetopges hat weer the

act ual b|°f S *usS targe Tocate

di fferer}ﬁa&rn ﬂf&erfdmgemxdadﬂgﬂcﬁ@ Helfaarmw@tupvmte i e sequahcdusi er s which
are used to conpLte Q-. This allows the raze controller to control the bits
al l oca:ion based on the cocuunption pattern of the picn:re. Q- is conputed ™

f: [ '
ot g s S R S e B,

IS are I on paranete p1c

rare TheniozablotianMBY) dafreEacodmgt MEach MB dfdie aIFT-IﬁrIE@xctm:& ia smect:@i wtdhat can
contrrol the sensitivity of the "al gorithmfroma change in d,. L :rg.”, r

will cadBeuemhestmageR PrseIson BEig) BRERY MGl Ve é%%?é:wféd BWEOBVEHPESs and
actual Rjts, E%e%'rﬁfse@c&u@mﬂ : Cﬁ&éé{-ﬁ%x..eaﬁ‘.ém% r’QF—H@Q cﬁ_ﬂgé‘hcﬁx IPLge?0 gradual

race of ‘change in consunpt 1 avou scene C: ~anges.

On the adulifar. Mawedargee rmambblotk macuse&ré-hcpm@:r&txs@hdmfedtmdbssammlmmﬁl ve to
changes, giving rise tg a uuser target and actual bits value, but a t'~ster
r es oah’s M#ATBIORksR dhesraferaace piEHa theanacapblpck tharbeqt FRatches pEArget [yl e 26 )

macroblock is used as the predicted macroblock. The positon of this predicted
macroblock is specified by a set of vectors known as motion vectars, which describe the
vertical and horizontal displacement between the target and predicted macroblock. For a
B-picture, the process is similar excepr there are two reference pictures: aachor picrures

20 unmediately preceding and following the B-picture.

With the determined motion veciors, modon compensation is performed where the intra-or
inter-picture pradiction mode of the MB is first determined according to the accuracy of
the motion vectors found, followed by generating the necessary predicted MB. I-pictures
25 are always intra coded whiie for P and B-pictures, a decision on whether intra or inter
coding will be used (at macroblock level) is made depending on which method will give

rise to a more efficient coding.

Transformation of the macroblock using 2 DCT is then carried out on the 8x8 pixel blocks

30 within the macroblock. For intra coding, the actual picture data is coded. while for intwer
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18 Septenber 2002 _1; during scene c”ange which is not desirable. ~ graph
illustrati.”., the differe.”. ce between the car?et bit allocation and the
acnlal bins allocated within z irar:e is shown in Figure 2. The v~.lue ot
Q- is turner nodiried by an aCLIVIry nBShl 115 p r ocess 108 Septgmber 26825
nodul at ed quantisation step size, :~lqc~rct. Basically) the spatial
masltir.~ abilir~ of L~le nacroblock is used to place a correction factor
onto d:e conputed Q value. Spatial.gmsking ability is the ability to
contai n noi se nasked f;onu hu.~~an visual Sysens. Typically, an area with
conplex texture will have a larger correc::on fac:or c~~lan an area wt.~l
sinmple t henc W 12 MY t he
‘nocnai i sce% H\%@eg %3(#@6 ockp{iac;rlh\% 1’?;?8 I%‘geecfgﬁ %%3 #;?Elﬁ%vé&gs%/%{ gxg of

bet ween DC% cﬁcﬂ‘d:xe?z:slﬁnwwhotvhe a@uoxigaedn nhafn"guama qubstismEon elzbGide. CTIH ng
process 104 is ormed where the macro bl ock ressed according to
t he MPEQUaRBFdFR aj@e"ﬁ)"fﬁ\l“ hepHRR-dgng D FcossH r’fﬁg’a a@qul,eng ?‘tc"ﬁ%s bit count S
used for c~din~ the picture is used to pertorma VB V check IOi ar.d to
conpute ti::e remaining bits Rfor tt~ e cur: ent GOP at the remaining bits
det enr3 ritei x@ml;mobiessa,h@ﬁd sditfietical Biva eral plesedoortd e.rranea:rdr'i'ioel'rﬁ)dh&. ahidris: al
buffer enulating tl :e status of c.~le decodi ng buffer. The ~' BV check
(10" ~ i SSprFOrcHiOCIS 2RRst BETDSTR] D% aised BEPUE AMaY RIFOVF 84 §%8 decodir . ~
buf f er %&a?ﬂae@m% thb glc Lhe ‘I‘Efs‘?@%.[ %o?‘én T R6Gule e Egéﬁ%sfﬁ @é%%“e
sequence W var y, a constant rate

C. 7, codenajbsmmabhmrﬂmmgw mjaﬂryboﬂ&zean@od&dcpmcr'dnmng CO L 1C sCC. I C

(.CC] TIpl~Ylty. This results in scCnarios whereby sinple scenes are all ocated
nore bos than required while conpler 30 scents are allocated insuti:cient
bits egkl 4 0, : . ~ | TIJTE
sreer § T SRl B PR T A T b R e R Boe i B
differ enk:creoﬁpbmuotr ibas forAndiagizac pienire odertvimpitienrgfepence quaksadorodi ng
appar atus according to ta~: e present invention is |IIustr aced in b] ock

di agramPREFBEFH(G) Gt berusedon W@qﬁe@e?w apfraar 830 BOAslaring the Oaase o8
arr angedpd B OUmARYE! 15vef OF RSRARE ndlfie %?%9,}5 8?%@6@%@ cobltRxhyt rate

control proces$) nanegly a segment ev%l a picture

| evel BJdﬁtammeamndlaamd)lquﬂmkmoﬁﬂst@)sxtse&\élgucﬂﬂzﬂuseé\no iquarpist tmomierobfrickn: r es
segue"ce is encoded in such a way Lhat on the average) or at rl ~e end of
encod} c~':e output bit rate is close to a user definable target overall

bi z ratem(av Ede ofBR ¢ %ggﬂg ! kr?s éo%rsﬁﬂy%&@es x‘nﬁ_n%ﬂ'aqq'ﬂxféﬂt:@ello@ segnent s

and °roups pi crures he penpbse of a seQ nent onlterln
or out pujualitt kasmmes thar sersebjecdvreceualioy bhe smgéercaddled BRu=redn tblae:n.puﬁqnbse o]

t~'~e GORP s r Jmari | o faciljtate r 0 ess ~_seqnent . ma

dei - u: ed”‘l"“bas ‘Eﬁ} ascnﬁg,c“: sé]"{?@ dt ﬁ§°8ﬁa”tt%’ gﬁ corns of
fr e_quenﬁﬂc:g;.. LWBE B PP 9 GhethRiNaribh Eteg%he foERebitth SARPLH&RS ’P'Ea: i£and an

| -picture and”optionally bdne or P-picturies andl of B-pictures. 15 Each
pi ct 2@ e winwbbedwillto tongreseord e Kellowingi eqekgorf:or encodi ng. Hence, a net hod
of rate control according to the cur r ent invention rray contai.~
processes at the segnent |evel %_13,& K K,

The subscripts i, p, b refers to I, P, and B-picture rypes. The parameters K, X, and X,
ares experimentally detarmined constants for all [, P, and B picwures respectively, and X

usually is normalised to the value of 1.
25 Figure 1 illustrates a block diagram of a known embodiment of the TM3 rate controller.

A group-of-pictures (GOP) is a collection of one [ picture, some P picrures and B pictures.

and serves as a basic aceess unit with the [ pictures as the eatry point to facilitate random
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GOP | evel 312) plc”,:re Level ~I |, and ftrally macroblock level 310. ~%
ic, t a new group of pictures, a GOP bit allocation processor 300 conputes
t he nunber of 20 bits allocated to the curent GOP (R ;~) as follows: R =
BP, X N (t o) DiCur2 !"ate where: Ns~ is ti:e nunber of

tY~, e GOP) pictzcre_r;:re is the r:unber or pictures coded1%§r%b§gmrg§%1jbon2d
BRis atsrget bit rate. ThC cargo b~c rac_ BRis d;.tcrm~Cd for each
picture or plurality or~ p~ecu;es bylg bit ratr CIrICCTTTT T~ C-. IF~"T |
role "?2(~ Z 18 September 2002 -15 adj us~~ne.”.t processor 306 which is
descri bed here| noclow A remai ni ng nutnbrr of bits (R) for the GOP is

determ ned at icture |evel remai.ni n i de,;.ermnation
processo?“§6’8) ‘@H'Oélﬁr FUBPREHS ‘S‘i“c ‘%"%‘r% O(mssma ﬁﬁ gVSEEﬁeﬁ(Pd‘HFWg u' ~e
nrst p. cxeu&rewonaﬁdfiﬁ?ﬁm aﬂbéks{wmg 1Re] 184, ha@u{e%:%rwerﬁ?new GOR & e gapd then
set BRo, ~ = (b) otherwmse if the picture to be coded is not the

fi rst pi tet/alrbllofa @OB(HR altacntzcm pevessd 00 apmpurebitte toe @uBRer oT tet @) i . . eC,

t hen adi R Wi e new BR ac;,ord:ng to: R +-N~(BR- BRJ~))
crd thenazoéﬂtegﬁﬁ '@"Fu‘i‘%‘-‘er%rr AREIE N i s renmi ni ng number of
pictures in the current GCP (c) and rermw ng nunber of bits Lsed by t he

| ast coded picture S froth the Rernal a2 s value R, hence: g{

- S The conputed R is t.~tez pa¥8ed gicruse_phret ure bit al | ocat i on pr c)essor
301 to compute the target bit (T) allocated to a current picture to be
coded. For exanple) ern:ations (3), (3) '"? 0 and (4) descri bed h erei nabove
may bes ofOr th o -~ | ~P, iyb and
pi ct ~r?B§S%e| ng sug& o SH%SotEé ét@'r?tg{hf[eﬁgr P%ﬁfﬁl%ﬁ% of' qklésl?"érel (8"pic:ure
rare) is only optlpazrad'e Fone it itiag/ mireberdif pidremts cbdedeme ssamyl. add t he =
rracrobloclc (1~(B),.lqve! 310, a reference c an{&' %% on step-size '~
conputation .S pro é§§’0r‘° “”mbEbH’in‘E‘B&"séoFl 8 quant i sati on

step-sizr Q for each SIB using chC conputrd target bit allocation T and a

bit utilisation paranCtrr B det~c-tnin~d by .a v:rtual butter update
pr ocess of he3ftmaiming oits pR)r foo the GOReishizd rharedcodpudcace ©yelt B0 Uwheyimdiniug B of

SU BST]| TL~TE SHEET ( rule Z 8 Septe 002 - lo the current picture
. reb L eépdmg'xg,auo pracess 106. e va.lug ofIEst upga P
R=R-S§ where S is the number of bits used by previously coded

pictures in the GOP, and
R=R+R,, for a new GOP.

With the compurted value of R, a picture bit allocation process 101 at the picwure level 110
then commputes a targat bit value (7) allocared to the current picture according o the

equations below for corresponding I, P ar B picture type:

T R but_rate
, = ma , = o
NX NX, K xpociure rate )
XK, XK, '
[ R bit_rare ]
T, = max - = l
- NKX, ' K x pcre_rate (3)
7KK,
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Ki x Dx Fictr~re rate K, x BR. (11) where KI and K are consta.trs (e~.
31 and 2 respectively), BRis t, ~e de:ermned tar~ec bit rate. picrure
ra.e i s the nunber of coded pictures per second, and D; is a virr,:al
buffer fullness .. The virtual buffer fullness of the j~ 18 $ptemher&0fizned
by: _ _r ~ti-~~D~B~t~IBCrt (I _) where Dis an initial buffer
fisllness before coding tile c~,srreat picture) ie. D at e;~d of the
previous picture, 10 Bis the bit utjjjsation information supplied by tfie

virtual buffer update processor 30~, ie. bits used to code the Irt MB to
(j-k,)~ bLB) 11-fB~Cnr is the total nunber of I~IB in the current picture,
and K3 is a constant (e~. |). 15 Three i ndependent current and initial

visual buffers fullness values (D~j) D~', DI, Do, Da, Da') may be

mai ntai ned for d:e three picture types (I-pictures, P-pictures) and
B-pictures). The conputed Q- nay aléo be furrher scal ed by az activity
maski ng processor 303 agtod eial! ski ‘b term ned by cue
surrounding activity levels of| theV¥ij o Rorrpiehee ramal qua.tcisatio
step-size. :yiqcccra, for codijn ’tyg— current MB. A ngthod of .0 masking
factor dete.”.nination car, bet found #n the aforene~tioned :1rlPEC-2 TM-.
ht acr obi ock coding (30~) is then perto,~ed to encode the current NtB. A
r:,acrobi oc; k codi ng processor 30~ nmay :rnpioy, Cor exarnplc, nethods
accor di ng %r? the utPEG 1 or MPG ? video eneodi ng standards. ~uc:n rncodi ng
met hods |h ude nrcessa~y notion CITR-TTTT ~TF CF-TFFT ( rule 26 1 18
Sept enber 2002, T],77, C R¥pRR&AS tadsbr bits 361 B RekOpichee {L,PB)". sfonr .,

(quantl sacion with tt~e de:ernined quantisation step-sire, and r.:n-lrngtbh
encodi ng wm v8rif%bl e IReApsINtE Bgssmainingenymber efcpicyresdPiBcinube GRR essar y

decodi . ~ progesses S = ; | c 140 erformed. The
nunbergof bi tg" ?I '?’I sé%dgiﬁge:}si g%b%%%é%ﬁgc%%ﬁﬁg ég‘f%gag?g Ez‘38§18¥’o code
each MB i s passed 5 tacmaiztimtes odibith tequéred Up dedresent drgicore Gthout N
applications where a maxi nuri and/or mnimumbit rate rust be naintai ned
for (r encoding, a ~~CRUPEESieR):@ntg processor 307 is utilised. User
det'tnable rza.~cinumand/or rr:ininumbit r ores (rrr~~Jm,~ BR) are input
at 3?1 to tl:e ~BV checker 307) a nethod of t0 VBV c:~eclc:rg according to
tre WPEG standards isXise@. %@, exatnir.e bit utilisation information from
ti.e virn:al buf:er 3%, and pecessary corrections are r.:ade to ensure
conpl 18nce and chat ~%& &8aM® bit rate is witl :in the del:ned maxl mn BR
At the end of coding %ggjgf or a plurality of picn:res, bit rate
adjustnent is aaplied By F°S the bit rate adjusunent processor 306 to

provi de any necessary corrxtion to the current target bit rate BR The

correction is based o t arget, encodin ual t rovi ded by a .target
segment quality adj u5}h§?"\‘.§’t§%mg‘§’gp‘%@gr atb‘%u%%ﬁ%n@e@mf‘@éﬁgﬁ/&
qtality of previouslysgegded pi.cture(s) such that ti :e overall encoding

qualities of pictures within a
15 K is a constant (e.g. 8)

After compuring the targe: bits for the picrure, a refersnce quantisation step-size (Q)
computation 102 is carried out at the MB level 109 for each macroblock within the
picture. The value of Q, is computed based on the determined target bit allocation (7, T,
20 or 7,) and a buffer fullness value (). Each of the thres picure types has a virmal buffer
associated with it and these bufTers ares updated after coding each macro block of the

picrure type according to the following equations:

vow g BXGD _
1 7% T ST TR Cre (3)

SUBSTITUTFE SHEET ( ruie 26)



segrneat are r elazively close to the target constant. The ressltar.t
ezcodi.~g quaiiry may be 20 determned by t,'~e average value of t. te

ref erence quantaation step size (ie. avers' e _Q-) of ti:e previously coded
picc~sre(s). A ,-ne:l:od of target bii rate (BR) determ nal8 Septsib&e2002
derived f:orn a rate-quantisa:ion nodel as given by: K~ x (average O- -
tcr,;et 0,) ~.~ =current ~ R+ (13) Gueraj a O~ where currerr BRis a
current estimated bit rite, or cursgsc~BR =S, =y x S? ~- ~V~ x Ss. ?~ S, ,
S~. S" are bits used b;r previou5fy coded I. P) and B-pictures
r~spCCtivriy. :Vp, rV, are total nunmber or P y*.d 3-pictures is abc cur: ezt
GOP. everage Q- is the avrra~~ valor of Q o. previousiv coded pture(s)
CT1l' RCTTTT ~TF CuFFT f rWP ?~ 7 18 Septenber 2002 - is target Q- is the

target encoding quality or target vuue o Q_N tray be a constant, or a
tactor of previous BR ntzt BR- ar g rez;r;.'.éé)__'and K may al so be squz[latel y
deternined for |I. P, and B-pi‘c~ ~re tﬂibes\/!B:CNi axi:.:tan ardlor mn r.n.
bit rates can be appiied to tae determ ned BR according to application
requirements. The rr:a.:rinin BR input at 322 are used as ?iven by: if (BR
> max BR), then BR = mgr BRif (BR< mn BR), then B.~ =mn,BR 101t is
al so possible to nake use of tt~. e targe: Q- at the nacro-block level to
incr ease efriciency of encodjn'., Basically(-ihe rarget_Q- is used by ~". e
reiere.. ce c~sartisation st@p=sfuze Epﬂw processor 302 as a(Fower
limt ov ~:e output re:erence c~~antisaaorrs 'gp size Q- stch that when this
target (quality) is reackEed at the NLB level) bits are saved for I S fuctre
encoding irznediate!y. In this case, the ou~ut reference quanasaaon step
sip rzay be set according to: if (Q < target @), rhea Q = target Q. 20
The target biﬁ rat.e, Brg IS, ?]d\{ ust.ed .contjnuously with reference to a fixed

§ IREEN

tar?et encodPRqfals irquad Ruiter & t. L: tutu at the be;:rning of

each segnent. :. bgj_ s AR S BN Il O SR binbY chdindgial®tagl, SO t. ~at a target
overall bit rate i’s ac”.ieved. A segnent may contdin a few groups of

pi ctures dependi ng,.ois the asual bits eensurmedtupt wread dncldding [jsB*/MB \es ptovided t or i ng
output bit race. ;~, new se.nent nmay also he deicned by a sce.™. e ctan;e =~
deteclabl e b:r arby ac”dﬁ'\}%l’s‘h”ir%'ﬁ‘d?daé?:é?‘?éesél";&l’gémget ector with a given range
of tlr.”. e. At t~#f3 @38t tRrumMbBEYF SEITRMe pichyrd, target sedn-ent quality

acj ustment processor- 309 exe::utes a chr;:~on t:;e over all bit-rate based
on bits usagC ynd nmakes any necessary adjustnents to t;;Ctzrgrt encoding
qualirr.for. the . bit_rate adjustnmer:cg.processor 306 so that 30 thr. ovCrall
Bt r ot ETGRPR e b BlreerBi A the BirEees S e nly Rl

(over aldseBRhd tM¥ targer bits allocated, and these differences are then added to the respectve

10 virmal buffers which are used to compute Q. This allows the rats controller to conmol the

bits allocation based on the consumption partern of the picrure. O, is computed from the

buffer fullness via the equation:

Q;= (d;x31)/ r = d; x constant (8)

where r is a reaction parameter = 2 x bir_raze / picture_rate

The reaction parameter, as the name implies, is a factor that can control the sensitiviry of
the algorithm trom a change ind,. Large r will cause the reaction to be siower, which
may cause the target bits and acrual bits wo dirfer significantly, but it brings about a more
20 gradual rate of change in bit consumption which is favourable for scene changss. On the
other hand. a small r causes the controller 0 be more reactive to changes, giving rise to a

closer target and actual bits value, but a faster response also means a less gradual change
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~TIRSTTTT i TF ~"f~FET ( rule 25 1 18 Septenber 2002 - 19 An exanple
enbodi nent of a constant overall bit race controller inplenenting tt:e
target se~~:neac quality adjustnment process according to L~:e present
invention is illustrated in block diagramfo .. in Figure 48 SEpdemmber 2002t
di fference between the actual and :ar'et bit counts (bits di~~ for coding
of a previous segn:e.”™.t is calculated by a bits differe®.ce 5 conputation
processor 401, utilising tine steps-af:.- a) obtaining the actual bits (bits
segneru) used for coding tl:e previous segnment _ accordi ng to the input bit
utilisation of pictures (S~ 400 in the previous seg.' nent, and 10 b)
conmput i r dumtég Ec‘:‘%eV@JaH@ @fnc@'zst So:%@hr&?ﬁé ed, phpR uﬁ.@&ﬁ@sgpﬂaemr?erert@rm&eﬁegﬁent
bit rate 406 (segnent BR) f | e previols segnent) accord

segnent BR m:gﬂ*bﬁwﬂ}eeauoxmmsb:sm;tpa&rhlrseﬂbcmd witdinra frarme (sml):wpl mtﬁng*ﬁ'er_aze
where N~~~i s the nunber or" coded pictures in the previous segnent. 15 The
bit count diffe:e”ce (bits dirf~ is rhea redistributed by a bit difference
distribu A t ery-of, ing a bit
di st zi bu:r: gﬁlﬁ %eﬁsi #ﬁ?r&ﬁﬁ ed ngfae%éégcﬁ ® e?g & EI tsm Im) X bits
di d (13) middulseet g@uanrizatibn. step, dize, Mquhhn’) Bz.xdmlvdd‘letspa:knlanas&mg ablify bif i
difference distl-ibuted to next rr~'" _segnent. ' '~ For_an exarzple cse of
k=~ and f’iaﬁi‘wl“?%lsﬁs@qejw L3 QIECFIR é’é:'?fo%t? thegOmppied Qnialsgi rRsHahce
(i r 1< e 3816y 5 0GP 1 R bSisRLLLOHL A RURT APoARKL 4 =7 OTENCS.
The peri oé’s sed For i) t's conpensat |on ~S tered to ~s an
adj ust mefypicaifyeran-aiea Wil dB&BHe‘H.feIdEreSHHFEa\(e lzl'ge:r @&chuonk&'&em rthearsa?2002
(~0_ A delta bit-rate conputation processor 403 (Figure 4) accur.:ulates
all bit Hl“%ér’8°l§cr€§"*('d§1'g‘g"bi ns) distributed from previously encoded
segmenps to ttae cr:rrert s~-feat to be coded) anal cor:putes a delta
se~rrent bit-rate ( ~_segnent BR) based on the accunul at=d de!re bia and
tl ~e nunber oMgpiant & &sadyx O} he curenc seinent to be coded. T a del{® ~
se nera bit-rate and a user definable target overall bit-rate (overcl| BR)
i nput. at Q08 are used by the target segnent BR adjussnent processor 405 to
de..”™" .ve the b rrent
se~r:zent. TI wtef@\gflfvcr%@of “’s"e‘g’??‘ép {e&i ‘E&&t& &E@Q@%raé:??gj aQl ﬁr%mg}éhﬁvéé' B.
overa! 1 BR ~ Galegrodroervéd®n 0.3 arfi) 2

15

With the compured Mguarz, the macroblock coding process 104 is performed where the

macro block is compressed according to the MPEG standards.

20 Ar the end of coding a picture, the bit count S used for coding the picturs is used to
pertorm a VBV check 107 and to compute the ramaining bits R for the current GOP at the
remaining bits determination process 106. The VBV (video buffer verifier) is a virmal
buffer emularing the status of the decoding buffar. The VBV check (107) is pertormed to

detect any overtlow or underflow aof the decoding buffer with reference to the target bit

[N ]
ta

rate.

When coding a picture sequence with varying scene complexity, a constant bit raze (CBR)
encoder is unable to vary the bit-rate according to the seene complexity. This results in
scenarios whereby simple scenes are aflocated morz bus than required while complex

30 scenes are allocated insufticient bits, and thererore results (n 2 variation of ourput visual
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Anew t3r; et encodin? quality (tang er Q) 407 for encoding of the cur:e”s
se~ezt is then dete:rrined iroci the target segnent bit rate using a BR Q-
:nodel | : ng groc~~or 4Q4. The $R- Q- nodellin" processor may operate for
exanpl e) according to: 'O = tar,;pt O x (segnent BR - segngny 6@2
segnent BR ~ ( 17) tcrger Q) = target O- + ~O (I g) I5 V\/ner arget2 ]
is the target Q- or the previ ous se:nent) segnenr BR is ti,e target
segnent bit rate oi" t,'~e previous seQre.”.t. and K is a cotatant which
can be e: cperltrentally dete:min ed: #narimm I imt nay be placed on the
deterr,:inrd GQ~ so c:nat their is no drastjc change 30 in ou~ut quality
rromone sr=ntrnt to another. tlow chart roe a process of var-~abl C bvc race
(~ BR) Cqualinti begwednt su#hes @figiferénttcompiaxaldes. bit cl ~DCTTTT i T~ CL1' ~' ~T !
rrr~P ~tS 1 7 8 Septenber 2002 ' ' 1 rate control according to an
enbodi me.~.t of the izvencion is illusu:.ted in Fiot.tre 6. Iriualisauon of

pr edet e. "y fied RArAES ae{nﬁvhg p\l/%u%ﬂ’mc%@fﬂu :SQa.%HIs a@lorﬁ ngtponOQm -L0gn, at OSt =P

601 the process deter! ’ta ~t

new groupnvehuipn ¢4 MusSackdIaicdk diggrtm Mhﬁrz@ F@gzﬂew CIBE e-ﬁodmgeaﬁmm:b asstep 603
is ca.:ied out by updating the ~ bit allocation for the new GOP. This clay

i nvol vé) luserasd3f arrpngsed t@gmd@vaés GHIESPONCHRE 1OPOgRsEing STagenin BA bR ftaiccor di ng

T S i e R R S O b A

.z the elaefobldck@OEB) RvéldQeiAdbinpuinboieg picuirey sddquenct isisacstdieinrsuch advt
step 10 60~, arid this rilay be conputed accordzn' to Eqt:adons (=)) (3)
and (4), L*T%P“éf'&#tﬂfé-»?héfrgle FMOE%:TFHd@aaéﬁecP@FRS’éIbH TR S5E0SP 19 @dt5eR, A ref er
e..” . ce guanki i | B39 | Fre& tar ?et
bit all ogatl oﬁé%ﬁ% Déhﬁgs'?&tg‘zﬁ ‘i%é’%'r'@{ ss,or e-{)?eelg ‘%\ttsslg %&C'Eﬁgﬁggﬁs&j( ?1)
and (10 g9gmenfriridvgrotuys m&ﬁ&:ﬂﬂeg(ﬁoa’y dlhe Quiyrst 0t alseginehiiinfdrt moniscdtigepr . The
macrobl ock of the pic;ure is rhea e:lcoded at step 605 using the conputed
auant i saP¥BH: &if &y fst-‘lsq’*%ncar«mﬂst@ﬁsaﬂaéﬁ and equPose o f epbtitels BRG]  of
the r~..ac ] t G I

detrrw ngodfag?hgtsg&dggtya ‘£% 'I?D&Ig&a gfbe %g‘rgdegug%%tgggf novi n? %ﬁégﬁshres
whi ch i sdépmnding e:rmmdadod ol temod“ra’dequthuysoﬁ rsoxﬁeirenvmurmecbuaxta st Em:fﬁGDP whi ch

terlrinaws the process at step 611 upon that occurrence. 20 Q1':erw se)
t<~e pr oBYBRIES Af 19257 Bclspieryr es%réw:@@a Slhesrecdr porecP-BieRes Andlen Bupiciuther L e
end of st Egcﬂﬁ(:&fﬁl 1§&9ﬁ@&'§nt@h’1a§ﬂoﬁ %E%f@ﬁsls%zeéh Ei?x‘éheﬁenc\mﬁf?nénﬁ& f’axé’f a
segrrent ctures is reac essi ng o "new segnent a ,
begi n, cconcmlcaecrorgmt, 1e meashireg: mveﬂna:ln thyy d:ﬁumdjpumcmsat tr&tsegmﬁﬁeleviﬂkmﬁ is
pe: iorrrp; iy ?~ cor.:putin ce between zl'~e
nurr. berG(Q é-&lﬂ'(ﬂé"é’""ée*bﬁno@&ﬁrf Aﬁﬁg‘aﬁr%cﬁd?’@ Brent and c: :e actual
n~, | nber of b|u used in coding that seg:re.”".t, such s by the process
represented by Equation (14). T:lis quarci ry) bi rs did ', represe:~ts extra
bits whi Widaa ﬂawlgeémp oivseufas paGOP bie ammdbmpsocssef jDerbmoutes phe eumbesot’ and
may bg dj str ﬁd for use ig) encodi ng E ~e ensuing picture sC~nl Cnts.

Tle F [5R118 Ui FoTear G Pa%maialst“al 9%t ed for use over one or 30
r.~.ore segrrC. Its according to a bit distribution n:nction. an exarr:ple of
whit;: is dCSCrI bCd C1TT2CT~' TT"T~ CLI'~~T I .-..ia '7~ 1 18 Sept ember
2002 in connecz'ron with Equation ( 15). }',n essence) the let't over bi is
fromthe p revious se?Te. .t pare=dggixded 1¢6P0 _a piura:iry of Kk, pr qgey ably
equal , anounts and al | ocat ed t% t he f oltaowme gk segrreats for e. g'];

wi th. The dividends allocated froma!l of the k previously pr ocessed
segnents are accunul ated and used to determ ne a change in seg:ne:~t bit
rate) whers:

Ny, is the number of picturss in the GOP,
picture_rate is the number of pictures caded per second, and

23 BR is a target bit rate.

The target bie rate BR is determined for each picture or plurality of pletures by a bit rate
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5 ".segnmerr BR according to the accunul ated bits difference and the nunber
of pictures in the segnent to be coded. This car. teen be used to cornpute
:n allocated bit rate Yor the segnent to be coded according to Equation
(16). : lenity) a target encoding quality, rnrger_Q-, can 18sSepemimr2dd2
ar.cordin; to Equations (17) and (18), for exa.”npie. 10 IF the end of a
seb5: nent has not been reached at step 608, or a:'ter the tare: quality

adj uscrent of step 609, the target_nglity and the actual quality of
encoded pictures is conpared, and a new bit race for encoding tl:e next
picture is conputed based owt he difference Thi s step can be carried out as

described,. in relarion t, at.ien 1.3 exa The proce t' ahen
ren: rns acdd)”%’lné'p‘ Pé?ffssocié@é%f%ﬂ%lsfﬁg"\f e' ?P%‘?ﬁr‘nﬁ r.vn%x g’lrlgesthe
pr esent c;% *@Go@ﬁ@‘éb@%fﬁ%& hpds p?d?:ﬁl"ea@{?@lrﬁtlzbysa Mﬁmﬁﬂﬁqmsraa e Rz06n

: ccurcs a variable bit rate I st mai ntai ni ng a consi stent out put
encodl Nnepreusssert 308, sbudr chirmey duo e snicptsemznl ned target quality. T.ze target
quality is adjured at the beginniz~ of every noving pictures segrr:ent
according to a bit distrbution function to =fl ensure an overall bit rate
shat rgee(gf %%Ecuﬁgocﬁﬁvr &@tnrst':di'éthmﬁr@ée)f’ LBR S RF %'ﬂrinpfé‘?@d bit disL
abuti or uncdon provi des stnoen ~ and r i e~ci ble nodul ac: on ¥ the
encodi ng quali:~r. The nethod can be irnple:rented at |ow cost and with the
ability to en ode g pi.G- ~r~s sequence in one-pass at
real -tine. I:lqur‘éJJ ééd‘?‘léfgoap'p nt to those of ordinary sl:iil int;
Ne a:l-t tt at the toregQ nE de~~iled descr iption oc the present invenron
qhas been presented by wav or exarnoie only) and is not intended to be
consi dC.(eyl | i atherivieg if dmetpmuterm@ntcnded Bxadetid fisstpicrure lnd ach@Pnendippewded

hereto, In part:c:.uiar Is et u ous vgriatigns to t7e
er aooRn nt s BEEEHUEFHE ﬁgds Eﬁt'm‘bélr‘;%"gé%ﬁ:m b‘g‘g‘e PR% ‘ﬁ%’ ©pire and
scopC of the |nvent| on. 30 CG-T7TIt~TTTT-rr CTTT't'T 18 Septerrber 2u2

Thr ougi , ~out t. jg-s.,sp_Lg_ﬂ'_ga.t_l engand 3}@6) Chyad mgnvg@ygrgfoL lgav, unl ess the
cont ext reqw tes o~ ~epmuse_,ranehe wor d c(frrprl se" ) and “fariati oes such as
"conprises" i~.d "conprising", will be understood to irlply the inclusion
of a stated integer or step or’ roup “of int egers or steps out not the

excl usi on_of @fufe 88emiiRi AR RS oFbigRreY irthE LRl Gopegers or steps. 5 C-
i RCTTTT i TF C~--1FFT | rt~i 1 d ossary: V$~'video buffer
verirlerVBRvariable bit raceSCBRconst a..t bit raceVi PEG ~i ovinQ Picture

Experts G oupDCTdi screte 03| trarai oy NGOPgr.0 f o ce it

o1 Ot ur eSRaCROF Ot L1 EHEAR Yo DR PALSH (5 QL8] Plogyi§ fgm the remaining
quality) Qqqu}glvgﬁ,@;pnhmgarret er for ma.:roblock j@Q, Q) QPquantisation
paraneters for |I. B and P type pi cturesRay nunber of bits allocated for
encodiihg a group of pictureshir ratetarget bit rate for a picture
sequencel5pi cpur enunber of pictures coded per second~1% otal nunber of
pictures int fﬁ 332) of picturesw' 1' ~preriainirtg nunber of P,B pictures
in the group of pi cturesR, R re:nsining nunber of bits for encoding a group
of picturesSnunber or' bits already used in coding a group of pictures.OT,.
T~. T, t affpeetompueddeR ' iofthdni passefice aqaetiregbineblacation p;ocssscypelmcmmptee e, X-,

X, gl obal _cot npl axi asures far P). B type |ctur Drvir L buf f o:
FuPl noesatgts R B RE R & e it e o ct; Fot FIDRIe) PoRERial rdh

ful'l negsy. (wa&cabedortéranm@mu@/rseq;ﬁa%t at w'bee @iithline ;rmaecax@m Ogk25:1~1B
Cnt nunber or macrobl ocks in thé picturerr eaction parameter ( X oir
rare | dkptzuraedmantgywom wpkied| Noethan e loweolimitaast 4if jreng/ (8% picure_raze)
Ievelat uanr nodul .at uant j.sau step size (= eV acc~ X Q)overall

BRder i va I°@V%°r“6§fl \5&&‘1"3 T)Jé‘t‘sn'r@?& CHBRYa: ge: bit r~c~ 9 8 Septenber 2002
twmCITI'"~GTTTI" T-rr, eLr~~T ! rtt~P ?('1 18 Septenber 2002 .5 B bit
utilisation in~"otr.:ation (e~ bits used to code previous NtBs in picture)
curre, ZtABEh“mra-bleiéc QﬂBX vy A0, Qrerferamas cumsmﬁqn Bﬂ)%i*:gompduée@nent BR

bits gsga neet 1.7%3 ~s",~"r_delta birs-, rent db|t ray, .
aver age RAGFEREST -ofL‘?ﬁ‘r?H-ééterﬁ”barqai“Hb*Pb""F‘oP sb‘r if3UER H‘gp‘n Ttures

C-L. 3n~ Sﬁrgﬂcd)t 2ot bRR]16RER ‘45‘:{:\‘&% 6iP i Gsation t.::a‘?r'f!ﬁ&@?'&&e?t‘lﬁ*'*ﬂ%? 2Bregg! Cr_um
permtte rate mninumpe: :zitted bit race diffe-ence bef~~eez actual
and t ar getftdridpsapedtessor GOTli Aq :.pnmmimsa sethoddor companiage, eghaéBlitt ray
actual number ef bits used in coding previous se~:neat nurber of coded
pictures it: previous segnent nunber of difference bits available to ne~ct
m' segnment bits distribution rnction ~ se?nmenr BR available dii't'ersnce
in segrr:eat bit rate
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CTi RCTITTTT~ CITF~'T I r~t~P 7~, 1 18 Septenber 2002 .6 Ctainms: A nehod
for use in a noving pictures encoder for encoding a seqt:e:~ce of segnents
each laving at least one i::~age, cornprising r.he steps ot: 5 a)
dete.”.nining an overall target bit rate for encoding the ‘@S\éﬁtemﬁ?&ﬁoz

i mges; b) detertr:ining a bit allocation and target quantisation step siIze
for encoding a first segnent on the basis of a segnent ta;?et bit rate

cal cul ated usin; said overall target it rate; c) encoding said first
segnent using a variable bit rate encodl ng nea' ~od ", 10 according to the

t ar get quantlsatlon step size; d) dete:mrirg a dif:erence between the

nur nber encode al d first se=:neat and said first segnent
bit all o@?ﬁf‘tfrF“Bc“cﬁesf FIPETET ‘ﬁ% daid difference for use in encoding at

| east one subsequent segrrent to determ ne a subsequent se~ne.”.t bit

al location: 16 f) dete: z. mg"é W AFYET86ar ti sation step size for
encodi ng a said subsequent segment ongt hepRasi s of a new target seg

bit rate calculated using said seQnerf target bit rate and the di strlbuted
diriere.”. ce; and g) encodi ng sai d subsequent se7nment using a variable biz
race enchJengKt nek -z a@dc@fg&gg%ggjggn&n,r.ge@ygmar get quar.tisation step
size; 20 wherei'n variable bit rate encodi ng is ‘enpl oyed for encoding
pict'.ires wi tAN i3 tke degmentd Wrgnzlbsttramal nt ai ning a substantially constant

bltrateover sai d seq as clair:ed in ci3.i."i 1,
ok et o

ue
wherein the st”é:ﬁé’ed’ja"ﬂf’cgﬁ "“a"r“ge PEGHTET Per SE9RAe1 3 usi ng rr~~ nur. zber
of bitg used b)lfgggg@ Bg@ers&mg@gguent segnent and L':e 35 subsequent
seg:*e.*.t bit‘allocation for deterrr:ining said difTererce. 3. A nethod as
clairr:rd in cIa|m| of '? ) wherein each segr.:ent coner ises at |east one
group of icr..: ing a ur e, and, opt |onaIIy at | CSt onC P and/ or
B- pi ct ur eR€ uge “ﬁgﬁ QEsHtPJa?V b derrrn "? or 3, wherein the
di fference bet~~-een the nunber CT’7DCTTTTTT~ ~ T rttIP ~~) 18
Sept enber 2002 or bits used §thg'ff/r's’%)seg renc and said fll;)st
segrrent bit allocation is de: e T~ mn d acpg #ag co: overcll BR X (12
t~s~q~,~rtr oils dijj = - brrs se,,rrent - picture ra:e where: birs dijf
is said difference) 5 overall BRis the overall target bit rate, r | tY;
~ = 00 wrehe D)YeRe iniQl ﬁ?@e@.lllnesﬁ&tg?escdd[nv B RuireAiicREY MBI )ar 8R4 of the
bi rssegrrenr i s’ the acrsal number or bin uséd to encode the fi'rst seg:rent.
~. A netiZd asveduimemrs,n cl ai m4) wherein said diffe:e.”.ce is dissibuted

accor%ng I

OBt iS the bit udlisation information supplied by the virtal buffer update procassor
303, ie. bits used to code the 1™ MB to (j-&)* MB,
MB_Cnr is the total number of MB in the currant picture, and

K, is a constant (eg. 1).

15 Three independent current and initial virmal buffers fullness vatues (D/, D/, D}, Dy, D,
D"y may be maintained for the three picrure types (I-pictures, P-pictures, and B-picrures).
The computed O, may also be further scaled by an actvity masking processor 303
according to a masking factor determined by the surcounding activity levels of the MB to
form the final quamtisation step-size, Mquanz, tor coding the current MB. A method of

20 masking ractor determinarion can be found in the aforsmentioned MPEG-2 TMS.
Macroblock coding (304) is then pertormed to encode the current MB. A macrobiock

cading processor 304 may employ, for example, methods according to the MPEG-1 or

MPEG-2 video encoding standards. Such encoding methods include necsssary motion
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delta birs,~ _Vim x bits did where delra bus, is the bits difference

di s~ibuted to next m- segnment in the sequence) m=1,...,k, kis a
positive integer, and 1 ~ Vim is a bit dis~ribution function, whey a
~'",~m) = 1. 6. Ane:hod as clained in ctai.n ~ ) where Vit§ Septdrsber’2009
method as clainmed in claim~ or 6, wherein tt~. e steps d) to g) are carried
out .0 iteratively using the nunber of bits used to encode the ssbsequent
segtrent a.”~d the subseque.”.t segnﬁgt bit allocation for deterairirg said
difference. 8. A nethod as clained in‘claim?7, mhereln t:~ e new carver
auanti sation step size is calcul ated ac; ordlng to: '0 = target Q r
~.oeonrert! BR - wgnent BR ) x .-~~eg nertt BR >> ~T‘§ CTlTTITF C E-TFFT !
F~t1 P ’)FCﬂI‘!}PﬂSiBO‘SéB%Ce'ﬁEBéPSIEBM-”5*0‘1'@ quangFanen Witk tegeyamigpd qHapURLGRer e

tar ~er tlfg JAe ):L&FW Vo per;jg% cﬂy&ﬂgl‘ae{ w!!agﬁb{%t lg{;:%n'cf,ﬁ}s S?Qﬁfﬂ&o@?ﬂl O,%J\?enew

target bit-racej rarger t1saaon step size
pr ecedi nge’*‘a@ﬁmﬁﬁédommaiss%ach&"ithﬁ:tmrﬁﬁtnemm cantbelpeiomidde THe t ube
precedi ng segnent, and 5 Kis a constant. w 9. e;~':0d as clai™:ed in

claimi BYMBET QiiEsHHisEHPY é@%ﬁlﬂé@l@@éﬁ@@ﬁﬂsﬁé@%ﬁﬂf a04' 10§0¢q §35 3 MB depasezdreen

t he nugber Qde _t sedsent and the segnent bit
al | ocat’lgOcng dezfn Rr?" %cﬁa?e Bor%d?sﬁfgjﬁge segrrrent BR x Nt,qg",~" bits difj’

- bits se,;nmert ptctz:re rare ' 10 where: bits didis said difference,
segnent BR is the segﬁI ment target bit rate. Ns,!"~"r is the nurrber of coded
i rzages Imaamligad@rgnehare aawﬁmrsa@é@'r@wm@ l@lhéatwttsraf:m% o5f bits

used co o . d i\
t\/\/ner~| r. &g%ggfgdfaf\?seggcgg}g@,{l% gac %S But & gléﬁcgréﬂ 8 rﬂ{ﬂfé&ﬁ&qﬁ_&;ﬂg{@/_ jam x
bi tr_di ~midiefien ditlrk@s hesmiz ER) Iﬁ.ﬁ: ibirsat Gat ft@ﬂmVBVdctr&bEdrBOV eflrmethogeoft m-"

se'nment in the sequence, .0 m= . kis a positive ince~~r) arid ~m-
is a BPt VBVsehecking SROTINSCOI Bf \IWéﬁ@nwd# isrysgyt ce-examipe bitudfsdtiosd as c;

zi nrd i 6l 3k MohGhoGre Tl B8ta 305K and hBGLL dodeed@l 773 dade lenkffe 2t 1

compliance and thar the outpur bit rate is within the detined max/min BR.

At the end of coding a picture or a plurality of pictures, bit rate adjusanent is applied by
the bit rate adjuszment processor 306 to provide any necessary correcdon to the current
target bit rat2 BR. The correction is based on a target encoding quality provided by a
targar segment quality a.d_iuS”n...;t processor 309 and a resultant encoding quality of
previously coded picure(s) such that the overall encoding qualites of picrures within a
segment are relarvely close 1o the target constant. The resultan: encoding quality may be
20 derermined by the average value of the reference quantisation step size (ie. average_Q) of
the previously coded picture(s). A method of target bit rate (BR) derermination can be

derived from a rate-guanrisagon model as given by:
ry =~}

K, x (average_Q - wrzet 0)

BR = current_ BR ~ (13)

average_Qj
where current_BR is a current estimated bit rate, or
curreat BR = §, + N, x §, + N, x §,,
25 S, S,. S, are bits used by previously coded [, P, and B-picrures respectively,
N, N, are toal number of P and B-pictures in the current GOP,

average_(J is the averagz value of O, of previousty coded picture(s)
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18 Septenber 2002 -29 L'.. :~ nethod for encoding troving pictures i.”. a
r:zoving pictures encoder wherein a sequence of i.”.zages are provided as

i nput, z<he sequencs of inmages conprising a pluratir,~ of segtne.”.~s each
having a plot slay or" images, the ne~hod ircluding: a) deﬂ?Segt b& L
ove:all ~La.~get bit race for encoding the sequence of int+es eﬁ?

mai ntai ning a datribut;on record of bits fromat |east one preV|oust
ancoded segment ai located for use i s gncoaing at lest one seYneat to be
e..” . coded; c) de;e:mring a t~~aet set rent bit rate for a segr..eat of
t.~ e secue::ce of |nages on the basis of the overall target biz rate and a

biz rate change cal ted fromthe correspondin cated bits fromthe
di stribution r8&5-de: %e&f:ﬁécréccdlq,aﬁuﬁéryagr Pe[e"f“%% %Jn@rt’ t encoding quality

fromthe targeg, §9398@@Eoﬂdmr@zt£)acarraf3&@9&@% arhﬁeBRsegeznmtsﬂ@l dndrace
a.~~' a pr ecedi” . Zg target se? ne: t eacodin gua Tty,: and eJ encodi*ng the

i mages of Lhe mmgaembe sapoomaly dgretminetéortlaPgend Begemrn veesodi ng qual ity
u5|ng a variable bit rate encoding technique taldag into account 15 scene
cor.:ple:dties of the images in the se~ent; wherein maintaining said

distri @Jtme{t—,ttap&woa aﬁm&qﬁﬁb@e&%& tagp@eaa:bftﬁe&@e@an@fm%no&h%_ punber

or' bits used to ~acode a pardc,tlar sere t and Lhe nunber its

al | ocat edippbrationceqliitsqenise TrartracmirabR seymeni22ozre tused dngiven by: t he t ar get

seb~eat encoding quality. 20 13. A ne:hod as clained in claim1?) wherein
steps b) to e) a_re caried out iterarively for said sequence ei segments.

14. A ne: hod ag(g;:taj ;,w_.egyg)l Bhenl B < Bod ER Wherein eacz se_nent conprises at
| est one 25 group or" pfcn:res having an |-picture and optionai!y at |east

one P and; or Bf @Rturén_BR. then®BR Hoding8Rcla.inmrd in clam1?) 13 or IT,
V\,herelg}[aye tsr; et segnent encodi ng quallty is calculated according to: :~0
= tar ~''e~ent BR - ~c~,~rrrertt BR) K x se~rrrerrt BR CT

i RCTTTTTTFISCJSOTﬁgg-Die th lr'x'tﬁ"'lge oflthe réfge'S@pEtedﬁ@@{ac?cpgl%ck Belprigereadd = t :rget

0} ~D where rer,~er Qis the target ~segnent e: cod ing quality, segmeru BR
is the tatg@mcwfteﬂs@ma Bagicallyc de rmge_uQ 3 used by hize talereaed quantiSuiog etep-

~: nent di ng .d th t. bi t
are.  and R EeRLEn racheor PEPRLA [t FEEt T ARRRG 4 HER LS OORRE

ta'te di fsfz@rQrkﬁ@t @ﬁt%ﬁ@ﬂﬁﬁ@:&ym@ﬁwts reactelila$ cesad IEQ'G&EOQ’E sdveRabei cul ar
seQre. .t and the nunber of bits al [ocated for eacodi n~ the
15 furcre encoding immediately. In this case, the ouput refersnce quantsadon step size may

be set according to:
if (O, < sarger_Q), then Q; = rarger_Q,.

20 The target bit rate BR is adjusted continuously with reference to a fixed rarget encoding
quality within each segment. Iz wmn at the teginning of each segment, the target
encoding quality is adjusted so that a target overalil bit rate is achieved. A segment may
contain a few groups of pictures depending on the need in terms of frequency of
monitoring oucpue bit rate. A new segment may also be defined by a scene change

25 detecuable by any conventional scene change detector with a given range of time.

At the onset of 2 new segment, the target segment quality adjustment processor 309
executes a check on the overall bit-rate based on bits usage and makes any necessary
adjustments to the target encoding quality tor the bit rare adjustment processor 306 so that

30 the overall bu-rate convergss to a user definable target overall bit-rate 320 (overall BR).
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particul ar segnent is det~~rnined accordin' to: segrrsent BR x :Y~ ,~~ ~r
tits did _ ~ - bits se,;rrent picture rate 10 where: bits did" is said
difference, se; nmenr BRis the se'nent tar5et bit rate, NN~=",e" ~ is the
nunber of coded irna~es in the segnent, and bins segnezr it Septeanber2002
nunber of bits used to encode tt~.e segnent. 15 17. A nesl'aod as ciairned
inclaiml6, wherein the allocation of bits in the distribution record is
cal cul ated accordin' to: delta bits®tis.Vim) x bits dir where delta bits,
is the bits diife:ence allocated to next m" segnent in the sequence. 20 rn
= 1. k)klsap05|t|ve|nteger a.~d fim is a bit dist:ibution

functi or ﬁ‘)ﬂ t:f"pEe e-réb%_ RC'F?‘I’% al_{::o}xcs: T o@etﬁl@@ﬂ%te%n&oﬂlcr impliérhédethel tRe GArdem 17)

whe: e Ji UFFT [ rule 26 1 Sept enBer 2080 -

19. A nesegmen qhalicy cdipdstmédriprgeks :tccairdng:ax thepreésantanvenriongs ﬂitsmredsznencoder
for encodl n a Seauence f irl3~=S COmp jnb a DILIr31ll~~ of segments each
havi ng a F SFEy IBFT! @’é“ 40@%‘%@““‘ HISTRRSF RETHRGR o AR ARdTatgaehit -

det e: d Ebcd‘fn l.p;[)q el ni f, neodi ng a
previ ous e%é;n%{l%g?éfa ndber o mglst?és’ éscatm'gA aP gﬁcgr()s ﬁg%t tg previ ous

segnens; cmabctudlm progessobd0b, ulilisingi theisiepsiof:rom t he de:e.”:lined bits
deference and a predetern..ined distribution function: calculating a bit
race change f:omthe bits distribution a.~d a predeterrlined nunber i of

i rzages tl obgisss : LU Isko e from
the bit ?)Qtte change aEP%natca‘ a}ggg;@éﬁetegh&?ﬁﬁee%ﬁ{rgrs et ov%IPEO u?bhﬁz%rg e for

t he sequence accordinggeshe ampat bletwiisaton of pguass &) 40@in gegpredats sspensht,ng
quality trcm ﬂe ta:get segnent bit rate. 20. ~1 nethod as clainmed iz
claim19, whe n the differen ce between the nunber of 15 bits used for
encodijgg the previous segnment and the nunber of bits allocated for encodia~
t he preV| ous se~r.:ent is determned according to: bits did ~ segnent BR x
N ~~"~~B) _ bompumfg;men;talue o ibiry Ui baserdeonvin eomesponding target segment bit rate

406 (segmens_BR) for the previous segmeat, according to:

segment_BR x N,

segment

bits_diff = ~ birs_segment (14)

picture_rate

where N,

repmene 15 the number of coded picturss in the previous segment.

15 The bit count difference (birs_diff) is then redistributed by a bit differsnce dismibudon
processor 402 over the next k number of segments using a bit diszibution funcdon, fm),

expressed as:
delta_bizs,, = fim) x bits_diff (15
where m = 1,...,k.
XERm) =1,
delta_biss,, is the bits difference distributed to next m™ segment.
25 For an example case of k=4 and Am)=1/k, Figure 3 illustrates how the bit count

ditference (bits_diff) of an encoded segment is distributed over the next 4 segments. The

period of k segments used for bits compensation (s refarred 1o as an adjustment interval.
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birs di'r is said difference, segnent BRis the previous se~rnent target bit
rate) 30 | ~l ~~s",~ is the nunber of coded i:r.2Qes in the previous
se?:r:ent) arid 5~ts segmenr is the actual nunber of bin used to encode
tl:e previous segnent. 2I. A rne:hod as clained in claim3@ czrrzin i

the bits distribution is calculated according to: 25 delt2@%§?gﬁ$¥ﬁ%éﬁ¥ﬂk
bits dijJ where delra bcrsmis thr nunber of bits dit'terracr allocated to
next m" se~mnt in the srqu~nc-, SUBSTI TUTE SHEET ( rule 26 ) 18

Sept enber 2002 m= 1..... k. k is a“positive irteg~r) and ,gyn) is a bit
dat:ibution function, where ~' " ,~m) _ ~ ~ 22. ?, rneohod as c!~rne3 in
claim?l, whe:e~rrr) = 1I11k. 23. Anethod as clainmed in any one o clainms 19

to 27, whdelst hitrae commyéetios dEIcssser 465 oaritgh aganmekpes Allcki didaarnsgs accor di ng
tai ~~0 3 t .0 .X tse~ . - nt B S t BR .t t 0
2% ar oo e ARt e B eo R B S A PRIl 051

seoneru BR |s the target segnent bit rate, . tar is.ti:e previous
Segent PR TS LG SRR DU g BEHORD BRI R BRI
segnent tar?et segnment bit rate, and Kis a coastara. 1 ~ 2-;4. :fin

encodi ngedaaist W‘gﬂieu@{fﬁ%’ﬁtc’r BicBEesEgne F%"’ljé%’?%ﬁ‘itﬁg’eémﬁﬁdr-ggﬁe selanezt
encodi iy L a1 1D dd, e 10 Rk If af Series
of S hEy Hilralf LatPa bl hefTBAt iark Gl B R PRE O PR el 03 B2
encodi ngsat bere talyek ségmem BRI Afjurtnentreashsdr 480co dbtive denstzantegonandid bit
rate, conprising: a bits differ ence conputation peaty couglﬂed to receive a

segment THRCHRETHG AR M9 Tf eiC RN Tar el envrlue ehregaiene dFenbg bt rate
a, ~d ger&g;&g&dtageref roma bits dit:erence value representing a difference
in bits allocated and bits used for encoding a segr~enc: a bits -

di stribution neara coupled co the bits difference conputation rttea.ra for *-
conputing at |east one bits distribution value fromct:e bits difference

val ugoand a pegAasesRnE:lehadi BR 4 DukamPBRt etion; C-rRCTL1' ~f' T' T~' (1@y- TFFT
f t-t~le ~C~ ~ 1B Septenber 2002 -

A new rtarger encoding quality (targer_Q) 407 for encoding of the current segment is then
deterrnined from the target segment bit rate using a BR-Q, modelling processor 404. The
BR-Q, modelling processor may operate, for example, according to:

(segment BR ~ segment BR') -

AQJ = targez__Q'j x -
K, x segment_BR

(7

terger 0 = target Q) + AQ, {18)

15 where rarger_Q'; is the warget Q, of the previous segment,
segment_ER’ is the targer segment bit rate of the previous segment. and

K, is a constant which can be experimentally determined.

A maximum limit may be placed on the determined £ Q, so that there is no drastic change

20 in output quality from one segment to another.

A tlow chart for a process of variable bit rate (VBR) encoding wich constant overall bit-

CIPCTITYITE COTTT ( rule 24 )



a bit rate difference conpuration neans coupled to the bits

distribction r.:ea.ns for conput:n~ a segne.”a bit rate dit~erenc~ fromthe

at !east one bits dis:ribution value and a predeterni ned nunber of
i." za~es in a segment; a target se;ment bit rate adjustihg&ribtemBBS2002
coupled to d:e bit rate diffe:eace ~ corzpucat:on neans and the bits
dii fereace conputation neans for conpucin~ said target se~:rent bit rate
frorl Lbe segne.”a biz ra:e di~erencﬁ_gnd a predeternined tar'et overal
bit rate for Td:e sequence of se~rnehts; and an encodi:|l; qualiry
conput ati on neans coupled to the target segnent bit rate adjustnent neans
for cotrputi.”.~.~ a target segpnent e;zcodin valjty value tramsaid
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end of the picture is detzrmined at step 606.

When the end of the sequence of moving pictures which is being encoded is reached, this
is deterrnined ar si2p 607, which terminates the process at step 611 upon that occurrence.
Otherwise, the process continues to step 608 where it is determined whether the end of the

current segment of picturess has been reached.

When the end of a segment of pictures is reached and processing of a new segment about
to begin, the target encoding quality is adjusted at step 609. This is performed by firsdy
computing the dirference berwesn the number of bits allocated for coding the previous
segment and the acual number of bits used in coding thar segment, such 2s by the process
epresenced by Equation (14). This quanticy, birs_diff, represents exura bits which are left
over from the previous segment of pictures, and may be disiributed for use in encoding the
ensulng picrure segments. The left over bits bits_dijf are distributed for use over one or

more segments according (o a bit distribution runction. an example of which is described
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Qil Qb' Qp
R

bir_rate

1°P

picture_rare
N

N,, N,

R, R’

S

7. 7,. T,
X, X, X,
4, D,

2, D,

MB Cn:

r

N_acy;
Maquant
overall 8R
B8R

quantisation parameter for macroblock j

quantisation paramerers for [, B and P type pictures

number of bits allocated for encoding a group of pictures

targee bit rate

for a picture sequence

number of pictures coded per second

total number of pictires in the group of pictures

remaining number of P,B pictures in the group of pictures
remzining number of bits for encoding a group of picrures
number of bits already used in coding a group of pictures

target number of bits for coding next I, P, B type picture

global complexity measures for I, P, B type picture

virual buffar fullness when coding the /* macroblock

initial virmal

aczual bits used up to and including (f-1)® macroblock

buffar fullness

number of macroblocks in the picture

reaction parameter (= 2 X bit_rate / picture_rare)

normalised m

modufated qu

acroblock activiry fevel

antisation step size (= N_act, X Q)

definable target overall bic rate

target bit rage
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btts_diff difrerence betwesn acmal and target bits used in coding previous segment
segment_BR _target segment bit rate
bits_segmen: acwal number of bits used in coding pravious segment
10 N, pmen number of coded picrures in previous segment

delra_bits,  number of difference bits available to next m* segment

Jm) bits distribution function

Asegment BR  available diffarence in segment bit rate

QITRRTITITY CIIFFT { ritle 748 )



109& ()- & "109%& ()-& M 109 ()- LF109%& () - H#J&JJISKKAENbC
1011 1 109& () - S& 109& ()- $#109& ()- #
109& ()-s! 109& ()-"109% () - KKKHLLL/ MaBmbC

10! | 6f #10%& () - &310%&' () - 91! 109%&' () - &90! 109&’ () -
Il +g10%&' ()-) 109%& () -/ MVNNNNZ&A+NDC 10! | 10%m& () -

2100&' ()-L3:110%& ()-9y8"10%& ()- +NNj O[ OCOPRP}~<hC 10! !
" 10%M () - 10%m& ()-! 0#10%m&’ ()-13#10% 1 & ()-9 S 10%n& ()-L
G'10%1& () - RPPLOhCKQ RuR} A?bC "6

10! ! - g10%mp& () - 3F(' 10%m+& () - F&L0%M& () - ! 10%n

& ()-Y1j 1109 ()- Y h#10%m& ()- URRRRRSSSSWXVB7 10! 10m 10m 10m

@0%rg (Slaims

109& () - 3! 5109Mh& () - 3! a- g10%

& () - 3! 8-gl0%m® () - 3S#SVS\ SaSSSH\ : MB7 10! 1! qf %0%&' () - & {f Y0%& () - &i

,10% ()-3 Y , 10%Kb& ()-3 Y , 10% Z& ()-3 "S10%& ()- STTTUUUzZ[ <MB7 10!

P 1 @ovre (3 8 oRs 2082

oy

1'9, 10%Z&' ()& hied¥E&of hise R&IHG%SEE DlcrirkHedR8e B (chedding A%Eddents oB! 9 f %40%

segmenis each having at least one image, comprising the sieps of:

L

10

a) determining an overall target bit rate for encoding the sequencs of images;
b) determining a bit allocation and target quantisation st2p size for encoding a
first segrment on the basis of a segment targer bit rate calculated using said overall
target bit rate;

c) encoding said first segment using a variable bit rate encoding method
according to the target quantisation step size;

d) detarmining a differeace berwesn the number of bits used to encode said
first segment and said first segment bit allocaton;

e) distributing said diifference for use in encoding at least one subsequent
segment to determine a subsequent segment bit allocation;

19) detsrmining a new target quantsation step size for encoding a said
subsequent segment on the basis of 2 new target segment bit rate calculated using
said segment targer bit rate and the distributed difference; and

g) encoding said subsequent segment using a variable bit rate encoding method
according to the new targer quantisadon step size;

wherein variable bir rare encoding is employed for encoding pictures within a

segment whilst maintaining a substandally constant bit rate over said sequence.

-

A method as claimed in claim 1, wherein the steps d) to g) are carried out

iteratively using the number of bits used 10 encode the subsequent segment and the

19
w

3.

subsequent segment bit allocation for determining said difference.

A method as claimed in claim 1 or 2, whersin each segment comprises at least one

group of pictures having an [-picrure and optionally at least one P and/or B-picture.

30 4.

-

A method as claimed in claim 2 or 3, wherein the ditTerence berween the number
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where:
birs_diff is said difference,
5 overall_ BR isthe overall target bit rate,
N eomens is the number of coded images in the first segment, and
birs_segmen: s the acrual number of bits used to encode the first segment.
' 3. A method as claimed in claim 4, wherein sald difference is distributed according
10 to:

delta_bits, = fim) x bits_dify

whers delra_bits,, is the bits difference distributed to next »7* segment in the sequence,

m=1,....k
kisa poéiﬂve integer, and
15 Am) is a bit distribution funcdon. where X¢ fm) = 1.
6. A mezhod as claimed tn claim 5, whera {m) = 1/k.
7. A method as claimed in claim 5 or 6, wherein the steps d) to g} are carried out

20 ireratively using the number of bits used to encode the subsequent segment and the

subsequent segment bit allocation for determining said difference.

8. A niethoc as claimed in claim 7, wherein the new target quancisation step size is

calculated according to:

(segment BR - segment_BR)
K x segment_BR

AQ = target O' x
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where targer_Q is the new target quantisation swep size,
segment_BR is the new target bit rate,
targer_Q' is the target quanusation siep size of the precading segment,
segment_BR' is the target segment bit rate of the preceding segment, and

K is a consiant.

i

9. A method as claimed in claim 7 or 8, wherein for each subsequent segment the
ditference berween the number of bits used to encode the segment and the segment bit

allocation is determined according to:

segment BR x N _ -
bits_diff = ——— = 2T - pits_segment
picture_rate

10 wherse:
' birs_dify is said difference,
segment_BR is the segment target bit rate,
N, egmens is the number of coded images in the segment, and

bits_segment is the actual number of bits used to encode the segment.

15
10. A method as claimed in claim 9, wherein said difference s distributad according
to:
delra_bits, = fim) x bits_diff
where delta_birts, is the bits difference distributed to next m* segment in the sequence.
20 m=1,..k,
k is a positive integer, and
Am) is a bit distribution tunction. where Z¥ Am) = 1.
11. A method as claimed in claim [0, where fim) = k.
23
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?510%4|s& ( @O%Im&uﬁ&mh‘le AW 1Mbti&n Hc&@ oF % e Ar1éast one previousiy
10%4| & () - f51 0%t & () -cuV.
encoced segment ailocarad for use in encoding at least one segment to be encoded;
c) determining a target segment bit rate for a segment of the sequence of
images on the basis of the overall targst bir rare and 2 bir rate change calcularad
( from the corresponding allocated bits from the distribution record;

10 d) derermining a target segment encoding quality from the targer segment bit
rate, a preceding target segrment bit rate and a precading target segment encoding
quality,; and
e) encoding the images of the segmenr according to the target segment
encoding quality using a variable bit rate excoding technique taking into account

15 scene complexites of the images in the segment;

. whersin mainwaining said disgibudon record includes determining a difference
between the number of bits used to éacode a particular segment and the number of bits

allocared for encoding the pardcular segment on the basis of the target segment enceding

quality.

13. A merhod as claimed in claim 12, wherein steps b) to e) are carried out iterazively

for said sequence cf segments.

14. A method as claimed in claim 13, wherein each segment comprises at least one

19
W

group of pictures having an I-picture and optionaily at least one P and/or B-picture.

15. A methed as claimed in claim 12, 13 or [4, whersin the target segment encoding

qualiry is calculated according to:

AQ = target O' x (segment BR - segment BR')
K x segment_BR'
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9&Z" 10%g&ketq ':&%%@_Wﬁé arbtdddNeent encoding quality,

segmenz_BR is the targer segment bit rate,
rarger_Q’ is the preceding target segrment encoding quality,
segment_BR’ is the precading target segment bit rate, and

5 K is a constanr.

16. A method as claimed in claim 13, wherein the difference betwesn the number of
bits used to encode a particular segmert and the number of bits allocated for encoding the

particular segment is determined according to:

segment BR x N,

segment

picture_rare

bits_diff = - bits_segment

10 where:
bits dzﬁ" is said differance,
segment_ BR 1s the segment target bit rare,
N, eomene - is the number of coded images in the segment, and

birs_segmene is the actual number of bits used to encode the segment.

15
17. A method as ciaimed in claim 16, wherein the allocadon of bits in the distribution
racord is calculatad according to:
delta_bits, = fm) x bits_diff
where delia_birs,, is the bits dirference allocated to next m™ segment in the sequence,
20 m=1...\%,
k is a positive integer, and
Jim) is a bit distribution function, where ¥ fm) = 1.
18. A method as claimed in claim 17, where Am) = /X
25
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15 'bits used for encoding the previous segment and the number of bits allocaied for encoding

the previous segment is determined according to:

segment_BR x N,

bits_diff = ST - bits_segment

picture_rate

where:
birs_diff is said difference,
segment_BR  is the previous segment target bic rate,
20 N, egmens is the number of coded imagss in the previous segment, and

bits_segmenr s the actual number of bits used to encode the previous segment.

21. A method as claimed in claim 20, wherein the bits distribution is calculated

according to:

2
W

delta_bits, = fim) x bits_dijf
where delta_bus,, is the number of bits diftference allocated to next m™ segment in the

sequencs,
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K x segment_BR'

Zar et O0'x

target O = target O' - AQ

where targer_Q is the target segment encoding quality,
10 segmen:_BR is the target segment bit rate,
target_Q' is the previous segment targset segment encoding quality, -
segmen:_BR' is the previous segment target segment bit rare, and

X is a constant.

15 24. Anencoding quality adjusmment processor for generating a target segment encoding
quality value in 2 moving pictures eacoder for ancoding a series of segments each having
at least one irnage using a variable bit rate encoding scheme whilst maintaining a
substantially constant overall bit rate, comprising:
a bits dirference computation means coupled to receive a segment encoding bit
20 wtilisation value and a target sagment bit rate and generate therafrom a bits ditference
value representing a ditference in bits allocated and bits used for encoding a segment:
a bits distribution means coupled to the bits difference computation means for
computng at least one bits distribution value trom the bits difference value and a

pradetzrmined distribution function;
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GY- hf-i % BS. ~ NA¥moving pictures encoder comprising:

a coding processor for encoding picture data based on macroblocks according o0 a
quantsation step size;

IS a virtual buffer processor coupled to the coding processor for wacking a number of
bits used for encoding successive macroblocks in a picture and a number of bits used for
encoding successive Dicturés in a group of picrures;

a quantisation step size processor coupled to the coding processor for determining
said quantsation step size from a target number bits allocared for a picture and the number

20 of bits already used for encoding macroblocks in that picture;

a picrure bit allocaton processor coupled to the quantsarion step size procassor for
determining said targe: number of bits allocated for a picture from a target bit rate and the
number of bits already used for encoding picrures in a current group of pictures;

a bit ratz adjusunent processor coupled to the picture bit allocation processor, the
viral buffer procassor and the quantisation step size processor for determining said targe:
bic rate from the number of bits already used for encading successive pictures in the
current group of pictures, a target encoding quantisation step size and an average
Guanusation step size for pierures in the current group of picturss: and

a targ=t encoding quantisation step size processoc coupled to the bit rate adjustment

30 processor and the virwal butfer processor for determining said targat encoding
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quandsation step size from a predetermined target overall bit rate and the number of bits

used for encoding a praceding group of pictures.
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