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METHOD, MODULE, DEVI CE AND SYSTEM FOR RATE CONTROL
PROVI SI ON FOR VI DEO ENCODERS CAPABLE OF VARI ABLE BIT
WERAMEOENEXODI NG BACKGROUND OF THE | NVENTI ON TheP@T/&E006/001535
invention relates to rate controllers for video
encoders. In particular, the present invention relates
to video encoders capable for generating conpressed
vi deo bitstreans, which video encoders are
configurable to conply with a pre-defined target bit
rate within specified bit rate variations. Mst
MRBYTHOD, d40DUTdE,DEVACEAND SYSTEM FORORAGE C@N,IFRGIIPEOVISION
encoded / conpressed videg bitstreamto adh
FOR MIPEQRNGODERSEASARIE Q¥ ARIARL BIR M”BEtENGOPING
variations. The bit rate varl ations normal ly address
buffering requirenents. current video conpression
standards (vid @W 1)1\519 y or
informatively, oA ?I ng n@D%EHE mgﬁ@gﬁe control
The pseshatimvehtion veldtee te nate dentroked $ort vidbollehedders. In pastidudar, the present
forma conpliant bitstream 3GPP (3rd_ Generation
inventbam trakatesn viskes) ereoder FRADS >f0rc SRRGTHERS OPHIPF%?QQ@ vadgp bitstreams,

it kAT S by BB e i

Spemﬂédjgl@rzggq,gggﬁ&lyeed to be reasonabl y |ightwei ght | n
terms of cycles and nenory consunption, flexible in

terms of buffering requirenments so to be able to cope

Most rogisal (Gof ORI GHBBGIORISCLeguTF JBBy GicRged | compressed video

bltstrea%xé ?oaghlﬂ rré@tlﬁ@t%oﬂ%nlﬂ t?r%‘é’ § a?‘\gaetr eé@ﬁ% &l %Hi %?tt fa?é‘%rlatlons The bit

y sO user experi

rate Mﬁa&mh@'ﬁﬁfrﬁﬂﬂ&' N dr8skC huﬂbﬂﬁ@ 1%@@1@éiﬁéxﬁs negd chﬁeﬁﬂl k/fdelol compression
the buffering requirenments set by the standards at all

standandaéslde@ cedms) eordemp hprmativisty oemf@mﬁélvabd atpuiffesing model, which rate
[ nt er abi. For c i onal | cat |
contrlRypb oha W iooBg A EREnEIn L, FoR ol B AR plsHeam.

t he rate control schene should work on very tight
buffer |evels. Al though there are no fewer than thirty

3GPPK@Getiérbfien Partmeahidp Pajéstptusatthnemsideone mdquirbeseertain minimum
schenes neet all of the above-identified requirepents

quahtsralwelyquealh @mdtgmonwedgwenc@bg@ nR#1§| qoptief eeangsatos 3GPP terminal-

v, KEROHE s G 1 b SRR, EBB P, B 9B and ey
conSLﬁllfkgudsﬁ ggég(él?lleglgnﬁbrﬁfs YIRS i e k&N Arimen®s 363?5’ Heealdle to cope with the
constraints of the different applications of a 3GPP terminal-based encoder (e-g- recording,
streaming service, and conversational applications), and of high quality so to improve the
user experience. Most importantly, such video encoders need to fulfill the buffering
requirements set by the standards at all times to ensure compliant bit streams and hence
interoperability. For conversational applications, the end-to-end delay requirement is very

low which means the rate control scheme should work on very tight buffer levels.
Although there are no fewer than thirty known different rate control schemes, none of these

schemes meet all of the above-identified requirements, namely being light-weight, essentially

single-pass, flexible in terms of applications, and strict enough to guarantee compliance with
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H 246, MPEG 4 part 2 sinple profile, and AVC baseline
standards.) BRI EF SUMVARY OF THE | NVENTI ON The present
w0 poogfotd9esr addresses the above-identified i SSURPGT/IB2006/001535

providing a rate controller2for conpressed video
encoders. The controller of the present I nvention can

the bulfserchin of e GAES o1 it SBoRrng %%ﬁ'a? I GE, £, 1263 basdine
H. 208 MR Bprt 2 SEpRRAY, AP ARTC LAAGHERRS Phprer

buffer levels (e.g. less than 1 sec). |In accordance
with a first aspect of the present invention, a nethod

of rate contr BRIEGSEVMABY @RAJIBINVENKION ded. A

The DiGTERC HOTIA 0 ORI EPAL T P H AP ROPES Y Breuiik AdplscFontroller for
complfeggedbﬂdgg N ﬁ‘? %Uﬁ‘l%l'l% qjﬂlré ﬁég&ﬁﬁﬁnhoﬁr an_be configured to

encoding a curren rame of macrobl o

compl\yl Wﬂh the Bieffeiifg @hbmbs ayseifiel 1ﬁﬂﬂﬁ@ﬁﬂvﬂé@-@@dlhg s@ideRls. In particular,
group-wi se. A score value is determ ned after

the prigset GBY@HOTEIRGEH thg pblemcof eemitolljng dke bit TtecedBieovikeo at tighter

e t.he al ue exceeds a pre-defined

buffertlﬁYé§§ olesﬁfﬁén g&gﬁt i zation parameter for encoding the
next group of macrobl ocks is adjusted; otherw se, the
macr obl ock encoding is continued with the quantization

In accpeadanpoe twdth a fitst akpdcs of the rpeeschy/invemttbrd, armﬁhadbdf e tdrerol for a video
current group of macrobl ocks. Accordin an

encodgrisapwidet. Affrarne engasing processdp PEEATME @rﬁeb frayngl ipehat an initial

| east

auantighy G bERISHTdp REIch AT nEind i =2 AvbbofaRiR b for encoding
a curr%ﬁ@ﬁﬁﬁfer £8th bt @iFeef ﬁla@fo%ﬁ'icﬁ& highiR YA 8hrr&it BArhs is @ﬁ‘éd@i‘éd group by
predicts a nunmbér of bits required for encoding th

groupg uer group+aise.ol| ssole wtlug freddtemmened aﬁmcnﬂcnm@lockrﬂmcadmg of a current
macr obl o | ndex. According to_an enbodi nent of th

groupp pgsr@a(fmlgﬁ&km Forgase h © pH<H PR CHEASSY & GITerofigef sthreshold, the

quantf}gﬁgﬁ g%&gﬂg&nfotr@%cg&ﬁgsthgheﬁéq&oﬂﬁ r@%a&gbll%ﬁss is adjusted; otherwise,

the maa@bwakoei@édﬁlfg ishentivéd Wlthfﬂlérﬁﬁlaﬁﬁﬂdtﬁjh paﬁemefer Maheeh is currently
one or nore previous macrobl ocks of one or nore

used for endadling theansnipgiovp @if ngcrablegksenbodi nent of the
present invention, the bit envel ope val ues are
determ ned for the current frame. The bit envel ope

Accorl\’ilf’}{r%J?JSaﬂ BfibBEEn&E Jr8RS bredthiURP&tidn! Md sBRIvAuL 9¥8Etermined on the
basis of at least one out of the group comprising one or more bit envelope values for the
current frame, a predictive number of bits, which predicts a number of bits required for

encoding the current macroblock at the time of encoding, and a macroblock index.

According to an embodiment of the present invention, the predictive number of bits is
determined on the basis of the number of bits generated for encoding one or more previous
macroblocks of the current frame and/or one or more one or more previous macroblocks of

one or more previous frames.
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and are determ ned in accordance with a buffer nodel
and are preferably based on at | east one val ue out of
WO b@7919e% conprising a video bit rate, a targeCT/IBRWR01535
of bits for the current frahe and a video frane rate.
The score value is determ ned on the basis of the
redlctl unber bits, the enve]o val ues
Accoring 1 g cHaRe AL Pie D5t tIRED ThO R ey Glop vefies pft determined
e fy
for the rr%gféﬂb alfe q‘h té))ll(to ﬁlégﬂe%h'gx% flﬁcnlggé‘?ﬁ I'Eclgétllagn p?)@f flmit and a lower limit
and alﬁrcﬁi@frﬁﬂéd/ 1rfia&ﬂfraéimiel Wltﬁ Wb ff@nmivdell @t ateafrleterablytdased on at least
basis of a | ook-up table. According to an enbodi nent
one vajfie ptuteof[jhegmup comprisinga, v1dp@bg@‘pt@5@ targelopumber of bits for the current

frame 1A VERD (D A GrdDE SoB TALUF EadRerEer PO (asis,f the predictive
numbél;rb?lﬁt% {e %ﬁtve g V%F\fe% eind" Qbf@déiﬁieﬂ d{%ﬁ@t‘i&p{d/ aBRBNE Mhreliability of

envel o val ues andfor t term ned
the blpgledicﬁbnvﬁhfdhﬂibﬁf fuaktibn of saidcaatrdblogk tindexn Thehwdidefined function is
the present invention, the adjusting of the

preferafolsiatiazaholisrfupetiemieplementabls %Fh@é@sas ddpekaerfakleof

the score value. According to an enbodi nent of the

present invention, at |east one rate control-rel ated
Acooraﬁfgafﬂetaﬁ rerhSodifeht @fi the %l@@éﬂ? MevEtRIE 1RO GG g dh ﬁleahuantlzatlon
edst one rate control -rel ated paraneter is selected
paramited oinpeisgy offietiing thedjquaytization parametet liytﬂtﬂeast she effset value. The at

Accor di ng to an enbodi nent_ of the prese I nvent

least qneneféiet ylugds moeiesrty deRendent Phith g0V b Helgs éﬂ@@é the determined
ncod S| the | ast quantization paraneter

predlclfﬁ‘gf"??@rn?{lﬁg% taken place. In case the number of

macr obl ock exceeds a pre-defined threshold, the

adj ustnment of the quantization paraneter is all owed.
Accordirtge tonias esmbddinmpma i that preseryainsemic, the adhisiing akdhe quantization

Accordi ng tq an, enbodi nent. of the present invention,
paramefer pep iy }e)‘/iméiﬁpé‘b‘geé‘(lé&?mﬁ §9OHS V‘E}E%\'nt i zation

paraneter is determned for the current frane and the

frame encodi ng process is repeated on the basis of the
AccodRf2tE€Gni Binbbaiméhtast ilzapraenp anameibe) afdeast dimegrdte cntrol-related

enbodi nent of the present invention, it is determ ned
paranwteenmﬁntlalﬂéddl@fwré amg¢ emgoding. J'he &tﬂ%ﬁfiéom rae confeeltrelated parameter

s selegfod TR Anegang rHoaa Bhrete A RuBbbn T ame s &

P-frame, the

According to an embodiment of the present invention, a number of macroblocks is
determined, which have been encoded since the last quantization parameter adjustment has
taken place. In case the number of macroblock exceeds a pre-defined threshold, the
adjustment of the quantization parameter is allowed. Otherwise, the quantization parameter is

maintained.

According to an embodiment of the present invention, if necessary, an updated initial
quantization parameter is determined for the current frame and the frame encoding process is

repeated on the basis of the updated initial quantization parameter.
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predictive nunber of bits is determned froma bit

di stribution of one or nore previous franes. According
wao oooan1medodi ment of the present invention, ifPCHEB2006/001535

current frame is an ideal data representation frane,

the predictive nunber of bits is determ ned fromthe

nunber of hit enerated at a previous frane,
Accoie R o meE o rRRE b B O g% AF ST Red Whsthr the current
frame & alIfrafiélor @Yiaddl AR refreerflaidffimel e T tial

quanti zati on paranmeter 1s cal culated by cal cul ati ng

val ues for short w ndow and | ong wi ndow quanti zati on

parameters; calculating the initial quantization
Accoling g e embednentdithe peesenoinyeniiond siiharmirtenh framierisl @P-frame, the

T niizatio araneters; d clipping.the value for :
predifi® bl 8F R, R Rned Bhe anPR PribiEen Shcdlr e myre previous
framek0 an enbodi nent of the present invention, if the
current frame is an ideal data representation frane,
the initial quantization paranmeter is calculated in
accordance with the follow ng decisions. If a buffer

Acconding 1o g |sBpdamertkof the wesend aneation,t if thesutsents zamerdsien ideal data

' 1CC u uant i zation ramet er_of the .
ool SRERRE . BeAA0L Bl BT Rl B e mumer o b
generfifédnt h padvious Pananeter. |f the buffer availability

check tails, the initial quantization paraneter is

extrapol ated fromthe nunber of bits generated for one

r npre previous frames and the quantization _
ACCOTE‘Q}%%% F@%eé@aelﬁ&rf Uae\ pEREERIgV eI & e cypeat frmgiinad frame, the

initialf - i Zat | rapeter.are

il RS p 5L 8001 B CUBBL B AR B6RL ke and o

winddve guestiiation GrirsribRts; @alcamhtingethbagithl qhadiZaBi6h §afdéter based upon
function having one or nore paraneters. |f the

the shexk winstsive end tonigs wirstow ghintiriation phenatérsj aid clipping the value for the
£ uaﬂt ilzatitont. aramstezr is determ ned fromone or nore
amegsdﬁ 14 ﬂﬂﬁ?&?lgﬁvpm fs of one or nore previous ideal
data representation franes. In accordance with a
second aspect of the present invention, a computer

Accordimpgtoaan erdddirherftwf the gréseho mvehtio@ti€ teoolmelt fahe & an ideal data
vi deo encoder is provided, which program product _
represgBigHpn eame fhe dritiny aernsizeden paantetar ipsrkculatéchin aesordance with the

[ rocess for each..frame. A progyam cade .
followfif ARLARAR” 875 3hlet B RTLL AR RARRTARE R e butfor model is
succeAANTI gadtDRtORAMRhEEr oPHhEPrbSiohe MEaHRel %Pﬁ)ged as the initial

quantization parameter for encoding a current Trane. A
quantigatogyr gparameier.s € tthenbufferadapilabdlifocheck fails, the initial quantization
parameter is extrapolated from the number of bits generated for one or more previous frames
and the quantization parameters used for encoding the one or more previous frames and the
extrapolated quantization parameter are clipped. The extrapolation is preferably based on a
regression calculation on the basis of a regression function having one or more parameters. If

the extrapolation is not reliable, the initial quantization parameter is determined from one or

more quantization parameters of one or more previous ideal data representation frames.

In accordance with a second aspect of the present invention, a computer program product for

provision of rate control for a video encoder is provided, which program product comprises a
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encodi ng a group of macrobl ocks within the current

frame group by group; i.e. group-w se. Therefore, the
w@e@gnasode section for nmacrobl ock encodi ng POTIBAGE001535

a program code section provided in order to determ ne

a score value after macrobl ock encodi ng of a current

brogrefl/ . EHPRAR BFA éﬁlﬁég'&% %90358%? BioReouior el T o program/code
sectionqﬁ'%{an?&? fr Qe iGhin g%nal ULy Qﬁt ionSidratgetel &vhich is tofbe used as a

i on pararne I'ng tthe next” group o

quantiZEOh Okt DGk @ f&l &fiodirea cﬁrrarlitoﬁamei Aqﬂegsen‘/bo@m sécsion is adapted for
provided for continuing nmacrobl ock encoding with the

encodigg angriopatdfonaqrablacks wrthimtheceurrent dtame BEQUP i BEPUDyi.©. Sroup-wise.
enco t h t
IR R M N R ——
section ﬁf’ dédslndcﬁjdglr 1 886 & ob@FhRe %ffte?tmelc?é"ﬁbcl@ Bfcdihg of a current
group comprirsing one or nore bit envel ope

group V@f Lrﬁﬁcrf)ﬂbck&em Ugdsenthef saoie, valuer edceddsve prevdefinedf threshold, a
bits, which predicts a nunber of bits required for
progragricadti segtionés compased inersAeblogdlovafor aiiustingghe quantization parameter

RS T —
for coﬁ‘rﬁ'ﬁjﬁﬁé rr%?:rc@ill(g&{ b0 ﬁ%e\%gh R @dhtizBo patatedér, Witch is currently used

ts gener for encodlng one or nore
for engydeng tescurieat glupaifsnafobloekcur rent frame and/ or one
or nore one or nore previous macrobl ocks of one or
nmore previous frames. According to an enbodi ment of

Accoré{r]%vtlggagﬁ eIPl odi g\ée?lg Ph?t}ﬁ R&s?xﬁ 1%&@1 &pve? ggcgr%{/ uée§ c}etermmed on the

basis f;f‘@t 45 SRY ofil @f@ﬁe %xhﬁpbédm 6f QA6 ofaluas bitrgiveldpeatalues for the
east an upper vver limt. The envel ope
currenv drams zarpeediai\e?r mmnbdr jofi tase (whddn peediftste auplber @f bits required for

nmodel and/or are b on at .l east one .val ue

encodingdhg r:arrﬁmcfaﬁrpb@ﬁ gﬁxﬂf&% gf gngoding. qnd 2 IF%?TBE#’CH s
of bits for the current frane and a video franme rate.
A program section is provided for determ ning the

Accor@f¥ & \al stfbédiniene dfasi Spreferit iavertadi, cthe vigredictilve mumfiber of bits is
bi t's, the envel ope val ues, and a pre-defined function
deterrmnedioudhntba§1s fdhe ainder pf bifs generatedyfor epeeding@ngpr more previous

B S8, RS i M Pt ek s gpecoblocs o
oot R ETUAL I, L2 o B e
i nvention, the program code section for adjusting

According to an embodiment of the present invention, a program/code section is provided for
determining the bit envelope values for the current frame. The bit envelope values include at
Jeast an upper limit and a lower limit. The envelope values are determined in accordance with
a buffer model and/or are based on at least one value out of the group comprising a video bit
rate, a target number of bits for the current frame and a video frame rate. A program section
is provided for determining the score value on the basis of the predictive number of bits, the
envelope values, and a pre-defined function to account for unreliability of the bit prediction.

The pre-defined function is a function of the macroblock index and preferably a parabolic

function implementable on the basis of a look-up table.
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of the quantization paranmeter conprises a program code

section for offsetting the quantization paraneter by
wa@rooreedes one of fset value. The at | east one oPEHER2006/001535

value is preferably dependent on the envel ope val ues

and/or the determ ned predictive nunber of bits.

According to an enbodi nent of the present invention,

t he progranf code section for adjusting of the

Accoi;diﬁ% b6 2R ehBOIRAEA YRS pfe§elggﬁ€érglgi§§,c@8 gggérﬁéj%sog% rstga?on for adjusting

quanti zati on parameter

of theal quantiZutiver jargnéter adiblglﬂi@swl BERfog@imiddde | pﬁ&‘ﬁ%ﬂt for offsetting the
invention, a glr,ogr am code section Is provided

quantizgtiongar azmﬁgr af keastonsraffsehvaue.cPhe atl least oae eﬂfset value is preferably
er e at . | eas ate .coptrol-rel ated
depel§EnE MR env pe JpbieS 3 e deferinin e mesicsvgraimber of bits
consi sting of b| t rate and buffer size. According to
an enbodi ment of the present invention, a program code
Accosling toan embpdinvdnd ed theoprestt eiventibAoha pP(bgi"@l%Vco@E sectlon for adjusting
macr ob] ocks, which have been encoded since the | ast
of thg,gwantization rP%%ﬁ“ﬁWEt’ér arengedt ke nletemmdne dherquehtizagionl parameter in
unmber .0f macrobl ock exceeds a pre defined ,
depel}%%ﬁg%hﬁlﬁi SC?;E 'd‘f usting the quantization paraneter is
enabl ed. Accordl ng to an embodi ment of the present
invention, if necessary, a progranf code section is
Accortimgpta seembodingbett of thenpragend imvieptiad, eopriograni/abde section is provided for
lnltlaqlﬂpntl at| on paraneter for the current frane and

2217455 onf dafecsatiol relatedf parpaeter. ahlte ahlegsti ong rate control-related
Al d t
pre BB S 0 A SHE 1 B i e

section is further provided for determ ning whet her
the current frame is a P frame or an ideal data

According tsamembpdiment afithe pﬂicsmlt tivegtiom aquogmmidd)dmbtioﬂ is provided for
t he rese vention, t.he current frame is

detertitgyd Tl o AR EEIDGES. AL FYH DEM o aediaings dherlast quantization

para e”cé}r% uldent'! §rté]@1‘1t ﬁEe n%l g&% % ﬂl?ﬁl?eﬁp&el\ﬁ'ag%% ock exceeds a pre-

rarre Accor I ng to e presen

deﬁnedﬂt\lfmhbmﬂ thd ddjtisumeaitie q&ﬁﬁtlzfaﬁ@ﬂpaﬂaﬁle%i is d@fledlat a
representation franme, the predictive nunber of bits is

determ ned fromthe nurrber of bits generated at a
revj ous f %:o an.. errb di nent of the

Acco i1 to an e é%ﬁ{%}egho Elrvreléiilﬁ?n f1 0OFESIaLy. 2 mogqag}{%(’)de section is

comp#i&&l for determining an updated initial quantization parameter for the current frame

and initiating the repetition of the frame encoding process of the current frame.

According to an embodiment of the present invention, a program/code section is further
provided for determining whether the current frame is a P frame or an ideal data

representation frame.

According to an embodiment of the present invention, if the current frame is a P-frame, the
predictive number of bits is determined from a bit distribution of one or more previous

frames.
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initial quantization paraneter is determ ned by the
nmeans of a program code section for calculating val ues
wo e0078imeg Wi ndow and | ong wi ndow quanti zat i onPCT/IB2006/001535
paranmeters; a prograni code Bection for cal culating the
initial quantization paraneter based upon the short
ameters

R T O 2L %ﬁ’%ﬁég{lhﬁat[m%e%ﬁamés o it Gt
{
o8 b4y RN SO0 PR e T Bpper of v

generdtedara prevRyls ifdesd. data representation frame, the
program section for initial quantization parameter

conpri ses one or nore of the foI | ow ng progrant code
AcoordFE O b OB BB S i et Bkt RSl fame, e
1n1t1altc§/1f‘3an 19% C{n #aﬁﬂﬁggiﬁ?ﬁé’cg@%@r@gad}gtélferwnﬁ%ﬁ% X szg%}(‘f?%'anvcoge section for

calculatings UM@a'ssfibf shivrt uwidiliv pamriafg CodadewCiquentization parameters; a
provi ded for extrapolating the initial quantization

progr%@(ﬁ@@ﬁs@@@ﬁlon denralgulatingtibe indtialpquantigation pesandter basad upen the short

P55 P ] OB SRS 3 B06RH 548 i
value fdr'tﬂ@frﬁﬁletsrlﬁlt%hﬁ%ﬂ?ﬁaﬁbﬁ?aﬂéﬂéﬁ&?ﬂ zation parameter, if

he buffer availability ails, The extrapolatlon
is preferably based on a regression cal culation on the
basis of a regression function having one or nore
Accordingpetnepbodiment of 4he pserentmvention, i€ the gareyt Heaeeiigea ideal data

I AT
more HMHhE FREVing lfﬁogrﬁﬁﬁbod@fie@ubl@@ e pRIYr Akl LBtid %’E%Vldeﬁ af&lh@mploylng a

extrapolation is not reliable. I n accordance with
quantlzetthrdpmpwmr aff thehpremmsehtframw estthenpitiah qeketidationi garameter, if a

butfer, SATSGID iehoRy SEATIAICE By IFoBTieh anGiioiey SErPiLtrls A further
progra%?@&?et ée%ﬁbﬁf i ;&8@%&%§u &3 Jb‘fatﬁ{ﬁo@g zlzl{relltal %Féjnt#zgﬁhﬂ gglsan‘?eter from the

numb@l‘dfqﬂ%f gen%reﬂéd) o€ ol encie Prévbud Fradidsamdethef iantization parameters
determ ning an initial quantization paraneter, which

used fprsenceding the ede g8 morg prewiousaiiimes put elinning th&ﬁxtmpomdwlantlzatlon

nt. fL.ane. A. RLO section.is adapted fo
param@iet S8 but B0 i Rk S e %manq%aeﬂ%}sr crably based on a
regres§ibA 'EﬁlcﬁfaﬁHH oﬁythQ bR o 'a T gsrl ﬂ@'tl%ﬁ haQ;g&:] 0 (fgt?arameters. A
program code sectli on cro ck encodihg I ncl udes
program/pedegseeniba asl é’lrmﬁgtpromdedcﬁbr detbrininiap dhe ihidial quantization parameter
from one or more quantization parameters of one or more previous ideal data representation

frames, if the extrapolation is not reliable.

In accordance with a third aspect of the present invention, an electronic device including at
least a processor or processing unit and a memory unit is provided. The memory unit is
operatively connected to the processor and includes a computer program product for rate
control of a video encoder. A program/code section is arranged for determining an initial
quantization parameter, which is to be used as a quantization parameter for encoding a

current frame. A program/code section is adapted for encoding a group of macroblocks
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determ ne a score value after macrobl ock encoding of a

current group of macrobl ocks. In case the score val ue
weeept®2a pre-defined threshol d, a prograni cOBET/1B2006/001535

section is conprised in order to allow for adjusting

the quantization paraneter for encoding the next group

....0f . macrobl ocks. O herw se, a .prograni code _section_is
withif 156 | GHEPRF JFA1ESS B PWRi g STHNDE i GERUBTS FREraford faeeprogram/code

sectidU a8t hEafduaeeiP %ﬁ@(ﬂﬁt@ rincl‘ﬁ@ésg ? h@gf%‘é{cé@i?ctﬁo%egré\gﬁed in order to

encodi ng the current”group ccordi ng

deterfnfneas sesieoetlo® afte® mach]ukesutiding oL at dudfent ighsups 60 hficroblocks. In
value is deternm ned on the basis of at | east one out

case P seorg plusuprasedr ped-definndehrasheisk @ programviscslespetion is comprised in
values for the current frang, a predictive nupber of
order By B R% A4} Fafec 8" maniABton GrePTeter for Gnelng pe next group of
i - SUET a i 0 o
e REKS TR PP el bR Tor ontpuing macrobloc
encoding edtinthet quahtizhtorpp@asister] Whest lsurrentle e dbicéncoding the current
+ nunber of bits is determ ned on the basis of the
groupefriasroblocks.t s generated for encoding one or nore
previ ous macrobl ocks of the current franme and/or one
or nore one or nore previous nmacrobl ocks of . one or

Acco{ﬂ%@ 16 b 6k bR B Sthe A &RAE iﬂ%ﬁi@n,atﬂe SO AR s Rtermined on the

he” present invention, a progranfcode section is
basis pif o ilekest! oheroud etfetherignouyy compribing @rved npee bitl ensslopervalues for the

the current franme. The bjt envel ope val ues include at )
curreploffamend RisAIHVE invnabes f Bits, oiieh | nradicts armambey of dyis required for

enodf o PTG YRR IRRRR ) Ao o

the group conprising a video bit rate, a target nunber
of bits for the current frame and a video frame rate.
Accorlipg dgramesbotlimenti of fheopredent fnventiet, ethei predigtivbenumber of bits is

o e GBS it o B o o e v
macrcsl‘tﬁ%@l%‘r:%é fcﬁlgzrggyﬂﬁﬂe'a%@ﬂr!&ﬁé &mefEeoﬁJé br ?{ofﬂg&tv'icﬁﬂ'macroblocks of

unction is a functron o

one oMBRF©Ptevidusifrdaes. and preferably a parabolic function
i mpl enment abl e on the basis of a | ook-up table.
According to an enbodi nent of the present invention,

Acco%{i}ggfc{ 3 %@Eﬁ&iﬁﬂeﬁgﬁgﬁ{gi@?@g }rqvgg.'glitawrgégagq&g%dgcﬁon is provided for
deterRffihd i $iPbn@d é}?@%lh&gfo? REASAMAZRIh O 'Tl{%q{i? 3 e%peg?’al@és include at

' east one offs1 value. The at |east one o et ‘val ue
least arsuppeefleniabhd a lower limit. The envelope values are determined in accordance with
a buffer model and/or are based on at least one value out of the group comprising a video bit
rate, a target number of bits for the current frame and a video frame rate. A program section
is provided for determining the score value on the basis of the predictive number of bits, the
envelope values, and a pre-defined function to account for unreliability of the bit prediction.
The pre-defined function is a function of the macroblock index and preferably a parabolic

function implementable on the basis of a look-up table.

According to an embodiment of the present invention, the program/code section for adjusting

of the quantization parameter comprises a program/code section for offsetting the
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dependi ng on the envel ope val ues and/or the determ ned
predi ctive nunber of bits. According to an enbodi nent
w@bowloeps esent i nvention, the progranf code serCT/IBRO66N01535

adj usting of the quantizati®%n paraneter is arranged to

determ ne the quantization paraneter in dependence of

the score val ue.  Accordi t o an_enbadi nent th )
quantigp R ORGSO YO A LB B BaE PP STSF oY e i proferably

I [ - - -

depen(fie it oAV IEhE Sals s O Btcf BB AR GIRI By W b

paraneter is preferably selected fromthe group

consisting of bit rate and buffer size. According to o
Accordingdatsod ment afibe presewirinveniipanthie programpeasigragation thy adjusting

section.is provided.for determ ning.a nber of . .
of theipbifhsions Beiiel imbrabied B itk MHE ehianBoptian parameter in
depen8&RRLIFIRL & et er adj ust nent has taken place. In
epencase tﬁ@é%égﬁ%g@ﬁgf macr obl ocks exceeds a predefined

threshol d, the adjusting the quantization paraneter is

enabl ed. According to an enbodi nrent of the present . )
Accorfipgdatangmbadim dheipieseny ipY@ionnt pgsanssete spction is provided for

. ....conprised for determn.ni n updated,initia
it P BE ofF ¥ sherorhs PRy the M Jifbons aute control-related
paramiefélr id ﬁ’efé?%l? RBleERA Stdnh R krBlp E&%igtﬁlg!ﬁ’ bENERAUMDuffer size.
process of the current frame. According to an
enbodi ment of the present invention, a progranfcode
Accor?lggtlg %Srelélghgd;ijr;qtglhté)herfitgé g%/e:sglﬁgg{zﬁ%rh@fdl,e é‘g{qm%@‘gm 4%%@%g%tﬁhogis provided for
o BT LA ShbAG A FRALALe e EORASE et uanization

paramBtek lAAfRtméMEndR! @R blace. HBERS thefnidhBied dfSme@bBIotkE&tceeds a pre-
froma bit distribution of one or nore previous

definefirthreskold Ahe adilistigg the quantinditui pasamnetef istenebledesent
invention, if the current frame is an ideal data
representation franme, the predictive nunber of bits is

Accorg%%%%&&@%%gpg PfE@@ﬁt iﬁ@erﬂﬂohsiggll%géasg%?? pﬁ%QMcode section is

ng to an enbodi nent °o
compiidedsfon tdeterimin g aim, updatddénitalr gieamtiziticnparameter Hof rtAgreurrent frame
~the initial quantization paraneter is determ ned by
and injtigdingghe sepstitien pf erizame erodintacproeess 06 theceurrant ey
val ues for short wi ndow and | ong wi ndow quanti zati on
paraneters; a

According to an embodiment of the present invention, a program/code section is further
provided for determining whether the current frame is a P frame or an ideal data

representation frame.

According to an embodiment of the present invention, if the current frame is a P-frame, the
predictive number of bits is determined from a bit distribution of one or more previous

frames.

According to an embodiment of the present invention, if the current frame is an ideal data
representation frame, the predictive number of bits is determined from the number of bits

generated at a previous frame.
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progrant code section for calculating the initial

guanti zati on paraneter based upon the short w ndow and
wo eovg/ovdoegiow quanti zati on parameters; a progr apdTIEE06/001535

section for clipping the vabue for the franme's initial

guanti zati on paranmeter. According to an enbodi nent of

the present invention, if the current frane is an

i deal dat a representation frarre the program section

Accoﬂ:ggrg%jt ﬁ'lbo?ﬂﬁ%wgfﬁék g)r %%rﬁg (én gggﬁr ons&t%ﬂ?neo Is 3 P frame, the

1n1t1a13Q1§dﬂtf%Bt1bﬁ ﬂh&&lﬂbt‘é@% fd@ferﬁWdOMy r’tﬂe anétns ndf Z%Irbgf@m/code section for
par anet er the previous P-frame as the initial

calculgtingt valaes oforpanhartetvendowf and b idrige rwiadam mantlze;nomh gekameters; a
i n, accordanc h the buffer nodel i.s successf
Prograny{code rsefﬁl%b ?cgrﬁai%%u%&e 18H1311 gu@gtg@?lgg Paragpeter gased upon the short

w1nd($ﬁ Hha qﬁ%gt\ﬂllﬂgo%rhcﬁlahﬂkﬁt r"i‘ j%cll'bz, al n%t%g'reﬂﬂfcﬁgg L&tk fBEnchppln g the

e nu gher af ¢ nore previ
valuefféxaﬂme&‘raaﬁ@sﬁxﬁﬁanqmﬁmmn pﬁaﬁx@t@%‘t ers used for
encodi ng the one or nore previous franes and clipping
the extrapol ated quanti zation paraneter, if the buffer

Val|abl|lt hec ils, The extrapol ati
Accoidiss o5 am1 GERRROAL Do BisrRanBRitod) BURB S BIDfFepifeis an ideal data
r . .
T
more Bﬁ thedfellemihg biggrhingcodeistétidnsqAgibgzat seationds provided for employing a
fromone or nore quantization paraneters _of one or
quantipetien maémm@s afdtbgl pravioys Aepresetst Bei l@ﬁwf reiFaGzatign pgameter, if a
oot 5 ERRLEL Bl ok L B 18 SFRE ABUEE St A e
progriRAAE rse@cﬂ?i{ @?r@viﬂb& o’ &&RpeRKHLE Fhe ﬁi‘i’t‘i’él'cﬁtahﬁzd@ifoﬁ\ﬁa@ﬁﬁeter from the
The vi deo encoder is arranged to performfrane
numbeﬂ oﬁ dits geheratehfir éneaoemore previowsnizames end Are qmarttlzatlon parameters
QP cal cul ator conprised by a&Ee vi deo_encoder 3
used @r @aﬁ@@ag e ORR PRI IPTRY 10N TS caaa%. the exgpolated quantization
paranf)eg ngb b E\%{lﬁgﬂ{{? %:ﬂeag‘ feﬁls,l_he@té off 9§ %P&gﬁ'bly based on a

dlng a curren rame eo e
regredsforf éﬁléﬂﬂﬁﬁo@bﬁ&ﬁgﬁgmi 6fa i’@@é@hirpﬁ\hc@é‘@ﬂﬁvlﬂg ofié ofafie parameters. A
group of macrobl ocks within a current franme, i.e
progrgméngdeviestion As GRablyjuevided dondeteaiting thehinitjal dpntization parameter
encoder is arranged for det e,ggm ning a score V.

from gne OF TRATE SBIERY“BFOPEBIEEHT ChPRUR! P BEvABIedRRY pfa ropresentation
frametsgﬁ?t?éjé{t?%}oléﬁcﬂpﬁ HoPrdifipgincoded. The QP adjuster is

ust t e quantization parameter for
encodlng a nextgroup of macrobl ocks in case the score

val ue exceeds a pre-defined threshold, O herw se (gD .
In accordance with a fourth aspect of the present invention, a video encoder operable with

rate control module is provided. The video encoder is arranged to perform frame encoding
for each frame, i.e. frame-wise. An initial frame QP calculator comprised by the video
encoder is arranged for determining an initial quantization parameter for being used as a
quantization parameter for encoding a current frame. The said video encoder is further
arranged for macroblock encoding of each group of macroblocks within a current frame, i.e.
group-wise. A QP adjuster comprised by the video encoder is arranged for determining a
score value after encoding of a current group of macroblocks of the current frame to be

encoded. The QP adjuster is adapted to adjust the quantization parameter for encoding a next
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adjuster is adapted to maintain the quantization
paraneter, which is enployed for the current
wora@roiddex k encodi ng, for subsequent macrobl oCRCT/IB2006/001535
encodi ng of the next groupldf macrobl ocks. According
to an embodi ment of the present invention, the QP
i.s .arranged for

j ust ermn
group oo Al S e el vl ST BN &geﬁ@efgnpaf;ﬁr Chol herwise QP
adJust&oﬁpadh}?ﬂe? ?% ﬁn{eh‘fnt% P ?%‘?.Z%E&E E)E}lo ﬂ%@er Wg&tﬁr’xsls e\%ﬂcﬂé‘d for the current
macroplalti @hsodingu rfcferswsedpms ﬁﬁcwbmﬂi fenbochﬁgoclf Nthe heext group of
current macrobl ock at the time of encoding, and a
macrobkskebl ock i ndex. According to an enbodi nent of the
present invention, a bit predictor conprised by the
vi deo encoder is arranged for determ ning the
Accorﬁ{ b bhVémBYTREht F thit Jﬁ‘es%ﬁt GRFentoR! %h@q WARRYerOfs arranged for
s generated for encodi ng one or nore evious
deternﬁliﬁﬁ’fgoéhh@ sése Ghluehen the rbasistoffat deust eunslbwir ofCthe gmiupmtbmprlsmg one or
one or. nore previous macrobl ocks of one or nor
more it gpyeae velaaplor the ewrentianed adiedivtvenwsher Qﬁblttsa avhich predicts a

gl SERE oS EcRiraingahe FPRYORTEPloRk oZH RGN, 6rE8ing, and o

macroPldck6hy8l ope values for the current frame. The blt
envel ope val ues include at |east an upper limt and a
lower Iimt. The bit envel ope val ues are determn ned i n

accordance wi.th a buffer nopdel and/%rEi &Pblt envel
Accorg g fesnrabaHEERt GhaPreseriovEHony A PilePtatictscoprutsed by the video

encodglr fsufﬁ—fa%%n? #)rs % i eﬂ{ngfdtﬁg pécflct A SumBert & bqgtorpff{é%sm]%f number of

and a video frane rate

bits g%ré‘t@ﬂ 45 Bhcddingbhé B 8cbré PrevdSlLiAtbICEKE BE thE @ufrent frame and/or

value on the basis of the predictive nunber of bits,
one ot imereeonectraperevabiess maenpbkocks ef ded dn@dre pravious firanags.

account for unreliability of the bit prediction. The

pre-defined function is preferably a function of the

o) ' I e I

AccorJL B0 IEH, e BASER Ryt 8 oy BB ARG comprisd by

the vilédkgcodee esamlanwdtfbr dd?teﬂﬂilnﬁ@ et exdveldpe \pﬂweﬁaﬂ the currcnt frame.
i nvention, the SD adj uster is arranged for adj usti
The bithenviglapet vauasi is éaraaimsban ppperHimittand aleayerilagiti Ehe bit envelope
t er is.offs

e B it B0t 508 FOBSE TR AR s vt
basedt&eatel@élﬁ |099 SakR! RS the group comprising a video bit rate, a target number of

bits for the current frame and a video frame rate. The QP adjuster is arranged for determining
the score value on the basis of the predictive number of bits, the envelope values, and a pre-
defined function to account for unreliability of the bit prediction. The pre-defined function is
preferably a function of the macroblock index and is more preferably a parabolic function

implementable on the basis of a look-up table.

According to an embodiment of the present invention, the QP adjuster is arranged for
adjusting the quantization parameter in that the quantization parameter is offset by at least
one offset value. The at least one offset value is preferably dependent on the envelope values

and/or the determined predictive number of bits.
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and/or the determ ned predictive nunber of
bits. According to an enbodi nent of the present

WO pweoiioe), the QP adjuster is arranged for adpCEIB20g/001535
t he quantizati on paraneter 12n dependence on the score
val ue. According to an enbodi nent of the present
invention, at |least one rate control-rel ated paraneter
is provided, which is preferably selected fromthe

Acco%‘h% Ro Ca(}P %{nyodﬂﬂerﬁf oPle EJ?@S%P?‘ '?lgvetﬁ'ﬁt)ﬁ e IiheS eHSteé is arranged for

an enbodi resent
adj usﬁﬁgett@l%mdnmmrparenefet ﬁﬂ@%ﬁknﬁ@ﬁceﬁﬁ{ e @bwe%h?e nunber
of macrobl ocks, whi ch have been encoded since the |ast
quant| zation paraneter adjustnent has taken place. In
se . the nu t of obl ock exceeds a re defi ned
Accoi %%&nde RS aETin b1 S48 P ATROLG 261 (it FtG control-related
pararrfeﬁgrk] I%\H (?E\gﬁ'llcﬁlq% ?Pef@l%bg'&‘?%geﬁé gfogg %Suﬁ Sesgﬁgﬂn of bit rate and
buffed fize.det erm ni ng an updated initial quantization
paraneter for the current frame and initiating
repetition of the frame encodi ng process of the
urrent fra i f negcessar ccor ingto . .
Accofiii 3 e Eppientns b Snerossab it vesons s’ ladstr s prranged for
deterMitd8 nublier Q)lfrrﬁz?dqeblfoﬁﬁé' ByhiSh %a&e be&d '@n&fdea 3 r%c@gﬁé last quantization
data representation frare. According to an e
paranefert fiugtnese hias itakeanplage, I tagehthecnumbat of nareoblscla exceeds a pre-
P-frame, the bit predictor is arranged for determ ning
definqdtaresheld, g1 quantigaten permsterad dilstment ippRatledst 1 but i on
of one or nore previous franes. According to an
enbodi nent of the present invention, if the current
Accoﬁd‘i@g’r@‘o 29 @Rbbdigdint G Mel RBESRS GAVE I 0AN ﬂflé #iial HRGOQP calculator is
predictor is arranged for determning the predictive
arrangednfoe detsimining ahnmchatddanttmfbmantmiatﬂontmrgaeter fordtle atrrent frame and
previous fr Accor di to an eppodi nent_ of the
initia }ge@@ﬁ’{m?rhegﬂfé figiric PROQHEE BIACPEAL thy SHRSHITAMS if Pegsgsary.
the initial frame QP calculator is arranged for
cal cul ating val ues for short wi ndow and | ong w ndow
Accordit@ntd aatehtbddRReNS feSprescnlt GaVvediionJittib Rleteiirtihed whether the current
uantization paraneter based uponthe short w ndow and
framel1pad Whmd owaguaden datatriepreseniptioefieme; and/ or cl i ppi ng
the value for the frame's initial quantization
parameter. According to an enbodi nent of the present

AccotdVER AP RmbloBirth&if STUhE §dschf HVentisn, 3P thdl&dtterldtdine is a P-frame, the

bit predictor is arranged for determining the predictive number of bits from a bit distribution

of one or more previous frames.

According to an embodiment of the present invention, if the current frame is an ideal data
representation frame, the bit predictor is arranged for determining the predictive number of

bits from the number of bits generated at a previous frame.

According to an embodiment of the present invention, if the current frame is a P frame, the
mitial frame QP calculator is arranged for calculating values for short window and long

window quantization parameters; calculating the initial quantization parameter based upon
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representation franme, the initial frame QP cal cul ator
is arranged for operation in accordance with the
wo edobovdoegy deci sions. If a buffer avail abilityPcherkod/ w1535

accordance with the buffer 1dodel is successful, the

initial frame QP calculator is arranged for enpl oying

a quanti zation paraneter of the previous P-frane as
the shprevindpyiand la%mlmf% AeFntigatiekaemetas; andlorislippiag the value for the

viaj L . Clnlc@l] s, the initial frame QP

frame%gﬁié&f‘@{%r#tfz?ﬁ@@ﬁr anfgéé' for extrapolating the initial

guanti zati on paraneter fromthe nunber of bits

generated for one or nore previous frames and the
Accordingntoi aaeimbadiaerd dttbe prassaidinventiendbd thengprtdné fomee ran ideal data

nore previous fra and _cl i pping.the extrapol ated
represgRAHPR R e HH AR e Qe Blafd SoPiRigsd o6 operation in accordance
with ‘@E %ﬁ&%ﬂ% dbasiefs.on f‘bpﬁ&f ‘Exéala%ﬂitg.aéh%%%'a%Gor%Qnéeh%ith the buffer

asi's o regression runction having oné or nore

modelPigsa®dsefus - thé initiblefrent G eAlBGlat? it Srrivted fol eaPl&ing Aeuantization

initial frame QP calculator is arranged for
paramgter eofithg rpgetines ithiremgl agdbatinitial | pranpeatione paanfetmlf the buffer

: 0 ant.i.zati on r ters of one_.or nore . o

availafitiy, Phedk fole.Ae utial et CLoIShiRGR i REMESS f PrgaRalagng the iniial

; i ' t t t q
D U o il B s ol for 00 o AorS 1EMBus frames
and tHeoyugittizayion patdmetisonsed foucncoding athe ensadr nodd prévémseframes and

. the rate control schene according to an enbodi nent of
clipping thepererapaiatedh qesitizeon pampieter; dha enirapalationyis preferady based on a

requl atiqn, which neans that .when encoding the franes
rearesh G gt o =R Eeataey b Fonshpd B e Pr b Bhrameters. 1
the ex®4B0latiBRUI ROt RQiabIAARS i8N RANE YRLYciGtRNS AftaRged for determining

conplexities. Thus, quality variation resulting from

the intttaé qpamgpmasied pasdeetenfibnobhecor maye hearttizghen patartdrhof ene or more
.resulting fromVBR (variable bit rate) famly rate

previqus Adgab dptrepieaentatigieltaes-on hi gher buffer levels. But,
the conplexity of an algorithmaccording to an
enbodi ment of the present invention is kept at |ow

In gene@¥Elige bfosemeRiventids rdlaes esantadd bortrslncleme asichvi$ Advantageously
menory and/ or processing capability constraints. For

arranged atopbee operatedi ati loyv-delap@pphicadions) sicdl asr eanyetsationalt Hence, the rate

el woul d_ jnprove the . perfo nce aj.the.expense, of . .
contrd eferne e g, GIORIEN G DB PGOR IFALTb PG eehiove tight
i tef i :

e 0L T k08 STRIL AU YOGS s 0 s
numbé@t Jfr dite Ise\geherated, cene tlought dind foarhes ahgy (KEBR) varying encoding

complexities. Thus, quality variation resulting from the proposed rate controller may be

higher than those resulting from VBR (variable bit rate) family rate controllers that operate
on higher buffer levels. But, the complexity of an algorithm according to an embodiment of
the present invention is kept at low levels to enable its implementation on devices with
memory and/or processing capability constraints. For example, utilizing a macroblock-level
rate distortion model would improve the performance at the expense of increased complexity.
Also, an algorithm according to an embodiment of the present invention does not perform
any look-ahead either at macroblock level or at frame level. So, some constant bit rate (CBR)

algorithms with significantly increased complexity may have increased performance.
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algorithms with significantly increased conplexity may
have i ncreased perfornmance. Nevert hel ess, the present

WO pawe139e$ provi des a rate control schene, whi BOT/IB2006/001535
represents a solution consildering the bal ance between
qual ity of encodi ng and reproduci ng and demands nade

NeveBolR i B P ke o o 02 Bt iebomey adiah represents &
: . j ' t ther .

sl BRI, MR B SEE i) ORI 951 and omancs

madevan dorymadigecomypiaxent fromthe fol l owi ng detail ed

description when taken in conjunction with the
acconmpanyi ng drawi ngs, wherein |Iike elenents have like

eGP IR S kM b B
Thesdibly B0 e8] A0Sl it GRS e iSepion, foggher with the
organiiatignamnd Inhansier aifi sy@er Stidie HasresR Wiyl Be@ditebpparent from the following

rocessi ng system according to an enbodi nent of the

P . . 3 .
detailgd lesription, wthen dakerrin conjynetiemavith Bieoedcodipagyimg drawings, wherein
. ' I #g. schemat j,cal | furthe rocessi ng., system
like eleradff il 6> BRHERTG I eaooD e Sl dBGes Avebrd Relow. Preferred
embolfiinBent? SMING e Cthvdh@SH a1 lﬂwtﬁeate'xggﬁned with reference to the
schemati cal |y conponents of a video encoder accor di ng
acconpanymgediowingeeoft whicht he present invention; Fig. 3

shows a flow diagramillustrating an operati onal
sequence for operating a rate controller of a video

Fig. 15§06 aa%?&'kdia%g%—;l% 4?@,}152%@8% %‘I%g%}g%fafiﬂbg ?aaplglrer?esr%{]tprocessing system

I'nvention; and

| | hewvbdiakite dn seltahbsadil e SRABANANM R0 a rate
controller of a video encoder according to an

Fig. lpnlsgvsrentbledk tdiagrpme shwstratinge atlicomticB¥5TAl LfEBher processing system
DESCRI PTI (t)\l O:HILH .I I\I\/EQIQ}IT%O\I Feat.ures, and advant ages
acBSPHHAG ' A1 CHPOSYpERd the PRSSENt IRVRIRIONoN wi | | becone
Fig. 22PBRNG 1§ i b Ol Th QUL A | CRTRIAERR ot 4 i
e 2 b gaPRE i e Tt SEhha Ay STt  pideo encoder
t hadcosding taaf ehibodinentumenpeséitripvaitiont t he draw ngs
. .are indicated wth the same reference
Fig. 3 shows a flow diagram illustrating an operational sequence for operating a rate
controller of a video encoder according to an embodiment of the present invention;
and

Fig. 4 shows a block diagram illustrating schematically components of a rate controller of a

video encoder according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Features and advantages according to the aspects of the invention will become apparent from
the following detailed description, taken together with the drawings. It should be noted that
same and like components throughout the drawings are indicated with the same reference

number.
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nunber. Wth reference to Figs. la and I b, structural
conponents of processing systens 100 according to
wentodiavent s of the present invention are schePel/IR2a0d/op1535

illustrated. The bl ock diadfamof Fig. la illustrates
principle structural conponents of a processing system

With é%g%rgé‘% ﬁg lilggtjlé% %})ﬁe B‘Elo Ssgylg%ﬁaae ) .ef)g]gélgapar&yfo;ig{]q%@s?;g tgystems 100
accortiig tBre@fRAmeMY 8P Hiegﬂeseﬁpﬁweﬁt‘?&?a% 's?ﬂerﬁXﬁéa?@rﬁlggt{%&

represent any general purpose conputer sys
shoul d be understood that the present invention is not

limted to apy specific processing system The

The l?lp%ggqgg@dmg%&e]gxsﬂh)gtrg{;gtgmcmg simicturgle nempbnarssl of a processing

of te d.on a _processi ni.t (CPYU) 110 )
systelf R WERH ORI AR B AR5 7 Hud Moprobgesitzosysamm on processing
device enplidyaBie Wil thAPdosnt IFESion! {

r egjg- oyﬁ 'y menor yﬁ‘(é S B:ﬁgl\i/rél)gﬁe/og é@@% éﬁf{%g 0944y represent any
generalnpyrppseopemputensysteraphil shoald Isnanderktool thsiethe RREsRk avention is not
limit gl th the cg}{iocessi ng system 100. The one or nore

mited i A SPqCHiG PIOSEISTSYSSBkei al | y any user application
software for being carried out on the processing
systemas well as one or nore operating systems and
The iltieswiated totaseingSElnal 6) o8 gbﬁ&ghieﬂferﬁﬂ&ﬁﬁ{e'nﬂ% bdied on a processing

. _processing systemand its further hardware conpone
unit (EBHD»I 19 heing conriegtet rta tacuhpmotin 2 (ur'Ploee sigeiniigry SH29), &7Ri€l2@omprises any
rando%ﬁ coupl ed to%l%urg} ity of input/output devices (not
THAGHRSS TSP 3ndion seasherly aneragyod@M) aiskuypiddd far string data
and/of"&HESE mdretd . dewi ces incl udi
oSt ALt e SRS PGB RRAY M 100, The one
or mofd apphigativrskincladepgetiatly ey disbvasplicaish So@khR! for being carried out on
versatile disk drives. One or nore general
the PIOGRSSNE SUstE ay Welbjas jone e fracresopk&ingasyshens and desied dobver software
. r i system which enahles for data
requ“%:&;?r\?%upr??g@f‘ﬁ% ﬁ%mﬁ%éﬁhg DSIeHD AR IS BT Biseirac carpponents (only
partly pihgtatedlpl y any packet-sw tched data communication
network. It should be noted that the one or nore
i nput/output (1/0O interfaces 180 should not b e

Th under st ood as be{)ng limted to network interfaces but
© PRQYESSITHD SYSiet G O] Prwmled e e placalify xdf0input/outpub devices (not shown)

. i i | j cabl e f d
Y AR ST L SPRSS! F eond o s i
includmgvhidemnt ¢ingiedero R disNiiGVes! SapeWReSI11bBp{ disk, compact disc drives,

and digital versatile disk drives.

One or more general input/output (I/0) interfaces 180 may be comprised by the processing
system, which enables for data communication via any data communication network 170,
preferably any packet-switched data communication network. It should be noted that the one
or more input/output (I/O) interfaces 180 should not be understood as being limited to
network interfaces but the input/output (I/O) interfaces 180 may also comprise any interface

applicable for data exchange.
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general video source 220 for receiving a video input
signal. The video source 200 may include but not
wo 2ovwed2@ vi deo canmera, a cancorder, a vi deo PETIB2d@r001535
any video signal receiver dapable of receiving radio
frequency tel evision broadcast signals such as digital
TV broadcast signals (including e,qg. DVE-T/S/C L
Furth%rditﬁ? PrIcesing SYHruakith serRyses ¢ idegstncrder 20 avhichiis soupled to a

. ' = . |

sy S5k by 4078 525 0 Y SRR e 200

includdbet gowalimitelTSGideboddndial a T@norddron viled @8dorder, tany video signal
eme

. Commi ttee) coded TV RF signals, and/or SECAM ( Sys
receiver gapable pfiteseiving mdio fequendyrtolevisjonclomdedcas/sigrals such as digital TV

broadEasfoiis GG e R RE/C JRieh Hidh GuSadsipting — terrestrial
satellifh Q'Jaﬂiel)véi%‘?ﬂs .ragﬁ)%? dagl'élo%-r% ‘t’)kéja%lgaﬁns?é{ial?? rcﬁl%lh%%.g. PAL (Phase
serves to provi de vi'deod nput signal's°to the Vi deo

Alterreitioadeine? 2060 MY IRR Qidiyls, NTHCOPREDhAITENSsedh $9&eOCommittee)
produci ng encoded édiég\}{t al ) video bitstreans. )
coded TX i signalseanuéeicBCAM (Syriemp EdeationuedyoutbeurrAvesi Mémoire) coded
rom any storage device or.any i. i ng device for .
TV REHs i i deed Sacu PR aRR hs Sstither Rgd dielike, and an
lo@hndVBF 8icSAFoided rd k@it @l ) video bitstreans thereof.
Ao h%ﬂ?eglﬁt?i ng gm"g’o&& tstreans are preferably
communi cated via any input/output interface 180 to a
devi ce or system capabl e of reproducing the video,
The videquBREESOUTER ALY 1SETVER do dRseVide yadeaninpyt slgnals ta thewisleo encoder 220

ecifi adi.ment _of rocessing system.100. will ..
compRRAFbY fi PRREHITE cho oy [N RROBEEENG Lo g deo bitsreams.
LikevA58) 0 i8{¥es Uf ¥id6o WistaRseRa9 AR r&BRedl frbmb8nyf@&REdd88vice or any
in detail with reference to"Fig. 2. In particular, the
imagingidedicedot baihgwppliedRioghe videvosmeoiere22 (aprodueing @i e mare encoded
..aof the input/output interfaces illustrated .in general
(dlgﬂ%&ov .eoTh@tS&e@@ﬁpah%ra? mide peguling vi 9o thilileams are preferably

comniihidGldPvEa S%@:%M@%@?mﬁ%ﬁ&%s lgp b RO rd%?l?l;: |e?ry system capable of

processi ng shoul d exenp

reprodi@RigeHeVide¥eqlientds GonP RS d8Dvid¥s bRt¢am devi ce
enpl oyable with the present invention. It should be

understood that the present invention is neither
[imt to. the illystrated portable ocessi.ng syste
A moigesife t§beiipent A MegmocrRe wrmr PO FibtedIfngHied Wi reference
to Fi$yﬁ)t &hd %f‘i &ﬁl?fd(ﬁﬁlﬂl-’[p 6f (lglllé R}?tfebaérﬁsqdﬁr ?G@%ﬁhn& Y8R 1 Yetail with
s exenplarily carried out as cellullar conmunication
reference to Fig. 2. In particular, the embodiment shown in Fig. 1b comprises also

embodiments of the input/output interfaces illustrated in general above.

The block diagram of Fig. 1b illustrates principle structural components of a portable
processing system 100, which should exemplarily represent any kind of processing system or
device employable with the present invention. It should be understood that the present
invention is neither limited to the illustrated portable processing system 100 nor to any other

specific kind of processing system or device.
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enabl ed portable user termnal. In particular, the

processing system 100 i s enbodi ed as a processor-based
w@eoomioc29es cont rol | er based system conpri si ng aPCEIB20ed/001535

processing unit (CPU) and a7nobil e processing unit

(MPU) 110, respectively, a data and application

stora&e 120,, cel l.ul a connuni%at'on means i ncl udin

The il]élélirft’rg Frogessing syq;tg\alu i @?ﬁn%ﬁ PrYeCqrIIEE Uy ?g Cﬁllﬂhf %ommunication
et el BCRRAL R IR 4 BB IR mbocic s o

processtPbise® ¥ BliErofRARS11brsdsbd ish@einyddongitditg @dgiPal processing unit (CPU)
i nput/output (I/0 means 140 (typically m crophone and

and a hwbds pratessing uvnglyQVPWeypadrespdéiorelk ey datar ahdnapiilidatign storage 120,

cellulalg %ﬁﬁgt{%}%h}é %&}lld)l%gl ?q%}}gﬁ? )rg%%L gé@%xc\é{maigqgerg{cg p&ﬂ% 183 with
. f.ac F ] i nt

radio %Pél%nc?@térk{a}r e%ﬂeirﬁfedg %gﬂ ﬁggg@@%ﬂ@%@@%ﬁfa%@ﬁ% (SIM) 184, user

interfa@ MAbLSQGEpat thél@e RS {Piballe 2080 WihalbutsutCapah! geans 140
of enhcodi ng/ conpressing video ihput signals to obtain

(typicallynpriespbenaliagd t lahdspedke) s &quenkexpad amil/er keyhoard with key input
controlgElcs8) Bh e by A D Sl PO nEL T o Rt aate

_ > v di : , , .
B 152,00 6, D) IO 200 Aoy 109
compritegiat vildey ictleades agoduic @90( avitcle.ig.capdtde ofi @icbding/compressing video

) pi ctures%mi n accordance with one or nore videg codecs. . )
input sfgrals prepbieinoperapressed digitdl agdeg seqipaeesniand®-g-salso digital pictures) in

e R T

modul®3BISpRfvidfle REIATHHRE sNATCBNAr a RARIC I6Mef Fhddidd 210 enabled for
application; which controls the functions, features

encodiag ccoinpredsed magital widdo sdgeepcasc@adiag ays degital @ictbyes) in accordance
.. offering their usage to the user thereof. The display
with 0pe,gF O Yideo 60daCsol | er (Ctrl) 150 are typically
controlled by the processing unit (CPU MPU) 110 and
provi des information for the user including especially

The oferaf6RITI 63! probsSing! i@id 00 {sUbdntddlledvbPahé RRnt8EbrddRssing unit
make use of the functions, features and functionality

(CPU)of mpbide prasessing nyit (YO D Gpiceitky dethsakhsimel &eyperdting system or
. controller (Ctrl 30 are provided.to enable t user ..
basic GO SPolicaNAR YERD CPREo R 6 TR ToRdEs ohd Tpigronatity of the

YR T AORE SHEELL T S e nd e

controll&0(Cinh)i 130 amytybiallpsionticlled by the processing unit (CPU/MPU) 110 and

provides information for the user including especially a (graphical) user interface (UI)

allowing the user to make use of the functions, features and functionality of the processing
system 100. The keypad and keypad controller (Ctrl) 130 are provided to enable the user to
input information. The information input via the keypad is conventionally supplied by the
keypad controller (Ctrl) to the processing unit (CPU/MPU) 110, which may be instructed
and/or controlled in accordance with the input information. The audio input/output (I/0)
means 140 includes at least a speaker for reproducing an audio signal and a microphone for
recording an audio signal. The processing unit (CPU/MPU) 110 can control conversion of

audio data to audio output signals and the conversion of audio input signals into audio data,
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and/or controlled in accordance with the input
i nformati on. The audi o input/output (I/0O neans 140
WO p@botwes at | east a speaker for reproduci ng aPCHIENG@/001535
signal and a m crophone fon8recording an audi o signal.
The processing unit (CPU MU) 110 can control
conver si on_of aud| 0 data to.a ut si gnal s and
wheret g Tt#RFEr BP Gdisy d%iwaamanma%& @w& qrrirnsgyshien and storing. The

audio fs%nﬁgp@ re&sfg)ﬁ orf S@%ﬁ@”%&dléqg a?lkigdr ?lﬁ%g%ﬁl@a‘éﬁ% %gis's '%ac%ngentlonally
suppoﬁ@d’%?rcﬁgf?ﬂ-t@fanql@' ardl anele-Go-Hifpial @ir@ul&bf%?' i¥npd %eﬂ'de& ®n the basis
rsa i S conventionally supported by digifal -to-anal og

ofadlgrtdl sigad] pgedessati(PiSPahotshosm)t ry e. g. i npl enented on
the basis of a digital signal processor (DSP, not
shown). The proceSS| ng system 100 according to a

The pltsoﬁg&'n{e% %\yu ('%1? (flgbn ? J'B?&%gfnﬁa @en&l 'fiuétpa&ée&&:%[g 1b includes

the celluR@ Liﬁté?fﬁcé“ﬂI/F)“l@S (dbﬁble&ﬁ@%é radid fréqueRey %ﬁie@n&\ﬂ(h@t §Hv8vn) and is
subscri ber identification nodule 184. The
operalgde mith the suhacenbﬁmd@n(lﬁm)onmeduls (& ﬁ%%é[ l@szeaube lintetfage (VF) 183
is arragigio i colieleh FABSERET 39 GHAIE Sl Borh e St Agisgne, decodes the
I t
s1gnal§1 Cﬁﬁé{:é%?l ggg %ﬁu %Sfﬁer PlociHe es&?g ?ﬂg&f frelfi€ncy. The cellular

1nterfaw¢ E(E/F9 he3aprovidas €oif a@@vel\Aﬂie%ﬁr genfae, whictosgrvecin oonjunction with
with the subscriber identification modul e (SIM 184
the syhseriben |idendificetamumiodute dREVIN 134 afok oeqlledaso ﬁgm@lrb%?é,@ns with a

correspfig s i (B AR UEEIC FReRRet e (BANLeF Biplig tand mobile

netwoBi€{PLL interface (I/F) 183 thus consists of a stream
of data'that may require further processing by the
proceSS| ng unit (CPU MPU) 110. The cellular interface
183 arranged as a_cellular transceiver is

F
The oaawtcéot he collafesptertage AUF) dddt s sopslgls otny stigpm “of data that may

requlrégg%?r éjgogl ?]S%?%pg T?la (ﬁgggésgltngeuré{ gtg? (M;Pf)g T’l(OzéSJ;‘ﬁEe?el %ar interface

(I/F) m%mge& §§§ cBl?&l‘é@ernsfc%@ is al§ea Fpﬂifdeto rbbve@ith Woak the processing
interface (1/F) 183 encodes, nodulates and up converts

unit (CRE/MRLDH Ehodicings $6 ba atrzslslmttetdq'elar@dmyef-ﬂmqaue nntprface to the base

stationrBShAt Bk atcesnasmorBIRAND. phigtsiots B Sykilenithuges (VF) 183
encod{e% el{dﬂ&ﬁl%§ M ddS u% Zk.ﬁ)rr]lgégé‘ lid AGa éﬂb&%}é@? Cé(&ﬁﬁ;fs% (teé 'rtgfg ?%(ﬁo frequency,

e Correspo ase station
whichd€ eebs usel e rok'el( RN)ir @hndrhigsipnd) I The dnésh@a it shewnd b¥kitekprocessing

systerr(l Fl)%)g/l\glén transmits the resulting radio frequency signals to the corresponding base
station (BS) of the radio access network (RAN) of the public land mobile network (PLMN).
The cellular interface (I/F) 183 preferably supports a 2nd generation digital cellular network
such as GSM (Global System for Mobile Communications) which may be enabled for GPRS
(General Packet Radio Service) and/or EDGE (Enhanced Data for GSM Evolution), UMTS
(Universal Mobile Telecommunications System), and/or any similar or related standard for

cellular telephony standard.
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The cellular interface (I/F) 183 preferably supports a
2nd generation digital cellular network such as GSM

W@ Bocloado2ESyst em f or Mobi | e Communi cati ons) whi BOT/mRE2p0dN@®1535
enabl ed for GPRS (General Packet Radi o Service) and/or
EDCE (Enhanced Data for GSM Evol ution), UMIS

The iles ftadnicaros VAL 45! 4t dnpisicd pemmRiatpyred shoddomyderstood as
) ' ' f / F 8l is. . "

oG Y RS0 Il By it n tiion

or asla@PdlREeRivenel BRabRNe MRERIDMI GRS MESrPRENI/F) &3\ ASl8mented in the

whi ch nay be provided in addition to or as an
exemplarye pregassing ofystehe 1800 Ve largscnutber of|Wintlass inatvesrkacemmunication

sand e 153y RIS el arocesging, <
[ han: r re £o Ll a =

s PSR 040D . 0B G 8 g

Wi-Fistasdand,r lyaBlactosthnstikdard { EOf 29e3.20p80 ER'),”Z%B%E (for wireless personal
i

accordance with any | EEE 8Q2. xx standard, - .
area Betaiogey dWPARYS)BI indftaotsdhDetearieess (IRDA),1aty dthe, carrently available

ER), ZjgBee (for wrel ess personal area, networks

stenci{Ry alo 555 ke Wist et SRR pionBay S Pesh a5 UWB (Ultra-
i ently avail abl e standards and/or any future

Wldel\?vléﬂrdg'l ess data conmuni cati on standards such as U\B

(U tra- Wdeband). Mreover, the general data

interface (1/F) 182 is defi cted exenplarily and shoul d
Moregyer,, e esneral Adgrfaece (1/Fhgl &nés alepiated examplarily and should be

' rfa including in particul ar .network. interfaces
under%@%&egﬁe?@g%?eﬁﬁng 1&¢eXe Hﬁﬁﬁr 31 %@@g?ﬁw Jacdydingimy garticular network
interf:Rés h 1@@\%&%&1@&{&@1&?@% SAURRO st FOPERRY 4 network interf:
e net V\gl?ks snuch as Et herne AISI (E}(E)ggafsArea I\Ietvvora.kﬁif3 otk htertace
may REphrt( RirbthasedSwietwedrizsl stich egshBtieerivgtt AN (LoBBLAGEL tNetwbrk), PSTN

L A N e A T .
ol SRESREBE TRBASOREE A GFAAEE 1A, By A romsen ny

data isterthed inelilindaB) pfdlpﬁefaba@@ﬁial?aﬁue@%tceﬁfabé;tae&ﬁia&%al serial bus (USB)
) (according to any [EEE 1394/ 1394a/ 1394b etc.
interfapea adéiratyire intemfagsr (acpardirignte phy dEEEN &3 il B9aAl3M b etc. standard), a

B o T AT AT
Interfat(cr?Z C%E(gﬂ{ PusCA Vet ehhAGRredd@58) GAfelratbat &7 §AC ?S@(fﬁgeData) card

interface, Flash card interface and the like.

The components and modules illustrated in Fig. 1b may be integrated in the processing
system 100 as separate, individual modules, or in any combination thereof. Preferably, one or
more components and modules of the processing system 100 may be integrated with the
processing unit (CPU/MPU) forming a system on a chip (SoC). Such system on a chip (SoC)
integrates preferably all components of a computer system into a single chip. A SoC may
contain digital, analog, mixed-signal, and also often radio-frequency functions. A typical
application is in the area of embedded systems and portable systems, which are constricted

especially to size and power consumption constraints. Such a typical SoC consists of a
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The conponents and nodules illustrated in Fig. Ib may
be integrated in the processing system 100 as
waepanses i ndi vidual nodul es, or in any conbi Pel/IE206/001535
thereof. Preferably, one orOnore conponents and
rmdul es of the processing system 100 may be integrated

o USRS b TGN LT, R A e o o
t t
compB 5otk GATBARERS b AR ! AL o s

memofy XROM: @ad-lonlyaﬁ@rrﬁirﬁp 0@k log indre AT ARME € ai®BRY] asynchronous receiver-
functions. A typical application is in the area of

transnaiftosd due oy smene wenidl/puntielimetwenks tomts, MiAcHdireet memory access)

oot i (LU GRS RrypAsaa GBD. AN (el P EaR RISk cto. The

recenlirﬁé@gh@frﬁﬂtsclhr ibSndud@d: ﬁ@ﬁﬁcﬁ&@ gl %[18\'%d t\?ﬁﬁs (Very—Large—Scale

I'ncl ude one or nore C onents conp
Integrﬁﬁcﬂi)oﬁfté@re&ﬂoﬁrc(ﬁ%wﬁdm uﬂﬁﬁﬁfp]{ex(l@Ah?ﬂlaldi@g’l @Itogmnﬂe% integrate all
menory, ROM read-only menory), one or nore UARTs
compqmtwﬁ%wstea@yh@nmmupr eceivertransnitter), one or
nore serial/parallel/network ports, DMA (direct nmenory
access) controller chips, GPU (graphi C processing

The Vddd bncddef ié %H%ﬁt%@'to %9&% aPYiAeE SEY) sighedl an-ﬁh@nc'bae eapg1gita1 video

i nprovenents I i sem conductor technol ogy have al
sequeteSthe(ddef] whiich g bSetdred Itmrsgnﬁéd &ra) anyntistg rcﬂtrﬁdumcatlons interface,
circuitstogrow n conplexity, ossible to

and/ori nggmﬁé bythe BsapbAkie yidmo @cggi@,rt?el& %he yidgoregredes 7,08 is operable

with G4 R°298 vl AGPBL 0B 5, HEnRic, AEubPRMbe coptuin
modul@h Qszh @ﬁﬂm@%r@de@élﬁg fy%fe?rﬂﬂrﬂ)t g ¥hagdRYp tﬁﬁh% module 221 may be
comruni cati ons interface, and/or reproduced t he

1mplemm¢§ of dd¢techablie coneeddédrto? 1ie plfbeesemgeeymmodi@@ 200 illustrative

, era e wi.th any vj de h de0|np

1mple§aea ﬁgywo@dﬁ? 8@9@@82@%1 be s 115 Dglouy it ThigaRnce to Fig. 2.
221 of the processing system 100 The i nage capturing
nodul e 221 nmay be inpl enmented or detachably connected

The ith@gd EHIRHOE BRIRM Bl RtRelctdtly aAddndor |fb'§ie€:6ﬁdn¥§1mages Typically such
i npl enentation of the video encoder 200 wil |

an imagsseantweeg peidsle W1 hom%ﬂwénnentegrawcymr@lt ke cprm\ggng an array of

tnked; 3R sRPlRE: FRSHETS. FHRE AN SORRNPLH FRHRT Clfptir 54 capacitor can
transfEORULIBcER L haRRSb R &fotﬁé} dﬂ’(éjsergaﬁ@ S, (E%urclé %tte%x(a kdd) circuit containing

contai ning arm array of Tinke acitors.
an arrhiﬁ détinkéts ocmmtlpleﬂ cdpaaitore X4 %ﬁddnowwb,}uthose elaﬁbd in the art as charge-

citor
coupled gevme (CCD) Other image capturing technologies may be also used.

The video decoder 210 is adapted to receive a digitally encoded/compressed video
bitstream/sequence, preferably divided into a plurality of video data packets received via the
cellular interface 183, the wireless interface (I/F) 181, any other data interface of the
processing system 100 over a packet-based data communication network or from a data
storage connected to the processing system 100. The video decoder 210 is operable with any
video codecs. The video data packets are decoded by the video decoder and preferably

outputted to be displayed via the display controller and display 150 to a user of the
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transfer its electric charge to one or other of its

nei ghbors. Such integrated circuit containing an array
w@booiondeesl, or coupl ed, capacitors is well knoRT/IB2006/001535

those skilled in the art agichargecoupl ed devi ce

(CCD). Other imge capturing technol ogi es may be al so

proceiie surtry. HHE GHRetHTE ot Bd dncfioRminirl e eaterigR gh dhcideo decoder
210 af¥ %L&edfqlﬂé ycog;e\gfgﬁgpgeg%r& iﬁvﬁt?&hal ity of video data

packets recelve e c ular interface 183, the

wreless interface (1/F) 181, any other data interface

_of the processing system 100 over a packet-based data
Typicebmiterviagize i partabde \popeessingf systanzs datdevicosragy includeqpessbnal digital

i DB/ SRRREATR AR 080005, b S BSGRHH B0 o o
it 85506 A oy e COBan 0 Bt on o

sophistivatedi and ayonifiOx tapphicas@rs),otvhidie devices Sird @qaippee WitAbne or more

Detai |l s about the function and inplenmentation of the
netwayk dsverdeces depabling dymicallit dsta rdeersubigations wover pagkerawitched data

nehvo%@%?@%?rg]ple% it%t@(gl ?}g;lel{;]hn %\ég o#rtg%%lgsesgérgﬁgs}ﬁi dices capable for
processitd llﬂt’l‘ﬁl@di@l%ﬁ%ts ﬁﬁﬁﬁf(l'g% }aﬁcuoﬁ?r@ Birfiedid YoRRARKS well known in the

so-call ed smart phones | ar” phone wth I nprove
art. conputati onal and storage capacity allow ng for

carrying out one or nore sophisticated and conpl ex

applications), which devices are equi pped with one or

. twark. | nabl i typical.ly.data . .
Thosd Jfieh ik 481251t G5 R P e Bt iy SR i R itedriggmy specific
portablePhRIFBER-bRIbIEd EdiGe, t WRidhakepFesdns RhOEBP e Pas®sle processing-

devi ces capable for processing nultinediacontents
enabléd alewitien gvisink oidi capabid of nediyving @ut ehe sinventivel cotaeptwof the present
) i.n the ar Those skilled in the art will appreciate
mmventigm _t’( #@u&;} é)gewc?qrﬁg@ﬁttﬁ@%theslqyggtwq ﬁp{lgﬁapt trgloa%yto an advantageous
impleﬁféﬁfdtlfohc P {7185 €86 980 N Ynedte RhE el b B ent¥d! 64 any processing-
P b
represents nerely one possible processingenabled _
enablélbdeiee indludingi Speaatabldeviet as alekotited bdive! HPeisdugnddnysuter (PC), a
concept of the present invention. It should be
consugied testioots (IRt deviee, avoiet pnethedideept rel ates to an
advant ageous i npl enentati on of a video encoder 200,
whi ch can be inpl emented on any processi ngenabl ed

Fig. ZjﬁYﬁsﬁ%tésrﬁ%thHfaﬂgalg}; E?&P%?pbg)cﬁe(ﬁﬁgﬁn?%f desiaed REE AP WeBording to an

a personal conput
embodiment of the present invention. The illustrative video encoder shown in Fig. 2 depicts a
hybrid decoder employing temporal and spatial prediction for video encoding such as being
used for video encoding in accordance with the H.264 standard. It should be noted that the
present invention is not limited to any specific video encoding standard or codec. Those
skilled in the art will appreciate that the concept according to an embodiment of the present
invention is applicable with any other video encoding standard including but not limited any
MPEG x and any H.26x standard. The designation MPEG x should be understood as
comprising in particular MPEG 1, MPEG 2, MPEG 4, and any specific profiles and levels
thereof as well as any future developments. The designation H.26x should be understood as
comprising in particular H.261, H.262, and H.263, H.264 as well as any future developments.
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consuner electronic (CE) device, a server and the

like. Fig. 2 illustrates schematically a basic bl ock
walc@gnanof a vi deo encoder according to an enmPpOTIB2BOW001535
of the present invention. The illustrative video

encoder shown in Fig. 2 depicts a hybrid decoder
enpl oyi ng tenporal and spatial prediction for video
encodi ng such as being used for video encoding in
The ﬁ?{% oCg ré(ﬂdtoﬁ} LaRsdhaifit ol INHB rsgﬂuéntce 38 Qéﬂe?al?}? cOaeithout use
t hat e present rnvention Is not 'imted~to any

of anyp Aforination idke taaothangostamedaindtler fiessodesme. TTAREtype of coding is
skilled in the art will appreciate that the concept .
designatesboiiitiag easling; ewrbibei Fashilraste ihéymeadbeiintialveasiedod hesremaining
., appli.cabl.e with any ot.her. vi dep encodi ng standard. :
pioturf B I VESR toaiohoy piiiechiclie: RIEE "B Ry pgipts of the video
a E Gy i e EG xnshe »D e ot
s S iclle ASEA N SRAPEGuioR Y OCoMIALEAREY prdiin
(especidlly aivtiodpesnpensatisrobiddisioapdrdmwehe prieeioasly dscoded Ipictures. The
as any future devel opnents. The designation H 26x ] )
encodigigopiiogesselon idatest psdiciioncyrippiien sefimationais basgn choosing motion
H 261,. H 262, .and H 263, H 264 as. .1 ,as_an ture ..
data, HpBISphp o cTREGe PEropy BHE Sopobief SuniRuRBL b Faptied to at
sampl& ofh¥ HIGE. TRE WSS data FRNGS i8 hiaksAREAhs WideiAfirniasien 9§ used by the
any I nformation other than that contained in the first
encodér ang.detbde toy prmuifancouiln gproddelabé §iatee’d pradndtion” signal. The video
coding, i.e. the first frame is typically "Intra’ D v
encodgiodPreferablyeciadtes Agervsatueds periodigLr PreBeRs g kRS (e. “Intra

[ e pict S [ f.the ”»

or 1] SoBRFHEE PEh G GARY TRAEE Y RSl ot rames
include@EPMeames! AW B-ERAIY 1 SRRk BMSe RhatH IdimeffiRfmes valileymaintaining

noti on conpensation prediction) from other previously
high inhego deditpivdtenrreprodiibesd ksna witien ggemctﬂ: guch dsgthe Videpalecoder 210.

prediction or notion estimation is based on choosing

notion data, conprising the reference picture, and a

) 3 t i i b

RoterfE1d At SPRARAERRS! il Rl e RcBhl RAAPAE e 310, e
video $héddr hosdssith®Bedt blovkeid Dieférbececfrandiovdded deleadsr art tra-frame

~simul taneously provide the "Inter" prediction, signal. )
predictigs unithed ercmesion Zompentation anityi2drte selsylate a differsness frame, which

. e. rjiodic) reference image frames (i.e.  =lntra"

s profgssfd pffr LEjeiiiim.cRihE G0 AR ML PUSRT Y BSaPidy means of a

transfd eslARMBRd fharRizer. ' THe8E unftd ATBLhbMetichliyNGuSirdté @RS non-limiting
and/or B-franes) to maxim ze i mage coding efficiency

way ashiah eintegratedi tmamsgormi,gbealingg end uqiantiyinghemit r £jfr. cihmedthe resulting

by a video decoder such as the video decoder 210. i i
quantized transform coefficients are entropy coded by means of an entropy coding unit 440

such that a compressed video bitstream results, which may be stored temporarily in a buffer
320 for being finally outputted. In other words, a residual of the prediction (either “’Inter” or
*Intra”), which is the difference between the original and the predicted block, is transformed,
scaled, quantized and entropy coded. The now fully encoded video bit stream may be
transferred to memory and then recorded on the desired media or transmitted to one or more

desired receivers.
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Referring to "Inter" encodi ng node, taking a current

frame receiver fromthe buffer 310, the video encoder
webwosem28 he best bl ock in a reference frane ppPOWIEPEEH/001535

either by an Intra-franme prédiction unit 423 or a

notion conpensation unit 424 to calculate a difference

The ef ﬁgrﬁ?lc? rl}ggar(%%%{) ]ré&%%gsrs% sggvrgptmh L rlanglfoq%{ggmﬁs S\’@}alé}gggmgns s%orter code

wordd {0 &ﬂWl? ﬁl% Flegrobﬁﬂﬂlléﬂb' dPbbstenc g%ﬁ%gg@ tc%d@%‘ords to symbols

schemat 1 cal trate non

with ilowegr e@bﬁmamséio raocugeadd. n@,lffa:ﬁﬂt Chidfolply Z Ieﬂ@:tdmlﬂg tmechamsms are
410. Then, the resulting S(}uantl zed transform
applicebler withi eidee eacediagt Fopyntatiedwh} reteaersecto the Hr%ﬁomieo encodmg

LR 5 B CHIRRSEATII) P G s v

referedé®td R/f i g#&’fﬂﬁfﬂrgéd ¥ Qitkdi] érﬁgp 1‘3095 &?i‘ble‘f’{? C‘ré)ﬁtex@ Adaptive Binary

resi du |ct|on

Ariththbtié f@odmgW(CA!BA(S) tibeugdidf fIﬁr pflﬁelptbeteﬁ&epyt &recodinigyitevkiniques  take
and the predicted block, is transforned, scal ed,

advangagenof zibg ﬁﬁqu@wtyr op yossyaEeace mé megniuds yofepewaee coefficients in

neighberggh bl 10 ERESHotratiolsaeae oy o TR ot Gl Brbe used for

cach BIBEle desired receivers. The entropy coding process
represents a conpressing process, which assigns
shorter code words to synbols w th higher

probabi |”Itl es of occurrence and .|l onger code words t
Predl@?‘i’rbbﬂéa raRes atgeiecprEpikid by Ff%l%n%fheo@éﬁltt ©0é ﬁléfequantlzatwn operation

(helrel%I t}xf s é%e%n%%xgﬁgxﬁﬁ %%g%‘i ‘%ﬁg‘t@ﬁ%@ﬂ%& H re ogﬁg!%heﬁﬁ{%%nd quantizing

it 41 ﬁac? qleefb%iah Ngperhidditameludisy 8 uaiGiuiohy ling, and
uni V'g;?l e en theFe ng @pCAVLC) Isuugggg gﬁlda i €re-)scaling, an

inversertsasfigren. vﬁlm‘mrr biitenairicwited thetnéto, thesd ihiss breowlicmstically illustrated as

content, an even nore ﬁffl ci gnt Cont ext Adaptiye

an in@f%ffea AePAREENG, EOFFHEY ERBABVerSS Hargformpunfi42Q- pffhe resulting
recon?cpﬁcftg&;ﬁg? g@%iufr"r?@%gg%gﬁge% %ﬁflt UK oﬁ%e%re&'@ﬁon unit 423, a de-
blockﬁfgeﬁl&érmziln bid/on fukeheg Iilsuci i) }i@bc&,@&ﬁg waits (e showhe
vari abl e I ength coding (VLC) | ookup table to be used
for each block. Predicted "Intra" franmes are
t.ed by taki the result o ntizati.on

The GHERIT GHo (REPaEATERETR REED reerap P RRr v SREHRG ransform
algorl%f’ Uﬁﬁ;ﬁgi lki)% fl Qﬁn PEEREMan SGAkE B sepitebidURRIgef 'tf&sfé?fnt operable with

g the reverse operations 1 ncl uding
H.264 eridgarenicadinigostan{are- Yerc dlkdngampletpixel sub-blocks and Discrete Cosine

Transform (DCT) operable with MPEG x video encoding standard for 16x16 sample/pixel
sub-blocks. The Discrete Cosine Transform (DCT) requires rounding and implies rounding
errors, which is especially considerable with respect to inverse Discrete Cosine Transform
(DCT). The exact or separable integer transform enables exact inverse transform due to

integer calculation.

The transform coefficients resulting from the transform algorithm applied are quantized using
a scalar quantization algorithm with typically one of 52 different step sizes that are increased

for instance at a predetermined rate with reference to the H.264 video encoding standard,
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inverse transform Herein but not limted thereto,
these units are schematically illustrated as an

w0 ndoggraeed de- quanti zi ng, re-scaling and i nvePGEIB2006/001535
transformunit 420. The reg#lting reconstruct ed or
reproduced frarre is applied to an "Intra" frame.

oosf R B b B o
e T e 0SB O e 2

videopemcbddiag Istandar, elxa%ﬁammeds aRAdfalh QobMicRAE withds El%—Elock correspond
operable with H 264 video encodi ng standard for 4x4

to diffezens ifeapenaies efithe biinkaceand diremimenee grtiahealTeswithor the sub-block

G SO e T
of theTﬁlﬁﬁﬁéﬂe\C&r_( PhiraR6Y 'Td'r.ecﬁ sf?l')I BRI ﬁQ‘i‘ 1}15591 ﬂgteﬁoé'fﬁ&réﬂfsquresentmg

errors I'S eSpecl a consi era

the nbn-zery exssendihg Cﬁraitﬁnésosﬁahﬁs Tofanghiaanae @ﬁ')ohra'ﬁﬁla‘ﬁéécbre typically
or separable integer transform enables exact inverse

arrangedin HfBEFASRMETD | nt eger cal cul ati on. The transform
coefficients resulting fromthe transform al gorithm
applied are quantized using a scal ar quanti zation

The “BitEP rﬁrééﬂ@h&‘ﬁ §bds¥P bf dkin ?Q@al%fstn'i_’rgtﬂﬂ Wlﬁﬁ@ggl\%ﬁe\ﬂdeo image frame.
sizes that are increased for instance at

Initialy,e thet erddonenhagat ametis dbfidade inte BOnﬁﬂnBeﬁ of6dmuilele ®locks called

ncodi ng standard, rather_ than at a_constant increnent
machZ%QP ¢ taviea) 1% 46 spmplsypigel winerebloske et sagapled for luminance (Y)

and c%gtﬂgrﬁgfcﬁmﬁ%gg& QQIJXPEG x video encoding standard.

erere t he exanple H. 264 video
encodi ng standard, the quantized transform
coefficients within a sub-bl ock correspond to
For an [ffapree(dntra pedurerrefesenceffranie, bulyi spatialeredunatianbies vittan <aep1cture are
spa values within the sub-block and start with t
encodegérlﬂrw éﬁ%@r?rﬁ:et Wethﬁpﬁﬁ’é‘&"’?aifrﬁlaﬂ%ﬂn%% gther dfprace n’lfhlﬁ gneans that

encod%or i?%é‘gééggr% ﬁg Ew Fint 35 hﬂpafbagéﬁ%cgﬁlecgr Qéiqu A9 % reference for

e remal nin

encodirgP e agd (B ETHRM* pEIdctiay CiEaﬁﬁldangl“Her ﬁﬁtbﬁﬁ&ﬂldﬂinu%dmg of the
of lum nance and chrom nance, are typically arran
g)é@cks to the top

luminppeezang; ehrempinsace vsgs. tha walue jof @dﬁtemrlé@nlct(bmncalbf uba

o SRR TR NS T o DS Eovcen e
predldt&i Blo%knéfﬁoﬁfe &rusigibiie 'is Qﬁ&%é fé@ﬁlltlﬁggf{%mp 26K represent each

typical 16 x 16 sanpl e/ pi xel macr ks are
encodsdmmﬂcemblﬁd{ Rorrinstamuee tHeYH.264 video encoding standard supports nine modes
of predicting 4 x 4 pixel luminance blocks, one DC prediction mode, and eight directional

modes.

Inter-prediction is based on using motion estimation and motion compensation to take
advantage of the temporal redundancies between successive frames in video sequences.
Motion estimation operable with the motion estimation unit 430 results in motion vectors
having a predetermined accuracy such as quarter pixel accuracy or half-pixel accuracy and

based on the motion vectors, the motion compensation operable with the motion
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and chrom nance conponents (Cbh, C). For an I|-frane
(Intra picture reference frane), only spati al
wo edandmesi es within a picture are encoded w tPOTLNB2006/001535

reference to the tenporal r#&lationships to other

frames. This means that encoded |-franmes are typically

| arge in .si and are, appl.icable to serye as .
comppRtaloRrIHT a7 BRIDAVIG BOHER (OPREREPIISD {qi, BiSck sizes of macroblocks
. | CL S iNgraspredicti di .
inclufihEfuCkkiRle 16 218016 K0 8 XM F2 G 2hR P uelipulel

bl ocks (typically the blocks to the top and to the

left) to predict the macrobl ock of interest. Then the
Dependingamethe &vidast ensedingtarptasdiusede dntsr piskuraencodiog sen balbased on one

or mitED RETEHNGRON (kDI Bt gy TPRCEUEN S PreyiSishe Pgoday frames, in
' ' t ol di Chdrng.s ,
pari SO TR 3 2 DA BRI BRI k6T B.fame i

referchiced € gRliclislyegicodablrames esd filtotedfrarpesedi ction is based
on using notion estimtion and nbtion conpensation to
t ake advantage of the tenporal redundanci es between

A de SRR e 7 e e R TRABPGR At Tt ro APERAPle to reduce the
verticP Grld® %%&i%@nthf‘ ABLLRN Y& %@lﬁ]@é’ﬁ Nhda si%-%ﬁﬁfklere b generate a

accuracy such as quarter pixel accuracy or half-pixel
reproductiomaefitha orghab adagenniprevedoin qaliect or s, the noti on

conpensati on operable with the noti onconpensati on unit

424 can provi de notion conpensation for block sizes of

The JBGY 719l AbLENARGEE, M BRE o0 ouydyine vico
outpu® bitsiEart i AP bE PEQHI Jtssel Ak tnd SLH pré-Pi s UHR S00 before being
encodi ng can be based on one or noré reference A

supplied! totthe Y)deP-chcadee. Typicellyrtbevialtotiopyrsegriab issfrgmerwioe exlpicture-wise
frames, i.n particu]ar anh "I ntra" -frane at the

prov1gg’g’pq{§§envdd%} erg;oggrq@@H‘béy e&e @-ppqﬂl ofya Bdep seqpiense can be a frame or a
r : pr.ewi y f '

rta ! SLSEPRRHRLLEN DS FLSMTho! SOIERIENY chf Wihos o prodetnd

fixed C6¥780 EMscht habroblk tévepdar aklghir raeeliof thd @isterd iFraferably, typical
and horizontal artifacts along the bl ock and sub-bl ock
macrellgelss havegemeres ef 46k bpsamptesipixelsiof tthe lemingnaaicompagent and 8x8

i nproved. i lity. .The .video input signal to b
semplBTRGObYAAL (0 SR REuc o0 Rl Cing &

resul ting video

Typical video coding techniques typically use the YCbCr color space for presentation, where
Y is the luminance component, Cb is the blue color difference component or first
chrominance component, and Cr is the red color difference component or second
chrominance component. Research into the Human Visual System (HVS) has shown that the
human eye is most sensitive to changes in luminance, and less sensitive to variations in
chrominance. Hence, the use of YCbCr color space represents a favorable way for
considering chrematistics of the human eye. If required, the pre-processing unit 300 allows
transforming the video input signal from RGB (red, green, blue component) color space into

Y CbCr color space.
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out put bitstream may be pre-processed by nmeans of a
pre-processing unit 300 before being supplied to the
wok@enimexoder. Typically, the video input sigpPel/1B2806/001535
frame-w se or picture-w se2provided to the video
encoder input, where a picture of a video sequence can
a franme or a field, af orenenti gned, each picture

be
In genpgal,srerq qonjtef @eﬁh@}lw fpawg ORNFOAErFiSHEN &S B}ee%}éw gagpder 200 allows

aynand $PfRRES: oFRROJIBALORRACI RONBSLE o SELANGH Af Arofe resuting
bitstre@f. HAQ c@ﬁtrérﬁi‘fi’e@hﬁﬁéfﬁé QR6OItX & Bubet! bebits! b NALR e%'roup of pictures,
conmponent and 8x8 sanpl es/ pi xel s of each of th

individial direinreq Rné/oc euh&cﬁmmum a Tigpo seduencelddlockhdiaseyl hybrid video encoding

t echni ques typi e YChCr, | or ace far
schemgs é%&h@%tﬂil‘e?ﬁ d e@@e s M GP&&?M’E?QX chagb secading standards are

1nherehﬁ¥ lggsag Litgo Ce%c%lng {n%a{a% ﬁﬁBfesgronf 1sr 1t only achieved by

nce co I'S the're

removilig HRhe RERMASNPRAGMatRh BESObitstEARRTHIRARS B MMieRtsmall quality
Research into the Human Vi sual System (HVS) has shown

comprohnasestimavalie tha issiptenided el mirgmaily ipeeceptiblehanges i n
| um nance, and | ess sensitive to variations in
chrom nance Hence, the use of YCbCr col or space

In palrtlﬁzﬁfa?s ? uﬁltf‘zg?f&{ ﬁmaﬁné’é@ry ﬁs ﬁ?ﬁﬂafi b QY gjust sl}])atlal details in the

rena i CS uman require

encod¢d €rapiedc @’ﬁﬁmQuaiﬂizht@Q@aﬁlnhemwSQPr BnNedrorsmall dthesy allebat detail is
I nput signal from RGB (red, green, blue conponent)
retaingsh IAﬁrthé m@tlzaﬁpa pestyiecQP ds ngseased.) somgepisthal detiaﬂtlé aggregated so

that (30 BB 2B AEE BN E P SLLHBRE B BRecylggp of aualiy

in rep P@i@ﬁﬁﬁe‘l“ﬁlst RieR5) I WY iforbANTE bitbidte 0R(tRe qutﬁtﬁebltstream of a video
resu ting bitstréam Rate control mechani sns all ocate

encoder budtget viflediehsoden 204 theggoalityobf perrodu@n ofidheidded bitstream
frame, and/or sub-fra in a video sequence,

increaggs - tb@é@kprﬁwpeacwg@obsé%@aﬁeﬁ\ger@é Hesspradyefion decreases.
those applicable with MPEG x and H. 26x vi deo encodi ng
standards are inherently |ossy video encoding

A simPREpPFé2REnay Tﬁ%viﬂé"fﬁfoq{i?l ifputs, 5.0 e Wioynpedtee Wedkodviput signal and

removing trul'y redundant information from bitstreans,
a (predeﬁn@ll) szcahtwfom}uan@zeémlparm@tbr Qp. oémﬂxeomoge@mgwof)v&;essource video

TN L RN R T
obtaln‘étﬁ’lea%hlc‘%ﬁe PR} rﬁ/e%’r'y @aﬁﬁt&zﬁf‘y egg&ﬁ%d tlflff %Hﬁ@i Bf frames is

aht'l zation para I's very snal
contmhhlla)t' chiigind inl @real video input signal, it is not obvious what value of quantization

parameter QP should be specified.

In practice, constraints may be imposed by the decoder buffer size and by the network
bandwidth which will force video to be encoded at a more nearly constant target bit rate. This
means, the quantization parameter QP has to be dynamically varied on the basis of a
determination or estimation of the complexity of the source signal, which is typically a video
input signal. This means that each frame or group of pictures (GOP) gets an appropriate
allocation of bits. Rather than specifying quantization parameter QP as input, a demanded bit

rate should be specified instead. In other words, a closed loop rate control is advantageous. It
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retained. As the quantization paranmeter QP is
i ncreased, sone of that detail is aggregated so that
WO b@7loi2928 at e drops, but at the price of sonme POLIBERAG#001535
in distortion and sonme | osg70f quality in
reproduction. This nmeans, with increasing bit rate of

ol Ul T o SBaSISREEY Sl s it video
oo UGB LARASE, A0TSR NI SBRIEEP LR 0K 10 an 1.

pictuspframacfolivaseddsyoni te B wad Beyicturediframeb uftil fldeext [-picture/frame. For
) unconpressed vi deo i nput signal and a&gr edef i ned
instancgy gdymierl MOEL COR stawetyra mzight ke IRBPBBEBBAe processi ng
of the source video input signal progresses, a
conpressed video of fairly constant quality in
s T i , 3 0 \Y A
Wi SRR ' 3 S RORNG, bl Rl S0 BY i bdiment of
inventiontis flivstdayedc hanpradethil, Bigr #shows dé€low dipptansi@Rahting 4n operational
i's ngt obvious what value of quantization paranmeter QP ‘
sequegigs 9f theyateprdiol meghanipmpcgendingsto angrsbodimentofithy piesent invention.
i nposed by the decoder buffer size and by the network
bandwi dth which will force video to be encoded at a
The JPRFRiIMEPENeh @S ink fher: gy i0fs:
dg%ant i zat iqgln par a?r%é:%%rﬁaq%&%%g} %hg f%fé@g;n%‘;%nﬁ%g@?&% Sgﬁﬁgg%l
on the basis of a determ nation or estimation of the

c | exity, of the source signal, which is typically a
v%ﬁ%ﬁ?%km%almq qQuamtizathrapryamster Qiich frame or

gr M JERA a ppropriate allocation
oﬁ%gﬁl@n%%e%?ﬁ?'ﬁéﬁ)p%g%%%gn uantization paraneter

QA @ 8stingpie quantiQfen eehniitér QRlafes BIRddth £ gfR@Coilmesoblocks.
instead. In other words, a closed |oop rate control is
advant ageous. Itshould be noted that the group of

. icture.(,GOP) concept.is inherited fraomtypical video
First, e AP S, SIS WHE PG SRGoeh A B to g Smbodiment of the
; d and refers to an Ipicture/ frame, foll owed
prese@@ﬁgﬁf‘ﬁﬁe P and B-pictures/franes until the next
| -picture/frane. For instance, a typical MPEG GOP
structure mght be | BBPBBPBBI. Wth reference to Fig.
Calcatinginitinl depme anantisation parametsr QMg to an enbodi nent
of the invention is illustrated. In nore detail, Fig.
3 shows a flow diagramillustrating an operati onal

Becaif@0 8N 6ate0f diftbRidrA{RDHOChA&rbteABSRARES Q‘Iﬁ&g r §OROFARe@Nideal data
enb the present invention. The operational

repremtg(igxlmc_ne&g:rmgfdxe ggnificambd diffdrentt thanf thiokowifn@fInter @ phd B-frames,
differggterrn%%ﬂo%gsz{re employed to calculate the initial QP for those types of frames. Those
skilled in the art will understand that an IDR-frame refers to a coded frame containing only
slices with I (or SI) slice types that causes a "reset" in the decoding process. After the
decoding of an IDR-frame all following coded pictures in decoding order can be decoded
without inter prediction from any picture decoded prior to the IDR-frame. The I-frame
defined above is such an IDR-frame. Typically, the entropy encoder outputs slices, which are
bit strings that contain macroblock data of an integer number of macroblocks, and the
information of the slice header, which contains the spatial address of the first macroblock in

the slice, the initial quantization parameter, and similar.



Calculating initial frame quantization paraneter QP
Cal culating a bit-envel ope for the frane; and
wa@\djoasiioegy t he quanti zati on paranmeter QP aft er PentEdian®1535
a group-of -macrobl ocks. Fir8t, the principle
operations will be described with reference to an
enbodi nent of the present invention. Calcul ating
initial frame quantization paraneter QP Because the

Calef e S PR TSR BERSASE f7 ther i)
significantly different than those of ("Inter") P and

. B-frames, different nmethods are enpl gﬁéd to calculate
With refgsenqgi toithe indialffsgme goayizelipr patgmetar £ Lalqatéen for (“Inter”) P and

skilled in the t, Wl nder.st an at .an,l DR-frane .

S Befrarigy p /G Eplyuanis abits fhe BAREAS hERgelsH i redbgh B qauation:
(or SI) slice types that causes a "reset"” in the
decodi ng process. After the decoding of an IDR-frane
al | fol [Rwi ngAcoded pictures in decoding order can be
decoded i TOUg,, 1+ et SEAMSSItR P I ARt KROWEI ct ur e
Aecas) i or totB&\lDR—frarre. The |-frame defined , Eq. (1)
above i gfguch an | L& ame. Typicall Ve
encoder | oyt pUVENEV 88 fidis ¢17) ’gllrugl%g% %/f %%@?%‘S&B? gfa%%known
contai n macrobl ock data of an integer nunber of
macr obl ocks, and the information of the slice header,
whi ch contains the spatial address of the first

wheremacr o egKdiinthetargst nemben didifsapr thali™ faarsi zat i on

par a er,. and .gimlar.Calculating initialframe

10 quant i 'Oiléﬂlep‘é}ag‘g@tté?te@f or Inter Frames Wth
r ef er engehd arhbatk Ridthébideh 30K aL@nt i zati on paranet er
QP Cafcul atil?%n f%r (J{Intlere")g%and B-franmes, a target
number4,of, ibithesdiffererich defwermehé aumbbicof bitedsadstilh goding the i frame
foll owi ng equation; deo ,nunmber of frames tg code is

not krig\firthe nwpker af by thet wouldeee used)if @l Ahe prgrdiamegwere coded at

frames_tg cgode i, kn / MN(JF, nunmjranes - i) where
Rt a, geatn(llgfglira%ho vy nunber of bits for the zth
15 f rame; s the bit adjust window length; and

num_frames is the total number of frames of the video.

After the target number of bits for the frame is calculated by the means of equation (1), two
quantization parameters are obtainable, a short window quantization parameter QPgy and

20 long window quantization parameter QP;y, from the following quadratics:

, R, (i-1
R D" (i—1§ +(R ) (i-1) a a
tex header — 1,SW2 -+ 2,5% 5 and Eq.(Z)
MAD,,, (SW _size) QP,,~ OF
R )—R LW _si
target(l) header,avg( . _SZZQ) - al,LW2 + aZ,LW , Eq (3)
MAD,, (LW _size) opP,” 0P,

25
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. Rvtdeo is the video bit rate; /is the frame rate for
the video sequence; Derror is the difference between

wo b@7ower of bits used till coding the ith fprersB2ami01535
t he nunber of bits that woabd be used if all the prior
frames were coded at an ideal rate of Rvideo If; Wis

the bit adjust wi ndow_| ength; and, punji.-anes is.th

where o al” TrslioDits 6 PUTREEE HATE RS Sraulor CREipgIIe psvioH deame:
nunber, of hi i .
means “OF% 'ulgEQI it %ﬁh@@%f@%’&gﬂgﬁ ﬁézélai?fhl oﬁa%g g%é%rgﬁ gu%?rgme,

obt ai ngpl gze B viE6H s R EHBEERindeatiate iR ietEinedelPs W
an | ong Wi ndow quanti zati on paraneter QPLw fromthe

f ol | ovll gsigriisdr wiridosy sizapfelong windowmrate distortjonsRodelier

(i-\) = ahSW+ _ and E 2 % SW_size).. CPSW 2

Pow HHIh ). ISR oRErE Y aueupt & Tispilesyorads iforonys (MAD) of

MADav ; . Ze) utﬁléé L x (i-1) is a

nunbe?pro%]%%?ta@r%ecag) S %ge V%o’}dﬂggélﬁﬁga%lﬁe previ ous

frame; (RN %ﬁ,ﬁ)fddd-(a}, i & By)naetrete diftohadaocddlipasanksted for the short

for codi'ng the previous frame; SWsize is w ndow size

of a swindowwnddong vandow; rspactively. nodel ; LW size is a

wi ndow si ze of a |ong wi ndow rate di stortion nodel;

MAD avg (x) is an average val ue of a nmean average

' ok Rz 8GoPyRanRter OP d

For ex{lmply DR Milor gL S SRR Gl RGPl Rbntar OPyan
long Wwialdewdisdntizatiemn pandsdterp@Pamenar be liatitedhe xhequal wo 2dand the OPpy

and | ong wi ndow, respectively. For exen‘gl ary
may be eplcalnsert endegivent h&rameanybeterCRiwvos upditad ghevery frame.

guanti zati on paranmeter QP s w and

Next, a buffer fullness ratio y is defined as,

R,
Bfullness (l) + 1;:"60 h

7 B Bsize ’

where Biumess() 1s a buffer occupancy at the time of coding frame i;
B,,,. is the size of the buffer; and

n is the number of consecutive frame skips happened before encoding frame i.

Using the buffer fullness ratio y and the two quantization parameters QPsy, and OPry, the
initial quantization parameter QP for the (“Inter”) P or B-frame can be calculated using the

following piecewise-linear function:
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| ong wi ndow quanti zation paraneter QP L Wma e

limted to be equal
wa@alocioimeed once every 5 franmes,

at every

defi ned as,
at the tinme of coding frane ;

to 2, and the QP L Wmay be

where QP sw i BCT/RIaoe®1535
frame. Next, a buBfer fullness ratio g is

where Bf Uu,less (i) is a buffer occupancy

B size is the size of

t he buffepp and. n, s,the t?f@jer of consecutive frane
ski ps ha ggﬁ@‘lﬁ"qbeplorze eh%’:% 'mg frame i . Using the
buffer fuyllness ratio g and the two quantization
par anet e @R, .s¢) and Q,R0E<W<¢BA5i nitial quantization
paranmeterr QP for the ("Inter") P or B-frame can be
cul.at sing the fol in iecew se-|inear
?@é,&flezﬁ:@fj_ Eq. (4) Eq@g&§£<g'6§efi nes in particul ar Eq. (4)

three zo
full ness
zone whe
, a less
where O.

es of operation in accordance with the buffer
O& .0,6) These,0.65ey €09prise a very critical

e buffer fullness ratio g < 0.05 and 0.95 <g

rjtical, zone f the buffer fullness ratio
@PIQ 2 Z—O?)éi'Sfand&gs.éé’ <g<0.95, and an

uncritical zone for the buffer fullness ratio where
0.35 < g <0.65. For the uncritical zone for the
full ness ratio (where 0.35 < g < 0.65), the initial
Equatgorardt definésom partaowidrethr@P zbnes vfiepBrationBinf acoveddrgetwith the buffer
sane.as the %uanti zation paranmeter QPLw that favors a )
fullnesg, fatio - Jgh%q | FQNS5| SIBPUMA VEIY BRiligad rzang| Wherss bufferduliness ratio

Y < 0%’5??@?6{95 %%n,'e g g@slrs _;a trljl”ffgﬁlgé@%of\ég gyeaﬁléfif{j‘i_ @glngséor?t’lgtvﬁﬁgg '0%05 < vy <0.35
and 0ld¥ <7 0. 08apld %ﬁﬁrﬁ&ﬂioﬁ?ﬁ%’? E:}he%ffe? s Pt wheder 358 < y <0.65.

is disraptively changed e average quanti zati on
paranmeter QP of the previous frame in accordance with
the buffer fullness to avoid buffer overflow and
For thenerariticelvgondtor thb dullesss ratio (Whereo®ds <(esp66i)athkyinftiat quantization
the buffer fullness ratio where 0.05 g < 0.35 and 0. 65
parameter QB &5 the R o6 Brdkame istheosamenarthe quagization parameter QP that
cal cul at.ed ing the follow.n uat.i on; C. i -.0. 5\
tavord Gobi it g Myentho Pitreidpfifeds: 6 Yegreadtel

wel zhted 00 ~ Eq. (5)

For the very critical zones (where buffer fullness ratio y <0.05 and 0.95<y), the initial

quantization parameter QP for the P or B-frame is disruptively changed from the average
quantization parameter QP of the previous frame in accordance with the buffer fullness to

avoid buffer overflow and underflows.

For the rest of the zones (especially for the buffer fullness ratio where 0.05<y <0.35 and

0.65 <y <0.95), the quantization parameter QP is calculated using the following equation:

MAX(ly - 0.5)-2-QPy, +(1-]y —0.5-2)-QP,y,, OB, ) ,7 2 0.65
QP weighted (Z) = . Eq (5)
MIN(y ~0.5]-2- OPy, +(1-|y —0.5-2)-OP,,, OP,, ) ,7 <0.35
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MVg ~0.5\ -2-QP sw +{\ - \g -Q5\ -2) -QPLW QLW ,

g <035The QPweighted is the wei ghted average of the
w@rainizat i on paranmeters QP SWand QPL w The PCT/IB2006/001535

correspondi ng wei ghts of tRl& quantization paraneters

QPs w and Q:’LWdepend on the buffer fullness ratio g.
rfl Wor underfl ow, the

t he ose tQ e
The Qb iore B reibiad af&fec B 85 apatiatin bare ORar a1d OPs. The
13 hg G b
correqp;?rlllti | g;atelﬂggﬁéS ngHae rrcgitagﬁliﬁfo% drgxﬁ%ﬂé’@%%iﬁd I%ﬁ‘g(t;y (\;\%ﬁeaﬁton the buffer
fullnggisgratio fye Ibthfef baurfferub Ichoss <o roaerftovg or Snderflosy, | the G@bkntization parameter

fav ring constant, quality video. For |ow del | ay
OP s Btk |hé‘¥g|aoh§gefuwelgbt fayouing soastag bit metervideo, cwhereas er quant1zat1on

prh 2155, 1L KEATE, AP0 HBrA B PHLEE LB5T LS v ot v

favorifyecongtiequaity seigecut i ve franme skips that happened
bef ore encod| ng the frame i . Calculating initialfrane

quantlzatlon parameter QP for Intra Frames If the

For 1 Dgiirams is.the first frane in the video sequence,
or IR fe ygﬂ?ﬁlfoﬁﬁ?% d1s faxorap] etfoalthw&mcpn@whlﬁntomam frame skipping

due tég:%ﬁgégél)\ﬂegg thl{l%:? wggzgq(gylsaﬁl i’lﬁ{ s%ﬁ :b%rogmgg o ‘@g number of
consdcatlvmframé@kideﬂbt Haﬁ?erﬁli%@fdr& @H&&ﬁﬁg fRiBsnap i nitial

guanti zati on parane at a given (pre- defi ned) bit

rate using the same net hod as disclosed in Joint Video

Team (J, of the LSQO.IEC (International Organization
Calc'flgﬁ?' ’%f’ ﬁf\%)aﬁr s gragtisgrionpatamgtar QB fordngea Fersehni cal

Commi ssion) MPEG & | TU-T (Tel ecomruni cati on

St andar di zati on Sector of the International

If theTEDBefoameiris dia ifiost fiinerih; thBOGAEE BbqubdEs] Bbalg Mﬁfl’ﬁ'dé@s the initial
Rat.e Control with HRD Consi derati on' whi ch shoul
quant}%%@@lﬂ pereareier QU previded fudnsienaeiint muselrfortbhmgmtdaﬁmg If the initial

R T i
paran@& QP z@ti @fed Q;IBIQY@T 8ed) it rie rusg%bﬁi% n@%dfe{saﬂﬁgaf)sed in Joint
e nu

the buffer availability is chec er of
Video Teazm ({VY) aovfartlilQaHSé)/lEC t(lﬁletehlaflbml Oitgambzﬁldnt ffor Standardlzatlon /

Rvi deo B avaj | Bs
Intemfaﬁ)R @q{eﬁegtéotgglmlga 1g5tony; tMPBESy a&i ()ITUST| a(ﬂ‘gb:commumcatlon
Stand%llgl?%#g? gf?&@ﬁfof Mg i ERRRAA TLRG o IUANL AL Ofion); Document JVT-

H014 “Adaptive Rate Control with HRD Consideration”, which should be incorporated by

reference herewith.

If the resulting number of bits causes buffer to overflow, first (“Intra”) IDR-frame may be re-

encoded using a larger quantization parameter QP.

For subsequent IDR-frames, the buffer availability is checked. The number of bits B yai(?)

available in the buffer for the i IDR-frame is given as:

/ n . R
Bavail (l) = Bs"ze - Bfullnes.v (Z) o —ideo .

f
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is calculated using a quantization paranmeter QP of a
previous ("Inter") P or B-frame. Otherw se, the
wo oo owoegy nodel is assuned to conpute the quaPCT/EB0060091535
parameter QP for the ("IntBa") IDRfranes: +b , Eq.
(6) where NbitS IDR, is the nunber of bits generated
for the ("Intra") IDRframes; and QPiDR i the
qguanti zati on parameter QP used for the ("Intra") IDR
If nuidibet bf Bits BNE,(HN
are kept in lt(a/og gérilgéalgtg ﬁﬁ?%é %eﬁﬁe&r@?e%??&ath%@"%&“f%ﬁn parameter QP
is ca]cu(lainqb russng@ thantizatibn Lparambier QP &ff b SpraeivRk %‘ﬁﬁemfp or B-frame.
Oth t he rtl 5 a") IDR-frames NbusjDR an a second arra
e“cﬂﬂﬁaﬁhe ol ‘]Wlé’&%?qk‘éllﬁ @Ssﬂﬁ@dltﬁﬁm{?u’m}hﬁquzmmadmn parameter QP for the

“Int BBt ,usedforthe( Intra") IDR picture QPlIDR
( np%sjl’n tiﬁe previ ous encodi ng results the nodel

pararreters a, and b can be obtained froma |inear
regressi on. If ais found to be greater than zero, the

apgpl esai n e array NbitS IDR[. ..) and array
C?% - ?p'_pa €] %Zﬁoved and the |inear regression is Eq. (6)
perforned agaln Then, it is checked whet her the node
described above is reliable to calculate the
quanti zati on paranmeter QP. The nodel is reliable in

wherease LM mr, Britie pubibes pf BI%s penerated farvhé (“IstraNVIDR-frames; and
ere pbitsj DRm”Mman NbitS IDR ,nx are

bits,|

the ni a%rﬂﬁﬁséﬂgqﬁaéﬁ’r%ﬁ? erremsterQR Hsechior she (ﬂntba DIPR picture.
[. . .], respectively. In case that the nodel is

reli abI e, QPIJDR{ ) is calculated using Equation (6)

The ?}Inddmléla fkﬁDﬁRlﬂs \dfttg%}ﬂggt (Eolﬂ_)R\Mrzﬁﬁesf }%fe E&b’tafrf 805 SRR EOF first array
Npis, IDR[.I.\!{] comprlsmg tﬁe last L number of bits generated for the (“Intra”) IDR-frames
Npiss,ipr, and a second array OPpg]...] comprising the last L quantization parameter QP used
for the (“Intra”) IDR picture QPjpp. Using the previous encoding results the model
parameters a, and b can be obtained from a linear regression. If @ is found to be greater than
zero, the last samples in the array Npiss,iprl...] and array QP;pgl...] are removed and the linear
regression is performed again. Then, it is checked whether the model described above is

reliable to calculate the quantization parameter QP. The model is reliable in case

L>2;and

N bits,IDR, min <B avail < N bits,IDR, max >

where Nbits, 1R, min a0A Nipis, 1pR max are the minimum and maximum elements in the array

Nyiss gl . . .1, respectively.

In case that the model is reliable, QP;pz(i) is calculated using Equation (6) and clipped with
the following two equations:



QPIm(QGE MX QPIDR(Q O0PIn ( - 1) - 2} , where

@QPrn - ) is the quantization paraneter QP of the | ast
wODR7o1Aee. I n case that the nodel is not relik@l/82006/001535

because L is smaller than 33 QPnd}) is calculated in

the fol | ow ng vvay QP Bavai l >\2-N bUsJDR (i-1) Qm =

LSRN RSl L g 21O ot herwi e

reason, QDIDR) is calculated as: QIDR tpax , B am
ii > NbitsJDR QPIDR ) = np- IrDR,rri . n,' otherw se
L , and QPI DRrm MAX{ qPi m
V@%R]%mmig nv(égDQP é:all)cu:% ation The bit-envel ope
consi sts of three variables including upper_limt,
lower_limt, and centerBH The variabl es upperji m t
5  whereind | o@Rpd(-hits teequantizatien peaminatemQEhof thi tdseUDRAfARR!
of bits allowed, respectively, and the variabl e
centerBit defines the desired nunber of bits for the
r 3 h
In casel S ImdeREja R 2o Becal L WMy ) 2 0B Y puiated i the
followlhgwwlydeo sequence. Hence, a | arge nunber of bits is
preferably allocated for the ("Intra")

-

Py =1 > By > 1.2+ N bits,IDR @-1
10 OP ()= QP +1 B,y <0.8-Nyy pai=1T) -

OP,, ,otherwise

In case that the model is unreliable for the other reason, OPpi(i) is calculated as:

QBDR,max s B e > N, bits, IDR,max
Q‘PIDR @)= ?

OP,prin > otherwise

15
where OPpprmin = MIN{QP,,[...]}, and QP .. = MAX{QP,.[..]}.

Bit-Envelope Calculation

20 The bit-envelope consists of three variables including wupper_limit, lower limit, and
centerBit. The variables upper_limit and lower limit define the maximum and minimum

number of bits allowed, respectively, and the variable centerBit defines the desired number of
bits for the frame.
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| DR-franmes. The value of the variable upperJimt for

IDR-frame i is found as: upperdimt(i) =Bsize 0.95 -
wdkiones®2§i) +- v' lidea f where the variabl e PCT/IB2006/001535

upper _limt(i) is clipped B#om above by ide0

-1 _P_RATIO and below n with videO and where | PJRATIO

is a pre-defined constant value. This neans, that

and The value of the variable |lowerJimt for t he

It has %)éérpfo'h g)t}\}%{:ﬁ%ak{ggfﬁ gh cilffﬂfmwe‘ltgﬁa ’ZTﬁRr-ﬁ i rg%s%% ﬁ’?e overall quality

of the WaddoadekjBehde\Velohtsl & lat @y nirbrr efiits/is Ipﬁefémb[}dam&atdd for the (“Intra”)
lowerJimt(i) = upperJimt(i) -Mss- . It should be
IDR-fragasd Thaselus o theavariablcperit/nisior DR -feme jsis dounst as:
("Intra") IDR-frames. For ("Inter") P or B-franes,
follow ng equations are used to calcul ate the
bit-envel ope: If(B nrei Ui)p>Bsize /2) centerBitQ =R
#ppdPHenidE) R L - 6.95 - Bf,,,,m(zbegFgr,Bl tii) lowerj imt(i) =
= else lowerdinmtfi) = Rafdi) (1-jj 2 - L;
centerBit(i) Eq. (7 .2 ) upper _limt(i) -centerBit(i)
K; where K and J are the pre-defined constant val ues
and their values are preferably found e r| cally
whereRthnataripblet hpperafiimifil) ds alipped franmiabpyg byl jJ__HJ_MTIIq and below
and centerBitii) are further clipped in aecordance
th the buffer fullness Bf Uunss to ensure that in
with f atdwherenb @ RATIOIE & pedefimidednstant value. This means, that

upper_limit ()= MIN {upper_limit(z’),—l%’e—”— -I_P_RATIO} , and

upper_limit({y= MAX{upper limit(3), V]’je"}

The value of the variable lower limit for the (“Intra”) IDR-frame is found by subtracting

Roiteo from the variable upper_limit; hence, the value of the variable lower limit for IDR-

frame 7 is found as:
. . . . 3 » Rvideo
lower_limit(i) = upper_limit(i) — —]7— .

It should be noted that the variable centerBit is not used for (“Intra”) IDR-frames.

For (“Inter”) P or B-frames, following equations are used to calculate the bit-envelope:
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for the franme falls within the bit-envel ope, no buffer

overflow or underfl ow occurs. Macrobl ock (MB)-Level
wa@rainizat i on paranmeter QP Control For | ow del BT/IB2006/001535

applications, frame-Ilevel Bate control does not

provi de sufficient control over the tight buffers

ﬁgn e I\ﬁl %vel control is necessary. There are two

F Gcl) 3 ifisz‘?‘)oduced with the algorithm First part

is the so-called Bit-Pregictor th §przljict he

nunber  appdi ligitfihatr, W, (i) -Tb(e~(llenqb- —G.Bi};frarm-

Second part "is the so-call ed QP-Adj uBt.er tha

deci deswhet her the quanti zation paraneter QP should be

changed and what ul t he.pew val ue of the

quant i zabrerBigh Kl B  agdbsequent

macr obl ocks (MBs). Bit-P¢éedictor The ai m of

bit-predictor is to predict the nunber of bits that

will be generated f ~frame (frame i), before the

encodi n@m@ér_tz‘;h&(zj:&cg}gte}é}% npl eted. Assume, nbcurr

refers to the macrobl otk nunber that is currently

bei ng encoded and nbi ast refers to the macrobl ock

waber, where the |ast adjustnent of the quantization

paranmeter QP took place, and nbtotai is the total

number of magrobl ocks gl J{]i]n gﬁguger;e. If the previous
t(B )

Eq. (7.1)

frame hd&V¥edHid) T Pl'er~B-Trame, use coul d be

made of the bit distributiornf of THe previous frame for

predi ction. Assu(r:r{e thz:m t(BeRn)aZ;&tei on N([tnbiast -

mbaM ], z'-1). I ndpowet égnitile jer _of bits generated  Eq. (7.2
in framge’??'ﬁl ¥ =the wacrgbrl ock po‘@P‘?i ons from nbi ast %72
to nbaddr\ i.e. the notation can b e witten as The
prediction for the current frane at the tine of

encodi ng_macy.obl.ock nu I curr is indicated as
Npred{i,p%elﬂtgl?'é gﬂa:ﬂ\;@gg PreLi, nbcurr ) N([qg-nb

cJ,i)+ In case that the previous frane is an ("Intra")
IDR-frame or JV([O - nbcurr], z-1) is equal to zero,

than the bits generated at the previous frane is used

as the_prediction. nt.i zat i on Par anet er .

wherdp. i Bops Fiar Aoy <D Rpior ey £14 gheipyvalugs ef preferably
quant i Z@fjdRataRet er QP in macrobl ock level in order :
to keep the denerated bits for the frame within its
bit-envel ope. In order not to update the quantization
paranmeter. QP a | ot. and cause nmany bits in the

Finally; the veashles uapgnbmid he lapsatiwé(guant cogerfdpticaivether clipped in
accor%cewiﬁl ﬁ%' B{ﬁ'f‘emtlngsg %?ulj,,eesrs] Y eIIIS?lI'J: b 58 gasg hd'JuBer of bits generated

for the frame falls within the bit-envelope, no buffer overflow or underflow occurs.

Macroblock (MB)-Level quantization parameter QP Control

For low delay applications, frame-level rate control does not provide sufficient control over
the tight buffers hence MB-level control is necessary. There are two main parts introduced
with the algorithm. First part is the so-called Bit-Predictor that predicts the number of bits
that will be generated for the frame. Second part is the so-called QP-Adjuster that decides



Updat eThreshol d vari abl e. The Updat eThreshol d vari abl e
changes dependi ng on the current macrobl ock nunber
worbamo129b$ t he di fference between the current PCT/IB2006/001535
macr obl ock nunber and the Bast nacrobl ock nunber
(nbcurr -nblast ) is larger than the UpdateThreshoId
n a score or score Iuekgg d on era
‘6

Wheﬂ'lﬁlé agfization Ra(gﬁrﬁlgi{eg&) gvhag would be the new value

of the ‘E@lﬁﬁﬁ& %ﬁ%a@&% Qb%lf f?lle:,s%eﬂg%tﬁ?ﬁ’?cﬁ' lﬂeclcsckﬁ\#Bs)nb

>upper Ji mJ(i) upper I|mt(|) / r. lower ITimt(i) . ,
f(nmb curr)-- - T/ ,if Nd {i, rrbcurr ) <lowerj imt(i)
Bit-Pygdictor mbcuJ , Eq. (8) q:’score(J) =\ s ., , , center
5 bit(i)<f(nbcurr) .-, . .if lowerd imt(i) <N d
, Mbcurr < center bit(i) N pred( I " mb curr)
The a?ﬁ ‘l)lf"ﬁ’tﬁ[%i’eﬁgctog ulé %{;Pﬁ{dﬁc}c thé b &gg‘ﬂ ?ﬂé l;r)l?ép\itht(a’c le‘fy %en%rated for the frame

(framevigr Beford $hen efigudingl @ffi ﬂieoﬁamw ris toaniplatad. UASSLfmtEJ mbgh refers to the
curr) is a function to account for unreliability of

macwbilqckpn@@b@lt it 1atcurteatly tbeing wycoedr o1l atks. refais go the macroblock
numb{: x gla%tngjvﬁvﬁﬁsofilpeea@q ”E?éﬁgar‘dﬁq'e{é‘? 073 {o%ﬁlio_léjc% and mby,, is

10 the to{a@ n@ﬁrb@r @@nﬁcﬁ)@l&k@ QuithiR 8 a8 1PthéYprevious frame has been a (“Inter””) P
85,0.87,0.89,0.92,0.94]1f the

or B- fraﬂneuhm mhld; dberrﬁadeso@t}reable distifitariion @ff tdgfrevieds frame for prediction.

threshol d, the new quantization parameter QP is
Assurpg thai| the a@taien Wit ombund hékindieaien ficopinberyef bits generated in

framegglff)1 E}h@{ 218 Ww%ts t@e%:ﬁg‘) ;@(%‘fé }nbgig,{f E ; esE%Pjﬁlftlo}l *&Sn be written as

oun I ne

Mbygg
15 N( [mb,as, —mb, ,i)= ZN(mbj ,i).

mb j=mbyq

The prediction for the current frame at the time of encoding macroblock number mb,,,, is

indicated as Nyeq(i, mbe,,,) and given as:

NPred (l’ n zbcurr) = N ( [O -7 nbcurr]’ l) +
20

MIN(4, MAX(O.ZS, 1]\(,(([{31’_’“;1;: ’lil_] : 3) B V([0 -mb,, 1,i-1)-N([o-mb,,,1,i -1))

In case that the previous frame is an (“Intra”) IDR-frame or N([0 - mb,,,,}, i-1) is equal to

zero, than the bits generated at the previous frame is used as the prediction.

25  Quantization Parameter QP-Adjuster
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The quantization paraneter QP for the follow ng

macr obl ocks, the updated quantization paraneter
worwpderoesl i cal cul ated using the foll owi ng eqPel/iB206/001535

QPor ai + ,if prdi,nmb curr3) > upper _limt(i) Q

originai + D2 . i f center _bit(i) < NprJdi,nb curr )

bmi(i) . ted -., Eq..(9 t qi i A3
o e e A G B o v
d i) haloen . ISl r. Umt(i ere
ore R B T PN e BEHE T HkradTood gh A ot to wpdate
the quadtizdtin pmainetss QBuA dobend chuse nand bitd™dn Jhe bitirestn to signal the
val ues

1, 2), but it should be understood that their
updateds dquantizgtion; aarameieict@P, |the padivsioudnar fredudricsr dnt limited using an

) . . - ' I f
UpddiEPM L B SR Tt L el St gharims dapanelingsion the current
macrébladk nafbeP phpRar gﬂﬁ& %gff&)gfg&gl?étﬁgem aﬁre&il\g’lgagkog}lg& Riber and the

the basis or I'n dependenc he  score

last roasirobledk amber (b, sboy d) belangiratlan B&S UpBRreTAMEALIOthen a score or
is not linmted to™he dbove presented embodi ment of
scoretvabiephased nt severalngarametershis cbmpegesent s merely one
i mpl ementation for the way of illustration. In
particular, the bit adjust w ndow | ength Wf equation

The sk bght £ 0..b 1. but .the present

e sponk Ob o s RARIREF g g}?eff’ﬁ\é%‘{%?q%ﬁf’?her, the initial
quanti zati on paranmeter QP for ("Inter") P or B-franes
can be calculated using a different nmethod than that
one prjesented in detail above. Wth reference to
equatiion (6s wrfndels fray; he, use L. (2] ntra™)
| DRf r 4nés. szzmegp@ew(i)to eq"tf%/(tl’i oﬂ%f?&}fpf‘f';h’é’% (7.2),
t he prje-defined constants K and J nmay have assi gned,
but ngt |imtegy.thg;¥pl ues K =2 and J =4
r espedt i fiabay) m&%a esst Mg (vab )03 l@ber_limit(i)

,Eq. (8)

OP, e () = J
) < center_bit(i)

center_bit(i)

- fimb .
f ( curr) Npred (l, m bcu". )

if lower_limit()) < N .., (i,mb,

curr

. N pred (i’ ’nbcurr)
center_bit(i)

J: fimb,,,)

,if center_bit(i) <N ,,,, (i,mb,,, ) <upper limit(i)

0 ,otherwise

where § is a (pre-defined) constant value, and f{mb,,,) is a function to account for

unreliability of bit prediction at the starting macroblocks.

This function f{mb.,,,) is implemented using a look-up table, and its values are given as:

mb
f{ curr ,20}:[0.65,0,66,0,66,0,66,0.66,0.66,0.71,

m btotal

0.74,0.77,0.82,0.85,0.87,0.89,0.92,0.94]
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the pre-defined constants K and J may have different
val ues. Moreover, the enbodi nent ofthe present
WO pae139e$ is not limted to the inplenentati oPCDIB2E001535

Bi t-Predictor as described3dbove but can be

impl emented in a different way than the enbodi nent

presented. Those skilled in the art will also

appreciate that the two quanti zation paraneters QP are
If the QalcalA&D e s Sreafer SRR 4 phd ' ' areter

“QPSW and | ong %’endgw quaﬁﬁd%g? %Eﬂggﬁdéﬁe 1%?1 %‘ﬁl@tmn parameter
QP idl ¢attuleted tandt bsed Sfoe ¢hé inext inatiodl ok THRNGuAANEZLGSS pafhgneter QP is left

calggtj ﬁti on descri bed above. Especially, the perio
unchanged gihe sgase issiound bekaw tietmedenasethaishplsk ent . W t h
reference to equation (8), it should al so be noted
that the score QPscore could be calculated by using a
The dliahfigdtRmt 0 t RN i tgd, Ly ot
L er 0. o Raop iR iy BOBREE Y ullihe quantizaton
paramietdr {3%.;al. iscalchtatedusing theddllownag equattont nbcurr), which
is the function to account for unreliability of bit
prediction at the starting macrobl ocks, should be
understood as not being limted to the | ook-up table
present ed|gpove.. kor jnst gnee, .o flnmb curr)
is a paran%l i "'“'ftﬁét flgnwﬁ'e%?%%%tgglg%gﬂgﬁht e basis of
a | ook-up|table. Now, an overall bit rate control
oper at i on J Shrihe Basiid catterbitGpsr NiiOnab..sbqueparelimit(i)
% arddrgy t o an enbodi ment of the present invention , Eq.(9)
w1l be degpri bedaw t; er;enee _t g Fi 3. P
oper at i on| I’ t%3e élﬁé{)vgeifrﬁgﬁg@e 3 @F’ﬁg%n?"ﬁ u% Qes'ft%rrrgft(l)
and the cpntrolling of the bit rate of the output
bi t st r ean| @BsmktiAg i dipihrbant sdowe_Giike vi deo
i nput sighal begins. In operation SIIQ rate control
paranmeters, which are required for rate control, are
initialized. The rate control paraneters requiring
wherel A}, 1\, 8AJ, 288 iQMhré (HleldiFiRAP 86hAtWahles! %ﬁﬂheﬁlﬁ@alﬁé&t cdfid be (A, A,
the group of paraneters including, but not [imfted, »Te
Az, Ap)it6d bilt 2),dwg itRshiondbbe finderstood tthatatipin stalusds rewot Bmdted thereto. In

. i,.ndow si ze of the short window rate distortion
pamcvﬁ%rd\g%h?t%mi R1ICHHY SRFRATIAS BIEYt FRAUTEnQthr riddngsr Eareobtaining better

i ' i Si.ZE: etition.rat
s B8, R ol SERMIALELR20L R0 34t on e
basis awin Aepéendd of the aboreDPS, o ddfidedn®sse Bf Mhess buf f er

size Bsize, constants K and J for bit-envel ope
calculation for ("Inter") P or B-frames, |ook-up table

It shonl? @ {n@?@fé&tﬁ%‘? thte qnegn%loo%nits nfo? liirrﬂperdqtlolt ek:) Ia{)IO\t/ey pr%fserpcleé embodiment of the

present invention, which represents merely one implementation for the way of illustration. In

particular, the bit adjust window length /¥ of equation (1) might be chosen to be W = 1, but
the present invention is not limited thereto. Further, the initial quantization parameter QP for
(“Inter”) P or B-frames can be calculated using a different method than that one presented in
detail above. With reference to equation (6), another model may be used for (“Intra”) IDR-
frames. With respect to equations (7.1) and (7.2), the pre-defined constants K and J may have
assigned, but not limited, the values K = 2 and J = 4 respectively. Nevertheless the values of

the pre-defined constants K and J may have different values. Moreover, the embodiment of
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In foll ow ng operation S120, the initial frane

guanti zation paraneter QP is cal cul ated. An enbodi nent
w@bkdoam29gs t he cal cul ation of the initial franePCT/IB2006/001535

quanti zati on paranmeter QP 8®r("Inter”) P or B-franes

and initial frame quantization paranmeter QP for

e e b b O o e SRt e R YEe o a desrived
abovef Eﬁn@anqyfﬁﬁghgeﬂ{én?éa HP? ggﬁ%l%ﬁt %I'yat{hgﬁ tﬁé;%gﬂ%oﬁ%n?rifitr &esented. Those

current s star n operation
skillediroghe aef withglse Rppekiiterfhat the thioafintisatRnGREQtletcls QP are obtainable;
operation S150 and it is checked in operation S160
i.e. a olmet Mandowm guentization egameier Qftsognd long veivdow| @undizatien parameter
present, i.n.the frame. J.n.case there. is at | east one .
OP 4t BB BTEAP T BRI ERE LR 145 el aleR epscagbed above.
' ' f (GN 1 f rQbl kn
Especly7 3he TRAL B SAIARH, o (BE DA [RY' B0 SRS referenc to
equatipAr(8)Eit holll dlso bt Inesdd thae theakbwwe O, Aedoald bercaldigated by using a
~__ basis of an enbodinent for way of illustration. In _
differerd seodeh ethes shary theumodel pfﬁ@qné@si sdichzepreseats @y gdedembodiment for

t he erational sequence continyes,wt.h operatio
the way) SpARGHa " oS Yah S BnS At (A ehigh ¥ Bt s B gy account for
unrelifBifBof glg P&Jd?@ti(fnez?cr}ﬁé) HafShe @a&l%bfd@ﬁ@,déhpgld”@é’ uh&erstood as not being
require n case that the —adj ustnent” of the
limited t@ tiei 1o alt-upnatylapaerented aQbvd der hesemceache suwtioag{mb/,y) is a parabolic
and the bit rate of the resulting encoded vi deo
functipy igpleagmiable pibthedasis ot appek-up §#bl§-nst ance i f the
resulting bit rate is above or below a threshold. In
case required re-encodi ng, the operational sequence
Now, GRYverEsit YWt Boréledfeitdin @D baARR dfsiedReatidHal lséduence according
frame quantization paraneter QP in operation S180 and
to an erebediment of thp prasentoinv&it G, wikhier desthieedewith défarprsk to fieg. 3.
current frane is re-started. Otherwise, i.e. in case
of a successful encoding of the frame, it is finally
. ' i i | :
In op 5t SRUEE Bt of b SFRoTRACNBEN 55a TR Bhing oF the bit rate of
the ouBputibiteRedrh Pékultsigdffém the endddengcoithe @ldebngpafsidnag bbgins.
rate of the output bitstreamends in operation S200.
In case there are still franmes available for encodi ng,

the o tional sequence returns to operation Sl 10 ... ..

Tn opqralius | 15 T4 SOpiBLRATERErs, LR L50teg 18 1l ool e imitialized.
Y ' DRI fififitin ifbluds &peckITfiRUERMOhS out of th

The ritﬁ%vﬁf’?{;ﬁmrgﬁl%ﬁr{ ﬁé‘sqt%r ates lttcl: olrrp(% ner11t su of &;phe rgt e out ot the
groupcehparahlessrs dncladimgd biio mop dirditedyividpot bie rateoRg,,,, frame rate f, adjust

illustrated operational sequence according to an ) .
window length W, window size of the short window rate distortion model SW_size, window
size of the long window rate distortion model LW size, QP update repetition rate, rate
distortion model parameters (a; sw, a2sw), (1w, @21w), (initial) buffer fullness By, buffer
size B;,., constants K and J for bit-envelope calculation for (“Inter”) P or B-frames, look-up

table for f(mb,,,,) to account for unreliability of bit prediction.

In following operation S120, the initial frame quantization parameter QP is calculated. An

embodiment allowing the calculation of the initial frame quantization parameter QP for
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enbodi nent of the present invention.The rate

controller conprises an initial quantization paraneter
waRvocaldes at or 510, a Bit Envel ope Cal cul at or BGDIB2806/001535

Bit-Predictor 520 and a QP4fdj uster 540. The

QP-Initializer or initial quantization paraneter QP

wrGalgul gtor 510 is.arranged to. provide the jnitigl
(“Intef, 1165 Betrengis ) Ml drarepuanfightion ReTPnstar &F ftr Girgted) TDR-frames
has bedh it BSovehidefit fRBetiRRAy st art of the encoding of

the video sequence. An fniti val ue of the

guanti zati on paraneter QP may be provided by input

preferably manual |y, but also on the basis of an
Uponggovisian oh thminidall é@matthntlzat@ppawmw@r;@mh@ encoding of a current

framegs SYRBAGR TR S h ot i el BRCTOHREe iR RERHof ncoded in
operalifi 1s48p Mhd id BR&IkeRE ogEraﬁgﬁ%l%?r\@H%hgf S4B nf¥re further groups of
constrictions conprising a demanded bit rate or a

macrabtsdlisedle pegsget inthe firaaiee v tadehthereris atikdstirdesho®agrous of macroblock
frame rate of the encoded video sequence carried by .
the quanéizpfions paramefer {00 inadijusted formtbe aext gueyptof pnasapblocks in an operation

| h.ant vid decoder..i s_equi wi t ffer . .
140 PP s 8%nels O R BB s oS OHPETPE 18 iyl 96 i gl om the
basis 8f & c‘!ﬁbo&ih'f@%t%rdv&ﬁ@ﬂi‘llﬁlgtrﬁi’é@ packets of a video

sequence. Hence, t’he video encoder has to encode a

video bitstreamthat satisfies constraints of the

decoder, especially constraints relating to the buffer .
In casg; the das grauR 6F saacrel]ock hasg Reemperceded, toe dpejasional sequence continues

with &Lﬂiic?r?%ll o RfeS g{ie%tcéategfeé% w_hleﬁf%g ?%ei?fguﬁgﬁ o fd?(ﬁ frame requires re-

storage "of "the Vi €C0 ngé in tull ness

encodMig. t AereVdnchiile Bl ftRS rdqBirbd iAQASE Mattthe adjstRémnefethe quantization
between the total bits encoded into the bitstream of

paranteber QPdbaes beeruant sutaessfully dadathdcbit bate ofathe tfsulting encoded video
. bitstream | rinciple, .the butfer fullness is
bitsteagi AR 20GOA P AR if B SSRTNAE DIRAHERS FRVEcqudlqpa threshold
ero. a ; . .
i 25y IRIEL A28, e T e SORRRIL M tqcion of n
updated tditiabfaeeruhtzamidnusgameter IQH ireopaatiac S180 and returns to operation
initial buffer fullness, which are consistent with the

S130,whese threensoding gcthe cuirery frameis rerstisteidment of t he

present invention, different initial QP calculation
nmechani sms for "Inter"-frames and "Intra"-franes are

OtherwiddI$ Er Al da¥e by 2 A8SGEE4LEhRBRNEOL (hE Erahfdl $tiid@kin®dty checked whether the
cal culation nmechanismfor "Inter"-franes 1s applicable

videot encobiingi 18 @ompleietli &h case the last frame has been encoded, the encoding of a

video input signal and the controlling of the bit rate of the output bitstream ends in operation

S200. In case there are still frames available for encoding, the operational sequence returns to

operation S110, repeating the processing with a new frame next in sequence.

With reference to Fig. 4, a block diagram is shown, which illustrates components of the rate
controller arranged for performing the above illustrated operational sequence according to an

embodiment of the present invention.
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quanti zati on paranmeter QPnH ai the basis of two

guanti zati on paraneters including a (short w ndow)
waee@nniwat i on paraneter QPsw determ ned i n accPCTEBR0E5/001535

with a short w ndow ratedi gtortion nodel and a (Il ong

wi ndow) quantization paranmeter QPLWdeterm ned in

accordance with_a |l ong w_ndow rate distortiaon nod
The rﬁtﬁdcqnﬁrcﬂl@péwes@s @ Hll%f%lf quantigeiom pagmeter QFy calculator 510, a Bit

A N

relate to specific (pre-defined) repetition periods
for calculation of the respective short and | ong

The Qubmtializer icorinipiat quattzatoPHAMERIAVP celesfxat Sll)aisyarranrged to provide
nore detail, the initial_quantization paranete

the m(gz\lﬂgugptlzaglqpbpg@mgqr&]?r'gh@ SuppEzAtign PRTEPelsE QP has to be initialized

upon g#é?{‘to'f 2L | ﬂ:gﬁﬁ‘f AFLEL R u%H@J‘tAﬁaﬁﬁ il eﬁgé"ﬁ‘ fifeSquantization

gy itdud 4rams and
parameRPQP Irﬁ@y ®e pregriel 1@@@@%@@%@&@@&1@&5@ al8d ©baeths basis of an

a wei ghted average of the sShort and | ong w ndow
estimajioanandz ealcolatipny mspmwslyqiiélw estin@riow @r caléwatiom gs obtalnable on the

basis ‘53¢ of FigrE prBFTard R GHER BRCpATEHaTe MG ot 478l one or more
paramg{e%J/ gnd: Bpgéﬁﬁﬁ@@oﬁ%ofnﬁhs%ﬁk’ @t'fi]x?l)écrl&fs tlng gﬁe bk gedeg{gecti target bit rate of

current

the entad&l bfwt@éﬁen ki framatrate éMithe tehodudiadeo @éq@ms egtedVisy the bitstream,
frame skips 't hat happened before encodi ng the current

and abuﬁfnlemotme initial QP cal cul ati on mechani sm for
“Intra"-franmes is applicable to obtain an initial
quanti zati on paranmeter QP I DR on the basis of |inear

Any t?@géﬁé@?gﬁaﬁmd flﬁl{e'fe ?{se?(ﬂlgﬁ?eﬁf #thSa bdite: Ltbfh%%renabhng to balance

'S ca nunbers of bit
variatidne tis jth¥rdte and ahlval]/rtimdﬂ ofiaweniirg ﬂa‘gtqmakeﬂs&rf af vmdecb lBequence. Hence,
.encoding of the last L gl ctures/framnes,
the v1é%ﬁtwczc%ﬁl@ﬁ tga@zﬂsﬁ@ arvddegppititrgam that ééfﬂﬁfWécFOFlé‘FalﬂFﬁeOf the decoder,

e codin of t as s/fra
especfilicaiaflu i € tﬁstbﬁé bR € Bl 58, bifer model is
appllcﬁﬁfeaﬁeﬁl%ﬂlcgﬁll@ﬁﬂffﬁ%s be tl@ﬁ@ff&aﬁbﬁgfa o 'fh@ viddd daedter. The change in
val ue,” a maxi rum val ue, or one or nore |ast
fullnesmaﬁthezsartluahbmﬁmamenegese@ltlimdﬂferm teyweerether totabbits encoded into
redef i ned fset val

) a
the bifireRmah e SR o @@ganﬁis%bﬁéatﬁﬁga%? el n principle, the
A\ t
buffer ﬁ‘g%?igs; %ast ‘?%unﬂ@é{ ‘tgﬁngl?lgr sli @_.;F%g 1[‘1 ) ﬁ}r M 12s dé(ﬁﬁl o Q Zero, from below
and b§RESGhHGmAl @upﬁmy #bm above. The rate control mechanism has to be provided

with appropriate values for buffer capacity and initial buffer fullness, which are consistent

with the video decoder.

According to an embodiment of the present invention, different initial QP calculation

mechanisms for “Inter”’-frames and “Intra”-frames are illustratively described above,

The initial QP calculation mechanism for “Inter”-frames is applicable to obtain an initial
quantization parameter QP;,;;;,; on the basis of two quantization parameters including a (short

window) quantization parameter JPgy determined in accordance with a short window rate
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previous pictures/franmes. According to an enbodi nent

of the present invention, the Bit-Envel ope Cal cul ati on
WO bdoasivag i vel y descri bed above is operabl e w peT/AB2806/001535

Bit Envel ope Cal cul ator 5382 The BitEnvel ope

Cal cul ator 530 is arranged to determ ne bit envel ope

val ues for frames to be encoded. The envel o

I :
distorligfhpiipdd and| 8aSPn&nWiRseY |6ﬁuawzaéleapé>ﬁtﬂmqt55e éﬁz.# determined.in
cccord Sl L nal B b PERBL4 Pl it s

ratio 1 B@eMhifle® i€ AEQHMDe With Uriitesl BiEfrahodd! The (deginittnBrhort window
may define the desired nunber of bits for the frame to

and long veiofivw\each talateito epecific (uttdgfined) rgpetitier peridds for calculation of the
l‘eSpCCEIj t - Envel qpe Cal cul at.ion i s base , - but not

VB $ROK AN RE JPNtZaHan Raranalers nétoﬂgrQ O szs[pgctli\i/eq}.t ﬁldr’nore detail,
e YRR S dEP BT, MBI e o sy quniacon

paramietdr ©f(the afugetidation ddRamutetheof b maibei adfepretjoustifaries and pre-defined

_taken into account. According to an enbodi ment of the
(positiyeearemggatifge auanbization papimeterr effsets, i weighted rverage eifythe short and

descri bed above is oper e w he Bit Predictor ..
long WHROWRETZREH BeEEl D b it 8h the IGRe A zpfign parameter
QPLW'nurrber of bits (Npred) that will be generated for the

frame and its macrobl ocks, before the encodi ng of the

franme is conpleted. Therefore, the Bit Predictor is

adapted to predict the nunber of bits that will be .
The byEeefudiness mEe ytina facion ofrid lgaskongpiraniets it of thggroup comprising

basi s_of unb of .hits, whi hav en. gener.ated
butery R Y s U U Pl Wi B il R il PP et e, frame
bit rafd, 38, theNGurBber"Bf ofNeBYiRH Fraflc28Bps tBAILAIpABE WoiDER oding the
macr obl ocks of previous franmes. |h general, for

currer(t'ftanteer ") P- or B-frames, the prediction of the nunber

of bits is obtained froma bit distribution of current

and previous franes. For ("Intra") IDR-franes, the

<L . . ha ‘ . te . . ...
rhe R0, et IGRSRHR, D5EE SEREL Aol g an niel

quantizB§orP ﬁ%ﬁi_éteri@ﬂ,gp bh @ik bdsheo fOtreAeiagsd st and pre-defined constants. The
illustratively described above is operable wth the

linear@gmsﬁimismalcgmﬂeq ﬂfhm. Dpumbprsafdits Vg, bl . .al vargle Hatebeen generated
or R cbin 5 ) S2L1S0 PREATE o Pl BB ECt ol 0ck o
defindd%o} i1 BLb4R 'ngﬁﬁesg}ia%gﬂﬁgﬁﬁre'sﬁ‘ra%f:k tolimt the

occurrence o adj ustnent process to a desired rate.
Based on a score val ue, which depends on the bit

In case the linear regression is not applicable, the quantization parameter QP may be
obtainable from a minimum value, a maximum value, or one or more last quantization
parameters OP;pp offset by one or more predefined offset values (e.g. -1, 0, and +1). The
minimum and/or maximum values may be predefined value(s) or may be determined from a
selection of quantization parameters QPjpg[...] defined for the encoding a number of

previous pictures/frames.

According to an embodiment of the present invention, the Bit-Envelope Calculation

illustratively described above is operable with the Bit Envelope Calculator 530. The Bit
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envel ope val ues and the predicted nunber of bits for
the frame and its macrobl ocks, it is decided whether

wo evoappdme®e the currently used quantization parPOBIE00681535
or not. In case the score 4l ue exceeds a predefined
threshold, the currently used quantization paraneter

ol P S 0B h R AR s o o
encod([Hde %fa 'eﬂ?éﬂo?@’vh‘lﬁés ?@rﬂﬁ{{l’@ f9effad Eﬁ)?‘q hit ?? e\/ allzné gf agd.y lower limit

cent er e pr

upper
(lowenutitné), whidii deﬁfléxlrtheda)laxmﬁm a8¥ amdighunt fiﬁmﬂje?&ﬁt bits allowed to be
val ues my, be 2 1, and -2 dependi ng of the

genetaadaby &%thﬁo @@PQ@@E Ah@lﬁélﬂx/ ecropevalae lﬁe@t@ﬂb@ enali deﬂine the desired

numbef %’?rbz-tg\l f&e{&b AR go ge a ﬁY t he {)(eeﬁlcqc): ng ?ﬁgr@é, thg Bit-Envelope
Calcdlﬁt@orﬁ@sﬂ%‘é@éd Bﬁ’nBﬁP(ho nLn‘gféﬁr %t btgf?& mECh 'ﬁ'ﬂul e number of bits

i npl emented I n one e programp
available inuthiendpcoderpditriane- chacedmgahﬁdltidmatlymﬂe@taﬁ ,raté lQR Niedstarget video bit
tions and program code, executed by conputers
rate (ﬁw qeaktw@g?m@ée%ﬁ@nwaﬁw&ﬁt@ay 2 ke lintp acpewnr am nodul es
i nclude routines, prograns, objects, conmponents, data
structures etc. that perform parti cuI ar tasks or
Accoidiipg egenh @abddigeh@lof aBet prasdntdalentidPete Bi c]: Pdredlctlon illustratively
Conput er - execut abl e i nstructions, assdciate
described boue ésopeaable pritly thenBirddedietor 58pr The Bit-Boedigpdres2 00fs arranged to

rogram code for_ executing_ operations of the nethods
predic} (B¢ PUEbAT R PiS N PHEdR that rllchn genesated dorcthe drangg end its macroblocks,

befor€XRE Yhalifl '0RShE Yol QS l%t?e%o zlgl%% gdlé aIBS ¢ PR UL adapted to

represents exanples o ¢orr espo

predidtntht enmiticr g Hlisethﬁwﬁ'ﬂl be Tg%n%%& fdvefle IffinSd!6hd b @R%roblocks on the
Software i npl enentati ons of the present invention

basis e%thedwm@oea@é bitp| Whink davé beensgeantidedifopong oamuragrevious macroblocks

echnigues wth rule based |logic and other logic to

of tnd, SIS ey b A1 TER PESH A S e ARHPF g8 sers acroblocks of
I 99
P T et e e I Ronr & S Ds O 6 Rl Rylltng pymber o bits
is obtgined frdm aeriodistributian df coadil 1d pasidisatarhe). o (¢ EIﬁﬁla”)rIDR-frames
is_intended to enconpass i nplenentations

the n%@?% &f gﬁé whichdirke beanegensratedhat the peeviaieirameds osed.

hardwar e inpl enentations, and/or equipnment for

recei ving manual inputs. The foregoing description of
Accor@iffpoth BNESbedinidhe dFr ﬁ%o?‘esérﬁvﬁ%ﬁt%h hig ng?%djustment illustratively

resented for purposes [ustration a
descrlg@@ eboyst isooperatile iveitmtie QP+Audjdsidr 540.5EheQPandfustee 580 it @rranged to

adjust tile qualttttl]zeatton parameter QP at the macroblock level. Before adjustment, an update

threshold relating to the adjustment frequency is check to limit the occurrence of an
adjustment process to a desired rate. Based on a score value, which depends on the bit
envelope values and the predicted number of bits for the frame and its macroblocks, it is
decided whether to update the currently used quantization parameter QP or not. In case the
score value exceeds a predefined threshold, the currently used quantization parameter QP is
adjusted. The adjustment is preferably performed on the basis of one or more offset values,
which have predefined values depending on the envelope values (upper_limit, lower_limit,

centerBit) and the predicted number of bits (Npred). For example, the offset values may be 2,
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present invention to the precise formdiscl osed, and
nodi fi cations and variations are possible in Iight of

w0 b@7abmee t eachi ngs or nmay be acquired from pPEriB2065/001535
of the present invention. e enbodi nents were chosen
and described in order to explain the principles of
the_present inve tione?nd its practical application to

1, -Leandi-@ Gerending 108 dthe relafionghip befwsen | th cenviglons, ¥alugs (upper_limit,
i Nt i.QN. 4. rd i i h vari ous

lowe'ﬁ@%?tf %éézg?ﬁgéasaﬁgghgﬁ%dgﬁ?f%ﬁgg %@&Wi"‘f cul ar use
contenplated. Al such changes, nodifications,
vari ations and ot her uses and applications which do

The presentlepwentidir éamdesreibedi ini theagenealopentett pfieperaiens, wiich may be

imple%rggﬁzgg ?I{Jrfeo%e;g@ ggﬁggrg{be)? @? %55325@% g}/cgﬂltgb glgc}lgdi%lgngonllputer-executable

. ri.shing. ' odi :

nsro SRR LAUTS cO8Y LGTRE %08 LA SARENALLRY Bl i nevricd

envirdtihadtits. L3drie@il 1) Prégraiemotioles edlnde ttigifleqdPrégrams, objects, components,
guanti zati on paraneter for encoding a current frane;

data stmidtuserceidi gt gefops pefticwar lesisovkisnmpmentpartieulgu pbsdract data types.
CompyliieaalsaPSERIoRs THLTEE et G 0] Fogapt Godules represent
exam%ig%: :6261?‘%%1%211 %?ggghf‘gx&futiﬁg et &ns WOHR Althods isclosec(lj herein. The

e score-val ue exceeds a pre-define
partictifar esfipinde cEd§ushtdxegutable ME@udtictatdroasspaatadaiaty sfroctures represents
encodi ng a next group of macrobl ocks; and_ otherw se,
examplen of eRITFRYORBIBEMHASIUEK irapleaentigs the finghensylesetibodhin ygh steps.
paranmeter currently valid. 2. Method according to
claim1l1l, wherein said score value is determ ned on the

SoftwhAs iSpRinedltatl B@S BRepRUEENtOvERGorl B BOMREIBbR¢he@N®ith standard
or nore bit envel ope values for the current frane, a

programening ttéohmiquestwith aiildobesd lelgicc ng oduir dogicatonacdverplish the various
bits required for encodi ng the current macrobl ock. at .
databgsgescpr (RN OPEFEIOHFNELTTHAUOh CRBIGHERT o IRAaR opgrations and decision

opereRRFTTESBh ARl Bepol RS SRR, AP UAEHAD g5 i

and iRithé c%fiﬁﬁ{(@é fetchddd 8NeAEtimighse IplmEmALore €h®Whe or more lines of
macr obl ocks
software code, and/or hardware implementations, and/or equipment for receiving manual

inputs.

The foregoing description of embodiments of the present invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
present invention to the precise form disclosed, and modifications and variations are possible
in light of the above teachings or may be acquired from practice of the present invention. The
embodiments were chosen and described in order to explain the principles of the present
invention and its practical application to enable one skilled in the art to utilize the present
invention in various embodiments and with various modifications as are suited to the
particular use contemplated. All such changes, modifications, variations and other uses and
applications which do not depart from the spirit and scope of the invention are deemed to be

covered by the invention.
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of the current frame and/or one or nore one or nore
previ ous nmacrobl ocks of one or nore previous franes.

W 20013928l according to claim2, conprising: PCT/IB2006/001535

determining the bit envel ogé val ues for the current

frame, which bit envel ope val ues include at |east an

upper Iimt and a lower limt, wherein the envel ope

val ues are determined in at¥#8ance with a buffer

nodel and/or are based on at |east one val ue out of

the group conprising a video bit rate, a target nunber
1.0fMEthba of fite thgrslWof £0ideb eabBicRSbnthrikigeo franme rate;

anddet erm ni ng said score value on the basis of the

pr edi cpesfermingtaeiranoé emdading prioecssifortachdrans inekudignd a
pre-defined, functi.on 1o account for unreliapility of o
the bi fie%Fré‘H}"&% R Aitigh peantization pydmetes fop peiggiuged as a quantization

nmacr IrAeX B e £ Ld.p defined function is
pr ef rg@%g}rg par g%%(gi%c&#%ﬁlﬁﬁ?%ﬁ’ %ngfpl enment abl e on the

basi s eﬁccﬁiiﬂl%%fo lobingeroblochk® tWBinageO bairBst Hantd, allkrein said
1, wherein the adjusting of the quantization paraneter
conpipereblaskfeseeding grackes fgon grupzaitmamolacksmtkxieby at

| east qne of fset val ue; erein the at | east one

of f set GETTHINGEA A8 NiUA ALEheRREeme R SEeent grawp<f macroblocks;
and/ or ; erdm icLi :tS:. 6 o
Vot hod oagar e G RErRE i B BB, b ing:thgquantization
t he pprameter fdricnoodiag amekegroup of afaceobi®sks] mdlependence

of the score value. 7. Method according to claim 1,

conpr i 8th§gVispnfentiauing maceabloakaencoding withethe quantization parameter
cont - el af.ed parameter; wherein the at |east one

r at eéug%ﬁl@?a’%&'el ated paraneter is selected fromthe
group consisting of bit rate and buffer size. 8.

Met hod according to claim 1, conprising: determning a

2.ndidtkod adconding thtlairkd, whitetinsdid weorbealucdn dagadingd D@ethe basis of at

the | ast uafnﬁi zation paraneter adjustnent has took
P eagleone; iy of the group comprising one or more bit envelope values for the current

frame, a predictive number of bits, which predicts a number of bits required for

encoding the current macroblock at the time of encoding, and a macroblock index.

3. Method according to claim 1, wherein the predictive number of bits is determined on

the basis of number of bits generated for encoding one or more previous macroblocks
of the current frame and/or one or more one or more previous macroblocks of one or

more previous frames.

4. Method according to claim 2, comprising:

determining the bit envelope values for the current frame, which bit envelope
values include at least an upper limit and a lower limit, wherein the envelope
values are determined in accordance with a buffer model and/or are based on at
least one value out of the group comprising a video bit rate, a target number of bits

for the current frame and a video frame rate; and



in case the nunber of nmacrobl ock exceeds a pre-defined

threshold, allowing for adjusting the quantization
w@aroaoees . 9. Method according to claim1, cOPQI/IBE0MN0153S

i f necessary, determ ning am updated initial

quanti zati on paraneter for the current frame and

repeating the encodi ng pyoces q¥e hod accor di ng

to cl ASRerminipgesad searh Ve ot By 1§. dheiereshici e rwgnber of bits, the

vvhet r.ent

o 500 S 0L R Al ROl iy of e v
cl aipiedibion\Retieh & 4 furlcien ©8k4i8Hhadr6F168k indleR, \E?hérfeﬁf@nd re-defined
the predictive number of bits is deternined from a ?

d| s tfundioni i praférabhea paraholie fimction ouplefueatabde od the bas1s of a look-up
R%)c{ according to claim 10, wherein if the current

fran®'$s an ideal data representation frame, the

predi ctive nunber of bits is determ ned fromthe

nunber of bits generated at a previous frane. 13.

5. Meteasd @&ﬁ)@dﬁﬁgr’tﬂ d18ing 12iviheklin iMBeddpistinkf oft R GubmFi@on parameter
frame is a P frane, the initial guanti zati on paraneter

i soruprlisea|cdfsettingythe mllanuzaamngirmab@ebyfa@ﬂeash one offs¢tdmlue; wherein

and | nt| raneters; | cul at,i n .

£ 1he a fgags of g@%ﬁgﬁ et Sependrudie: B chraabe Tiufs pdr fle determined
ng wi ndow quanti zation paraneters;

aﬁ%ﬁ%"?‘%ﬁgﬁ%ﬁg é(; value for the frane's initial

quanti zati on paraneter. 14. Method according to claim

10, wherein if the current frane is an ideal data
6. r Msthadeancarding t9 ok, 1.t Waeren theaidjuptingtaf Zhe quantization parameter is

Rl i Ber Rt SLEE A M or mocel s

successful, enploying a quantization paraneter of the
previous P-frame as the initial quantization

7. pifettnet @cordifig theaimflf esmprigingabi ity check fails,
extrapol ating the initial uant| zatj on paraneter from
t he nulﬁﬁ@ﬂlzafg Bileast @@%ﬁ*@f@mq lgelagiepBrnasFe previ ous

fxgv 0%t ed at least one rate control-related parameter is selected from the group

consisting of bit rate and buffer size.

8. Method according to claim 1, comprising:
determining a number of macroblocks, which have been encoded since the last
quantization parameter adjustment has took place; and
in case the number of macroblock exceeds a pre-defined threshold, allowing

for adjusting the quantization parameter.

9. Method according to claim 1, comprising:
if necessary, determining an updated initial quantization parameter for the

current frame and repeating the encoding process.

10. Method according to claim 1, wherein further comprising determining whether the

current frame is a P frame or an ideal data representation frame.
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the quantization paranmeters used for encoding the one
or nore previous franes and clipping the extrapol ated

wQ@rainizat i on paraneter, wherein the extrapol ap¢DIB2066/001535

based on a regression calcdlfation on the basis of a
regression function having one or nore paraneters;
and/or if the extrapolation is not reliable,
determining the initial quantization paraneter from

1?.rlﬁeﬂfod”9&§)r3#1 @Nid ZihP qop%ﬁégﬁﬁefﬁ I 0RE %fraaﬁan‘g%taep -frame, the

previous | data repres rarres

prorgdietivermdlsér 60 fbltl@rfsvdétbﬁﬁm@ﬁ fréhiea Ctﬁﬂtcﬁﬂhbﬁﬁ’&n &®f one or more
vi deo encoder, conprising: program section

pd?rﬁﬁpﬁﬁﬁgﬁwsfrane encodi ng process for each frams

i ncludi ng: programsection for determning an initial

guanti zati on paraneter for being used as a
lﬂlﬁefﬂoaaﬁb&ﬂdﬁ%r ?‘in Q. %g&%ﬂ‘l NP e Clllt e?l@tﬁ‘gﬁlg gl ideal data
and program secCti on for ‘edcodi ng groups of nacrobl ocks
Wirtpieserthifore Bane) thd predivtiveigiten of dits & @tBrdined from the number of
macr obl ocks the program section for macrobl ock
er@@cﬂeﬁgraltfﬁkﬂlttﬁd@@Vl%lﬁ(f@mﬂ section for determning a

score value after encoding of a current macroblock; if

the score val ue exceeds a pre-defined threshold,
1P MeMh3M 2861dAS td Qfalﬁdl(}ls\?{/l'lé}gm {rend Hﬁx?éﬁtzﬁﬁﬁlg s a P frame, the initial
paraneter for encoding a next group of macrobl ocks®
arqphantiteion paeampteo iy ecaicidatetd bgn f or conti nui ng

macr obl ock_encodi ng with the quantizati on. paraneter

cur r entcplpulaimggal ‘15% forshastiwand %b‘f @)‘}}1 lorgpyipdowtquantization parameters;

et or mengyidlit e Fbd qUF240h BaineBR TS gt hort window and
gr ouRnEGIRdLS GNER&IH pafRfeteld; lan@iy el ope val ues for
the current frane, a predictive nunber of bits, which

pr edi ctclipping the value for the frame’s initial quantization parameter.

14. Method according to claim 10, wherein if the current frame is an ideal data
representation frame, the initial quantization parameter is calculated by:
if a buffer availability check in accordance with the buffer model is successful,
employing a quantization parameter of the previous P-frame as the initial
quantization parameter;
if the buffer availability check fails, extrapolating the initial quantization
parameter from the number of bits generated for one or more previous frames and
the quantization parameters used for encoding the one or more previous frames
and clipping the extrapolated quantization parameter, wherein the extrapolation is
based on a regression calculation on the basis of a regression function having one
or more parameters; and/or
if the extrapolation is not reliable, determining the initial quantization
parameter from one or more quantization parameters of one or more previous ideal

data representation frames.



nunber of bits required for encoding the current
macr obl ock at the tinme of encoding, and a nacrobl ock
WO p@en1292%. Conput er program product accor di ngP¢DIRA0e/001535
15, wherein the predictive4funber of bits is
determ ned on the basis of nunber of bits generated
nor.e previous crobl ocks of the

far encodi ng one or
150§PF@errfP‘§’%?r%anP€P°toﬁ%f rovigioa ehdatsr crptel #Pe\a dlideo encoder,

mpGLAblipgks of one or nore previous franes 18.
Con‘pﬁ]?éeﬁr?g'pr ogram product according to claim 16,

conpr i sroBthm ReSPIrA FoS ﬁ@ﬁbﬁﬁin@oé fighe réﬂcﬁdﬁ@hbf&e@ for each frame
envel ope values for the current frame, which bit

envangpéingal ues i nclude at |east an upper linit and a

lower limt,wh rei? t@% envelogg.valges ar.e determ ned ,

i n acdFPFA: SSRHA I GRIPTIURIE, i INURY AYPIRFationaRE@mster for being
at | [+ 1g... i deo

oi ¢ "PEF s Pt BifanBlor AP RioRHE £ ORI Gl Rt

franme pogram védiiea fof anddimt giouph &f PiRestotIce®ithnthbQurrent frame,
determ ning the score value on the basis of the

pr edvker¢inon gravier ofomagriobincks ke progrhmpiectian fes magrbleck encoding
pr e-.delfcilned function to account for unreliability of

t he B'P9Pr edi ction, which is a function of the

macr o | e &b r e--gefd j '

or of orpr s Soaon, MEAQpuiife B ol Suld o Ehodlipe o a curren
basimsacpéblack;ook- up table. 19. Conputer program product
according to claim 15, wherein the program section for

adj ustif n'%leoWO[f%eVaé%rW(FQ@lSi anpisadeftaede threthnld, peegram section for
program.section for .offsetting.the gyantizatjon )
bar ARICERE B daitzatch SRESH R Pl AErLEIPupef mroroblocks
| eaghdone of fset value is dependent on the envel ope

val ues and/or the determ ned predictive nunber of

bits. @berwismpprogranprsegtiom for cotintinuanpe anatiroigjotlo ercatimg with the

15, wherein the program sectjgon for adjusting of the
quatiAyEAaligR PR t"é’f‘repgyé(ﬁirl nged to determ ne the
guanti zati on paraneter in dependence of the score
value. 2 1. Conputer program product according to

16cCaiputkd, pro@iipd ipkbd\@t according to claim 15, wherein said score value is

determined on the basis of at least one out of the group comprising one or more bit
envelope values for the current frame, a predictive number of bits, which predicts a
number of bits required for encoding the current macroblock at the time of encoding,

and a macroblock index.

17. Computer program product according to claim 15, wherein the predictive number of
bits is determined on the basis of number of bits generated for encoding one or more
previous macroblocks of the current frame and/or one or more one or more previous

macroblocks of one or more previous frames

18. Computer program product according to claim 16, comprising:
program section for determining the bit envelope values for the current frame,

which bit envelope values include at least an upper limit and a lower limit,
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program section for initializing at |east one rate
control -rel ated paraneter; and wherein the at | east

woe@7/089e8 control -rel at ed paranmeter is sel ect eBCT/IE206/001535
the group consisting of bi#9rate and buffer size. 22.
Comput er program product according to claim 15,

conprising. program section for determning a numnber
of kB BekaLvelgme crrlyrs A w{séqmgr@o@e%ccgm%e@e tWidh pdayffer model

ti,zati t ' k of .
o €O B8 U IBH o8 ghORehaighg Ao vit e
t hr el nuAlbbPYE Bigs fof theadtintent frdthetal@ a0H@SY framb ir@B; and
paranmeter. 23. Conputer program product according to

cl ai m fifogramnspetici foy :defermaueg sl scorpvalye am the basisoffthe predictive
cal cul ating, an updated initjal quantization paraneter

for HUReDE Lﬁgfr@i‘ﬁ: tg? éﬁﬁgﬁ%l 2 %va%}cﬁ@ Hl‘ﬁ%ﬁ:%‘lp%@u%l@gd@nﬁccoum for
pr oc . . . a t r di :

o oAy SR SR TR BERaLOf 08 filgotoc ndex,
for wWedremheiphe dehigdd eictitie isGptefeedtly brpagbolis fandtidn iaementable
or an ideal data representation frane. 25. Conputer

pr ogoratine rasid of & leddeup tibley t o cl ai m 23, wherein if the

current frame is a Pfrane, the predictive nunber of

bits is determined froma bit distribution of one or

Vj 0 ; ;
RO s R S P cion i
apdjudtiad ofl @eaquiapizesen padaeterf doaiptises progparadiection for offsetting the

number of bits is determned fromthe nunber of bits
gepantization grramesee by o dedst are offset vayapwherein tlgyphigast one offset

product ,accardi ng.to claim23 wherein.if the.curkent

Pl 5 adiesgon P SofgBpll ity MEETH skl Rg Y iERRs mumber of

i gjcal cul ated by: program section for calculating

vaf ues for short w ndow and | ong wi ndow quanti zati on

paranmeters; program section for calculating the

initial quantization paraneter hased _upon the short )
2QuiGrrameRRterBY OZERTY PRPFHES ACRRTEME tPa8lmdh Lo avhgtsin the program section for

adjusting of the quantization parameter is arranged to determine the quantization

parameter in dependence of the score value.

21. Computer program product according to claim 15, comprising:
program section for initializing at least one rate control-related parameter; and
wherein the at least one rate control-related parameter is selected from the group

consisting of bit rate and buffer size.

22. Computer program product according to claim 15, comprising:
program section for determining a number of macroblocks, which have been
encoded since the last quantization parameter adjustment has took place; and
in case the number of macroblock exceeds a pre-defined threshold, allowing

for adjusting the quantization parameter.

23. Computer program product according to claim 15, comprising:
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program section for clipping the value for the frame's

initial quantization paraneter. 28. Conputer program
w@ew@doc2according to claim 23, wherein if thePCTIB260M/001535

frame is an ideal data reprsesentation frame, the

program section for initial quantization paraneter

conprises: if a buffer availability check i o

acggr dfanecessdry h pragsargseeon ﬁ%’d@@lcﬁﬂétl%l @Ee'égég’(‘ﬂd, initial quantization

program section for enployj [ '

ot “Papiee e cutippEiiing by Raln it Fah: Bt AHATRLAS

paraneter;if the buffer availability check fails,

program section for extrapolating the initial o
24 quanputeatprograparmogicr adconding e nlairbel Sofwhsireis further comprising

generated for_one or nore previous fr s and t .

quegreny sectien fendatesmEnag ydsther 6‘&?6 QH%@?E@‘“? He ao‘?] 2“‘8}6 or an ideal

e previous franes and clipping the extrapol at ed
gﬁgﬁﬂe&eﬁfaﬁngﬁoﬁgﬁlgﬁeter, wherein the extrapolation is
based on a regression calculation on the basis of a

regression function having one or nore paraneters; and

25.i Gorhpetee ptagaam paodum aceordiog tp elaind3e wherey itike sugenlofiame is a P-
for determining the initial .qantization pa ter ..
firaane.0He RIpdIRBYS NIRRT b bt Hgtspaws? dfen o fstpution of one or
non%xgg%%hg rIkgeal data representation franes. 29.
EPESH' SO dévi Ce, conprising: a processor; a nenory
unit operatively connected to the processor and

I ncl udi ng a conputer program product for provision of .
26 rGerepeten pragramgprodusti ateerding: tsielpim @aniybprsith ¢f: the cygFahframe is an

3681 Pl BTt RS RO TSRl iped from he
Ay .rtdf@.its%léﬂ&ta{eﬁaétia cRBnSfRher for being used as a

guanti1 zati orr paraneter for encoding a current frane;
and program section for encodi ng groups of macrobl ocks

within the current frame,_ . .. )
27. Computer program product according to claim 23, wherein if the current frame is a P
frame, the initial quantization parameter is calculated by:
program section for calculating values for short window and long window
quantization parameters;
program section for calculating the initial quantization parameter based upon
the short window and long window quantization parameters;

program section for clipping the value for the frame’s initial quantization

parameter.

28. Computer program product according to claim 23, wherein if the current frame is an
ideal data representation frame, the program section for initial quantization parameter
comprises:

if a buffer availability check in accordance with the buffer model is successful,
program section for employing a quantization parameter of the previous P-frame

as the initial quantization parameter;
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wherein for group of macrobl ocks the program section
for macrobl ock encodi ng includes: program section for

waledoennmzg ng a score val ue after encodi ng of aPCTNIB26M/001535

macrobl ock; if the score value exceeds a pre-defined
t hreshol d, program section for adjusting the

macr obi bIRE DulRh SRS Eh Salea rGuER S7Plop: bor cxtrapolating the
cont iﬂ?%f%ln@la%%@ﬂ g&éﬁ%%ﬁ%ﬁé&b@p &6f Bﬂggél%l%rgfeh%r one or more

paraneter curren roni c d

accopsévislist fagiediaid 28e JuastigitidnSPArdmBRes ASYARIFHE ehdoding the one or

deternmined on the basis of at |east one out of the

gr ouloE® ripevious girames cndnelippibg t thenoxiranndated| quantization parameter,
i cti,ve nunber ,of b [

br edVEPESTE e ERERQIFH FEbHER i BoaterGh calgpioBrias the basis of a
i ' L. d
cur ' RibkodIReT ARLAGK R AVing Bfic bl ARrOhaBRERAL NG and a

macr ectroni c device’according to

cl ai m 2Pthenderpiotutioneis o e¢lfible) Hrograesectibn ok detefmining the initial
determ ned on the basis of nunber of bits generated

for @wIbERtign pAmNETe B gcclli Bk Geantisation Reragtetarhof one or more
current.frage an / or O?}ﬁ or Eore one Or nore previous
macr BT EMEdIGH R Cprestip o RS us frames. 32.

El ectroni c device according to claim 30, conprising:

program section for determ ning the bit envel ope

29 Mlestsorfiodetibe, comtpresivig: f r ane, which bit envel ope

val ues include at |east an upper limt and a | ower
| BAPCCSiPer ei n t he envel ope val ues are determined in

agc |t J . a re bas nq.at

" BaHRRE Syl et EhmBRlgR ot M By Reftn PR reARuBE o computer
bptograifprodudtfof ffovisitid 6f radd cditfol 6104 vides efbbde®Ndomprising:

frame and a video frane rate; and program section for

det er mpndgrgnt kectmnofe petfforening 4 Henirasheodihg tgrecess for each frame

predjciive'nunber of bits, the envel ope values, and a
pr e- BEMMRE function to account for

program section for determining an initial quantization parameter for being
used as a quantization parameter for encoding a current frame; and

program section for encoding groups of macroblocks within the current frame,
wherein for group of macroblocks the program section for macroblock encoding
includes:

program section for determining a score value after encoding of a current
macroblock;

if the score value exceeds a pre-defined threshold, program section for
adjusting the quantization parameter for encoding a next group of macroblocks;
and

otherwise, program section for continuing macroblock encoding with the

quantization parameter currently valid.

30. Electronic device according to claim 29, wherein said score value is determined on

the basis of at least one out of the group comprising one or more bit envelope values



unreliability of the bit prediction, which is a

function of the macrobl ock i ndex, wherein the
w@e@sdefdened function is preferably a parabol i BCT/IB2006/001535

function inplenentable on the basis of a | ook-up

table. 33. Electronic device according to claim 29,

erein the program section for adjysti of the .
ARG Sara A5 Bt 8 O bt sy f apummber of bits
tdi : [ ian r at: t .
SaEe P chOSfETae | ERKURD pRREGIBUE o MR lin 3 ofBine, and 2
denessigst ilext he envel ope val ues and/or the determ ned
predi ctive nunber of bits. 34. Electronic device
according to claim29, wherein the program section for
justi.ng, of the anti zat.i on,paranet i s arr.anged.to o
31 JUbaRnAeTie HoaRinG 10 (CAITHAYREEED, e dupBiciER dmper of bits is
t({é‘t’erﬁﬁl%ie U HHChasRP of FplrO0f itd SYfe Pl 4F dng .ihg one or more
clrarm29, conprising:programsection for initializing

Previ6as nadrdlscks dFCRO tingbnt Rhat efdfrraigedrempreaogk or more previous
wherein the at | east one rate control -rel at ed

pazcaklpeks ¢fonscirgneredrevions fiRBICHr oup consi sting of bit
rate and buffer size. 36. Electronic device according
to claim?29, conprising: programsection for

32.%%&%60}1&9 HPGice a%kﬁ)g@;ﬁg 19 b1 0 BbRBKSinghi ch have been

enco since st quantization paraneter

adj ustpregranhsestivaker détaceinirntheibit emsdopdrealnesifierthefurrent frame,
macr obl ock exceeds a pre-defined threshold, all ow ng L
f or whighubiti eryelone yeluet ipelbde @t Papsing dppenimit and & lower limit,

El ectroni ¢, devi ge accor di L 8] .m_2 LiSiRg:

Tt - eeRR pg BBl SARECET dhpi i Hooof MR RIS butfer model
Updat®dr bt Bdsdd of WeRhitZee Wilud8HedEthe lor& 185 coipriding@Brideo bit rate,
and repeating the encoding process for the frame. 38.

El eetargai mumdieariof dita ferthd icnrrentoframeaiand 207ideh Eemienate; and

further conprisin rogram.section for. detern.nin .
whet haTOBRE! tgFPB P! fIFERFAINIAE HiopSeOre, WelUg onLghe, Rfgiof the predictive

dat At a0 ¢ 1§&ion t t fi
S 50 DA BB, PR s o
a PuhfelirBility € the bit prediction, which is a function of the macroblock index,

wherein the pre-defined function is preferably a parabolic function implementable

on the basis of a look-up table.

33. Electronic device according to claim 29, wherein the program section for adjusting of
the quantization parameter comprises program section for offsetting the quantization
parameter by at least one offset value; wherein the at least one offSet value is

dependent on the envelope values and/or the determined predictive number of bits.
34. Electronic device according to claim 29, wherein the program section for adjusting of
the quantization parameter is arranged to determine the quantization parameter in

dependence of the score value.

35. Electronic device according to claim 29, comprising:
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predictive nunber of bits is determned froma bit

di stribution of one or nore previous franes. 40.
wEb@cioes c devi ce according to claim38, wherrCTIB2006/001535

the current frane is an idéal data representation

frame, the predictive nunber of bits is determ ned

fromthe nunber. of, bits.generated at revious frane.

o BB g o GBI ot B Ciel SRRl Talee bpfraineter; and
| fnbfas e L Masf Bﬁ'éT?atbScoﬁhjgl-Fél pdclifeteP il IsBlected from the group
quanti zation parameter 1S cal cul'at'ed by: program
seatisisting ofbit eate aul duffegsival ues for short w ndow and

| ong wi ndow quanti zati on paraneters; program secti on
for calculating the initial quantization paraneter
based upon the shart w ndow.and | ang w ndow
36qﬁ§=‘ﬁ&f’?ﬁﬁé¥we 6’8?05ﬁﬁgép§?alﬁ9%g F%?P%‘é@{%i on for clipping
the Va}%ﬂdgrafn{’ Eecttf(‘)ﬁ fiof %@%rﬁiﬂéﬂ%.ta' RimBEadt 5@1%%%1{[9, which have been
paraneter. 42. Electronic device according to claim
38, enbadedisindefth¢ hast quantiestion paanmeies adjostneten has éike place; and
representation frane, the program section for initial _
quant i Raase the avmben af mesrablookeexcerds a poertipfined threshold, allowing
avaid abj.l it heck .in.accordance with the buffer nodel
is gma dé g e APEEZARLBHEISI f or enpl oying a
guanti zati on paraneter of the previous P-frane as the
initial quantization paraneter; if the buffer
37akkctraticldievige eberiinfao ckim99 gomprisiagt i on f or
extrap%}gti ng the initial quantization paraneter from o
t he nUABEFESSIYpPragradnischor dor salcalaging rannypdatpd dyitisl guantization

encarReere: BedtaRe aEPlerRRRRLe Rl Rl bRERS Rl e

the extrapol ated quanti zati on paranmeter, wherein the
extrapol ation is based on a regression calcul ation on
38t Blectaic slewice aceadingstei adaint Uhcwheminhfivthegcomprismgrprpgram section

B:l%% glpn%tﬁgneggr Sl;&g ?Vglgthlp{:) Fﬁewhe Ry %_Qq%gig{aiﬁg%p%]l%tqggxﬁl i&geltli éaa?all ?e’presentation

frame.

39. Electronic device according to claim 38, wherein if the current frame is a P-frame, the
predictive number of bits is determined from a bit distribution of one or more

previous frames.

40. Electronic device according to claim 38, wherein if the current frame is an ideal data
representation frame, the predictive number of bits is determined from the number of

bits generated at a previous frame.

41. Electronic device according to claim 38, wherein if the current frame is a P frame, the
initial quantization parameter is calculated by:
program section for calculating values for short window and long window

quantization parameters;
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quanti zation parameter fromone or nore quantization
paraneters of one or nore previous ideal data

w0 epresmeg ati on franes. 43. Video encoder operOl/8B2006/(01535

rate control nodul e, whereiSh said video encoder is
arranged to perform frane encoding for each frane

i ncl udipg. AN fir P cal.cul at or, arranged for

det er i B EPeeR P A ARee T el eaettion pRnter based upon
bei n i i i 18N ncoding a

cur ot anada T A R o iR s

ar r angedogrem setionbfovcHipphmodiengale SroMe Shme’s initial quantization
macrobl ocks within a current frame including: a QP

adj uB¥BMCETy anged for deternmining a score value after

encodi ng of a current group of macrobl ocks of the
current frane to be encoded, wherein said QPadjuster

41.Eledantiedetioe adioddihgth R1AmMeTY, ivfl%%{:(iﬁ r BRI &erhf ﬁrgﬁlggg ag ideal data

encodi ng a next group of macrob S 1n case _

v aprresesasivad srampr ¢helepiogeain t beativnol for afdiAt k@aNAEoh O parameter
maintain the currently valid quantization paraneter

f GPREEYObI ock encoding. 44. Video encoder according

to claif firer llhﬂiiﬂgc%egﬁ &ea%ca%g{iéj@te% ag{eg}qﬁ;%? n{oglrgls{s successful,

determ ni ng sal Scor

one moprapi sédtRnAHoP CEPIOTRE i SuAt 2RARNOFar IRERr B the previous P-frame
envelfrogrce_\(al ues for the curfqent frarrgﬂ,; a pregl ctive
nun‘@értﬁ@fmbiﬂtcﬂl,anﬁmtm paradétet;s a nunber of bits

' f di.ng..the_current macrobl ock at the .
o R by R el SRR St
b i i B
o oa b RANEA pefiic Fofng ER ol 8 ghtrepg for one or more

nuntpeeviofis iahsesomd tie Gasitisadn puriaeterdfusbll tér encoding the one or
generated for encodi ng one or nbre previous

mac rBeCo PRy 1S {igmes ypnde lippingréhearsafrapolated quantiaatéon parameter,

ONE MerbR' e pe&%r\éi)gl%fciomg li:)gsbeldoc():ri( 3 r%fgregg}(e)n calculation on the basis of a
regression function having one or more parameters; and

if’ the extrapolation is not reliable, program section for determining the initial

quantization parameter from one or more quantization parameters of one or more

previous ideal data representation frames.

43. Video encoder operable with rate control module,

wherein said video encoder is arranged to perform frame encoding for each frame
including:

an initial frame QP calculator arranged for determining an initial quantization
parameter for being used as a quantization parameter for encoding a current frame;
and
wherein said video encoder is arranged for macroblock encoding of group of
macroblocks within a current frame including:

a QP adjuster arranged for determining a score value after encoding of a

current group of macroblocks of the current frame to be encoded, wherein said QP
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or nore previous franes. 46. Video encoder according
to claimd44, conprising: a bit envel ope cal cul at or

wa@eoodogpds f or determning the bit envel ope val PEFIB2006/001535

the current franme, which bi5¢ envel ope val ues include
at least an upper Iimt and a lower |limt, wherein the

| re termned in accordance wth a
bur r SERSISHE AERITR At LR Gnganict puag s der opsoding a next group
out | 0.l t
urber "o pp BF QARG e Motk Ve ltebad &' et Hhteshold and
r at eptherwdise te rignad) st eurrantlyavg RO qlianizee6:e HEaR G or macroblock
said score val ue on the basis of the predictive nu
of bfi¥diRge envel ope val ues, and a pre-defined

function to account for unrellability_ of the bit
prediction, which is a function of said macrobl ock

44.nda¥o eﬁmreea&o%@ihgt@ﬁfauﬁ@tfslﬁﬁ dlfggm“ on is preferably

a parabolic function inplenénta on the basis of a
| ook- upha @ adjudter Mrdegedefor atbesrnaiagraidigedre vali 6a ﬂ?e basis of at

wher t he juster is arranged for adjusting the
quan]l%iaga?rfeoﬂgigf SIOUD; Wnamaamg Bae (i anetezbit ienmelope values for the

ar f ast .ue; )
ier S e S50 8o B ATt e of i
t he requietder eatodmng anél/@frehh enAeS66R REFHP rtl?l% %F e\ﬁ%odlng and a
nunber of bits. 48. Video encoder according t

43, mprpklogkindexQP adj uster is arranged for adJ usting

the quantization paraneter in dependence of the score

val ue. 49. Video encoder according to claim43,

45 9REd SlcBder v\.ﬁcoﬁﬁﬁg‘:‘{%agﬁg ﬂ?tl‘ﬁc ail :%remr atr :l at ed

par anet er ; ereint eas

cont r ok bntepmﬂ&ﬁorpﬁtahgeﬂ for idstetiires etk fn‘%ﬁi’ﬁtﬁv@ %Lﬂﬁ‘t%‘ ROf bits on the
consisting of bit rate and buffer size. Vid

enc B8 of wBSE 9§ bits genexpted 4oy emqmdllngj@rlnggor Ilnb? @Ewous macroblocks
d for, determ ning a nunber o

e G G s, i SRS mH SR WPHCErov s rasgroblocks of one

quamﬁ&g&gip%\,lgﬁﬁgﬁggr adj ust nrent has took place

46. Video encoder according to claim 44, comprising:

a bit envelope calculator arranged for determining the bit envelope values for
the current frame, which bit envelope values include at least an upper limit and a
lower limit, wherein the envelope values are determined in accordance with a
buffer model and/or are based on at least one value out of the group comprising a
video bit rate, a target number of bits for the current frame and a video frame rate;
and

the QP adjuster arranged for determining said score value on the basis of the
predictive number of bits, the envelope values, and a pre-defined function to
account for unreliability of the bit prediction, which is a function of said
macroblock index, wherein said pre-defined function is preferably a parabolic

function implementable on the basis of a look-up table.
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and in case the nunber of nmacrobl ock exceeds a
pre-defined threshold, allow ng for quantization

w@aroaoexoes adj ustnment. 51. Vi deo encoder accorBCTB2@/001535
claim43, including: the idptial frame QP cal cul ator
arranged for determ ning an updated initi al

u | zation paranmeter far.the current frame and
4?hi?ﬁé§t ?ﬁ%"‘#’é p%ctchﬁ% to CleitR 3 aWECBHL & QP prcdiesters js arranged for
i fadies \Y: ' .0 claim43,

b e e B TP Ralif pofigPiar s offot by
culeaginond wodfset ivalua; RvHereirether ataleaitdadl o8@éPvalue is dependent on the
re%re ent mn frame. 53. Video encoder according 10

c| AVFIE, Valpesraadiprithe deterngimed predi¢tivernumiseraf®itsr ane,

the bit predictor is arranged for determning the

predi ctive nunber of bits froma bit distribution of

48I¢ideb BRIdeP R f ATt cqgler uster
accor di ng to colai m'ﬁ?z,t{) er e?ﬁ”i‘yh‘%ﬁlgl i R 2djysispels grranged for
arpdjeibinlg thatjaanteration patantdtaninfdepomlent & 6f tietscBFeo@iigs, O

is arranged for determ ning the predictive nunber of
bits fromthe nunber of bits generated at a previous

der. ding. to claim52,
D enchaet LRI i EE it oo e imi il

frame @E’leaatm&@wéorﬁfdléeﬂ%rg smetedl cul ating val ues
for short w ndow and | ong w ndow qudnti zation

parheneineths; atclenstubn iralg domérol-nélbicd| paguasict 2atseRRted from the group
par amet er gﬁ%ed Uﬁ&w} %fhe Short w ndow and | ong wi ndow
qUaRTIFERg Piobit At and butter signd/ or cli ppi ng the val ue for

the frame's initial quantization paraneter. 56. Video

encoder according to claim52, wherein if the current

50.Nédeo escatler be@adingab ldieRe sidhion frame, the
initial frame QP calculator arranged for: if a buffer

avai | abhq QR adivetsk arranged doaleteemmiing o hembef bérmaeblocks, which
is cessf ul l.oyi a_quanti zati on paraneter of

t hes%a(ralgv &0 §n§9c$qrﬁg§}%gea€1gth§é %pmtﬁagpn @gmqtgraqdjgﬁment has took place
par iRt Bf caskftht RGniddf be 'hfa%}‘c%ll) l;Jg‘teI‘eégsh 626 5ehitd Shreshold, allowing

extrapol ating the Initial quanti
for quantization parameter adjustment.

51. Video encoder according to claim 43, including:
the initial frame QP calculator arranged for determining an updated initial
quantization parameter for the current frame and initiating repetition of the frame

encoding process, if necessary.

52.Video encoder according to claim 43, wherein further comprising determining

whether the current frame is a P frame or an ideal data representation frame.

53. Video encoder according to claim 52, wherein if the current frame is a P-frame, the bit
predictor is arranged for determining the predictive number of bits from a bit

distribution of one or more previous frames.
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paraneter fromthe nunber of bits generated for one or

nore previous frames and the quantizati on paraneters
waig@d/oimes encodi ng the one or nore previous frBEOEB2AMM01535

clipping the extrapol ated guanti zati on paraneter,

wherein the extrapol ation is based on a regression

SR ST P, R B AL e s 1 s
xRl apiors, 06 8y ST 0 AEpifl) e v

panathet ef bite froantheatunibur & f ite genetatedde alprékdbds frame.
representation franes.

55. Video encoder according to claim 52, wherein if the current frame is a P frame, the
initial frame QP calculator arranged for:
calculating values for short window and long window quantization parameters;
calculating the initial quantization parameter based upon the short window and
long window quantization parameters; and/or

clipping the value for the frame’s initial quantization parameter.

56. Video encoder according to claim 52, wherein if the current frame is an ideal data
representation frame, the initial frame QP calculator arranged for:
| if a buffer availability check in accordance with the buffer model is successful,
employing a quantization parameter of the previous P-frame as the initial
quantization parameter;

if the buffer availability check fails, extrapolating the initial quantization
parameter from the number of bits generated for one or more previous frames and
the quantization parameters used for encoding the one or more previous frames
and clipping the extrapolated quantization parameter, wherein the extrapolation is
based on a regression calculation on the basis of a regression function having one

or more parameters; and/or
if the extrapolation is not reliable, determining the initial quantization
parameter from one or more quantization parameters of one or more previous ideal

data representation frames.



