2 6 MAR 2007 APPARATUS, SYSTEM AND METHOD FOR VI DEO ENCODER RATE CONTROL
5 FIELD OF THE | NVENTI ON [ 0001] The present invention generally relates to
rate.control of video conpression encoders. More particuparMAR 200fe present
invention relates to constant bit rate (CBR) and variable bit rate (VBR
control for block-based video encoding, including but not limted to MPEG

conpat i bl e vi dppARDeas, ReSTEMBAGE REMRIFOR FI AYENEEDEHIORRTE Vi deo

conpression is comonly used to reduce the data storage and or

transm ssion requirenents of a recdf@¥dRQdeo stream For exanple, the
Motion Picture Experts Goup (MPEG standards define several commonly used
vi deo conpression 15 standards. [0003] MPEG 1 is intended for progressive
video and is comonly used to store video on conpact discs, such as Video
Conpagt Disc (VCD). The MPEGpigphad NPfSNa group of pictures (GOP).
Referring to prior art Figure l?L each commences W th an intra-coded

pi cture frane, [0001]VBis meseobmpetioatgekrpitetiatdsity eaté eauitvhok vidso caaptession20

conpress subsequent inter:coded fr s, P._Bidirecti Il j ot
frames, B, ar 5%'(30 &4 paﬂtécfllrlaglyhtgl ip(r)er?g?r}gl%eenﬁgré? éelges‘p{r%eél % i odﬁyggé@@nﬁgot h
previ ous amafatdeibic ess{VBR )l controlHof ilackelsased WRECer2odidg] Inahadipy B sioolimBeduport f or

interl ace ideo content. [0004] MPEG vi deo conpression divides each
i ndi vi duach# ﬁ%m?*ﬁ‘?’ vr“ieﬁi%ﬁ%d“béal | ed macrobl ocks. 1ndividual macrobl ocks

may be predicted from nei ghboring frames. A 25 discrete cosine transform
(DCT) is applied to the fra res he fr . The resulting DCT
coefficients for each chéﬁ%éﬁoi’?‘{?H%eﬁ“édm&N A variable length
encoder is usegodo?] ¢ee d8niphesifRtia cothPORF] uséd kA t@luc® M @ith &forags ahdest t o

sel ect the quantization step size, which for a given image conplexity wll
det er ni ne tfapENISHien Fequigements gfi@irecrried vidre SGHP thpr sxarle theddetiog Rigurezp

depends u‘%gt'ﬂettﬁ1 Groya '@IWPEt@?l | @haglae Riefih esev&"ﬁln&ﬁﬁ}m)xg{} alsky  viddde chthpressit €, R

i s nodel ed according to e expression: R=Q, where Xis the total imge
conplléxitytasdfdO is a 12 [LLLLLLLEEEEEE el *166166*

[0003] MPEG-1 is intended for progressive video and is commonly used to store
video on compact discs, such as Video Compact Disc (VCD). The MPEG-1 standard
defines a group of pictures (GOP). Referring to prior art Figure 1, each GOP commences
with an intra-coded picture frame, I. Motion compensated predictive feedback is used to

20 comprcss. subsequent inter-coded frames, P. Bidirectionally predicted frames, B, are coded
- using motion compensated prediction based on both previous and successive 1 of P frames.

MPEG-2 adds compression support for interlaced video content.

 [0004] MPEG video compression divides each individual frame into regions called

macroblocks. Individual macroblocks may be predicted from neighboring frames. A

25 discrete cosine “transform (DCT) is applied to the frame to compress the frame. The
resulting DCT coefficients for each macroblock are then quantized. ‘A variable length

encoder is used to encode the data.

[0005] A rate controller is used to select the quantization step size, which for a given

image complexity will determine the bit rate. In addition, the quality of the image also

30 depends upon the quantization step size. Conventionally, the bit. rate, R, is modeled

. : X . . . :
according to the expression: R =-—, where X is the total image complexity and Q is a
-
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~~~~~~~ L1 JIMIEIEMIELEL TULEEE 1 *@0002* 2 6 MAR 2007 quanti zation
step size. Thus, the bit-rate, quantization step size, inage conplexity,
and image quality are inter-related. [0006] The tradeoffs in bit
rate/quality that conventional MPEG encoders make 1is not as Zssoﬂﬁﬁsm'fcat ed
as desired. For many applications, conventional MPEG encoders 5 do not
provide a fine enough |evel of control, particularly for single-pass MPEG
encoders u ek i dTETHRMS rateO ; r : ,y}/lf‘?et j ' is an
i npr oved a%%gpg{}h@%spy%% em a’nttclll16 ﬁeﬁtrﬁ{ga%%%&@tfpg%%f ro icr?ngprllgﬁl\/%}‘ié;&p
encoder . linageNAIRY a@FinTddEelaldENTI ON [ 0008] The invention is defined in the
i ndependent cl aj referred eat.ures of the i ion are defined
in the dependenwﬁ@ﬂa?ﬁ%nga‘%g?%#n E&%ﬁ&ﬁ%f%@%ﬁoﬁ*ﬁﬂﬂﬁ? fgccf(%bsl‘ﬁ‘ ®The
invention jssof® $phistitate @BPISEER B thinycappliesidndconvéttidnBEMPBG iwoddts

detail ed description taken in conjunction with the acconpanying draw ngs,
in whi ch: d¢ potrrpvifep dime enaughsleyrliof eontral, paragularly for singte-pask K@Pl’%} MPEG gr oup
of picture / i 2 is a block diagramof a video

conpr essi o?nncg%co éerd]'[nﬁ%g%"géc‘g%r ance with one enbodi nent of the present
invention. 2. 2[@0VARh&Ofdfe, WM Isddesred)israd idiptaved apparatas,dystgmanndinethoBR
rate contrller in Ccorgﬁ(}fé w th one enbodi nent of the present

i nvent i on. 19 5§ SPntEQ! Ju AR eacqfehck di agram of a CBR bit allocator in
accordance with one enbodi nent of the present invention. 5 [0016] Figure 5
is a block diagramof a dual CBR/'VBR rate controller in accordance wth
one entlbdi nent of the preseSUMMARY OMTHIINVENFIONe 6 is a bl ock di agram

of a core VBR r troller i ccprdance w t.h ne enpbodi t of the
present inventi @ﬁﬁsf 88‘1gﬁveln—'ilcﬁhllsgiegn?cgmgﬁ%]“@glken&fngﬁﬂmso OB PEGETYal ent
nmodel of  afeBired GfitRe HRBAtIGH dr8defined in the dependent claims.

BRIEF DESCRIPTION OF THE FIGURES
15 [0011] The invention is more fully appreciated in connection with the following
detailed description taken in conjunction with the accompanying drawings, in which:
[0012] JFigure 1 is prior art drawing illustrating a MPEG group of pictures
(GOP).
[0013] Figure 2 is a block diagram of a video compression encoder in

20  accordance with one embodiment of the present invention.



10 for one set of conditions. [0019] Figure 8 is a plot illustrating

exenpl ary quanti zer step-size behavior for the dual VBR CBR rate
controller. Like reference nunmerals refer to correspondi ng paltbs MAR28@ghout
the several views of the drawi ngs. 15 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 002 Figure 2 ig a bl.ock diagram of a video conpression encoder

200 in accordg(#)ééi gﬁg{"ﬁ e depkdtrgam et a B?Rt@tep‘?"é‘g%]llﬂr R ﬁ?F@%P‘E‘?n“.”th ewi 1 | be-

under st 00Gridadimehhér th/hrdeat mOsmoessi on encoder is adapted to receive video
Vp . .

i mges and encode the video jnmages 20 to gen_er ate an output bit streamin

conpl i ance wi t MO8 ShFisate-bisehlogk disgrapopint Yhallagatan gnpacgosiards vath WPEG 1,
MPEG 2, MREBofimedf oftthefseneinGentlod021] Encoder 200 includes an MPEG noti on.
estimation nodule 210,  a macrobl ock codi ng deci si on nodul e 220, a

transfor m modull@19BBigues s pbdnckdiagtans et edual CBBSYBR rate egnsolerin a@OMancea
quanti zat i @i, SRAHS R4 iﬂhgb;@%{ i%@erhigﬁ. conpressed DCT 25 coefficients on a
bl ock basi

macr obl ock- per - macr ol ~basis according to a quantization step size, a
vari abl e | engt HOMAL rmrerfoid @l tdockSitagiam obmcwd MRR momqonesidedn aqvagiencdarith i nt o

an out put o&i%ﬁgéiﬁﬁé@pof?%%é%eﬁ{iﬂgernﬁgﬁrab' e rate controller 260 for selecting

t he quantization s n one enbodi nent, quantization nodul e 240

i ncl udes a vi r t{oAI8] gigardt 7 Berblsdadiegrithaif at afpegalan modal afasVBR ofre 2orttdllemny

ar bi tlroari I% hi gh vfal u(fz. e.g., 512. An encoder video bitstream 30 -
verificati oﬁo‘"(e%ﬁ\ﬁ BEFPYF (not shown) may be included in the encoder. A VBV
buffer is a njoEl9] Fignet Hetd plat ilbeenide rexémiplgrquasiedr §tep-cied Behaiioe fapaieent i al
decoder bu(;fﬁg er%f |l ow _and overflow conditions. It is desirable that the
bi t st r eam FBMEP TAOHEIPERt such that a corresponding decoder does not

suffer a del et dlikexdferende Biithéro/ réfer 1066t &dpONiEOFHRHs ttirkhod thesc@ e \Reve S 7

[ 0022] Progranmable rate controller 260 is programed to bal ance the
short-tern&%ﬁ@‘”’l’%ﬁg-term out put bit production of the encoder against the
videqgsquality of the resulting decoded pictures. For MPEG 1 and MPEG 2,
this bal ance may be acconplished by setting the quantization step size of
the DCT coefficients SETANED DESERIPBIONAF THEINVENEIQNt 0 5 attenpt to

avoi d del eter! Qi S6aen B! AhstAbhS, hat ARD ad LaRACABRL 10b - 0
underfl ow or overffow for constant br't rate encoding).
accordance with one embodiment of the present invention. It will be understood that the
video compression encoder is adapted to receive video images and encode the video images
20 to generate an output bit stream in compliance with a block-based video compression
. standard such as MPEG-1, MPEG-2, MPEG-4, or H.264, etc.

[0021] Encoder 200 includes an MPEG motion estimation module 210, a
macroblock coding decision module 220, a transform module 230 to perform a discrete
cosine transform (DCT), a quantization module 240 to- qﬁantize the compressed DCT

25 coefficients on a macroblock-per-macroblock basis according to a quantization step size, a
variable length encode module 250 for encoding compfessed image data into an output
bitstream, and a programmable rate controller 260 for selecting the quantization step size.
In one embodiment, quantization module 240 includes a virtual quantizer scale that takes on
values from 2 to any arbitrarily high value, e.g.,, 512. An encoder video bitstream

30 verification (VBV) buffer (not shown) may be included in the encoder. A VBV buffer is a
model hypothetical decoder buffer used to determine potential decoder buffer underflow

and overflow conditions. It ts desirable that the bitstream remain VBV compliant such that

a corresponding decoder does not suffer a deleterious underflow or overflow condition.
3. '



[ 0023] In one enbodi nent, programuable rate controller 260 includes a
variable bit rate (VBR) rate controller 280, a constant bié rate (CBR)

rate controller 290, and a selector (not shown) for sel ect rMAaRaﬁUU ut put
fromeither the VBR rate controller 280 or the CBR rate 10 control |l er 290.
I n one enbodi ment, the selector 510 picks the rate controller having the

| argest quant i pei2}dRosh@able2fe dnttdIRr 060 RUWrogriBRel 38 BalaRd! the khdi-teAS0
permts a variable bit rate node of operation. CBR rate controller 290

pernits a2bleag-iam qyfnut pih produssign obthe cgpdentaayit thegidepnrelity pbthe &suliBe | er 290

the targey.RU&l ?gﬁre@n fof MIPEEL1 ARAUPEGL2, KA £AaRE Gral B ac&MPrishddy MR, r at e
controller 280 the target averagﬁ_ and target peak bit rate nay be set 15

i ndepende Hel pantzggustenszeieidhe Phd cropEiciitsi an amppruolletkaby-magmbloplebasistodi ment
CBR rate 9@%&&0!0' ﬁ{ﬁid 2fkiéros Sdeéddg§ Uil QRkRCHal ¥PSTde %E%’ %Qﬁ){ %@.gf gy
st mat e

estimates of ‘macrobl ock types, and creates a conplexity fom
macr obl oc kndardew st ovssflow fop pensianthit rateteacerbng)bit rate is  esti mat ed.

Addi tionally, i j HRE i i ! M he VBR
20 rate contr oﬁééﬁe@g%g g‘?’g%(ﬁ%%&gbﬂtogrr ge aﬁgﬁ?& gwt{)oéfae{]lzégﬁgﬁlﬁ%g&saﬁ?@%gﬁchanges
in the aveata@éeBR) tate qoatrelleap 289, lacconstang it doiet(SBRe sate oargolien 268, arel gyselectyy

Lar get TokGY CRMIY AyaF aga bt B e B VAR EP beg R R o B ™

al | oc@t i oroteutier 2900ginyone] &fkddimebnethernelectaf Siopstiat therat¢ Chttralier MRR)g e _
ot to" GBS GHFUEEn PP 67 g TP AHIEE Y0 OB B gRa BB RO Cel oct ed
for the arhé tniciei (fMope@ibe. tCBR aeS@neblidd €290 GRANY a\d3Rstankbis ratp @iodk tog, f or
exanpl e, the node_ of Qqperation e selected to be enti rel¥ CBR, entirely

t )
VBR, or t&PE@idtHFes %ﬂd%ﬂ&??ﬁo%gt%@webﬁﬁr%ﬁan EREd @pENGI FES Aol t he

conpl exi t ¥am@f F&MEBRI e Wostrd11eRA DBS tHe hagettdverabe bitDtabiRe petRthiae ALPBE set
paraneters that are selected. As a 30 result, programuable rate controller

260 ks aRdBPWARY-that may be adapted for different encoding applications
by sel ecting t fifoYphdlGefibddeRIVE I hofeORBAI # &{esemﬂog%%%}) rc%&zgg;émme? rate

control l er 260 i ncludes a parameter select input 21 I ni ng
par anmet er 99 ¢lassifies magigblotly atek.ogeneratasr engrexnestiplates raft mactehiogkobypes, aE0. As

2 the si S0t & RRRIRTYASmAE A bleRloR; SRSy, s R O R Deak
rate may leimaedcAdditiomllyar doatréed MBS @ more gtailamceneaambodimakt eheb'dBR on a
Spec'b(g I ed rgg\égr?t?dllers Egdq ciddteda Ya%%t ?ft 4 \gc%tglrl%%eééas%n@eghanges in the average bit
rate of the output bitstream over time, e.g., by tracking instantaneous and cumulative
deviations between the actual and target long-term average bit rates and re-adjusting the
target bit allocation accordingly.
[0025] The mode of operation (CBR or VBR) of programinable rate controller 260
25 will depend upon parameter constraints input to programmable rate controller 260 and a
logical condition selected for the arbitration logic to choose either CBR or VBR. This
permits, for example, the mode of operation to be selected to be entirely CBR, entirely
VBR, or to switch back and forth between CBR and VBR depending upon the complexity
of the picture frames that are being encoded and other parameters that are selected. Asa
30 result, programmable rate controller 260 has a response that may be adapted for different
encoding applications by selecting the value of parameter constraints.

[0026] Programmable rate controller 260 includes a parameter select input 215 for

defining parameters to adjust the function of programmable rate controller 260. As
4.



constraints, such as target long-term average bit-rate nmay be inposed so
that applications 5 can predict and/or pre-allocate the size of the output
bitstream prior to encodi ng. Exanples of progranmabl e rate? 8dAR 2007
paranmeters include a target average bit rate, Ra,,g; a maxinmum bit rate,
Rpak, corresponding to a maxinumbit rate specified in the header of the
bi t st r eargesdsbed bBlyw\ih GeRe ithist deasimn cordtiafritc atch an tioded of the lyideo basteami ne

constant, T, for adjusting VBR operation tao deviatjons in avergge,bit
ate: a \svnERRcV Y bt an ekt oy oy Btedrhdt  wan Gt TUEEE S

Q ar ge, f&?upﬁbﬂce%%@?ﬂa?&a&ﬁ oHS6fcdifled HicdBERchat @ VODtor WVBplayan Othert i al
quanti zer scal e, or the VBRrate controller;. a mni %{.i zer scale

: i mum quan
val ue, QuiomFTainis,|syieds BERGhIPIEIETINY Tagq Py dete ViR ‘Efl.x‘&?ﬂo?eile?n}sé&ta*ﬁ’gﬁ?f Pe; and a
maxi gum q&ﬁﬂ?&éd?c? bnd 6 rE allGaé@he X & the oi@PutbBedam B3NE evodingr GRImNER
guanti zer scale value for a picture. Additionally, other rlPa_r aneters, such
as a di t hefrprogrammeblpeats eptrobpRIarBeters aicliids AtFBEIAVFRE® P S Meyrnd MBETUR) ect ed.
I'n one 15, .epbogi me ' Gatk lsAified i8 Yo headYRY1didiyeatn el d of
t he pict 3?12%’?\p“"bg&éerslfé%lggﬁqg\%%%ﬂgm%%&- g(&%%ll: val uee for I\/PEGé b? t streans,
resul t i ngused by rvirdeo MrEGa0BRrHicaticmodali 2 hit zase §mstognstamgT, fot adjjstipg ¥BRo be
under st ood t hat  enabl.e/ di | gna j ik L&izeF
di sabl e t REEERGAFEEEHY faggljﬁger at)l%&f h?E{%gzuf?%tsgg’g%ﬁﬁrﬁ%ﬁ%_’gdrtﬁ%g%e of these
par arget er scaRy Qi for AR madebinckbestd by thigpPBRdute contrallenrag imitialquaetivsr #klet he
associ ate O limtations i.n independent] t] he 4 ters. caused
by the i ngé?o-rlﬂéq \Z%#(Sﬂgﬁc?'%og?r’ BPPm%ru?ft%u,am(ﬁ%éé?\ct%l}ez‘,ggg’sé?‘é?q?ﬁégé)gﬁ%ua t;ﬁ% y, and
i mage CONpk@xVBR qldf2: kefRefvalne;i ang & makiimur guatizer scadn @aloeb EBi-n@NEPPEBR r at e

controller 290 inclu a picture analysis nodule.31 ity nodel
modul e 3280ung qy; teres] ?gga&“ia'&tﬁze }éa?‘é% T2 PAECa ‘%@é‘{%?‘%&%é\gfgm&ﬁ’g{ﬁ{% zer
assi gnmentydko4ul 8ithdf QpddtBPericll @nd aidtarel wdightBg fattor wag teosele2ibd.cdnonst ent
video quality over a rolling w ndow o futu pi.ct ur.es re Nis a

mul t 15l e embodimentcabp cepssant rafg Hag 556 Pé@ﬁf‘af%%’aé‘&r@tea%?wﬁi ‘%’Am?t’&tc c‘idsg

achi eved i,apld i dREFRY VRIS BN MEHG-2 OUeFdahe)edilngiidetd MPEG CBRhareawms put bi t
buffer (the VBV buffer for MPEG con'?l i,ant encaodi ng%gnafeca se th(f ;(BV bi t
buf fer iswithizewgtefing & yHselanbe pgemiood deat srablefisabls ienafsaay b5 ipdpgeddn i s
guar ant ee@né}»ﬁe BE ¢BiRe G eBRARke Contloller ¥BMbVBREftedosFronet Qume fdf aneser 30
under f | ow. e CBRrate controller 290 predicts the relationshi p between
rate and peuemetciszere Sribgr deserbeshdedppandix s j dengc ¥ithnsamse of (R dFPCiBiEdt ur e
and t he. ohserv. _' hj i ZetomkigRE it Zze 1N
ot evPus! R HEEHRR TuleBerRbl el e PR XscR T (i Blorshif

rel at i onshitpsyuaftizessize; snagk lqoaiay.edd froagetchmplekity-ent picture with the goal of

Mai ntaining CO?(?OE‘?]” ﬁefem’ng to Figure 3, in one embodiment CBR rate controller 290 includes a

picture analysis module 310, a complexity model module 320, a bit allocation module 330,

and a picture-level quantizer assignment module 340. CBR rate controller 290 strives for
25 consistent video quality over a rolling window of N future pictures, where N is a multiple of
the GOP size. The requirement for constant bit-rate is achieved implicitly by preventing
overflow and underflow in the output bit buffer (the VBV buffer for MPEG compliant
encoding). Because the VBV bit buffer is filled at a constant rate once per picture, the
bitstream is guaranteed to be CBR compliant if the VBV buffer does not overflow or
30 underflow. The CBR rate controller 290 predicts the relationship between rate and
quantizer step size based on statistics in the current picture and on the observed relationship

between rate and quantizer step-size in previously encoded pictures. Based on these



quality over the next N pictures. [0028] It will be understood that the
programmabl e rate controller inplenents separate rat e-qggngkﬁ%@on nodel s
for quantization-dependent and quanti zati on-i ndependent its.

Quanti zati on-dependent bits are encoded bits that vary directly with the
guanti zation step size. For intra blocks, quantization-dependent bits are

those bi tg)abi6sHipt 39 afd Q184 for CREeRDifthiretwith AEBXTbf aRfdiniag estistnt For
non-intra bl ocks, quantization-dependent bits are those bits resulting
from t he eulivdiveighoreXyN rigf@Escoef ficients. In both cases, quantization-

dependent bitg @28;!161%1 et ShdeRidel { a0tk ROEhRAaBRCAN BshrelleBijlgRentect or s,
headers, and 10 ski pped nacrobl ocks. Quanti zation-i ndependent bits are all

non- quant separpicaaiedupuizaiéan modsls fr apansizesiontdgpendentrand oBRtiZa - 1BSFEREP] er 290
creates runni 1 s BMbits WAL E@Pwith dePRRseAtioPi ts in
a pi cSt ur eg’?shd@%gﬁ%tghﬁg&igéﬂggéﬁépﬁgﬁr elttsype. he tgg?i mates are lgi nply
t he out pustepfiza Fonpitre Hlockst quantization-dénendant bitepre theser kitspissidieng from)the j | t er

operating on.the.pa al f _quant i zation-dep o] AlCt ures
of “the safeotppe: B2 G Pl Be A Ao ARRTRERRL PR P

macr obl ock®sditsiresuiting| famk theyameodimglof albPE Ut esffmiestsaln wmith casks, quantigatop- cal | ed
an energy  val ue,  indi ive of the.nunper of,. bit r equl e

nacr obl ocﬂg’eB#jenEB‘(’i exqusle bifs; Epulfing ‘3?%3{]:5 Fgco%’éu?fzm?téoéle?e\?%gsqéltsegqeﬁsgéﬁ(g i nput
i magg dat gigpedBidréblodkeP@RGELABndidepardenciits aragdl dat-quatitizatingdeppodanbl ock
coding decision data 3 for picture i. A table listi 0 f th

vari abl esbifs#g2 ip}?t‘FﬁeT}}eagng"gteq‘i?aﬁ?lileiagppcfﬁearlf‘ﬁo‘a'lmlf’% e&ﬂ’é‘ﬁﬁ%&%enn%ebﬁéndi X 2.
A sumary o isHER-iflepbd®@nS b ah % biRtird@ndeptRientp Torr @hdhepictuse itypel udae in

Appendi x 3. [0030] I n one enbodinent, jnput inpge data 1 is i he form of
| um nanc e esERARS AroFMPlABA OBPREf 2 %P@ﬁ“ﬁ?ﬁd%é% r‘@?glé%lmﬁgpntg%al@q@?fi on:

I'PT,, (i, joe)érat%ng'%nt](%e Bt thtald of quintizatidA depSRRAHi R FroPpibifes 9the @dmd type.nance
values Px ,, (I, j) of each pixel of row x and colum y 25 of nacrobl ock j
in the origi nal0029]Rictursi aneiysis nfagnlet3}8 clasyifiesymacspblpghs by prastoblack greeddi n a
picture. | | [ talt | afi@ 2 can
be expr es§e’38ﬁgsyggﬁgglecgﬁg%?sgﬁg?%%a, %‘??%?#)Saéljﬁgclg&%tﬁ%?r@rqgesglgﬁ%?ndg to the
set of | umiquiratt ewbdremagbbletkstofl qa¢hBipe.c Sratee ppuiinFodye Fenfives AnEPES| um vy

of macrobl.ockj in | r L ofRqt § Qi
conpensat gn %?agf)id%{&ﬁlr’ gﬁ%tfog oc(rsgl?) ﬁrghggtq ?fﬁé}‘g’%? urrnrg%?%att)l %’cgl[?di Iﬂ%ir((g:gg_s in 1§g
pi cture. J6cifioW3idk Fdor emuhe iinpt taple disting sope oafuthe vanatiless ksedmpdhie gat810

classjfies the .nmacrobl ocks, hy nacrobl.ock t i i SLi.hG
3 SR B SR 2D ML A s
gener at e sbatdlRt istclidgai dppadixte frequency of 6.

[0030] In one embodiment, input image data 1 is in the form of luminance values of

each pixel, which can be expressed by the equation: {P_r'_‘,(i, Jjed } P y(i., 7)
corresponding to the set of luminance values P, | (i, j) of each pixel of row x and column y

25 of macroblock j in the original input picture for the set, J, of macroblock indices in a
picture. In one embodiment, motion compensated difference image data 2 can be expressed

by the equation: {Rm(i, J),jed } corresponding to the set of luminance values of each

pixel corresponding to row x and column y of macroblock j in the difference image resulting

from the motion compensation of picture / for the set J, of macroblock indices in a picture.
30 [0031] For each input picture, picture analysis module 310 classifies the

macroblocks by macroblock types having distinct rate-quantization properties. The

macroblock types are classified to generate statistics regarding the frequency of

6.



2 6 MAR 2007 nmacrobl ocks that have different rate-quantization properties.
The set of possible nacroblock types is specified by theZSéa AK

di fferent macrobl ocks (where K has at |east two nenbers) any I's @ased on
t he macrobl ock codi ng deci si ons, assuned here to have been nade prior to
the start of rate control by macrobl ock codi ng deci sions nodul e 220.

:Exarrplt es ﬁﬁcr&%lm@ E}%bhf@@ﬁétaﬂsaté QuéitizationRopettits] Tidaet dfipbssibldmaatkslotin an
-picture; intra blocks in r B-picture; intra bl ocks in

P- pi ct ur elYRFstH ERFELISH béil@é&‘(ﬁ&ﬁﬁ‘lf&?ﬁ{ waﬁmk‘aﬂﬁémf. li‘f"s aﬁ%ﬁ“ t‘f"?lf’}ﬂﬁlbﬁlisgcks in
a? B-pi ct y48s Mswehl&hehha&wl&&tdoaﬂgldembh@assu@edihaertb hdve baerbhaddqstior o a B-
Picture wwth bi-directional notion. [0032] The. nunber of nacrobl ocks of

each t ypethgi sta5t @f e serol |by mactoblgel ¢@ding ndegisions maodla, 3dP mERIPIEREF obl ock
countss
b16&H typé§ if tﬂ}Kn?ar awwtﬁ%lea@%mn hue; il 16@LA QML or (DK(1) -

IG((f J)Imgég V&IXP ne I f r}rlggro lock J 1n pi ctglrce i 1|s of t;}pe k0r~k (1
J) 0 ot heBwiigterearma-19tra hloaksgeta Poplctumwté@@t Pedirgcnag MOBOR sRIAPEHFAtiOREON-
macr obl Ocﬁﬁramoctkpq GBI re LR §i- dl%&)ﬂ&l Igrélotnh%ndzg&mlﬁraa{;l@cl@q{l@hlzed by
t he total er of macroblocks 1n t picture, resulting in a set of
associ at eflicoccwith bindieecfiormgimenci.es, {rk (i) ; k E K} , given by the
‘equation: rk(iz i) f t he
current pi ot ur QUM BH R k0O BB TE3E SRSl
fr equﬁ‘ncyeﬂsédxﬂ&tt&ﬁacrammld«:oﬁhts,){QJ Q&) E KK } ardcdifiphtedhicanding o theequaforcal cul at ed
according to the equatlon a(i).Frk(i-1)+(2-a(i))Fk(i) if m=n F kW
', ,, k(i -1)@@}@@%@] erenis the picture type for the current
picture. rmk (i) nay be used to estimate the probability with which a
macr obl ockvhefe type k will occur in a picture of type m [0034] Picture
anal ysi s nodul e 3])0 | si¥ ngRAMIck g Hittatd isddfagle 4 nf or mati on indicative 25
of the n!mber (i rgtgws%d to encode a macrobl ock of a particular type
with a given

and J is a set of indices referring to each of the macroblocks in the current picture. Next,

15 the counts are normalized by the total number of macroblocks in the picture, resulting in a

set of associated occurrence frequencies, {I'k (z) ke K } , given by the equation:

r@-zéz

[0033] Frequency measurements for the current picture are combined with past

estimates to generate running frequency estimates, { () keKmeM } which may be

20 calculated according to the equation:
= 0= (a() T, (~1)+(1-a()-T,G) ifm=n
mh )= 'f,,,,k(i -1) otherwise’

where n is the picture type for the current picture. I—"m’,c (z) may be used to estimate the

probability with which a macroblock of type k will occur in a picture of type m.
[0034] Picture analysis module 310 also generates statistical information indicative
25 of the number of bits required to encode a macroblock of a particular type with a given
quantizer step size. In one embodiment, CBR rate controller 290 uses a difference
measurement, such as a mean absolute difference (MAD) measure, of each macroblock type

as an activity measurement to calculate an energy value indicative of the number of bits

7.



guanti zer step size. In one enbodinent, CBR rate controller 290 uses a
difference neasurenent, such as a nean absolute difference (MAD) neasure,
of each macrobl ock type as an activity neasurenent to caR&uMAR&n ener gy
val ue indicative of the nunber of bits 7. 2 6 MAR 2007 required to encode
a macrobl ock type with a given quantizer step size. In a MAD enbodi nent, a

macr obl oc Kve&u)ﬁ@@ ¥ dnBod & ARRASLRIk VIEhY Wil Qe% iMADgYAlisE s BZESUied MAD
require. nore bits to encode thana macroblock type wwth a smaller MAD

val ue. [ 0CGI®edimsnt, anmpgieklecknpe &b!ho%: romparptivehdarge MiAP yhlae iy erefumddeto MAD
val ue may ruﬁlre%&%%%gcoaég{aﬂqnﬁs%%lcﬁm%% Maﬁl@fl@[@ﬁf fé ween the

ori gi nal nance pixels e nean pi xe um nance of the
macr obl ock, P(il003f) Fercayointta n@ﬁcrqblmhemqud@x [o]. meHQGtWAMEIUQW(UE i)

— bl o dex
Px. Y(g J )eé°{mpf“ﬁ'g EWB 1aY 11350[1199%.9% en%r bF E(C)IP tﬂe{%@% él(é{ngaélge Pleﬂé é,,gf ég of t he

in pICtUI’ ue 1S cua

| um nance m | on._co sat ed feren 1Qy val u J) according
to the equa |l%)enmeal %?@gmal%\ gflo{rlle AT f) §k P L/ %%O@f%@&vj(?qu%nqn x=1 y=1

[ 00371 Picture anal ysi ? mpdulseus 10 uses the MAD val ues to cal cul ate an
energy val ue fMdDgaéh @,y (W*h the energy value scaling the

MAD val ue by an enpiric f*a’ct'or to pI’OVI de an approxi mate indicati on of

i mage conpl exi t[UO36LPoPQ%o&%1tFa”RQ&b%EE wifiNin88E T &Y pibade U' fe *'a)lue

for each macrob type is calculated by ave agl ng the ues (ral sed
to the powalkculagy ag\es mgh absab#%bﬂm:k%ﬂnedureal@memactu@mqnmcnsatqdp@ffacms ding to

t he uati g ( )-[MAD(i,j)r. j.J An exenplary val ue
of / 8as de?ée?r?réf(h d)-?rgrr% thf)l 15¢ 0|lnnvest| gations is /3 = 1.45. 20 [00381

Picture anal ysis nodul e 310 alﬁo,6 enerates time averaged energy estinmates,

{ek(i); k E K} muDgh, A, g):al—se Ebgiql (4 understanding conplexity. Tine
averaged energy estinmates ?ﬁay e expressed according to the follow ng

equat i on: [0037] Picture analysis module 310 uses the MAD values to calculate an energy
value for each macroblock type, with the energy value scaling the MAD value by an
empirical factor to provide an approximate indication of image complexity. In one

15 embodiment, an energy measure, {e, (i); k € K 1, for each macroblock type is calculated by

averaging the MAD values (raised to the power ) over all macroblocks in each macroblock

type according to the equation:

z ¢k MAD (l J )}3

jeJ
An exemplary value of 8 as determined from empirical investigations is § =1.45.
20 [0038] Picture analysis module 310 also generates time averaged energy estimates,

{Ek (M; keK } which are also useful for understanding complexity. Time averaged energy

estimates may be expressed according to the following equation:

and
25 g(1)=a,() g -1)+,() &),
Eﬁk(i)zak(")'ak(’._l)*'q)k(i)- '
[0039] Referring to Figure 3, in one embodiment picture analysis module also

generates an intra energy output 8 for use by bit allocation module 330 to improve bit

g.



ek () _ ( ;5klI1) and 25 ek(i)=ak(i)ek' (i-1)+clk(i)ek(i), (5k(i)= ak(1)
5k(l - 1)+ck(i). [00391 Referring to Figure 3, in one enbodi nent picture
anal ysis nodul e al so generates an intra energy output 2 & MR BY by bit

al l ocation nodule 330 to inprove bit 8. 2 6 MAR 2007 prediction inside a
VBV corrpl i ance check. As described belowin nore detail, intra energy

out put 8 J:&1iRR5hski BtV 8bpeakE SitcKDAY iR Heﬁmhﬁi' Rord a&ﬂaﬂ iifed éhetydden
changes in picture complexity that otherw se nmight |ead to VBV .underfl ow

and overfqutrwt 8§ wsed by b&rﬁéhoyalog magye 430 ‘Silelpr?é‘%iéla?‘é§“‘iq?§ PSR TMEIGy, Ei nf
a(i), forg, ﬁ&“’u{aﬁfa ﬁv%&ﬁ@t%édwmﬁminée%@aﬁmwﬂe& obicthe ailysgi nal

pi xel s for each’ macrobl ock i'h the i mge., This neasurenent is useful
because Imédudn®R) ateautq,sphcaﬂltwemg}t&ml@) flonthescuprat picturpiby syEwYNs ditent i s

conmbined wth previous intra _energy es tes to gen ate a current energy
ot Fnt e MOrEe-t6e RES Pl & 760 MG SRR ETIRG  TE® FSFTETRG

first-or dl%@ful Bé@alﬁéelllfﬁfnegwg;h@my 1B:te .15 fidméd dpatt. &hid measﬂefﬂeﬁtas combidgd + (1- a
(i)) . n, 401 Conpl exi ty nodel nodul e 320 receives the
nacr obl oc‘klﬂt p@g@m ilférz&tqﬂéfg}’aﬁﬁﬁma'éﬁé? ggper:aéﬂ &G}né?‘}tc?ﬁggiy rFF‘c‘)‘Pi‘Fﬁtf? p‘f‘?‘beﬁ’n pi cture
anal ysi s Qﬂx’lnﬁﬁ%?p E:Ei u%g%wgﬁo&lhgﬁfs@b@temﬁﬂ@p juafion;conpl exi ties" for

each of t iven Ki. In one enbodi ment ,

t he conpl exi tyErxdﬂ)eJa(ﬂ))Ey,lé—a)Z{)(lﬂfmdé §,,,,1,, é corrpl exi ty for a mmcrobl ock
type maccording to the equation: 15 xk( Dk(1) Yox(i

] caci
wherl® b(i, ) arl@04$ COH]P)CXEVénqdébﬂ’é‘é‘flf:\?'épye‘iew&S mﬁwﬁlémeIPC‘fqﬁl)éﬁEf?éﬁ‘f’i Bt
dependent | Sialysis WRadiel320 @R aksurB Gicablagek] from
pi cture |egt%ﬁ%gg%%&q?%%?&%mde?lgﬂroduI ey%:§>20 aleso fo ruun n aestl mat es
of the newimgbtonplekitipe’ frormptierf theesacrdﬁi@knfanﬁomwmhyg@%kéﬂ OR%r the
current picture are 20 conbined with fast val ues to g;(en?rate r unni.ng

est i mat esemegdimens, tﬁ&é?fﬁblle@ékmt‘@ﬂén??é‘ﬁp piely theropmplaxyty Igr 3 magrol 0% variety

of factor gglyacpcﬁ %jthgg &gt e running estimates of the macr obl ock type
conpl exities suc I nc uding a contribution fromall macroblocks of a

macrqbl ock type orrles n ticular tine instant; basing the
cont1:3 bution of "(j pzlﬂ fq 1;1] Q(P?y

jel

where b(;, j)and q(z J) are respectively the number of quantization dependent bits and the

quantization scale used to encode macroblock j from picture 7.
[0041] Complexity model module 320 also forms running estimates of the
macroblock type complexities. The macroblock complexities for the current picture are
20 combined with past values to generate rumning estimates for the macroblock type

complexities, {%,(i); k€ K } A variety of factors may be used to create running estimates

of the macroblock type complexities such as: including a contribution from all macroblocks
of a macroblock type corresponding to a particular time instant; basing the contribution of a
particular picture to the running-average complexity estimate for a particular macroblock
25 type to be proportional to the number of macroblocks of that type in the picture; and
statistically aging estimates such that the contribution of past macroblocks diminishes with

time.
[0042] In one embodiment, the following equations are used for computing the

running-average estimates for complexity:

30 lk(l)— xk(())

e-l



particular picture to the running-average conplexity estimate for a

part.i cul ar macrobl ock 25 type to be proportional to the nunber of

macrobl ocks of that type in the picture; and statistically8ogMARy2088ti mates
such that the contribution of past macrobl ocks dimnishes with tine.

[ 00421 In one enbodi nent, the follow ng equations are used for computing
the runngRo- average esti mat es for corrpl exity: 30 xk(i) (1) k 9. 2 6 MAR
2007 and xk(l;) xb{k_(ﬂ)_,_(ﬂ.)([)(xl )((1) Xk(i), dik(1l)= ak(1l) 5k(1

-1) +d) k(1) wh % %E(k rr(f picture index, ak (i) is the aging factor
associ ated wit &Be k, and Cbk(l) i s the macrobl ock count

for mcrobhoclflst éﬁeeg{m fruf SullOhHB I 11 tﬁee5@1,%@actotr%so@s&qrmefggg@gﬁ% (i),

guarantees That® const ant resu stant out put

Conplsexi t éf?da?lh Q% %e?fﬁ&r&aé&%%%‘r ﬁ&r@ﬁ&éﬂ?ﬁ@k“ﬁﬁ‘eﬁ&ﬂmlﬁﬁ%kﬁn% t he
pi cture, scribed belowin nore , can be used by bit

all ocati omerdadm{l@atém . @jgushntbdiandt asgedt Mptt reqile in dAsageutpat. conpl exity, X
(i) , of the current p| cture (as determned 10 after encoding) can be

cal cul at ed fr df043h & oarpdexity mgpdebmothdx B2Y calsll{tey an estimatecthe copuplexityhelicthebl ocks,

accor di ngg%%re;r\(}v%%c%qasa&els Ubed %(Flow—m tnlgo&é 8gta ()bgé h(e u)s d by %1? KPL&Q& Jno 1B 8 d' cted

picture c can be calcula trtat tes o

macr obl ockdjmmltﬁgettbhteste {Ihkétm)xal ckmﬁeiﬁ}y, X @) df ke mo’cnta:hctmaccascﬂ@tmiﬂed

conpl exi ti es, %xk (i K} (which won't be known until after the

pi ctlfre |sﬁeérm@rbeg cann malwlaf@ﬁ , franp dheygRsagBIS0RRRIBTHIN (@i 85 rbyilvght es are
scal ed for rrF écu a?%/? t'{e scale factors are the ratios of the
actual mafrYsP'S EJR MG FY P8 macr obl ock energy estimates. Thus, the
predi cted pi ctg,yr kexi q X (i), may be cal cul ated according to the
equation: X(1)= @B) xk(1"'1) _ ekQ+e0 ~keK 'k(1)+e0" 20 V\/nere eo is a
smal | const ant 8 5), that mtjgates the eff %ts of. snal ener gy

val ues. [0044) Apredlcted plcture compleXity can be calculated by substituting estlmates

the macroblock complexities, {%, (i); k € K }, for the actual macroblock complexities,
15 {x,(i); ke K } (which won’t be known until after the picture is encoded). In addition, the
macroblock complexities estimates are scaled for improved accuracy. The scale factors are
the ratios of the actual macroblock energies and the macroblock energy estimates. Thus, the
predicted picture complexity, X (i ) may be calculated according to the equation:
ZI’ (i)-x,(i—1)- =2 e"(l)+e°
koK 2 (i)+e,’
20 where ey is a small constant (e.g., 0.5) that mitigates the effects of small energy values.
[0045] The time averaged picture complexity is also estimated for each picture type.
The complexities for each picture type, {)_( m(i); meM }, are syntheéized directly from the

macroblock type complexities and their corresponding frequencies according to:

X,)=>T, () %0

keK
25 [0046] Bit allocation module 330 receives complexity model data 9 from
complexity model module 320, intra-energy estimates 9 from picture analysis module 310,
and VBV fullness data 6 from variable length encoder 250. The complexity model data is

used to generate an estimate of an ideal target bit rate, which is then adjusted using the

10.



[ 00451 The tinme averaged picture conplexity is also estimted for each
picture type. The conplexities for each picture type, {Xm(i); me M, are
synt hesi zed directly fromthe macroblock type conplexiti es, @ N 2@7
correspondi ng frequencies according to: Xm(1l)= Yrk(1)'xk(1l)" keK [00461
Bit allocation nodul.e 330 receives conplexity nodel data 9 from conplexity
nodel rmdimltre—eﬁ@@y ei;timzrt%& arieVBy mdbéssalatstodmiingm YBYt fuilaesarsafl ywsmpliamoelul e
310, andW EV fu | fﬁs gsata 6 fromvariable | ength encoder 250. The

conpl exity no e‘f p& ais used to generate an estimte of an ideal target
bit rate, V\:hl Cl0047 Relfieringth mgﬁred insina @mibhéimedhit élloeativhlﬁlcﬂm&7330nmﬂmchs ener gy

estimates an VBV ness at n VBV fulln dc [.ance
wi thin acﬁ%ﬁgﬁlbtfléall ‘icﬁﬁl?“smf’g‘é Xg% ?‘flﬁﬁsst%* TYSITOEH grogt ule; 4200 80 00 ront
bit &l oca&m;qmnmusan&ﬁ%ddﬁpel43de3deaaaulad&ahmbmbdab 140G aitoWitiaohina 10, a

VBV full ness adj ust ment ngdul e 420, and a VBV _ 5 conpliance adjustnment
nodul e 430¢ qda%mbltbbttdgaq P );af?ﬁ br{owafiﬂ@kwgowglfi&w gncwl@m% inbehan f

ideal" b 8] t b d
on e DlBORLe B bk LR, QeORIREA OOk A s A A U | Dace
"ideal " VRMulfing imB§}, Depeading ohnle bwtBbrhé pf arDﬁaemZh VBVomnme.nwmmam@f an

iterative VBV conpliance check, this budget may receive an adjust nt to
prevent VBNgahoey freesive ahadinstment tbuag@m VBY nylderﬂcm déeding hadget,

allo ion_.and s e ti.zer a nnent . icture. [0048] In
one. Ehboarrantne R id Rl e AP Sigh e PREDERE i O E |
which is the ef048Tdh e cbne 0 ngrhitexdirhant,f oideqdi dilur€1$0c®ﬁori ypediile af41er receivasi ng

plcturel FMlsthe set of plcturet)l/ ,. P, or B). Fromthis data,
i deal bit (Xhlibeng Man Whidhdis)the a%w&érfémm%thf%@mearoéémmaﬂax FRse8IE ons,

oo o o bk i MM e 5o Bt pRERLORE Ui e (Promm it 4y S bt ot e,
accor di ng niogul g0 geHerttdsQieal/Mbdef bit allocatiis) wheBsr({B"i() W8 M} Xthe ideayNmingM W

where B(i) is the bit budget for the next N pictures, mis the picture type
i ndek W CBRilsit allocation for pictures of type m prior to encoding picture i for each picture type,

according to the equation:

M-B(z’)
5.0 %1
27w

where B() is the bit budget for the next N pictures, m is the picture type index, W, is a

parameter indicating the relative weighting for pictures of type m, and N,, is the number of
20 pictures of type m within a window of N pictures (usually but not necessarily a GOP).
Note that the bit allocation is dynamically updated on a per-picture basis using a forward-
looking rolling window.
[0049] The target bit allocation algorithm is based on several assumptions. The first
assumption is that the sum of the bit allocations for each of the pictures must equal the total
25 bit budget for all of the pictures. Second, it is assumed that it is desirable to achieve
constant quality video over all pictures, which implies a single quantizer scale factor for all
picture types in the rolling window. Finally, it is assumed that the following simplified
equation between the bit production for each picture type, B, the quantizer scale factor, 0,

and the weighted complexity, X, /W, applies:

11.



paraneter indicating the relative weighting for pictures of type m and Nm
is the nunber of 20 pictures of type mwithin a w ndow of g%%ﬂgs
(usual Iy but not necessarily a GOP). Note that the bit allo B¢

dynam cal ly updated on a per-picture basis using a forward- |ooking rolling
wi ndow. [0049] The target bit allocation algorithmis based on several
assunptions. The fixst assunption is that the sumof the bit allocations
for each of thénT)i‘V;;‘tEres must equal the total 25 bit budget for all of the
pictures. Second, i"tTis assuned that it is desirable to achieve constant
qual ity vi deo uso] VBV fiflineésldd@stmattinelduierq2birasivas tienglgeriderbitiadlesatiscal e

factor for all Jicture types in. the rollj .wi nd Ei.nal | it i.s assunmed
that the %3 #@%I"ﬁﬁ?ﬁ“?ﬁpoéd/ BV&QUQL W&Wet@%éﬁgle%%iﬁflpnﬁfso%ﬁﬁﬂ% "% or each
icture type, B,.., nti.zer al.e factor, .0; and,t . ed .
Dol exi t Pene £ Tin G p e oG8 e sBes30 aebve el YHEREANRG,

full ness adjustaBab HO G, 4BQs FRIAP WaSV tigret AflEieds/ VBeal, (D) depidnacit i on

and al so a signal indicative of VBV(i -1) where VBV(i) Is the VBV full ness
af t er encewidygstatpiidinessefithe TAY HOBR: imder dlel asmatptiom thab thel cac@BDissilpéatiog t o

achi eve an "ideal." VBV(i) full nes. N pi.ctu Lnto the future, This
"i deal " VBR BEPFRALPE Pt g’h%%@%%\ﬁ’%bg’ﬁsp%} erde%&gsbéthrta {s)'B atnEem S °é‘%‘8§": s? leat e
full ness e thriger BYokutibh @fodeingdiig thdwonaiss wapideabhbit budget dfe encoder is

allocating and,generating bits in accordance with the specified CBR
bit-rate and i Blacdbrflance with the tar get bit allocation nodel using the

i nal "ideal/\ bjt dget of .. B(iL)=NBpeak, . 10 wh B i) = Reaak
'E 18 Not eshetiad e O RerrE ¢ P BaicoE AR, Pe e AT SAPE: BE AR [ 00511 The
ffect of N th 1 . 1 I ' | owl
o devi ati ons SH Tictsfitbie 46K BASEZy il-{a® AP isbAPh] 5L Ry 2
provi des @ devistine fronp perdominglyorf Gdea’oViBVamiffeq fallnietsy W Begsr Noptovalkse a
t i sk f VBV. upderflow. Lf .an ideal VBV ful ' i fij.ed
rmoch at clEP5F PORTBBIBRE ST ey 1R PO Ao H oaP V15000 T | ness.

VBVdeal (i )an i®&aNvBe faligieey 16 speel fibdimmédiatelg FeibmorPcqdingt the st [-frambahe idkdli ng
w ndow usi ng the ideal IPB bit allocation, Thus, it is. desi rag‘!ge 0 assign

a relativ ffatiness, )#Ker(y 5ab BSr deberminedelor Gl Tegatmne Pichress thej ioiine
| -frames usual | y .geper.at : Dt er. . pi , - t
VBVdeal (i )"f%‘@h%ﬁ‘ g Eﬁx)g‘?a??r# BiesPokaiPh ;ﬁhg% of %R,ﬁ}a#{egt?,a&‘g‘p a e A1

buffer just prior to encoding the I-frame, since I-frames usually generate the most bits per

picture. Also, note that VBV, (i)is shift invariant for multiples of N, i.e.,
| VBV oot (i + N)= VBV, (i)

20 [0052] In order to achieve ideal VBV fullness N pictures into the future, VBV
fullness adjustment module 420 may adjust the nominal total bit budget, B(i), up or down
based on the differenée between the actual VBV_ fullhess', VBV(i), and the ideal fullness,
VBV, (i), according to the formula:

B()=N-B,, -VBV,,i-1)+VBV(i-1).

peak
25 [0053] Assuming the bits are produced in accordance with the bit allocation model,
the above equation ensures that ideal VBV fullness will be achieved in N pictures. Based

on B'(i), the rate control creates a bit allocation, {B,’" (i); meM } based on the modified bit

budget.



VBVdeal (i +N) =VBVdeal (i) 20 [0052] In order to achieve ideal VBV fullness N
pictures into the future, VBV fullness adjustnent nodul e A%meflj ust
the nom nal total bit budget, B(i), up or down based on th Ifference
bet ween the actual VBV fullness, VBV(i), and the ideal fullness,

VBVdeQ (i), according to the formula: B (i) = N Bpenk - VBV.deal (i -1)+
VBV(i -1). 25 [he¥dp3B\Asspliange ek kiddglearne epipheld @adtetativacer dangingd t h t he
bit allocation nodel, the above, equation ensures that i\g%e\gl %/B%( full ness
wi Il be adwrlethatiwilhradups thegrrerosedsipsal pit Bylegs i), to prquent MY UBIRHOY 'er eat es

a bit all i an B: , (1L )e N j idget .
12 2 6 MECABRTorGo s o Mo BREe ModP oML HE o TV

i terati vepdRWisoR®findd petheif B fuliatssyWBY, | a6 thdmexpNaposresibased e arbi t
budget, B (i), to prevent VBV underflow if VBV underflowis predicted to
occurs. Thesscoptjini thatcke preodergsnerateobitd ingtrredetdyinined vy, ior therraet @ertsribe t he
future pa of, VBV full ness, p (1) f i .« based
on an 5 aggf}nﬁ]lg?%}r{mt iF- (g %éitéxg}){d{e)%%lgrfeqﬁlgér&agnesag er{l%%f rr},gg{ [t)lé\éeg}eoﬁ Ee’%tl:?rl'e?lﬁed way.
For the naddcaiar t Howdver, titBRard tgor éxtéptions Spaeficdbiyt thewate |cohizol pssyehge &ls i n
accordance with t(?e grro qs,ed bit allocation. However, there are two
except | on&® BEMEUFG 4EUHNR O he rate control assumes bits are generated

according to: B,,5;59j£f(iX'iBL.(’funy,(i) . B, (icurr ) 10 for i =icurr, . ,
icurr + N -1, erem is the picture type for picture i, icurr is the

i ndeyg of fdie=;current: Pi-at where rangthy picture sype fecpiciung;, factsche yidweof thy: r
X(io)y(r.y,i (i -1), if i =icurr y(i) = Entra (icurr)/Entra (icurr - 1),
i f nj = i neumenl pidturey ek (Wi is @ scafing fastomgivienhe al gorithminitializes
VBVpredict (i) to: VBVpredict (icurr - 1) = VB V(ic"r,. - 1), 15 and
updates it accordi (il)g’(m,-(\i’Bl)/ predi cfiEii), = VB V predict (i -1) + B peak -

Bpredict (i ) 5ok | f ESOnE poi nif n/BMpredi ct (i) drops bel ow a specified
m ni mum t hresh%)lpg5 \/Eﬁ/a;lﬁ""%y t'he™al gorithﬁmisreeduces the bit allocation based
on the following upd&te procedure: ©°W°

The compliance algorithm initializes VBV, ., (i) to:
VB Vpredicl (icurr - 1) = VB V(lcurr - 1) ’
15 and updates.it according to:
VB Vpredicl (l) =VB Vprcdic!.(i - 1) + Bpeak - Bpredic't (l) '
[0055] If at some point VBV, ;. (i) drops below a specified minimum threshold

VBV .n, the algorithm reduces the bit allocation based on the following update procedure:

B )= B )-8, - 187, 0)
Z B predict (l)
20 wherei, is the future picture index predicted to cause VBV underflow. Once the total bit

budget is reduced, the CBR algorithm repeats the VBV compliance check using the reduced

bit allocation, B"(i). The equation for B"({) is derived by imposing the constraint that

VBV

predict

(i) will equal VBV, .

[0056] The output 10 of VBV compliance adjustment is a bit budget, B"(i), and

25 corresponding bit allocation, {Br(i),meM }, that is predicted to avoid VBV underflow

13.



B"(icurr) B (icurr) B (icurr) (VBV.. -VBVpredict(>)), Bpredicr (i ) 20
where jerr is the future picture index predicted to cause VBV #ngﬁ?fb@g
Once the total bit budget is reduced, the CBR al gorithmreped e \Y,
conpl i ance check using the reduced bit allocation,B"(i). The equation
forB"(i) is derived by inposing the constraint that VBVpredict(ierr) wll

equal VBVO\Q} the -ne)[tq{agi@]urégh@sﬂigttﬁﬁbit Lodtio/BMaiRadd mbdifle 241) sy pawfatd 5. a bit |
budget, B"(i), and 25 corresponding bit allocation, {B,,,(i); mE M, that
i s predi cleeegt UINEAEDFIEP YBYIL HSSHITPIE RICUrg using dOMR: 2007  over the next N

pictures. Using thi sx,bi lt) al l ocation, quantization nodule 240 nay generate a
target quanti z%{ak(sy%ze for the current picture using forrmula: (I XnW
1 &

QCBR(I1) - B,, where m is the picture type of picturei. 5
[ 0057] Prior to encaoding, the target quantizer scale for each macrobl ock,
which is Wh?fﬁf"ﬂﬁltll‘eyplg‘*?egéﬂ’e e nust be converted to an integer for

conpatibi lity pgpd# pPMBER elﬁodiﬂ%,ttﬂ@'ﬂr%@ RhEREI AP FRYaRehi@sHR, WhtRss at i on
at a specified update rate. 058] Referring to Figure 5, in _one enbodi nent
pr ogr anmadeinglht 2 resbHalpe | mest bo senvested-io apeigtegerdsrepEpaibHEn it YBEG2dh and a

core VBR aiﬂeﬁng%{gérﬁtm& fidy ré‘ﬁf%nny?ﬁn%nraaﬁ SpeciFed GpdHkd Ald er 290 and the core

VBR rate contr 280 ‘make 1 ndependent cal cul ations of bit rate and a

sel ecti on nodult8sy Refarhg e Eigukd, meotieramhodimenhprogiaggsble ratgtoatroligs @64 i nal

VBR quanti zer [ o I t t posed
val ues: d?éﬁﬁeis %@gfaft%@ﬁlﬂf%%@&g%em%? %escgﬁ?%%%g%o'l n%gn%%%gdi ment ,
t he tore WBRotlet 290cadtthebére 'VEIB Gate cavroler 280t makpeinddpendent &alellatippaof bit, BVBR
(i), for each picture by .tr i t | Qng- ¢ i . vari ety
of " tr ackrRgmeE e Sel 250 Tt 08 AR lgh 8 B ep, ot fh ik
filters tqQudntikdracalgyzsivdetectet @s the theydr af ihemso propbsetl valate whil e permitting
the long-termaverage bit-rate to vary slowwy wth respect to subsequent
pictures withjn _a{@,gkou'p”Q)%R pllekures. One suitable tracking technique is to

use proporti I~ @&Regg@,gwggéntrm techni ques to select a response that is

[0059] In one embodiment, the core VBR rate controller 280 creates a target bit

15 allocation, B, (i), for each picture by tracking the long-term average bit-rate. A variety of

tracking techniques may be used. These may include, for example, filters to filter out short

term deviations in bit rate while permitting the long-term average bit-rate to vary slowly

with respect to subsequent pictures within a group of pictures. One suitable ﬁacking

technique is to use proportional integral control techniques to select a response that is
20 selectable by inputting a time constant that determines the nature of the response.

[0060] Figure 6 is a block diagram illustrating a model of the core VBR rate
controller 280 having a second-order Proportional-Integral (PI) controller to track the long-
term average bit rate. A difference in bit rate, Bgeira between the average bit rate, Bayg, and

 the actual bit rate, B,cuwa is used as an input to adjust the long-term average bit rate. The
25 target VBR bit rate is given by:
Bo(i)= By i ~1)+ K, - B, () + K, - AG),

where B, (i) represents the instantaneous bit-rate deviation and is given by:

Bdel/a (1) = Bavg - Ba(‘/‘ua[ (l - 1)’

where A(i) represents the cumulative bit-rate deviation and is given by:

14.



20 selectable by inputting a tine constant that determ nes the nature of
the response. [0060] Figure 6 is a block diagramill ustratiéﬁg hﬂRn})del of
the core VBR rate controller 280 having a second-order 007
Proportional -Integral (PlI) controller to track the long- term average bit
rate. A difference in bit rate, Bdelta between the average bit rate, Bavg,
and the act Ua)l(ib_j%giiﬂ)t-peli Bctuai is used as an input to adjust the
Iong-termaverag}e it rat® 'The 25 target VBR bit rate is given by: BVBR
(') = BVBRnf'whed)B,*  ()is tiBdetmblabits ig¥neratéd by thdeddodentbepieuitdend B, (3 R,J/@pr esent s
the instantaneous bit-rate deviation and is given by: Bdelta (1{ = Barg -
Bactual (, - 1)061\ikese upddtd equetionssemuitsn amepentioap teniige fupiction given byevi at i on
and is given by: 14. 2 6 R[2007 Ag':)_lz A(i -1)+ Bderfa (i). and where
Ba,aa, (i) is the B_ngme S e‘hgrpzl ‘by the encoder for picture i and
Bavg is Rave I F . % 68],, Hese L(pd@ﬁ')’a equations result in an open-I|oop
~transfer function given by: KP)-KPZ G(g%:_ BveR( z) (K. + (1 127-1)
Bdel a (z) 5 [[0082[ThTkrsget gng&vcam isas¢dye slenvanthe propewd auanterscale frrike

proposed qu Lzer scale for the r algorithm Q ,R, according to
the for w%égogbﬁ%o I?'f“’-@ﬁ’%cﬁfqlggt\%h?@erfgns\@gr epresents a noninal measure of
conplexity given hy X% = Q@ Bavg with Qo corresponding to the initial

desi red quantiQie){(i) 5> This equation nodels the inverse 10 relationship

bet ween the quanti zer»&s€l ecti on and the out put bits produced by

quanti zat j, . X%r}gwgé%ﬁisazph&ﬂnﬁnﬂkﬁuﬁr‘&foéﬂnﬁgexit[y%@@’ﬁ] byA¥, H QEs 7, atath op Figure
7, for the case that the rate-quantization nodel (Xo IBVBR) i's accurate,
then the XorespoBUBR toetheninifiel desaedyquantizorasdalsn Fhg egatioabmedels dhfgitNersencodi ng
bl ocks cancel c e L { e - ' 12+VBR rate
cont llrbol I e?e?ﬁlgnsﬁj%)dgﬁr%%d%% glg&%ugkrt T%}aectﬁ Erﬁg%( c% ?’gnogfﬁ??ﬁ%g?OG?%egd%g%fhﬁ%ﬁ%{?ol

syst em w &l variflsde thogihlencadangs f er

[0063] As illustrated in Figure 7, for the case that the rate-quantization model

(X,/B,ze ) is accurate, then the X,/B,;, term and the quantization and vanable length
encoding blocks cancel each other out, i.€., Bz, (i)= B,/ ({), and the VBR rate controller

15 model reduces to the traditional linear feedback control system with a feedback transfer

function, H (z), given by:

H(Z)- BVBR(Z)__ G(Z) (Ki'i'Kp)_sz—l

T Bu2) 1+G() (+k,+k,)-2+K,) 2" +27

For a first-order system, K, =0and K, can be determined directly from the desired time

constant 7 according to:
20 K,=e" -1.

For second-order control, we simply replicate the pole (p=2-e’/") from the first order

system, resulting in PI coefficients given by:

Kﬁz.(l;e),
P

25 K, =—r.

and

15.



functi'on' H(z) given by: B.. R(z): (A z) _ (K +KP)-KPz-' H(z) = Bavg(z)
1+ z) (1+K; +KP)-(2+KP) z-'+z-' For a first-order system K?BZMRR KP can
be determned directly fromthe desired tine constant r accCordin o: 20
KP =e T/r -1. For second-order control, we sinply replicate the pole (p =
2 - eT /) fromthe first order system resulting in Pl coefficients given
by: KP=2 1 p [Boe4p0dinkR-biRfeaKiransformafién, tie Red¥alk Bfkfer LMAIGA]H (5 catba
bi I'i near transfornatlon the feedback transfer function, H(z) can be napped
into the mamaleacrso d@rﬁmptacaddm@qwaﬂ@qma’q@theewltmgrt@nﬁfﬁraﬁ@ﬂan withtheiclosedai t h t he
cl osed | u d Pl
contr ol sf;g {hﬁ&% &CE nl%%%la?ﬁaj %s%%%@?%?\ert (%Ir?z(g %ér}rlg (g{tgg{iee S
quite | argmltmmnmmnbm thahélefsaraqllaeatcys Mn@eg&ﬁon@arthtetf@ﬁe)quenfh rangerappi ng
perm_ts co ation of estimates faor | tion tem
par artet erg’rggﬁ J£ trﬁaé’p'nﬁd%FﬁIﬁ‘g “REPY utFtIét ? rgsntlfleaﬁes fok Ql%ﬁmoﬁ?qnﬁx{e? %oél%%gnst ant,
ro, t h? SR pGarh@ért Qlich as fleViidarBysd Mddural fftbqul'ncy&o",-itl{c tithelkconstdd, 7anbe 1 r =
X- . rwn

damping factor, &£, given by:

10 and

= 5_(0: )

[0065] One benefit of the rate controller of the present invention is that it may be
used for real time applications requiring a small time delay. In particular, the rate encoder
may be implemented as a computationally efficient single pass rate encoder, 1.e., a rate

15 encoder not requiring multiple iterations of data to estimate the complexity of a picture with
a sufficiently high accuracy to avoid VBV overflows and underflows.

[0066] Another benefit of the present invention is that the parametric constraints
may be set for the needs of particular applications to achieve flexible tradeoffs between rate
and quality. Rpea and B, are set to ensure a VBV corhpl’iant output bitstream. For many

20 applications, these values determine what classes of decoders are guaranteed to play the
bitstream. For example, the maximum compatible values for DVD correspond t0 Rpear = 9.8
Mbs and B.s, = 1,835,008 bits. Likewise, the constrained parameter limitations for MPEG-
1 are Rpeqr = 1.856 Mbs and B,, = 327,680 bits.
[0067] As one example, the rate controller can be set to a constant quality mode to
25 provide the highest quality. For this case, Qiarger 15 set to the desired quality level. Rpea,
Bwy and a VBV Compliance Flag are set appropriately if VBV compliance is desired.
However, a drawback of constant quality is that it results in an unpredictable file size.
[0068] In another mode of operation, the best possible quality is selected for a

predetermined file size. In one embodiment, the settings for this mode of operation include:

16.



[ 0065] One benefit of the rate controller of the present invention is that
it my be wused for real time applications requiring a snal 28 MAR 28gf ay. I n
particular, the rate encoder may be inplenented as a conputationally
efficient single pass rate encoder, i.e., a rate 15 encoder not requiring
multiple iterations of data to estinmate the conplexity of a picture with a
suf fi ci enfelipg R, With tengrtanyavetagaboirale ¥BY; witegfthavme-eordtanhder & llasgesvalfe0066]
Anot her benefit of the present invention is that the r g traints
may be sdf nle‘uml%fh%e ﬁg%@fé’?"rb%?ﬂ‘ibbtJFtSrP.mdé‘ﬁ% T 5 ?aéﬁlsSl#g “gagﬁig{e*/“gfeﬁ%@i bl e

t r adeof f sjphet WRE theaiRst expettefuirbretof anyRpieakcamdexiy, i @ toah appyoETsuUr e a
VBV conpl i ant outtput bitstream Faor ny, 20 ap Ii.catif)nssb te%%?o%g?’?h es
det er ni nenifighyalyq i 5F &Y e " Bi t'st ream

sthed Bl 2lganitime UG iy IR PEBHAE 45 F 8
For  exanphd ovdriErbmck BHToE Sitpdd tddkedt doaxhaiginf the aldviebitrae gpanstiing Fpeak =
9.8 Ms and B, ,b,, = 1,835,008 bits. Likew se, .the constrained | %Eamter
i mitati oWegnfappropieyalye s e Rpeager wilhnog operh,quagiize eEIPlex-scensy I BN o
[0067] As 3@{3?%& bi1€ af AERGORL 1 OB, SlindCadtidpEa VBV tCondpliafesklagto qual ity
node to t&ggg?rg?/i e t%g hi ghest lIq%(tja’i |kt,y.b For thrfgg_ case, O ar,g?et ié set to

t he desir edbigBY compliaped. . artage ishis mode af epsration phatihpravigesdhe B8k set
appropri af aly, | LB0GRed BledBsi hfvevel AVRY e drawBicRWRA Gledfim

const ant %%(%11 1|et ua1|\4§¥?rf]§ i!t3 regfj t§ In an uer‘{f)redi ct aebl e_wf icl e size. [0068]

| n arfot heandrivglecaplexiiarsatries will ehdupwith thsrsmie mumber ef bits yf the sesas kag®dS for a
predetermned file size, emodi nent, the settings for this node of
operation olnﬁ%rlﬂﬂféle:”pf%ﬁe(k{lgﬁ%g “setti ng Ravg with long term average
bit rate goal ;[086%] tAnothet hwde ofrepargivstinatiue £BRovided modee Vel sgdings for ipi i ze
the effect Qf short-term.bit rate ,pro ti.on on al i t.T.isS

pr ef er abl ?‘08? E)C?Yﬁfé‘?mfjﬁ%ﬁer?%k‘l“é %@SF“%%@'& o e{s%lé] glge or Etéﬁ;% gﬁ%a?"c%“rﬁm exity;
setting Qand ity RRP&@PHE BV (omipliande Fag upprbpriatdlh dorVBRVatogaplianden Aset t i ng

Qnto an appropriate value so the encoder I1..5 not overly. prod bits

for Einpl advapiagent thivmeds ot Heh ’ttm%"‘g‘??e'?'%?ggﬁ%i Yidgonhat gapabe Wi’g?q ?ong%%,' " to
an appr opioRkfer VRl bA fs1RatQRE 0ides quility isNBiverOdigayedid atiier abdeONAk @x scenes
to mintain the average bit rate goal; and settlgg Rpeak, Bvbl(\;}?pﬂ)?settl ng

a VBV Conpammeef CBR yidep mada fa5 & VUBYMESKIMERRAL be 36 1 fuantfage s node
of operation is that it provides the best _possible quality for a

pr edet er ek & 71387,68G its qqg\ﬁé‘%‘ég?c?’tsmﬁb@tetq‘?@tﬂg%l%%ck t hat nedi um 10 and
hi gh conplexity scenes will end up with the sane nunberRof bits if the
scene | engt h i po70jCD@RIdet h@rextanple sy eainfrigedcovBact diste withn Seart 9.8 MIB6aH

Anot her node of operation is a true CBR vi deg node. Thg settings .Ior this
20 B,,, = 1,835,008 bits. R,, need not equal X, and 1s determined by the storage capaci yof

the medium and the duration of the source content, and a compromise in rate must be made

to fit on the disk at the expense of perfect video quality. A constant rate flag is set to false

for this case. For this case, freedom exists to specify Q. , but not @, (since it may
prevent the rate control algorithm from achieving R, ).
25 [0071] For a personal video recorder (PVR) the constraints on R, are not tight,

assuming a large hard drive memory storage capacity for storing compressed MPEG files.

More freedom exists to choose R, , R,, and B, . Freedom exists to specify Q,,, and

avg ?
Q. since the constraint on R, is soft. For a large hard dnve, quality effectively trumps

rate, i.e., it is probably better to exceed R, instead of degrading the video quality.
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node correspond to setting Rpeak to a desired bit-rate; setting the
constant Rate Flag to true; and setting Bvb,, and the VBV XBmaRi gee Fl ag
appropriately for VBV conpliance. An 15 advantage of this node is that it
provi des true CBR video that can be witten to VCD. However, a drawback is
that the video quality is |lower conpared to other nodes. As an exanple of
CBR vi deo nodeoof7oy Figuré®@Ds afi eenmidry plogef quamptidze stepsize for Real gnode RFRAKBR 1. 15

Ms and B,,B,, = 327,680 hits and settin const : be t .
[0070] COREREN; Tpphis 8&%??%?’3*‘%?‘“ %.rﬁp?{ategmg%%%én&%%ﬁ@ih‘f}ﬁaﬁ‘ﬁd%ﬂg‘?(ﬁ2‘“9_ 8 Mbs
and 20 B¥Be compléx §23hes008 bits. Ravg need not equal Rpeak and is determni ned

by the storage capacity of the nmedi um th uration af the source
content, and éo‘)(?éfri%‘&%@ fheser SXRRPIED dt W@Egﬁﬁﬁ‘gﬂs ?Og%?tta ONLRERTEK at t he
expegse ohchRf beale preRB8OintERIontiY parficgians batficlabf®@ dpbli@tibss whére taovideal se  for
this case. For this case, freedomexists to,.

ecif ) .. , . but not Q,
(since i tcommyession enreAer 1t Wed o pPiGHeRavR %F‘Hﬁ?%‘/ﬁ“gmsaélﬁlhﬁitbﬁ’a“ﬁé\?g ). 25
[0071] F%D’ap\ﬁgre&qnal vi deo recorder (PVR) the constraints on Ravg are not
tight, assumng a Iargbe hard drive nenory storage capacity for s{,{ori ng
a

conpressed MPEGM fteill bevmestpedbaonp grmetableraie Bl £l 4yd enegdenz00nd " BVBY
Fr eedoniln§;<|§ct simﬁ)ﬁegfeggegl fY Rrdware2NEawSRU BineRe! RR eoHBhAtRINNth@ELRAvY is

soft. For | ar ge rive, quality effectively trunps rate, i.e., it is
gr gtl@bl y Gatsequently aestead emhodimentsnf dhaprefentiarniian rriptesHe agPaeBetieres y. 17.
MAR 200 72 [ Qur ' f Nfoh migP Size
for dual ?{8‘?}‘& \Lﬁ% %@E%%%rraﬁdgglh%%ﬁm?ﬁggﬂ ggﬁﬂ ‘Féel?&)tdgéhégﬁ%ofgg?&g%er ates in
CBR npde amidus birfinserripgienteoteyBRefations. Bireemedinppheé xompetereende[r0@y78 ks, from

these exanples it. wll be understqod th i Sj oder of
the pres eWFC’FliPQ‘i%iﬁ{‘S%angcoﬁgﬁ%cﬁg 3?%% Qurggstr?(sé? { t\élb gﬁ%@?@%&% !():@? Fyoﬁg}el\%er e a
Vi det(:) po?ﬂame&ﬁidﬁmmmdeb andi &ailsbetof thoseapyyingcshili mrtbe hapuier shiftfviaeer astst
constraints, such as burni a (b, R, etc..,..[0074] It will b

undek’st ooBXAHRARES FB’@‘P‘étﬁ‘rﬁfBﬂ?ag’lerrB?‘Ba Fﬁm{?&“?éﬁﬁ “?Eb&gﬁ%to]eﬁ%’%’lfg? Hf&’(ﬁ‘esu?%lay be

i mpl ement gdhid ik N8R, S, tan@ Bagnétid MapBY Bptical mediahyutiats AID-ROMeeafid 10
Consequently, a software enbodi ment of ttﬁe present . invention reéat es to a
conput er BRIBFERJEC APoTFScResicionoR ctdRit svehrsdipRBE% d?’?‘kﬁiaﬂﬂ]ﬁlﬁr Viehgcornput er
code t her g@iaré ecRBY EOHABURA to ViBFcl A Sx AP Em icoqY, Bkl esblioptunapbafis. The

medi a and conputer code may be those speciall i d t t
for the pintgsrAiedscippuits ﬁ@%péaﬁfPthilgﬁ? Idgpc%sﬁﬁ@?ﬁh%&)ﬁ%ﬁ%ﬂd SEIRAR et o

20 devices. Examples of computer code include machine code, such as produced by a

compiler, and files containing higher-level code that are executed by a computer using an

interpreter. For example, an embodiment of the invention may be implemented using Java,

C++, or other object-oriented programming language and development tools. Another

embodiment of the invention may be implemented in hardwired circuitry in place of, or in
25 combination with, machine-executable software instructions.

[0075) The foregoing description, for purposes of explanation, used specific
nomenclature to provide a thorough understanding of the invention. However, it will be
apparent to one skilled in the art that specific details are not required in order to practice the
invention. Thus, the foregoing descriptions of specific embodiments of the invention are

30 presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed; obviously, many
modifications and variations are possible in view of the above teachings. The embodiments

were chosen and described in order to best explain the principles of the invention and its
18.



of the kind well known and available to those having skill in the conputer
software arts. 15 Exanpl es of conputer-readabl e nedi a i ncl u@le, MARUggRr € not
limted to: magnetic nmedia such as hard disks, floppy disks, and nagnetic
tape; optical media such as CD-ROVs and hol ographi c devi ces;

magnet o-opti cal nedia such as floptical disks; and hardware devices that

are speci platticar aplicgtionedthe9 théretye emable exemsuikellqdr mgthanart odlestSuriiize athe

application-specific .integrated circuits ("AS|.Cs"), programmble |ogic
devi ces (PPEHON) and, yangus, A Vit Vi .méégsﬁ%%’é% a8 Eoﬁ%tﬁ‘i) &? th%de
i ncl ude npghtdle 8O denterfplefad ast ipiendee dhdd Yheafollowinpiclaimhs adthefrih@isalent ai ni ng
hi gher-1evel code that are executed by a conputer using an interpreter.
For exanpfeinedhe ssopstithigRYe" 5Pt he i nvention may be i npl emented using Java,
C++, or other object-oriented progranm ng | anguage and devel opnent tools.
Anot her enbodi nent of the invention may be inplenented in hardw red
ci rcui t ry Appendixal eTabie of gremplary prograpmabls £omielle) RIFEMSIEhi ne- execut abl e
sof t war e [imstTuctions. [ 0075] The foregoi ng description, Tor purposes of
~ expl anat i oR,, UReYE is e darget everagobibite|oh thg Pupyt ISFEBY InPES/sect HBY’%’G@ e value is
under st andi ng | aflatechie Q.n¥Fenexemnle. Kiddeve ppecified, il Fepseentsagipmpe oo e
skilled in the_aaerr;getr&ati.e§gﬁ;kfabgagéestabbé HRIVEndoR spécitpdi 1 QY iifspREif@r tht
S
Fane

practice|the |invention. t he foreqgoing.descriptigns.of specifi¢
enbodi ment s of| SPHRETTRY B ?r’%ﬂ%‘t‘ﬁ‘gg"eﬁ?‘%&“&%‘?a &‘?vﬁggegor 8‘%“""?%’1“&“%1 fation

and descrrptTqm _They are not Tntended t0 bg exfiaustive or to tim¢t|the
i nventi on R g, t|éc preppaditrygs pascifidip thsegrencs hieader pd Ry, bitereeary useddaithe @dep i ons
and vari at i ong bireapygificsioa YRVAMS)- of the above teachings. The embodi nents
wer e chosen and descrjbed in order ta best lain the principles of |the
[nventi of ahd | TREGITY AR 5t ) R R RSB B eRon &S SRR har by
enabl e otlhers |&K75°€8™ the art to best utilize the invention and various

ebodi et g W tfe V8L d MU HPBlcll 8l 282 A30iRl Cafitol G hPraldNingdiA! Cul ar use
S

O

<

cont enpl 4 IS Inte at t owi ng cl ai eir

equi val e efine the scope of tne invention. o endix I:. Table of
d by VR |

exenpl ary QuodrEfniaagst euapiAst rale frrall paactohiopks use e pqpeolier Ay er age
bit ratefof tHeoMlguraysveats Gamt Prevsnt ¥PEerderfiofever, the value is |avg

rel ated tro—Q—Fgar—exanpt % el:'r%calhﬂl\;gfu ifSLt"“ i{f itcddntrpél ToonhsP! esents—afjupper
bound on |t & a%f%fﬁ@ ‘#‘5‘? g_, fealg alug %e}z“fzﬁ%vé? SEPUPALETIVE the wi ndow
speci f1e¢— A 1dwerBotd oh e target VBR quantizer scale value for a picture. However,
Orin setting this value may prevent the encoder from achieving the average rate specified
by R, - )

An upper bound on the target VBR quantizer scale value for a picture.

Note: setting this value may prevent the encoder from achieving the average rate
specified by R, . If VBV Compliance Flag is set, the rate control may override

-

Qm ax

0.... to prevent VBV underflow.

w.. | The relative weighting for the bit allocation of P and B pictures as compared to I
,;B’ pictures (where W; is implicitly 1.0). Typical values are 1.0 for Wp and 1.4 for Wj.

10
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ry table

clj’icnvgratémaﬂ)lg. 2 6 MAR 2007 Appendi x_2: Sum
( | ock types

M Set of
pi cture
t he nacr

é’ﬁdmbpéMl/}Synbol Definition K Set of macrol
((zl j)L\E}mnaﬂiceB)aluk dPahe pixenaEcregiindinlg tb nokv oemdiln a
le k Usually

Maxi mum a

Solutlr rrr?ac}d?}tgo%é J h%%ﬂg‘{;lﬂégén%l hrfp{;xff’@%f&?) OCk‘{L{g:ex neak
L@‘E"acﬂfocﬂ P <+ motion

X %orrree on mg ﬁﬂf
J m the %tgrence 1mage Ses ing from the motion
compensation of picture i

The number of quantization-dependent bits generated from
encoding macroblock j in picture i

Average complexity of macroblocks of type k in picture i

Estimated complexity for macroblocks of type k after encoding
picture i

X(i Complexity of picture i
X’(z Predicted complexity for picture i (using energy scale factor)
X, (1) Estimated complexity for pictures of type m after encoding picture i

W, Relative bit allocation weighting factor for pictures of type m

e, (¢) Average energy of macroblocks of type k in picture i

g (1) Estimated energy for macroblocks of type k after encoding picture i

E,. (i) Intra energy of picture i

E,. (i) Estimate intra energy for pictures of type m after encoding picture i

@, (i) The number of macroblocks of type k in picture

@, (i) Normalizing factor used to calculate Z,(i) and %, (i)

L, (i) The fraction of macroblocks of type & in picture

T, () Estimated fraction of macroblocks of type k occurring in pictures of

' type m after encoding picture i

B(i) Ideal/nominal CBR bit allocation for rolling window of N pictures
based on the relative complexity of I, P, and B pictures prior to
encoding picture i

B’(i) Initial target CBR bit allocation for rolling window of N pictures
prior to VBV compliance adjustment prior to encoding picture i

B"(i) Final Target CBR bit allocation for rolling window of N pictures

after VBV compliance adjustment prior to encoding picture i
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a(i)

Picture-level aging parameter used to calculate (i) and T, (i)

a, (’)

Macroblock-level aging parameter used to calculate g (0), (i),

and @, ()

Appendix 3: Summary table of exemplary signals at different points in the rate controller.

Signal

Input/Output Parameters

1

{Px‘y(i, j)jed } Px_y(i, j) are Luminance values of each pixel

corresponding to row x and column y of macroblock j in the
original input picture i, where J is the set of macroblock indices in
-a picture

{Rx'y(i, j); jedJ } are the luminance value of the pixel
corresponding to row x and column y of macroblock j in the

difference image resulting from the motion compensation of

picture i

Macroblock coding decisions for picture i

Ocsz (i) The CBR picture-level quantizer scale value for encoding
picture I

b, i)jed } , are the number of quantization-dependent bits
generated from encoding macroblock ; in picture

encoding macroblock / in picture !

{ ( j)' jeJ } are the corresponding quantizer scale value for

VBV (i - 1), where VBV fullness after encodlng picture i
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2 6 MAR 2007 B.(i) ldeal/nom nal CBR bit allocation for pictures of type m
prior to encoding picture i B,""(i) Initial target CBR bit a)e gtmg;n prior
to VBV conpltiance adjustment for pictures of te mprior to “encoding
picture i Bn(i) Target CBR bit allocation after VBV conpliance adjustnent
for pictures of type mprior to encoding picture i VB V(i) VBV fullness
after enfoding pjctyr ¢/'H \(edKlj{é_)} | deal VBV fullness after encoding
picture if rat e-quaﬁk}b d’ﬁ I’J ccurate and hln oL ?ﬂ}é ksl}‘atc VB
Vpreditt{i) Predict&d Ij rké%g Sppaher of REPRIgRSi %+ I' Phased on the
target CBR bit @llocdtion BR (1) The CBR picture-|evel ntizer scale
val ue fof encodi hg pi cml(é,laeKQRngahihe foctet jusridnar galambre @Eitaﬂfle-l evel
guanti zef scal e Val ue Qf) encodi ng picture | that does not guarcint ee VBV
conpliance QVBR (i) Th e/

encodi ng| pi cture|i f? éﬁkgﬁﬁgﬁ% i‘eo\illg‘ﬁlf E’ éscffﬁépef olfelp\écgcrodl ngr

macr obl ockj in p|ct urel‘l,,,k Tienf, ncené &rmeﬁshmath‘éﬁVBRmaﬁgmmrobikal, Kp
par amet of used (. cal o e Srpne A @‘“R@E“tybefﬁ’f@“"*"a“ &’@%@%EXEL fover
agi ng parnaneter ised tg @tﬁ?c%p b(g]?ge IL%(%D) an

endi x 3:
Sunmary tabl e of { exenpi! tHF’Sl als at different 0| nts |n t he rate
control | ér. Sighal * nfui):as then Estigted snergy ﬁ“("i‘acrcjb)‘mkf oEtypeE Y v, (i, )
are Lum nance val ues oifieeagdodipigpdture correspondi ng to row x and caol um y of
macr obl o¢gk Jgin the, O g %Ithéﬁﬂgten@gy,bwlauje, V\/nere J is the set| of
macrobl o¢k indiceés in _a r é{‘ d? e theftl Um nance
val ue of |[the pi xél coﬁrme@b)’ g‘? 5‘"?256 r"?f%/l@ E{# OEB C&Hﬁs Va{ﬂ’e fadydnl ock j in
the difflerence iimage emweodingpigsrés om the notion conpensation of |picture i
9 . {Y (i)ymeM } ; where is the Estimated complexity for pictures
of type m after encoding picture i and M is the Set of picture
types (I, P, or B)
e X (z) is the Predicted complexity for picture i (using energy scale

factor)

10 e B (i), where Target CBR bit allocation after VBV compliance
adjustment for pictures of type m prior to encoding picture

s X m (i) is the Estimated complexity for pictures of type m after

encoding picture i
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3 Macrobl ock codi ng decisions for picture i 4 QBR(i) The CBR

pi cture-level quantizer scale value for encoding picture i 3 i«@%ﬂﬂg) ] E
J} , are the nunber of quantization-dependent bits generatg Mro ncodi ng

macrobl ockj in picture i {q(i, j); J] E J} are the correspondi ng quanti zer
scal e value for encoding nmacroblockj in picture i 6 VBV(i -1) where VBV
full ness after encoding picture i 21. 2 6 MAR 2007 7 {ok(i,j);KEK,jEJ}
{ck (i); kWVeéhdtischimhbeisaunber of macrobl ocks of type k in picture

{(Dk(i); k e K} Normalizing factor used to calculate ek(i) and Xk(t) {l'k
(1) ; k c- Kt The fraction of macrobl ocks of type kin picture i {l'mk
(i); K EK, mEM} is the Estimated fraction of nmacrobl ocks of type k

occurring in pi gt"d{ee‘%n%“éry%‘fg@LO?LIbﬁgﬁdquggqfél}%ﬁdg})fc%ﬁﬁﬁ%jlg: {ek(i); Kk EK} is

t he Average energy of nacro 0 p {ek(i); k e K)

is the Estimated_energy..for obl ocks of type after encoding picture i
8 E ,ra (i) i%v?‘iﬁ‘gb“? ﬁ{tf%{eé{{g?‘éﬁoﬂf& F&?ftﬁrfélqga'}éShq‘@nclzﬁthr@tm}%Z%sti nat e
intra energy for pictures of type mafter encoding cFi cture i 9 {Xmli); ME
M : where is thECEEInt Riraty (5 centaller perergfingasesend qiantigatiomsterf diz;
encoding picture i and Mis the Set of picture types (I, P, or B) X(t) is
the Predicéd conplexity for picture i (using energy scale factor) 10 Bm
(i) , where Target CBR bit allocation after VBV conpliance adjustnent for

pi ctures of typeseteqoi amfigaredne eeleatq: Rt nubEpdrmiséiBIé flarkiSadditstEsiikdmat ed
conplexity for pictures of type mafter
from said first quantization step size and said second quantization step size for use by a
quantizer in quantizing transform data; and wherein said CBR controller comprises:

10 a picture analysis module configured to classify macroblocks of a current picture
into at least two different macroblock types and calculate a statistical indicator of
complexity for each macroblock type;

a complexity model module coupled to said picture analysis module configured
to form a predicted picture complexity estimate based on a statistical frequency of said

15 macroblock types within said current picture;

a bit allocation module adapted to form a bit allocation consistent with said
predicted picture complexity estimate; and

a picture-level quantizer assignment module adapted to assign a quantization
step size consistent with said bit allocation.

20
2. The rate controller of claim 1, further comprising:

an input for processing at least one parameter of operation for at least one of said

VBR controller and said CBR controller.
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encoding picture i 22. 2 6 MAR 2007 Wat is clainmed is: 1. Arate
controller for a bl ock-based video encoder, conprising: a variable bit rate
(VBR) controller generating a first quantization step size; 5 @ &dARt 2067
bit rate (CBR) controller generating a second quantization step size; and
a selector configured to select a maxi num perm ssi bl e quantization step
size fromsaid first quantization step size and said second quanti zation

step size Bor Udtebyte SontEIRAGF Rl DIwALR RS ikedki GRS RM EABiugand wher ein
said CBR controller conprises: 10 a picture analysis nodule configured to

classify mpg rent . i i t two different

macr obl ock t)g/tggisquﬁzm%gtl %S}Egﬁte&%’%%%tg?%g ‘%&? gaéegar{‘%ﬁﬁ%fn TEGHATIR, ty for
each macro yRe: ml.exi t del . modul e cqupl ed t aid picture
anal ysi s n%%ﬁﬁé@éﬁﬁraglrue ! ¥1§§fs%a:{7nggaﬁ§?tecﬂia8ﬁéﬁ Sﬁﬁ&%%ﬁ“@@éﬁ?lﬁf esti mate
based on aﬁéi&ti cal é‘{eguency of said 15 nmacrobl ock types within said
current pi r QUITST stac ang # HmgicoBHantdansad ¥BRmatsrongotlertmteack changes cat i on
consistent with said predicted picture conplexity estimate; and a

pi ct ur e | elpdE-teEaAYarags bibet.gnment nodul e adapted to assign a quanti zation
step size consistent with said bit allocation. 20 2. The rate controller of
claim1, further conprising: an input for processing at |east one paraneter
of operation for at |east one of said VBR controller and said CBR

control | er4. 23 ZTh&rdBbRANEr oBclaifi®, WRdrSin@avERbs Bt At ofLai WMk Wherein
said at | east one paraneter includes at |east one of a target peak bit

rate, 2t AaRiIRYGEAAS aRhiorTh nge AL U OVRRE LA R CBEy & " T

quantization scale, a target qua tizer SC %i,d a VBV
buffer si zgi,dgg{g%ﬁgte%gigﬁe&%g?tant for said VBR rate controller to track

changes in ermav rage bit rate.

10
5. The rate controller of claim 4, wherein said VBR controller comprises a
proportional integral controller adapted for tracking variations in long-term average. bit
rate.

15 6. The rate controller of claim 5, wherein said VBR controller includes a
programmable time constant for adapting to changes in long-term average bit rate.
7. The rate controller of claim 1, wherein said indicator of complexity comprises
an energy value calculated from an activity measurement of macroblocks.

20

8. The rate controller of claim 1, wherein said bit allocation module comprises:

an ideal bit allocation module configured to calculate an ideal bit allocation

based on an estimated complexity of a picture;
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4. The rate controller of claiml, wherein an average bit rate of said VBR
controller tracks variations in long-term average bit rate of an output bit
stream of said video conpression encoder. 10 5. The rate contrpd vaR fifi
claim4, wherein said VBR controller conprises a proportional 1ntegral
controll er adapted for tracking variations in |ong-termaverage bit rate.
15 6. The rate controller of claim5, wherein said VBR controller includes

a programmabl e & Video bissteaanterifivati U8 VNEinessHIARAESt] 3 verage
bit rate. 7. The rate controller of cl ai)r]n 1, V\hejﬁue%i n sté]:;b U?ér}%?ntg%wgfﬁ%f

conpl exi ty aiuspsdis édeal Bif aRARKBY to/Raiaif 2ldedat@sy iy activity
measur enent of macrobl ocks. 20 8. Thelratea%:egntrolqugfg}gglngfsariaﬂ%elfm%erein

0
id bi |l ' ' ' i.deal bj Ll ocati dul
ont i gured 1o el o e EOTRI@RR moflle il o B roaiiaked mai o

configured to calculate an 1d

conpl exi ty ofcaidi e . 6 MAR 2007 a video bitstreamverification
(VBV) full naefs?gﬁ‘a jtﬁg‘ﬁ‘r‘g‘ﬁlﬁ‘%gﬁ"gm&‘aﬂ%gured to adjust said ideal bit

al l ocation to nmaintain a desired VBV buffer fullness range; and a VBV
conpliaﬁce adj ust mrent nodul e configured to adjust said ideal bit

allocation to maintain VBV conpliance. 5 9. The rate controller of claiml1,
wherei n sai’d st difiegeiecantrolintiof ataoms, shersi dhiditatistical indialoysSd fSaflslthR
conprise an energy value for each nacrobl ock type. 10. The rate controller
of cl ai m 9,aneWisis sioduleaimpeise agynatgl welub SordatRARALABHRYyR. 1 0 cal cul ation
including a difference neasurenent of each macrobl ock ¥ype bet ween

original pixel |Ium nance val ues and nean pi xel |um nance values. 11. The
rate controller of claim1l1, wherein said statistical indicators of said

icture anglysi I {.e. aver aged ener estimate for at
Feast one rnatc)r/olzﬁlil 82&%@%@@%@"?&%?{1 §T%égr%la e«?d&Sﬁetr%V‘lr‘]«‘é? 9%4“‘3@&‘?%'3]}’,3 wher ei n

sai d cqppl gxi : mdul.e.generates a asurenent of the conplexity of
each type o?lh%%%%gﬂ%!)ugk@ angl?fe? ﬁmeﬁﬂ”‘é‘g‘?‘?tﬁle%c}ﬁpacr(’bb* type between

original pixel luminance values and mean pixel luminance values.

11. The rate controller of claim 1, wherein said statistical indicators of said picture

analysis module comprise a time averaged energy estimate for at least one macroblock

15 type.

12. The rate controller of claim 1, wherein said complexity model module generates

a measurement of the complexity of each type of macroblock and a running estimate of
macroblock type complexities.

20
13. The rate controller of claim 1, adapted to, for each macroblock type, form an

energy value by scaling a corresponding difference measurement value by an empirical

factor and average scaled difference measurement values over all macroblocks of the

same type in said current picture.
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macr obl ock type conplexities. 20 13. The rate controller of claiml,
adapted to, for each macrobl ock type, forman energy value by scaling a
correspondi ng di fference neasurenent value by an enpirical fmﬁi g and
average scal ed difference neasurenent val ues over all nacr%%loc s of the
sane type in.said current picture. 25 2 6 MAR 2007 14. The rate controller
of claim13, further adapted to utilize a macrobl ock aging parmater to
generate a tinme averaged energy estinate for at |east one nacrobl ock type.
5 15. The rate controller of claim14, further adapted to generate a

Teasur ement4of trhe raté QSR bY clffm $3h R g@nd Ui O&Ecro%r%ck difgrate

controller of claim13, further apte erate runnin

macr obl ock .t [ 7 The rate ontro er of cJaim 16,
wherein th8 1?&{e;'lt(?eerqggp 1{1 Itaet{ri'\ﬁ(le %\;ega]e ESH B EY 85@3%8&%&%1%& ?Qﬁfﬁ?ﬂ@i’l@@f PGt e of
macr obl ock type conplexrtles by conblnlng macr obl ock conplexities for a
current picture with values of a previous picture. 15 18. The rate
controller f cI im17, adapted to weight said values of said previous

pi ctur e’ by g JnaEpts a%rtttﬂller Qfaclarrmé%rfattber@dmtc@rq genegite & measurdmeritwf theer
adapted to generate an intra energy output for bit prediction in a video
bi t st r eam eemnplexignekeach d¢ye. ofaGac@éblodkie rate control ler of claim19, further
adapted to nmeasure the intra energy for a current picture and conbine it
with a neasure of the intra-energy for a previous picture. 26 2 6 MAR 2007
21. The rate controller of claim 20, adapted to wei ght said neasure of the

intra- enengy fQhe Qorﬁfo@l\éf 8'Qaimd ¢3 g{élgh n%?tgd ﬁ)t gralteealﬁ.gtrn?r%cegﬁwf greter.

22. A nmethod of rate control in a vi €sslon enco ng 5

generati ng a be%k onh step size using a constant bit rate
encoder; P aﬂﬂECodﬁgéhantlzatlon step size using a variable bit rate

encodero' and

17. The rate controller of claim 16, wherein the rate controller is adapted to generate
a running estimate of macroblock type complexities by combining macroblock

complexities for a current picture with values of a previous picture.

15 18. The rate controller of claim 17, adapted to weight said values of said previous

picture by an aging factor.

19.  The rate controller of claim 1, further adapted to generate an intra energy output
for bit prediction in a video bitstream compliance check.

20

20.  The rate controller of claim 19, further adapted to measure the intra energy for a

current picture and combine it with a measure of the intra-energy for a previous picture.
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sel ect i ng a maxihum quantization step size for use in qu_a}ntl zi ng conpressed
vi deo i mage data; and wherein said forning conprises: _US|2n % pi cture

anal ysis nodul e to classify macroblocks of a current pictd é‘ RnZUW_ 10 at

|l east two different nmacroblock types -and cal culate a statistical indicator
of conplexity for each macroblock type; using a conplexity nodel nodule
coupled to said picture analysis nodule to forma predicted picture

conpl exi t y2lest i et mtdemenllenotclsina20,atbmed tof weigHeRed mehsie@bthe TRed-0bl ock
types within said current picture; 15 using a bit allocation nodule to form

it all cartdyofor e4id prétiowst pivutd by AbRiur (S8l £; hgkie complexity
Zs?i trat e; andg)ﬁigi ng ?rpi ct'upr e-| ev}ZI bqua—nti ;e%llgésjgé}gnnent. nodul e to assign a
quanti zation step size consistent with said bit allocation. 20 23. The
met hod of claim 22, wherein said formng conprises: tracking [ong-term
claim22, wherein said formng

averene Do 2t oI5 BB ibeatel esebncSapsongt I h
I ntegr %l enCOdegrehera%Zlg a first q‘Llantizainn step size using a constant bit rate encoder;
forming a second quantization step size using a variable bit rate encoder; and
selecting a maximum quantization step size for use in quantizing compressed
video image data; and wherein said forming comprises:
using a picture analysis module to classify macroblocks of a current picture into
10 at least two different macroblock types and calculate a statistical indicator of complexity
for each macroblock typé ;
using a complexity model module coupled to said picture analysis module to
form a predicted picture complexity estimate based on a statistical frequency of said
macroblock types within said current picture;
15 ' using a bit allocation module to form a bit allocation consistent with said
- predicted picture complexity estimate; and |
using a picture-level quant.izer assignment module to assign a quantization step .

size consistent with said bit allocation.

20 23, The method of claim 22, wherein said forming comprises:

- tracking long-term average bit rates.

24.  The methbd of claim 22, wherein said forming comprises:

tracking long-term average bit rates using a proportional integral encoder.
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