-;2345e3ec\\]L_" c6VcTc! APPARATUS, SYSTEM AND METHOD FOR VI DEO ENCODER
RATE CONTROL 5 FIELD OF THE | NVENTI ON [ 0001 ] The pres

generally relates to rate control of video conpressi onﬁﬂmmmwummmlmre
particularly, the present invention relates to constant bit,fake (CBR) and
variable bit rate (VBR) control for bl ock-based video encodi’ ng, i ncl udi ng
but not limte de~ OF THE

| NVENTI ON [oodg’]“%}-‘%f sﬂ?ﬁ?‘\‘? Cunnuhng seﬂjﬁﬁgﬁmﬁl e data
storage and or transm ssion requi reQONIROY, a recorded video stream For
exanple, the Mition Picture Experts Goup (MPEG standards define several
commonl y used vi deo conpression 15 standards. [0003] MPEG 1 is intended for
progressive video and is conmonly used to store video on conpact discs,
such as Video Conpact Disc (V %‘ VPEG 1 standard defines a group of

pi ctufes (GOP). Referring to HE @rOEthHﬁZ%W@Tl Neach GOP comences with an
I ntra-coded pi Ghdeh P ThE AfGent invedfhl ﬁerﬁlmﬁf@.% osle PERA 6F Video EaRstbark i s

used to 20 conpress subsequent |nter-co frames, P. Bidirectionally

predi ct ed dncederss, Mpre W@“&%Ueéw&fﬁ%t lﬁ’mnf“@’h f@ﬁ%@n@&ﬁ% Wt ety (BRregased on
both previ 1 foPhlobk-bdsBdTidleo MeEENS, iACEENS AR ERRItI oS UPPOT t
for i nterl‘%}:ﬁ%}gw d%%eﬁﬁf‘g’\r@tﬁo Eo 0 MPEG \cﬁ deo c%r}presgél:on di vi desoeac

i ndi vi dual MPEGmempatitde videy Qmsdmal I ed macr obl ocks. | ndividual macrobl ocks
may q% predi cted from nei ghboring frames. A 25 discrete cosine transform
(DCT) "i's applied to the frame to conpress the frame. The resulting DCT
coefficients for each nac BACKGROAUND ORTHEUNVENEON A vari abl e | engt h
encoder i s use 1code the dat.a. [00 A rate r e

sel ect the quaﬂ?é@&&? Ry &5 c\%&ﬁ"@ﬁg’ %ed o g7l éﬁ%engit!é%{c%* Iée@l WI N
det er m ne frdneémibibn rrafu&embms aﬂdirédomd vidve srearhi tEor @karhpie, ﬂlmg:moallsctu@o

depends up n the i Qn nventignal |y, he bi t Le, R,
i s model ed E%r(éf %@ﬁﬁ és‘sei?ldﬁ seppral comm Er'esei °t KERT ?Sl i mage
conpligxi t ystaidards) | s a 1. guanti zati on step size. Thus, the bit-rate,

quanti zation ste Size e compl exi t and i ma uality ar

inter-rel ated. [ bMPEﬁﬁé 1§ r&ﬁ@ﬁﬁr{g‘s" Wrﬂg%?sive v ?eé‘/a(ﬁlgdﬁ :g?vmf’ﬂétusﬁ‘gh‘?/étﬂ{ei onal
MPEG encodgli BRlempact MRes, aicts @PViddol Campabt @ﬁscdmm)f—‘d ThéE MPE®&NYstandard
applications, conventional MPEG encoders do, not provi de %é)fl ne enough

level of cénfinesd groppof pietwresr(GPR) o Refering to-psigs art MG briegli B8 PEERENLSS 1 eal
time syste 7 I tus,
Syotenm  andi et HGeddd Bl lime, 17 Mot AT fredidive TR R e
| NVENIDI ON §c0@08} subspquoyt iateragred frames Fe dbidirestipeallynsedieted; frammes, Boaisrceda on
encoder | 5 ;f tgq%ec%gup%&af%ﬁgm%m%'bm@fon pbiAGrBi QR AT TRRES e aloP GRS Ol | er

i ncl udes
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

according to the expression: R = ﬁ, where X is the total image complexity and Q is a

1' I,
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-encdder generating a first quantization step size, a constant bit rate
encoder generating a second quantization step size, and a selector for
sel ecting a nmaxi num perm ssi bl e 15 quanti zati on step size. [0009] The
vari able bit controller has a target peak bit rate and a target average bit
rate. In one enbodi ment, the variable bit rate controller adjusts the

quanti zation step so that , the average bit.rate of the. outp Listream of
the encoddMagtizaliqnssten, 82¢- 5 §i% @%Eﬁt’é & %a{lmtaﬁ?% step ﬁlzse’olnnllea%g ﬁéé&fgﬁﬁta@g a
propor t i onahgd qiiaRgradd inerdlited. t echnique is used to track the target 20
average bit rate accordi to sel ect.able tine const . [0010] .In one
enbodi nent , théoogghi]ﬂ%ﬁ%&gfff “’r&f LAty ‘FonhIate?onH%rft‘é’F%SMggbaeng? 15 QRS
frequency f . RBpKiRRhRE ks A%REE Mir brldni applichtidne,Yonintibni] BPEIE &tbadredo ot
statistical indicator indicative of a, conplexit

) of ch t of .
macr 0Bl ockoroyidetifing enoygl: feyeleof comtpnleBarigplaglyi fﬂ@‘?%ﬁpgsﬁ 3&%@ i%‘gﬂ%erf PEUBnCy of
macr obl ock 4 iReS ;. the statistical indicator of macrobl ock type 25
conpl exity, gene?’at es a bit allocation consistent with the predicted
pi cture conpl exX000§] Thevefores whefris desirgd, isrpmj improved appatatusesisishy a4 BAMOJAh t he
bit allocagti Eﬁ:?pgé J3LL ON OF THE FI GURES [0011] The invention is
nore full %%%g?%ogﬁate I ngc%)nnecti on with the followng 30 detailed
description taken in conjunction with the acconpanyi ng draw ngs, in which:
[ 00l Figure 1 is prior ar ]F‘MI j i i MPEG group of pictures
(GCP)ZI]O [0013] Figure 2 is aé% oc)lg{gig%%??r%sfo aN'\r;lfbdlgo conpr essi on encoder in
accor dance wi t 0MDSE Ae phuprimrestile oftet hentplles dort ai midemt ¢ompresgion erfcoder4is Fi gure

3 is a blogk diagramof .a.CBR rate contr i ' .

embodi nent lﬁochﬂe i‘b?"@seg}?f’dﬂ?@é F‘ﬂeip&?ﬁr i’%ﬁ@gka?ié—ﬁoélﬁf)@&jg{l@gg g?%ggi%dﬁgfg%r am of
a CBR bit ekbdeeabmrating safisoqabatieaionistdp sivepa eofstuti bitmate chcdder ggreetiagta

i nvention. 5 [001611 Fi 8ure 5.1s a4 bl o?c}k tdiﬁ raﬁrin ﬁf a dua% CBF\’/e\r/%1 rate

cont r ol | erSeFopd, GRATHEAINB SR SHS0 AR ABBET' e AT SYTRR D EBURE™ RRVEHREYSh.
[0017)s Fi galiaftiAAtinsstép $iedCck di agram of a core VBR rate controller in
accordance wth _one _enbodiment of 1h resent invention 0018] Fiqure 7 is
a bl ock di agr artP¥Pl dhe éﬁﬂﬁb&:l?‘%?ﬂmrﬁ]éﬂgﬁagﬁﬁar&et\ygﬁ IP1§{aée e {afﬁe%g%er%%or one
set of congliel VB enhtRAkNMnt, thHkiabI8 bitFatd catlt@ller ddjudsitheduangzatiue s s Hat

guanti zer step-size behavior for the dual VBR/ CBR.rate controll i ke

. L
ref erence Weamerageditiareat thepurit bisitsamat te snapdes tracks S iaeast 2¥erAse S’é\f@?'al
views of .tﬂesoﬂ:%ae\‘ﬂb%i?en&?a Rﬁ%@kﬂoﬁg i@%dﬁ%%ﬁqu@@?uk%%&@ﬁe[t%&o]

| e

Figure 2 is a block agra a vi deo conpression encoder 200 in
accorafanc eaweragh bio rete sncbulitigrte aseleftabihempeanstant i nvention. It will be

under st ood t hat 61*653%1&/ Lag Ggﬁﬂéﬁ,sme%gn&m%@l%ei SRR Rk Red £6BEMRAVT deo
ge e vide 2

i mages and encc} 0 1 nmages to generate an output bit streamin
conpl i ancefrequeticyaofomaeakblbeks tes within & owpiné Pintue, gangrates radstatiftinal dgdippeG. 1,

MPEG 2, MPEG 4. or. H 264 . etc. .[/ r Q. tion
estimti onlnﬂ%ﬁﬁtﬁ‘ieé) fﬁfﬁ?glgxlﬁ&f%gg{ t&@%@c%%%g&g’e%ﬂg@?%hﬁﬁngggﬁplg’g%ggttﬁnsf orm
modul e 230sthtistiged rfifequenca oflinmcrobtoek ¢ypes aad theastatisticanindd@or, of anagmebiack 2¥pd on

dul & 240 i he. d. ff.icj .
et L G A R R N

assigns a quantizer step size consistent with the bit allocation.

BRIEF DESCRIPTION OF THE FIGURES
{0011} The invention is more fully appreciated in connection with the following
30 detailed description taken in conjunction with the accompanying drawings, in which:
[0012] Figure 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 accordance

with one embodiment of the present invention.
2.



-vari‘abl e | ength encode nodul e 250 for encodi ng conpressed i mage data into
an output bitstream and a programmable rate controller 260 for selecting
the quantization step size. In one enbodi nent, quantization nodul e 240
includes a virtual quantizer scale that takes on values from2 to any
arbitrarily high value, e.g., 512. An encoder video bitstream 30

verification (VB\/) puffer. (not. shown e included.in A VBV
buffer is a mod9l4 h@‘ﬁb’lﬂﬁe‘ﬁi(a(p deié’@f?dé?lrmﬁpgﬁteﬁglétquff)mdaecfoer?aﬁlmﬁg& t%o?' éntl al
decoder bL&ﬁb@ﬂlIﬂéﬂdﬁfﬂflé Igmeanelv@vieﬁf | ow conditions. is desirable that the
bitstreamremain VBV conplia ch that r nd| n caoder. does not
suffer a del et §01 éhElgm?%}Sfa @ﬁf‘b&agﬁrﬁl%@}gg’ o‘ﬁ@% Efgcor i 3ot one

Pr ogr ammallyioliidlet IR prédehEinvetidni S progr amred to bal ance the short-term
and long-termoutput bit production of the ean gai ns t he vi.deo

qual i 8y of t he [QH&LFignie ‘éé@lﬂ%é‘aﬁ’i*‘&‘lf@é’é‘d °l°°3ﬁ911 o siscordanch o
bal ance ey éne3beaRIchAIaH: bsehfhbdnlion.t he guantization step size of the

DCT coefficlients on a nacrobl ock-by-macrobl ock basis to 5 attenpt ttﬁ avoi d

del et eri ous ded®tad} Figufefeis a@ﬂ@ké@gtmef aeone BB ptgsgrirelignin acgordance wi
underflow 9 r it rate encoding). [0023] In one

enbodi rrent ee&‘é?ﬁn &V&g‘fﬁ% rrgstggﬁ%%%%?]gl | er 260 includes a variable bit rate
(VBR) rate cont[0Q1I8] Eigu8Dis acblockrtiaguam oban equintatent mpAY! of 4tVBR s easPlr 290,
and 3 sel etctor g ql ‘P%ﬁﬁ) for selecting an output fromeither the VBR rate
cont n8I | er’ o5 s§FOLCR "rate 10 controller 290. In one enbodi ment, the
sel ector 510 pi[ok$] Fipare &iisea plonillusttatieg exeavilary quindizeragtepesize bphavied foatheon st ep
size as th rate controller 280 permits a variable bit rate
node of op‘gﬂagﬁgﬁB@% a‘%gﬁ%'ontrol |l er 290 permits a constant bit rate node
of operation. FHake cBRncah@nEralssfal tb esrredféhdingepattathgaighant dicasgeeralniewsafget
peak bit rates are the sane. For VBR rate controller 280 the target average
and targett Bé‘éﬁ'nlﬁ"t rate may be set 15 i ndependently. [0024] As descri bed
bel owsin nore detail, in one enbodiment CBR rate controller 290 classifies

macr obl ock types, gener ates ener est i mat k types, and
creates a conplexity &T%@Pﬁgmy%@?ﬁglw from which a
target bit ratqohsn) efukd™dt R0a VI dia@R@ lof 2 FRled Soprdisidn berkodkr i 200 e
detail, in one errbodl ment the VBR 20 rate controller_ 280 creat gs a target

bit all oc atccendatteg Withaener shpdishenh g6 the nrepent ingentioRr Agillgie undgrsiooihd g out put
bi t st ream o ﬁﬁ’d@@ GHERALEYS imaBes

devi ati ons ggo[(\:/(\)eé’%gﬁ gcg{ile}g}(a&;fﬁgﬁ{ig?bgg?pﬁgﬁ@ ter%ﬁgvégreéadge bit rat gs and

r e- adjoust i oggdnkmtet ar gatpubbit seedmdatdomplianse ovilhi adilgck-Yagwh Bideor |sempRSEROTOf
operati on (CAR Oh WERpRh. PRASAITIBLS.4 Bl foeenis ol ler 260 25 vill depend
upon para er constraints’inp u to programrable rate controller 260 and a
| ogi cal condi tl[OOfle)ane@deedZ(iOoanhhrbs ambi MPBEGi owetipogestimation vedide 410heéy  CBR

or VBR This r [.exa e ed to
be entirel {2 rpe q“?%ﬁ?l v ”Bg&ie Z&BISWIH?%SF: rg"ar&g&g%?%? g(?tp hg%lg{em%?ﬁﬁ%R and
VBR dependb@@eu@mfohhe(nﬂir)p la equiatityzatibn lntudukni mmtoeqﬁana'neshet trampreased B8iThg
encoded and her paranet t hat ar

pr ogr&@mmabf¥ ‘lt‘cé‘?“és ﬁP}aS‘PE(Q 'Q%rdnﬁa%b?%?‘rebﬁlﬁSﬁcoéd"t]%to 2 %aan{%%% %feB £2% % or
different ¢umeRI BAptRRALIdE ahbdduls 251y fdF edneading) gommessvcaﬁmgeodatqaammtomput

constraints. [0026], Programmable rate re %@? 260.in fﬁﬁ es aegarameter
sel ect i npbitstream, grigra pregrapMgleTateHoRTfeE ‘ﬁdflﬁgqngtthﬁ IRHERH OB iR 12

pr ogr ammablfodehiboSiiht, Qﬁirﬁ&at}%ﬁ%odﬁ& 240 inchilies ¢ virtgicuastizeiscale thay kakediat ai |
certain constraints such the size of the vi deo bitstreamyver,i.fi catl on’

(VBV) buf f sslugsnfiomh to@aK qf%ltf@'ﬂbfd}‘g}bé’a@él 28+ 2421 0 HuSPTER XIdepEste
conpl ance ., gogh Qdn @ﬂﬁ%ﬂér @iot o%@l??da {/ b€ hctlR¥d &ethe ShidderdsA ¥ BYORufRY: idAVD

pl ayer. Q Mer constraints suc as'tafget long-termaverage bit-rate may be
i nposed sontoﬁdthyapqhbmqahﬂe@dg @f&amsqdr@oﬁeﬁfmmoﬂoéﬁﬂtlplr decader dufferundseloy ze” of
t he out put Jeam ari o ﬁ.ﬂg{gg

cont rol paF‘adrr%‘feé TN l“°8£ ft? ‘(g%%?é g‘\g)tetpgﬁg%&ﬁ%rg&gw%g?, g, a %ﬁi?{?ﬁm bi t
rate, R-aka cmspaﬁimgmibmr timsaomfﬁenmdnldacmous anderge of dvieeltbw epngitienheader of
the bitstream used by video bitstream venification nodel; a bit rate tinme
constant, T, for adjusting VBR operation’to deviations in average bit rate;
a VBV buffer size, B"b,, in bits; a target quantizer 10 scale, Q-rge~ for
al |l macrobl ocks used by the VBR rate controller; an initial quantizer
scale, Q for the VBR rate controller; a m ninum quantizer scal e val ue,
Otn, a lower bound on the target VBR quantizer scale value; and a nmaxi num
guanti zer scal e value, Qmax, an upper bound on target VBR quantizer scale
value for a picture. Additionally, other paraneters, such as a dither
update perl od and a picture WEI ghtl ng fact or may be selected. In one 15

T T . . m~\ s 1 1 £ 1 Y "



.rel ationships, bits are allocated for the current picture with the goal of
mai nt ai ni ng constant quality over the next N pictures. [0028] It wll be
understood that the programmable rate controller inplenments separate
rate-quantizati on nodels for quantizati on-dependent and

guanti zati on-i ndependent 5 bits. Quantization-dependent bits are encoded

bits that vary directly with the quantization step.size. For inf bl ocks,
quant i zat i on- dé2AliBRerapmablefate “t"mﬁ@gﬁr Bgﬁés pragrampied go ?’Flﬁﬂ‘?etth% SQ%L’%HP ng of
the AC DChng@fgfltired Qb -bit?%du@l‘iﬁ?rdf@ﬁef@c&ﬂe@ﬁé’ainst theaideb zablitpof chepentiapt bits
are those bits resulting fromthe encodi ng of all DCT coe fg% ents. In both

f
cases, qualeeoded pictinese Fiop YERG-brad MPEGH2, ds balpnee may heacergnRlishif ™88 c odi ng
of notion WealQfisuioh §RA §iz8 of BRDC etk dABo Pih&BbIBAKEy-macroblock basis to
Quanti zati on-1 ndependent bits are all non-quantization-dependent bits in a
pi ct ube. TitemPBR raxvid ddeterias| dacogegobuffer tates thah iegrgde dmpgs ity Je-8uhe
nuber quantARL! R AAS REIYeHn: Bl tas edoding)] CLUT € | Ndependent Iy for each
pi cture type. e estimates are si rrpefy the“output of a sinple first-order
i nfinite inpul 46023k &parsmbpdinkt, piograsmabisatetdonigolisn 26hinclydes a Yasiahle itof
guanti zati Q

- nden ' r i ]
Picture anrg{gxfgl%g‘ ? rrrag?:l ﬁ(%nélta ggrgzsfg[ gg‘é‘ﬁ‘alﬁ@&s{{ %Sec%) ggtﬁ g%“ﬁ%&@é gxﬂxg% Eé?%ﬁ%e and
conput es anetshbwsi focsllectivasuowput d@i dtdierthe ¥B& mgie opntrelter 28hek thaCBRaalgf t he

nunber. of bi r ired to encod crohl : t b CJ:

anal S}Qi s Sl T‘?l r?@@-eilwg" 52‘3? ﬁ‘ﬁﬁﬁs@ﬁﬁ@&fﬁ@;@lﬁ?&a@gg% C)rgrgt??ngﬁ?’ g\;cl) glr?sat ed
di f f er enc elaigg@ @Rardizhtion2stepaditt a¥ahs apac WBROtitegnttoliirsi80 pentaitsen @arfable bigi ct ur e
i. Atable |isting sone, of Eﬁ vari abl es ed ir{ the rate .%Ot uandti ztati on
model is %46 Badgof APAFRIngRR Bie gonlig #193’ RS ReConptapt, bf §?gﬁ‘é‘?§ n the
rate contrglelfibnl For OBR a8 ontfollePPIINEE Yarget aléaielind ltirgerale b osles@athe | nput
image datal is in_the formof | um nance val ues  of eac!l’k/ﬁ)j xel , which can be

expressed $net er ¥BRarateospntratier 28() the target guerjge ang targgbpeak bif yate may be set
corrquond{n@g,eﬁ&n{;lp_e set of lum nance values Px, y (i, j ) of each pixel of
row x and col'umm 25 of macroblock j in the original input picture for the
set, J, of macrl@MF4bee depraibed belpys in moredeiaib In ppe gRRP cfﬁ??efﬁt? C‘P%‘i"ﬁ?fn
conpensat e Odbltlgsﬁgcg Qﬁfcrdt{metxgég YederfioN gL ¥AMOISCE RicrobRcieGHRE, 41
~Rx,y(i, j), | a J~ corresponding to the sét of |um nance val ues of each

pi xel cor r esgonacorgplexityr estimateafiom gudctabipck statistirgc from) Whaikh ja tanget bk 133 15f er ence
i mage result.ing,fro i . ] ¥l : t t J, of
macr obl oc kes’lrtlﬂlaﬂg'ef‘ I H}olaﬁgu I’C &gggpﬁ%@%%@&%mgg h%ﬁg%%dfﬂgl&gttﬁgra\e/,ﬁﬁpi cture
anal y9i s nmcudontralld 28D asmich iactargetist altocatiinl Wycksasbyngrelvmets indke ayepags ttavi ng
di stinct rate-gyantizati.o roperties. The nmacrobl tvpe r sified
to gener at @te‘s?g SR %ﬁaﬂ%aﬁﬁ“gf {hﬁ% ?'F'eé’ﬁe‘ﬁaé’g‘“ flnégthaneﬁgscri%cﬁlc%gﬁllgg‘%hat
have dif f ed@itiofiabawegnatht iazmbl ad tprgepieng-teem. avege distrateé apb ssadjhstingdizr obl ock
types is specif. %elgi by the iigtl K of different macrobl ocks (where K has at

| east two ﬁ%‘é‘? CCaliR A°C™YRE-d on the macrobl ock codi ng deci sions, assuned
here to have beemsyaue nivde @f opatidiCBRArVER) sfairegramniablerath pontedlen2d0ock
codi ng deci si ons nodul e 220. Exanpl es of 5 macrobl ock tédp Slli %@et K may

i ncl We: i Wi dePSRGERAN Pafampien COUSTEIRS dnpuf fy PoSEERAbLE Tafp conBolier 208 apd 4 o
non-infra Blpgksniftio sElefted ol e Wiittdish 184ic db tREdst @ithér OBRi@RIVBRNRMsat i on;
nonintra bl ocks in a B-picture without bi-directional notion;, and pn- | nfra
bl ocks in BeritR; for gxamnig.ithe mrodeiof epermiinmato Bosslssted tPdBfiretn (FREE Yo f

macr obl ockgpaf i {rfa el VR @peh&ifly ubdh BB QorhPlexit

enbodi nent %Bﬁégfgbq&é%ﬁmg%(\aﬁnr{dgbﬂggﬁﬁ : ERgmli([\fB aréeﬁacorr%u ed acco?ldi nyg to

t he equat i ofithe pisfureframes thatiarg peing enasdeband 9therrpappmetany thay are selggted. y gt &
~k~"" =~ 0 ot her w and. J .1 ok A r ' i he
macr o%q oc k%es'ilﬁﬁ p%%g%ﬁeeﬁ# g?‘gﬁ°3'§‘te?6%w"ea§9 %%gﬁstehtgzt?%%};n?%a% gaﬁg{]#a@%fe;zled by
the total euotiagapdlicatons bbkdedtiag the value ofparameter, congsiits.i ng in a set of

i at ed f ' ~rK (I~ : j t
auat i on: i ) (038] FograBHR el Bl foaspe Dhaned SRR MM o

the currenfefiiify piremaes ©OAGINatle iidiopast pregrummablesrateo cyerolem60.r ulni ng
frequency estimates, f rmk (c ); k EK, ,ma M~, which my be 20

cal cul ated according to the equation: a(r)~h,", k(1-1~+(1-a(i)~~rk(i) if nmen
rmk ~I~- rmk 1t 1l otherwi se' where n is the picture type for the
current picture. rmk (i) may be used to estimate the probability with

whi ch a macrobl ock of type k will occur in a picture of type m [0034]
Picture anal ysis nodul e 310 al so generates statistical information

i ndi cative 25 of the nunber of bits required to encode a macrobl ock of a
particular type with a given quantizer step size. In one enbodi nent, CBR
rate controller 290 uses a difference neasurenent, such as a nmean absol ute

11" R AR =\ o Y o o o




7. "required to encode a macrobl ock type with a given quantizer step size.
In a MAD enbodi nent, a nacroblock type with a conparatively |arge MAD val ue
is presuned to require nore bits to encode than a macrobl ock type with a

smal | er MAD val ue. [0035] For an infra macroblock with index j in picture i
the MAD val ue may be 5 corrput ed as the nean absol ute difference between the

original |umpance pixels ). Lpance of
t hegnacr odesseRed ‘?W in 5“050%“6‘?‘& g@é‘t BO‘{SHélmg(fﬂ t?}c SJEC\ e of i&lég%) 1%%&?
I\/AD~nL Ir a~ ECHF?EOETXBV) _deffer ~and 2h6 péhk—l‘rilt]teyxﬁM?D[b@Osl%&&teEOﬂb guam:ueq NBPE@ 2

macr obl ock wi i ndex icture j the val ug s at e st
mean absolcompliapsg ard/ ‘prlﬂtt’éc eh ARgifisd fsyiee r‘?“@b?‘?paeﬁga %rgﬁ'gf) Rlgyes, Quer g’

val ues Rx ’coﬁ(sttﬁints buch a@QEk@étClbﬁthehﬁ ab&@geeﬂtlﬁﬁd P8y bd ithPostd so that apphcattons
MAD~on-inrra~ls. ~~=- ~ ~y~t X~I 1 (0037] Pictu

nodul & 31Gawpisdict wé/quxm-a}bptte@etsge@m&ﬂ“at“ bl&?ﬁ@ﬁé‘r%ymfami@“& ca#r;‘a@é@

macr obl oc i%ff h bﬁé}a{eh‘.%gﬁ&?;] i afi¥neYedd MBludE R lakftd avediseMiRaté AR NG alyax@um

enpi ri cal ctor to provi pproxi mate indicatton of image conplexity.
In one 15 bitrbedRamrorresponding fayy masisminy it rate spreified in the header of;ihg bifsiream

macr obl ock, .t QF Vi % Bﬁ’gt&%%ﬁgce}aﬁn Qﬁ’o%ﬁ 'lf‘tgra{enﬁnévm&éﬁ! Yefor GARLRRIVER the
power (3) SVer Jd. nmacr obl ocks 1 n eac macr obl ock type according to the
equat i on: opkiaiion te;deviatiors-in hverdge WiXDite; 3 VBV Auffencizep Bay i Rits @ targst qantizes

det er,yi ned_f.r n 5 >N Eglé:ture
anal 01 o gt ] SRrgBUE IO W YRR Aucconfind dn ink hOIE

(i); k a K, fohihe VBR mteatoamotm ef rainirion quantiesrstalnvilng QGorfplowsy hopnd tmbe

aver aged ener sti tes be expre t henf ol
equat i on: ﬁ%g Zf,r scéx%ﬂ?%lueé I%JC&( R a?c?tﬁ%? %}i&ﬁirzgﬂ) &gle ﬁllfe eQmax atlQMtv(
1~+fi k~i “bouﬁ@@@@drgd?&ﬂﬂ{ qoghtizer schlgwalae For 4 picture Addlt)dlamlunothgt nata.]lmeeeranal ysis

nodul e al so generaf e n |nfr out use b al t|on
modul e 330°uel 2§ Ak ?feu Ee peniod, ZH‘Q 8’%‘(“? ﬁ'p\ghgl?%gacg?r l%é/f‘%’fcl&eéincfel c%eck As
descrjisbed Qalo@ihdnt) ifPESsARE rdiel flagiififet,a CBVdlayTleldof th8pictureis/itibdgncbded

al l ocation nodule 330 to hel p _antici pate sudde@lechan ej‘ﬂgﬁ m ure

conpl exi t ywithamonOREFEE ¥augfoMPEGAdbitsgeaymy ToHaR 1 BT BRSSPI ct ur e

anal ysi s npgil &, gt&ﬁinEEQtWﬁl%otﬂé%nhé};tB@d fEeedle/dfsable Sigmils may bé icluiéetocur r ent
picture by summ (:59 e 5 energies of the original pixel
1§

macr obl ockenabletaiedisabiggthe GBR Jatgesniilishonths &t I°°’Efé‘8§ﬁsg°fnef ?H]Wﬁsf are
typically nrl ?r;%ré TRAIRS @R&ftkd il PASpelBiRS Ur SIGRE twithS s&AFYfNBE adkdchuidar evi ous

infra ener estimates to generate a current energy estimte for

| - pi Qour eshmMnouhlnrms}epbadeuﬁYi satdng Ueterngrantetery erupesi e fintersielagprpbip fibg £ 1 t er
equati on: molexity L~ @~1 ~~' E~~ra ~i~ 10 [0040]
Conpl exi ty {m%lueafmzeralu? §%qu h:‘é'e2|£n\2;leusm%‘%el'ucjo e():(ll'%bl ock classification and
energy cal cul at[omq; Rleﬁs&mtgmﬂ:hgnm 3 nmmmmﬁqdneenaﬁ?a&mtes:ommﬂﬂ 29®Bingludgs

measur es the relati.ve i Xi I3@ck
types giv ePjc 9«; anglysis imo qu r{}fe §t ngodglsm%%ug%3ﬁn)g§r&t%fllﬁuﬁgn'?i?cdgl)%@t V' model
modul e 320ardndgitiard I8eel Qlﬁﬁrpizetxaststmw nsodnkecI40b| CRXX 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



-type€ maccording to the equation: 15 xk~i~= 1r |y~k~i ~] ~' b~~~J~' q~I ~] ~~

~k~l ~ jeJ where b~i, j~and g~i, j~ are respectively the nunber of
guanti zati on dependent bits and the quantization scale used to encode
macrobl ock j frompicture i. [0041] Conplexity nodel nodule 320 al so forns

runni ng estimtes of the macrobl ock type conplexities. The macrobl ock
conplexities for the current picture are, 20 corri}i‘}nedlo i th F.ast valtu s to
gener at e relatinnalpe bits e pllecaied ion the corent BiSPEL Rt 508 %{l@}} PRESONERR~i ~; Kk
a K-. A Vfi‘ﬂlﬁlﬁ ¥v&hnd R%E QpRufBY be used to create running estimates of the
macr obl ock” type conplexities such as: including ge contri bqti{?l on fromall

macr obl ocks of [0928kk rwill br kndejsecd: diat dhs, BIETARAaLE Late SPRTCIST Applemeus
i nstant ; Q@@ﬂgraﬁﬁ%@ﬂ%%h PHHAER Toruatizafbn-tépehddht BdCqudnezation-iddependent

runni ng-average conplexity estimate for a particul ar macrotFI ock .25 type to
be pr Bpor thiten Quantizatioredapemdsat bitstareranrqodest bitschatorryt firretly yid the, a¥aaHz4h0R yr e

and stati sticall Vraqihg bﬁ,ﬁ%g’, {a?&ngi?atﬁﬂgg%giﬂ?ﬁt Bitd€aré Q¥ksE bf?&?ésgilﬂ?%fi'roﬁﬁﬁlé

macr obl ocKs™di'm ni shes w't ~I'n one enbodi nent e follow ng
equat i ons enclingsefdhd A€ DEhpeffiotants: For neminira §logkse Auantizatiopidgpgndent b are
complexity; 30.xk ~i~ e~k~(c) 9.,. : - ~ gk~ ~~
(~k(1)- aklk‘js.e%&?«fieﬁl‘ff% %91?(‘%5’ ?en(ﬁ)lﬁléllgé)q‘?ﬁi%@ h%fﬁérdrtger@( Mbtlhé’%g Sg’e&“ﬁ%@, ak (i

i s the agideferddantisits @smdebit eduling fromatheadnkatikg 6f mptien kectermdheagierg,idndi s t he

macr obl ock coupt fo crapl ock. .t k. . The..nqr i.Z] . i

denori’nat ostl“,ppg{: “taﬂofmg%ar &E‘P‘gggtl?%g‘?epce Ed P g’htf %f‘%u“ 5}rl'ggaur{ntg étﬁ;}nn g%nﬁg?ant

out pth | Qﬁﬁ?h aﬁp‘iﬂmfeemhé memm;é ﬁmmuzezmagmd nmlhmgeastinaateegctri thamlnbehe )
complexity of the picture, which as describe e [ i lgp.Ccan be
used by bi‘l“aﬁti‘zia%‘ﬁ[g‘idﬁ‘??nﬂ%‘am‘@ o2 FAFHEL lnpwgngeélﬁﬁeftgwlﬁa {}‘ :ggc{i‘gé q%eg acfual
conpl exi t Yestintbded are sifiply e sttt 004 sipipté fifsorfdasinfsiteimpuise despOnsai(IR) fikerc odi ng)
can be calculated fromthe encod{i}%? carEpIRgm i¥’erk (cu?r , fﬂ;ﬁfl nd V|edual

macr obl ockeperaipg en Hiepastieials peausgzafPEAcPe ?"ff? S frorg pt t 550 m(’lekyp.' ksK
(00445 A predi qhem) Picalrt bRl f:mb&NE 830 aanifee maabbltiatigdniyottedksypd andi ng
estimates of the macrobl ock” conplexities, {x for the. actual

k k. E K~
macr obl ockeompuss exstetisieal mesirgcalleg an jengrgr-va b %néﬁa%n@ ¢ the SUpRERPE BIfst i |
after the %blgi;egggleg%d? NGRS Mcks bleRAH e MetufeBaliis MYAURCKcHRRTE Saputsi €S

esti mat es or 1 nproved accuracy. The scale factors are the
rati os of inpet imegudita hamotion-cunpeasaiadydiffioressdmage daady oMl BagoRings epiing

ti mates. ,Thus, ,th ' ' - fablks s r
e 0. T LT REGILGL S L A ST B b a6

_1~. ek~i ~+eo keK
ek(i)26e0 2Guantimtion endeélds mcldwml in Appestindt Asemgery f saipe phihe sighals Hdhemwte he
effects of small .ener val ues.. [0045] The tinme averaged picture conplexity
is also esfqnﬁgbgdswgugéddgﬂ\ng% 1’fj{r,"e type. The conplexities for each picture
type, {Xm-i); noe30yHn one enisydivhéresnme dmagerdatat 1 iy irf the fierrhef luminance values of

each pixel, which can be expressed by the equation: {P;_y(i, j); jed } Pw(i, 7)
corresponding to the set of luminance values P, y(i, ) 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 ina
picture. In one embodiment, motion compensated difference image data 2 can be expressed
by the equation: {R”(i, j); jed } corresponding to the set of luminance values of each
pixel corresponding to row x and column y of macroblock ; 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.



-macr'obl ock type conplexities and their correspondi ng frequencies accordi ng
to: Xm(t) ° ~rmk(1)" xk(1l) keK 25 [0046] Bit allocation nodule 330
receives conplexity nodel data 9 from conplexity nodel nodul e 320,
infra-energy estimates 9 from picture analysis nodule 310, and VBV full ness
data 6 fromvariable | ength encoder 250. The conplexity nodel data is used
to generate an estimate of an ideal target bit rate ich.is t dj ust ed
usi ng t he magroblocksfhathaysndiffgieniate;quantizatioq RJORAERFSt @‘ﬁ q’?&é@’oﬁs& 15“?8'%?7%?‘% ai n
VBV full e R e&mai 18016 K fidhfrdler GmaeRbRIokE(Whersi K Ras 4t 0dHvo Redbers) ng t o
Figure 4, 1n oné enbodinment bit allocation nodule 330 i

: . C al 8 [ r])cl udea an itdeal bi t
al | ocat i orandrischased opithe macrgiock eadingadegisions, GEUmER fetTiY AR magnhei'y 'YBv 5

conpl | ancefhé"gaﬂgéﬁﬁl?% echﬁjHLS’y 4froblddR adodhist dedidicie anb@ie MO IBRarBlEs Sffart s

with a nomna : It _bugget_, B(i) for a forward-|ooking w ndow,

and aflj ustrsacrabldsldyus nset Kemay mcldeint beeksde an {picturestnEd bORS i@ H-MEss and
a picture-adjysted “ideal i YBVp! (b2 8#kdibA ridhioB cbibensatRRPEAAI ng on
t he outcorgp%bj‘“eaﬁg?%Aégg'i%élc\lf%%bfp%m%%e checlk, t hi g_t():udi’eet nmay receive
an adj ust riemi blookspinewy EpictuBy/withalsrtiidiregtiontlempiions and nggdntra plogks) in” 3 B-

determ nes,.t he bjt .allocation. and subsequent quantizer assignnent for the
picture. [ 8&@]W1{W1'§Hgggrﬁ%}5§9qmn§ht , ideal bit allocation nodule 4]0 receives
{Xm (i); ma M[e032] Thé mimbes of thacreldodksnf eadh typewitia thy sdtof, ipreuntadeln B t ype m

after encoding, picture j and Mjs_ the t of picture I 2 _or B).
FromiPhi s ﬁﬁaoa{m%meBlwfa?‘%n&c@ﬁ.{‘m u?%c%gwqﬁd;aﬁg?rg%gggfh eegﬁatb arget bit
al | ocati ons, wh r@_{fﬂ(.): ma M is the ideal/nom nal 15 CBR bit
al l ocation for (ﬁl( v s"d?’ type mprior to encoding picture i for each
picture type, according to the equation: Xm(i _1~.B(i) Bn{i~= Xn~i _1 . N'
~'" where ‘g‘ﬂe{rﬁ is the bit bu etkr{f.or. he..ne t&pel\}c pictures, mis the picture
type index) W4 isj)a barGRaTRFosydh Righ r?l’ds?% t'el ative wei ghting for
pictures of typé m 4fdoMerwiss the number of 20 pictures of type mwithin a
wi ndow of N pictures (usually, but nqt cessasily .a GOP). te t the bit
al | ocat i onands/ igyreinefdndicss rgisHESA eB‘ﬁ‘ %‘ntﬁ%maﬁf%@?f}%é“ Blées?%reﬂgﬁlgﬁtb‘reanﬁé‘rt’war d
| 0oki g T o ic BightaVirD ANl QOthe THE fudibBesf Ridrobdie Gthe @ictitt gesiltityinias based
on several assunptions. The first assunption is that the sumof the bit
al | ocat i onset bfassaeiatdd ogfurtenee @ém@@s&rfgg# Ge’éb@l“’epr‘?é theRAYMIOP5 bit budget for
all of the pictures. Second, it is assuned that it is desirable to achieve
constant qual i tly(, i:d.@l_‘gyer all pictures, which inplies a single quantizer
scal e factor for*'all J&bure types in the rolling window Finally, it is
assuned that the foli#ow ng sinplified equation between the bit production
for each pictur " Hé&%i S r 8 wei ght ed
conplexity, X @W%ﬁéﬁug&g: &IFQ%}H% n féﬁﬁie %%.ﬁt Eé%f(%%(%m@/gé\? ful Iﬁr’]hg‘ss
adj ust Ment egimtes Qo 4ekbrite cainnes frequendyaestiettes AEAN bk € Kamledd gt whish avay b so a
signal indicative of VBV(i -1) where VBV(i) is the VBV fullness after
encodiing pratulated daccording tOBRepuation] | ocat i on nodul e 330 strives to achieve an
"ideal" VBV(i) fulln A= N pictyresw pt.q the future. This "ideal" VBV
buffer fullnessy YRV ."‘mkﬂm(k(’[}ﬂ@b'razg)léﬁ‘t@ t'JIié" sfeady-state fullness of the
VBV buf fer under™t‘he lassunpt ﬂ“p_;{i{-ﬁat the emtstwse i s al |l ocating and
generating bits in accordance with the specified CBR bit-rate and in
accor dance whktfehn tshie tpiomgettypei for alid aueeni pitun dle , (i snaygbe hesdrierestiapte ghe
"ideal" bit budget of B(1 ) = N' B peak ~ 10 where B peak (z ) = Rpeak ~F
. (Not e t hatobilslity@BR whittea mecrkblaskdofivnerkaidl oceirdn a picBIreefilpe A [ 0051] The
effect of Nis .ha I [k eaCdn MRfictisé oM y
to deviations fﬁ’g%}té@u}ﬁoﬁil QF Hé‘r&ﬁﬁ?zggisg %&tﬁﬁdgﬁl%pﬂl neslgl.l_ 1A | arger N
provi ges aoffratuatbepppbits reqiited thancatersmasroblgekabf @ panicelantypp itithad giyen
greater risk for VBV undegflow. Lf.an i \/ i rfd
i mredi at el JUBHEDr SR SEficodi RY ChY oqlﬁlf S rréaégec,&#éul?aé?ie%ga‘]és P fitekintd
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.



15 VBV full ness, vBV,.dear(1l), can be determ ned for all remaining pictures
inthe rolling window using the ideal IPB bit allocation. Thus, it is
desirable to assign a relatively full buffer just prior to encoding the

| -frame, since I-frames usually generate the nost bits per picture. Al so,
not e t hat YBV dear(i)is shift invariant for nultiples of N i.e., YB

V' . dea~ (i ’9\2 = VBV, . aear gi ' 20, 001530'? In order to_.achi eve al VBV
ful | ness IIF%‘F @ &8cqdst » masebagk (yRe o ARERUETE SFR: et FdadlY 420 may
adj ust t h%n‘@&mn@ﬁtl alRARbbIGKL ¢ lypéldﬁlﬁta cdHipalatively 10ge MIAD BasGed Esuiﬂeé to

di fference between the actual VBV full ness, Vngn hF‘ ﬁé& the i deaI ful |l ness,
YBV deal (raqujre mozehitsrtalenngde thap paneproplegk fype withjajsma ®: vBVY, . deal (i
-1)+ vBV(i -1) oo§§| ﬁ&géﬁlmé%&dmbmwvm Bubs; & SicRiOdtRadADvaGE pagaace Wit h
the bit all oca I on nmo t he above equation ensures that ideal VB

ful | ngss \mmbuﬂeéaamhrrmaedbsqmtwd}ffemnm betwe@athe @riginalguminance pikels.Patlie/kont r ol
creates a bit allocation, {B;" (i); ma M ased on the nodified bit
budget. 12nd the[Mﬁp]xemlmmﬂtMecmht@dk bdlitesordBE te g1 CQY4IoBh i terati ve
VBV conpl i ance check that vvr II reduce the proposed total bit budget, B (i)
, to prevent VBY d@ Iﬁy?' |s predicted to occur. The
conpl i ance process'""a ({ m2|56 fhi's tas by predicting the future pat h of
VBV ful |l ness, VBVp, edi cr~l ~~ for t he next:h % ctures bas dd\gng

assunpt i on thaﬂ°Q3ﬁbF@néd’t9é'r*m&eH’é?r3‘E’18%k Biithsindex 4 1 PEGES & \/\Hlyue Bor the
st part ,catc'ilﬁte%'?\ (R BRA hENILAS SABESS e lismitahde ra6tidIr @eeRdtddndifieemrsiance
with the proposed bjt allocation. However, there are two exceptions.

Speciibi caltayqesﬂhe(l,u)ia@om&tpéhewgmmes bits are generated according to:

BpredrctItI - y(l " Bm Icurr 10fori =|~r ," " ", lc"rr + N-1,

where m is the Bbctur J?;gp__f g](ﬂ , leurr is the index of the

current picture, aﬁ'd'""t}?’ |2S6aggé,‘£¢ factor given by: X(|)~ i(i -1)
(

if i =i~r, y\'t ~- Fintra (tcrr Eintra (tcurr 1)~ If Ilarr{ tra
1.0, otherw se [(037] byt ianalyss m0§@iﬁr3t1ﬂms¢5nihﬁr %“WBW&@HB]@F~ °“teﬁgy

YBYpr edi ct rr e qu@pr,gh@g, tes VB
Vpr edi ct Yétue or Yeéiﬁ] ccirr\gc?{m* t%f) W]h)ﬂBt',hc ﬁﬁ@g&aggﬁ%%ﬁ‘% (00 ?’f at sone
poi nt VBVpexﬁpincm ~thct01d te [psovidiel amy appropiawite iirslicatipmiofimagh rcé@lﬁ&lxt!y VB‘V‘ one'  the

al gorithmreduces the bit allocati based an,th

procedur e: SRR AN BT JAFASHSs e*lgﬁr}c gz’r {rdolr War&ﬁ%‘%@% %?Cﬂ%f@ Bpr edi ct
It i' icon, fHthe pSwdi 85 bikralliiRpIRkeR datiefadrebleause VBV
under f | ow. agmé‘?ﬁe:l\df[Ag{'alﬁ%I(f[aﬁgﬁd et f)r S rﬁgducred the CBR al gorithmrepeats

t he VBV cotypéa@mdmgdh@mkequ@tlmg the reduced bit aI | ocation, B"(i). The

equation for B" (| derr ved by inposing the constraint that
VBVpr edi cr ~| erre andk V&WAB(,])}GOOSG] The out put 10 of VBV conpliance

adj ustment is a “bi t (i~, and 25 corresponding bit allocation, f
Bm (i); m %n exerﬁplgry%lalue of B r e&ietét}n(ien%dtt't‘?)mae\ﬁ?ﬂlgca\/%\éeéf@%ng lléjﬁ"-l 45,
20 [0038] Picture analysis module 310 also generates time averaged energy estimates,

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

estimates may be expressed according to the following equation:

2()= 2

@,()

and
25 2(1)= 2, ()- (i 1)+ @, (i)-&. (),
-(ﬁk(i):a’k(i)'(Dk(i_l)'*'(bk(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

8.



13. ' over the next N pictures. Using this bit allocation, quantization
nodul e 240 may generate a target quantizer step size for the current
picture using formula: QCBR\1 ~ - Brr | (=1 1~" m | | where m is the
picture type of picture i. 5 [0057] Prior to encoding, the target quanti zer
scal e for each macrobl ock, which is nomnally a real value, nust be

converted to an integer_for conpatibiljty w.t EG. A dithering algorithm
may per f oPrsdiction Hside 2 B C%Pplé?ggﬁ)%a?'i ‘éﬁ‘yﬁﬁﬁ)ﬁgge PER fnof?)é)‘%%ﬁ LB RAG to

Fi gure 5{ ohfﬁppm%zls;sg@@?gmmbcm@%ammbbeo hélp aniepits aldden ci2ges inpiandes a CBR
rate controller an

VBR t troll 280. T CBR t.e 10
cont r ol | ercomplgxisn that h@ewgﬁeg‘g@Rleﬁ‘éf‘{a%@gn&%gﬁog'r a“%‘g‘ﬁ’ CF{‘&% P]ﬁ‘étérp?eaﬂra@ﬂ‘?
cal cul at | %E'osdui%f 3R ehdlte A0 Ghefl éé%ﬁ?&ii,,@é@ﬂﬂhb%uﬁé& SSECHS shdiidEBke mum of

the two bit rates. i nal VBR quant r scale, QvaR, is selected as the
| arges of ehbi@iek \0 tiY OfEleA Chiveld e Seach maMBRotl inQMBRmag CBRisQuBRurementGEBR
o~erwi se [0059] In gne enbodinent, .th ore VBR rate controller creates
a target Bisgful C%SF&gﬁPﬁeﬁ)?ﬁe DRIBRY (2O ?Sf %?m%saa(?ﬁrt'p' glfllﬂegs‘%?/m I °f‘ﬁ°g“%9he

| ong-ter m\ﬁﬂﬁfaﬁ@iﬁupirﬁrareﬁél%y ebtivi@td ®f genofatet 4 aglent endreye bstintptee for Tepjctives, used.
These may include, for exanple, fi I_teg:s t%fhﬁ.gr out. short term deviations
in bit rateigmpebgedaied pppgthefelqvwingliskererdie PAFSIMMO ate to vary slowy
W th respect tozsyhseguegt pi es(M. phim a group of pictures. One

sui tabl e track%@e‘c lig"ci'e@i g}ﬁg E’@' %‘f"’b ortional integral control

technpques to Zedﬂftp&pres%ﬁ QIS fabdile B30 2Reived REtrAkedISLK dlampificitiongand ti me
constant that determ nes the nature of the response. [0D60] Figure. 6 is a

) : 6
bl ock di agenarayicalcwlationsinfagnasiondier pigreanalysiyPadypil ¢ adameastre; BF reptivego
having a s de itiBPORP LhdrOfehe It FBiRk iRk aiveRNy{Ql()er e k9. tmadide the
| ongterm a%)g{r?lggg&%ﬁ?hrng{ ef.ap,&g%ll %sence In b%l{% rgétte, yrédél)t aeg((e}t ween t he
aver age bi¢mbodinfent, BRE coraplexityBodet tmudlilel#20 matels, thBachplekity fos ausagotderkan
i nput to adjust the Iontg-terme_lverage bit rate. The 25 target VBR bit rate
is given bypemeggierdipglotheequaoniy 1 — 4+ x y ~ Bdelra \t ~f Ki ' Al ~'

whereBderra(i) represents the instantaneous bit-rate deviation and is given
by: Bdelta \I ~xk?i§)B@Tg.-B§madD'bl?liJS'ﬂ?')J > where A(i) represents the

curmul ative bit-rate @ ‘}iia’tion and is given by: 14. A-i) = A~i -1~+ Bdelta
It | and wh 2 and (i) ake teSpebtife Pk WatabtH druSRnet ffetint 51R Baarder for
picture i Vavﬁ%glgg/aa?dsq%ﬁga}eje%)ewfb&g@ﬁ& These%tljlpdate edg]:gati ons result in an
open-| oop %ﬂaﬁﬂfaﬁeﬁ sdalengtd rencpdéammcioplocky #pm pRYBRY.ZI - 1K +Kp)-KpZ 1 Bdel m
lzl 1 - zZz 1 S[Q062]. The target bit allgcatjon_is used to rjye

pr oposed quanti[Q‘é‘}l%&’g}p "ftéSr‘%PaFé mgtt ev'%@ Asﬁofoflf’ﬁnﬁm@f’,gBﬁ l,gla{éf'gc%fi ?lgng to
the for mul acrébiEMBRpe lcomplexitieSVBRe \niacsbblbble cémplexitie foe Iher tarrant pamre ate
nmeasure of conplexity given b

) ] y Xo = ~ B~,,g.wth corres di.ng to the
initid deegmbivedgwitht Pk rvalics . sepFTale YIRS 8%‘ ?fefg){*ﬁe‘ﬂaﬁ’\?%@é tX%
relati onshi g, etiiee g?ﬁr k'Z.”tAi FHietySSH 8G bk by R istd® Qe innigtestimaiaduced
by quanti zati‘on and vafiabl e [ ength encodi ng.

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 %)=



.[0063] As illustrated in Figure 7, for the case that the rate-quantization
nodel (Xo/B~R ) is accurate, then the Xo/B,,BR term and the quanti zation

and vari abl e I ength encodi ng bl ocks cancel each other out, i.e., B,,BR (i)
~ BQ~~,a, (i) , and the VBR rate controller 15 nodel reduces to the
traditional |inear feedback control systemw th a feedback transfer
function, H-z), given by: Hz)= BVBR~z~ - G z ~K; +KP~-Kpz ' B~, g~2)

1+G~-Z~ (1*PRd~ +Kp~- ~2 _ r a first-order system K = 0 and Kp
can be determ Pfs@aﬂu(’g 151#‘8@)( ﬁé%e& red time constant T according to:
20 KP = eT~= -E(,Ifga @p@bdlpﬁdg@ control, we sinply replicate the pole ( p
=2 - eT~r fromthe first order system resulting in Pl coefficients

gi ven by: WﬁaFlerthhqopuhenapntnh(eZnﬁBx Kez, (1) is1Be aglngdm] assgrigteyl withimacrpblock
transformation, the, feedback transfer function, H(z) can be mapped.into the
Lapl age ddypeiknauthe®, 6}jisthe masrebloesequpt fvgntaﬁrahl@%vm GnJPF Bﬁ“‘%ﬂ‘?‘ﬁg $® 8| osed

| oop transfer functian gf a traditional anal ogﬁ{gsecond control

syst em (V\ntbﬁde{lﬁ@méﬂ’&l%(’ raragtees that Gogsiant jppHt fRAS 41, GORsS t@n{oé{%%tl s quite large
conpared to th ts

co%ut ation of 4§\e§r§'§§ﬁ%ﬁ%g?§ |dP|éojr%gl c:&laltgga?n g%ir@msys?}ae?n{%%grrgﬁet ers
such as t hﬁactura,dvampleds destribyea] beiqveqlmnmwetalmcafn hetused brditadlaeatignimodsile tot he
danpi ng facto £Q65] One

benefi t ofadi“ﬁ’eth? ‘é?f@t g%rﬁ?? oﬁéeatpralf o r%exbtly g?}todﬁr\e\/e% ﬁ{;[%tﬁrel (?%&et&fnt may be
used jpor %{ eﬁéoﬁﬁlngQQllx 'b%aéa'ldﬁﬁ?edr £OMI fhi NBcisg RbhplekiBE €ehaf ihdividual

parti cuI ar he ra encoder may be inplenented as a conputationally

ef ficient midaHickRassordiag & thoeqdasn: i .e., a rate 15 encoder not requiring
nmultiple iterations of data to estimate the conplexity of a picture with a
sufficiently hi¥6)agglr@cy.¢o avoid VBV overflows and underflows. [0066]
Anot her benefit of t¥ie present invention is that the paranetric constraints
nmay be set for [ph@) perescted pidird ctcﬂiﬂﬁléxlityaé}plbd @idulatgihyt snbstititing\estithitestbl e

tradeoffs between rate and q and Bvby are set. to ensure a VBV
conpl i ant t(b@ltlp%FtrohqustC?l@H]mﬂtlF%txké&gﬁ;ﬁ%b &ﬁpmecaw%ngmrp legls <PHIP E}é‘gles’

det t cla f d t d t he

For - SRanp! 1A0h K& b R TEB ARV 0 BEC 1 BICTER1S BPPElpoh RTHTRYEN =
9.8 M d By, 1S Bie

i mi tati ondeganosssetptie Rubidse ghtd Wﬁ‘gﬂ’ﬁﬁﬁs&@w 55 g 00673

As one exafipkdios bfthe atia neorubicok krergicnmdihe me@roblmlaemmysqsm@tes} dabs. the node

to 25 provide the highest quaL y. For this cas ~rgel is set to the
desi red queedietpd pistpes conmpbesify, X Wyé}?&aﬁulma%wgqgﬁ%eqﬁf‘%ﬁ‘ are set

appropriately if VBV corrpl i ance, de5| red. However, a drawback of constant
quality is thatx({g r%s;(l LB ﬂ—ﬂ) ,edictable file size. [0068] In another
node of operation, e best pos%\ b’t% quality is selected for a

8;?? qe:‘)nm }Q/ﬁgr'a fﬁ,;j%% 51%% cons ant (% O%Oag}nr{?gq{es e BreEbE énwlsenfs&@ vhliks mode of

[0045] The time averaged picture complexity is also estimated for each picture type.
The complexities for each picture type, {)_(— m (i); meM }, are synthesized directly from the

macroblock type complexities and their corresponding frequencies according to:

X,0) =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.



.setting R'vg with long termaverage bit rate goal; setting the
time-constant, T, to a large value to mnimze the effect of short-termbit
rate production on quality such that ~ is preferably |onger than the

| ongest expected scene of any given conplexity; setting Q to an
appropriate initial value for the VBR algorithm setting Q,in to an

appropriate value so the encoder will 5 not .overly produce sinpl e
content t intiehereniestimaies anfelBYeluiness dafedogpntainsy %YI ‘5}8‘“‘@* A C?rﬁplga?lge

appropri a(n‘?thl‘ﬁaalcéb?taﬁﬂzlfn'ﬁ?s encoder will not overly quantl ze corrpl ex scenes to
mai ntai n the ave

bit rate goal; and settlngﬁg BVbiloﬁH ?ttlnga
VBV Conpl i ancelﬂﬂﬂﬂdiqf@ﬂé&wléulvé\ﬂﬂc@ﬁﬁmbaﬂ@ém il W‘Qﬁt"?ﬁ?@ € “hode of
operation e i k@ mddulef 420, andos &M er mi ned
file si zeahl%—%etamﬁ all&ca%xﬁi‘do%lﬁ 4lbr%mﬁa?ﬁ§tﬂﬁhl um 10 gndwg{l%h coml)l exity

scenes Wi |cbmp1m1wp1mnnmttmiubea48@ Adeabbit aBecation mofyle AL stagty SREERY | s
| onger than t‘gﬁt iﬁteg%{?g )ﬁr‘} LidIRy %@k@gﬁm&wﬁ?&d AeLber baﬁ@dj%nothe

operation of g1 ed" flode. I'ngs’ for this node correspond

to setting;MPeRK phivetn BRSIchAN VBV fillaéses;ans &l fiéthg-ddsted SidealiriBRAulinedd, ag t o

true; and setting B-6~ and the VBV Conpliance Fla riat r VBV
conpl i anceesubmgi@B’&()vﬁmmg@g(ﬂﬂ thejoyteame &f 3 iteRRtye %P%p&mfﬁ %re%/}%t R vi deo

t hat b tten to VCD,. Howe bt Vi
i sal 0\(/:\:? @S@éfw&:‘@de&gﬁelget h‘éﬁdjmgt topgre‘éql}ga@w é(erh CB% rgé‘f b\i% @3? Ia y
327 égo %Héﬂ%sthm Al addRubYen %ﬁﬁ’%k ass@unexlt‘i‘of\dhs pRAge.B; , B~ =

setting a constant e flag to be true. [0070J Consi der

t he exarrpl e of [(IMBhInngoma cgnb%bmellit slde% t bit Rﬁ@‘?ﬁ%ﬁm omedRlss 4Ry BEES B~ =

1, 835, 008 t e t t or age
capaci ty o& i(ftem E@’é?u ?‘558@“3 o 15}!@"@&%8%%@” ennt?'cejar?{3 ye%ér%gmg
conpr om se, étﬁterz%f MtSthe Q@{ IrRiifurk @ypff:g; t, pnoﬁ}k'ge Hb&khiadatah Rleshtieaibeatioh
perfect vi ueo quality. A constant rate @% i's S(a)ta to fal se for t hi s case.

For this oasde 4110@nhratnendeaitt&'g¢tdvltslﬂiemtlb96, ere"| are Mdtis theideal/aqmipd ¢ pay
prevent the rate contral algorithmfrom achi e Ro 5 For a
per sdAal VEBR bitralleentige for(msyes PEB’PE&@?‘F%’ ﬁ’tcé) %?8}\)5 glfér 6 P%ﬁ’g%ﬂ"*’l

assum ng aacL% gtcht’ﬁgq Hkbye nenory storage capacity for storing conpressed

MPEG fil es ree omexists to choose RQ ~, R-~4k and B,,B,, . Freedom
exists to specify Q "X i-ap B@ ~ since the constraint on RQ-g is soft. For
fectively trunps rate, i.e., it is probably

a |large hard dnv&g qu é} ty

better to exceeB,! of degrading the video quality. 17. [ 0072]
Figure 8 is an exenp tV,of quantizer step size for dual npde VBR/ CBR
operation. In this exﬂanﬂf’:e t he encoder operates in CBR node and shifts

mode to VBR f Or}_gg‘és ?}P_Fclic))[rgu%)ét for The mext @Zt:c)lles 4$ the' 1&ﬁ?ctt9ﬁesﬁld§?( Ipisas 11

will be untd¥&t deo conpr essi on enco t he present

i nvention {r)]a?aﬂ?&&tlh&wétﬁ@ltue Reimoé weigating fr p&mﬂésl afatpeonsand/rwle tlge nwinthenof
conpressi on encoder is used for ap licati 6‘1}1 Vi n differ eng}gﬁ,ﬁmstral nts,
such 20s bupiefureg o&wm@m%@ﬂ%@?‘&{“ Hsugi “tB NEREALY 355 T hat

progr ambk@ rtﬂét‘%hecﬂpslt&hﬁ&{ is 2oRarRpslyeRaade on 2Qr-pRitrd Basispirgneforeatdi n
har dwar e, tvvare Irmvare, Or conbination thereof. 10 Consequently, a
sof tware etvbbmgmféhltg‘omdo\he present invention relates to a conmputer storage

product wth a @9@? Uthe 'tar?&%ﬁaahhfd ti0k g!gHIWV b&k8d 68 BaVeEaE hissG@ptorks hEhefint f or

perform ng various co er-i enented E}gratl ons. The nedi aﬁ dc uter
code may besstuptin is tnacthalstuyl odéeu catiqns 196 A2 10 HiedctISs MUREa) r?*tf&e‘é

the p esen nt y f.i th Iﬁ@gygglea@oh fiaé | abI e
tot &N ég lfl?rl i 09 %%réga %%gmgo %Smi%?lghéz}?th\séﬂtl% Exanpl es Cof

conput er - I et @al’fﬁ_,dulldbol mt alﬁmptubast whick implies hisiviglecqantizer $ﬁﬂlj’rfé‘tt?fcf°hﬂb| a

such as hard di sks, rop di sk peti P t ch as
CD- ROMVs an@icHi BEPS phibe 8‘1‘9? é"@ggdvhaghl@{{aqobst ?Sguqt'e% &lél agsﬂﬁc(ﬁl' ggﬁpggtéflcal

di sks; and hafigiBéteestemt 6Rprdiatomfoeeneiiuat typechi fliegmansivet sabstionter. End
execut e prograntcode such as ap Ilcatlon speC|f|c integrated circuits

(" ASI Cs" am&hgmmha‘«ﬂlcemp’%i% YW 2Bl PLDs") and ROM and RAM 20 devi ces.
Exanples of conput er code incl ude nachln code, such as produced by a
conpiler, and files containing hlgher-IeVEI code that are executed by a
conputer using an interpreter. For exanple, an enbodi ment of the invention
may be inplenented using Java, C++, or other object-oriented programm ng

| anguage and devel opnent tool s. Another enbodi nent of the invention may be
inplemented in hardwired circuitry in place of, or in 25 conbination wth,
machi ne- execut abl e software instructions. (0075] The foregoing description,
for purposes of explanation, used specific nonenclature to provide a
thorough understandlng of the |nvent|on Fbmever, it mnll be apparent to

o o o 1 N o o L,




-practical applications, they thereby enable others skilled in the art to
best utilize the invention and various enbodi nents with various

nodi fications as are suited to the particular use contenplated. It is
intended that the followi ng clainms and their equival ents define the scope
of the invention. 5 Appendix 1: Table of exenplary programuable controller
paraneters. R avgRavg is the target average bit rate of the output
bitstreamin biTBts_jg‘éc._ However, the value isrelated to Q For exanple, if
Q~ " is speciffedy -R-,g represents an upper bound on theaverage rate,

i.e., a peak average rate over the w ndow specified. If On~.ig specified,
t heencoder nay [0958] BBV abileess adjpstmentanqdyle ‘}%OtrF%E"éSg‘lfftPﬁgﬁﬁ/‘gﬁgtl oy} @8‘”@8% eve
R'..g for s Ui e by (i) iRbiR B Flldearhfiepedcbeing equence
header of @ﬁgﬁ%ggg{laﬁgﬁf;ldﬁnﬁﬂgggkgg%ggx\ﬁﬂcdife@o\?‘gg{lr eam veri ficcat ieo% (Vg%)

nodel . zThe L e R d113cATBE TndAURI330Birwbs fohehiMBRn adeal COBRY (ipfullagss  eact s
to devi at ﬁ)(ljns i'ngi\i/%?ggelbi tcrate.The size of the VBV buffsr in bits and the

inpli6it VMpiceuésote the ek Thise idgal VRV huffer fulingssy dBthe il ategretenifubat i zer

scale for all macrobl ocks u the VBR rate contraller e -

r at econt r ct9egdy-staigfullRees ?f?f@e Sﬁ‘g’r g‘{ffef {iadeg Ei?vaéﬂﬁmp\tfﬁﬁll%aﬁ g}é" r%ﬁ%%ﬂ%haélofartﬁn? i al
quanti zer 83kfergUfitsif hcdobRinddBHith #ecspecifiéd OBRaignte 4ndnn Qoderdameewithound on
t he target VI uanti zer scal e val ue for a“{)i @Lﬁr%' However, Qm nsetting
this val ugherasgepbitallogationiaodehpsipgthe pomimalar nided)i At PP9Rs' Ryer age rate

speci fi edby Ra\%._)._%.gpper bound on the target VBR quantizer scal e val ue
for a picture. Not e:7%®etting this value may prevent the encoder from

achi eyi ng vey; r i Be\dak andfav faeplcicatgls Flag is
set, Eit\she r&é ge ?&HK‘?’%?F@?S@@%‘%@%"}C{E{R(S p?ﬁgvent VéBf?/ééunderf Iegw. S?he rel ative
wei ghting for tigs1PiThe airdcp 68N i®RuchthaPaNdndBeapésc tharabgoritten weetp atoetislowly

l'yl,Bpictures (where W is ipplicjtly, pi cal val ues e for W
and 1.4 folo dapiatiqns frgn the A?}B@ﬁ{jf’&!lé?ﬁ SMPV}_%;B Fbf %Eﬂﬁ%ﬁr?ﬁﬁmiﬁ%&
def i ni ti oNgear JFROHIRY Y donQRHtSakliLp FideB BupHbOS krebtepasiBEVBYf widetfloneIft es |,

P, or B)JSet of nacroblock indices in a icturei U%gall tﬁ?e %Ectutg?e.d
i ndexUsual 4n ideab VIRSE fulliness ik spestied iomgdiptelyiprier osrorsfing g first iamgebidedius ual |

the pictur LadexRpenii/ax] i | 165 rdRSiniR Plonr8FRi eleurdflidgat e

1/ TP!Ol tur eeggr ﬁ%lh&?iﬁ%”’@v?%qnn}’ggdgéﬁﬁ%ff&j% rLurriuﬁgén%e vral ue of thega pi xel

cor r espondiyidol QsinWheid@NAPBHitiiMbeonMEXHuGL Bodesirablatot dsaignia rélatinaly fullput

picture i Rx,fy(l ~ j~Lum nance val ue of the pixel c rres%)on i n‘% t%.tr Qw x and
e 2ai 8th™

col urm y obuffendusbBHFAR epcqding: the I-ame otinasdetames yeually gon G A8 ot i on
conpensation of Qgic L Bl )i g ffmftRed d2atileQn- dependent bits
gener at ed Pllp%l?ﬁ' éﬁ%:od ?t%?hﬁ%?rﬁgﬁr’gilg%ﬁiln |cturéni§§ (i )A\?er age conplexity of
macr obl ocks of pype (k+ iNr)= 'B%U,(i? i xk(i)Estimated conplexity for nacrobl ocks
of type k after erd®ding ictufe i X(i)Conplexity of picture i X(i~Predicted
conplExity for [0052)Un erder (tosichigve iterlgyBYc filllaess ¢ traetyrxs iintp \thes futpras ¥§Y
conplexity for pictures of ty m af.t er. encodin i i i jve bit
al | ocat i onf‘W@FsdH‘flluﬁﬁmf’?iE‘P‘é‘Pe 1426 mﬁ?’@f‘-\ﬁlftgtge 8??{n§lptgtalir;‘§(gtb??%ﬁ(\%’?hgﬂeagé\ﬁdgy of
mecr obl 0ck gy gh oh ¥R lreldloP btk Mubi VES iGN 810 heridnanimbioCks  of
type k after encoding picture iE~~~a (i )Intra energy of picture iE, i

nt r nEst i mat@y,nli},acendingo thoforpilat ures of type mafter encoding picture

i cpk (i) The nunber of nacrobl oc&s of é(‘f{(pe kK in picture i4~k (i )Normalizing
factor used to 84ed¥ aBex eKBViwl - l(‘i)-)rk (i) The fraction of

macr obl ocks of type k in picture i T i k.nEstinated fr t.Q . rnobl ocks
of type k occur Wﬁ li Apspning theRitsAre p'i°d‘é°eﬂ1“éi’ct°8rrrﬁaa‘écﬁc lh} ﬁllgf:oftuaﬂ 8(%10%‘18’

i B(i) | deaUpinBa! edaforérsurdl e ’lchlovBY Giilliesd Willnigs avhiesiatinaf phitpesctBased based
on the relative conplexity of I, P, and B&jli&ures ?rior to enc idg icture
i B~(i) I ni t ioaB'(athgaate CBRrdbicreates o HeAIPEAHOR.oB, kI EAGS RASTA SR s MREIBFL P es
rior to VBV conpliance adjustnent prior to encoding picture iB(i)Final
Target CBRbBdget.al | ocation for rolling window of N pictures after VBV
conpliance adjustnment prior to encoding picture i 20. Br(i ~I deal / nom nal
CBR bit allocation for pictures of type mprior to encodin icture
iBm(i~Initial target CBR bit allocation E#I or to VBV conpliance ad' ustnent
for ictures of t a mrior to encodin ictufe iBnm(i~Target CBR bit allocation
after VBV conpliance adjustnent for



dictures of t a mrior to encodin icture iVBV(i~VBV fullness after encoding
picture iVBV,d~,i (i~ldeal VBV fullness after encoding picture i if
rate-quart nodel is accurate and in stead -stateVBVpredicf (l~Predicted VBV
full ness after encoding picture i based on the target CBR bit

al | ocati onQcan(i ~The CBR picture-level quantizer scale value for encodi ng

picture i Q-R(i~The prelimnary VBR picture-level quantjz cal e.val ue for
encodi n i ct ur e[0054]REBY gowplianse chgck meslaA3) rpleys; %H%ﬁfﬁvq\ifﬂ’ap =4

pi cture- | gyal fianhireflee S6bpYRk iStal Bf bRAEOHI(NG 1O bt/ BY (inderflowTie

guanti zer 'scal e value tor ding macroblock j in picture izTime constant

for the VERwaunderfidwiskirediptEd kd escuc olid canipdiates Hrogess hesowphshes thisehhr k

| oopa(i ~Pi cture-| evel agin ter ed tp .cal cul Eon~. ~ (i~ and rk, m
(i ~ak (i ~Werdicging hevtugpsfh ‘gfgm%ggﬁe%@ rredfufégé“ta‘h" B%‘I?E‘fﬁ‘g%“[eés Bﬁseé 5"‘16“? xk (i~
and ~k (i~ end], x, 3: Su ry tab f 0y STETS ' [ nt

poi nt3 i(n afﬁﬁggpﬁ‘l g’%@‘ﬁf?%ﬂ%‘%egles %g? %u% S%Qr amtégrgé}?nwdﬁ ?%tﬂl? %L{_p%(et:hg i~

s J PX, y(iGBR -ulgdithnl Wsdufs Citsvaillibs mbduead hin pickeancPxwitle she @sqpesedi By to row

x and colum y of macroblock | in theoriginals | §.C 4 &g J is
the set oféll P’bbﬁ@&’ﬁvqrn%‘?@& MEERtres c’iﬁ?aljpyg;%e] e %?i_{ﬁ-glr € the 1um nance
val ue of thesdabrRl aXcoding®f r esponding to row x and colum y of macrobl ock |
in thedifference izgge resultiing fromthe notion conpensation oficture i3
Macr obl ock codifh.a&idFglidnE, ¥.ar) si cture i 4 QCPR (i~ The CBR picture-I|evel

quanti zer scale value for encodingicture i5 {b(i, j~ . E J=. r he
nunbdf of Uit zatd-onNaep SYgest ‘giﬂfes‘tj‘étﬁr@rt&?eegg PichJr‘r? bes tf%a mr?ﬁngb ock j

in picture i Lo ]~ jaad e.correspondi ng quanti zer scal e val ue

f or encodi ﬁuﬁﬁ‘i'%)%‘f’%ca?d”b} hsals}g?lﬁ{ggfac}t%gv%@(b{y. -1~~ where VBV fullness after
encodi ng picture i %/— zr-_lé~k(1~\]~-i~fkiE=lg,j E, I~~~k (i~ k E K} is The nunber
of macrobl ocks of t|y8/ €= B cturei d~R{i~, k E K~ Nornmalizing factor

used to cal cul at®=eiBi.fi.a0dnk i, ik i§7%, =iaa K~ The fraction of
macr obl ocks of typegilg. in picture i ~pthetitidd, K E K ma M- is the Estinated
fraction of macrobl'ocksof type k occurring in pictures of type mafter

encodi ng phg‘etédﬁl‘gli.ﬁncéﬁ%%it_}ﬁnkihgﬁ}%}i% 11123 % Edj;g)ﬁyerage ener gy of nacrobl ocks of

type k inpicture 1{e is thée Estimated energy for macrobl ocks of
type kafter encngtirn_‘i(,ct uq)eﬁz@y(it;w'r'n)a (i) is the Infra energy of picture i
E"~e (i) is the’ Bt "ate infra energy for pictures of type m afterencodin
icturg i f ahduplidtes imdcoldidg to: where is the Estimated conplexity for

pi cturesof type maftﬁr encodbnghf%ctur i (and Mis the Set of picturetypes
(1, P, or B)X(i¥B¥,sudila "Bl odibrdlt Benpl rxﬁcft@'for picture i (using energy
scal efactor10. B~,_ (1) , where get CBR bit all ocatd _ 1d

conpl i ancead] us[f’?\"ﬁn&f plotoms RYLY ggf/m"“(f%@p?nlbﬁlP Vot ° egldggtr}gl .I’;ﬁ‘gﬁ 61?4?%{1& eix™"
(i) is the ti mated .conpl.exi A Jo o 2thelfyiGvi daey b&aten i cture
(oS e TRt RGeS e o BliSh AR of incliRGify BhdarimRicatel | ot ueG
OO oo TP DT Bl 25} 2ab) gt o R, PRPL Tl et generat ing

irst quantiza r 8/ Z8= a Con [ o controller
generating a second quanti zaﬁ%,nm{t)ep size; and a selector configured to
sel ect a maxi nmum perm ssi bl égquanti zati on step size fromsaid first
quantjzation step size and sai LAV QRISAGR. Dneieqbtalisie by a
quant?%er 1v8er,eh,,Egi%ﬁﬁgfggng‘?én%giﬁ%%ﬁgﬂgﬁgé%kﬁ‘g rate controller of claim
1, further ,Comps &b th%rcﬂwﬂg&ritmrrsﬁa@Qlees'siavgoﬁapndueashecama'ngareancmcect of
operation Por at least one of said VBR control]er .and said CBR controller.
15 3. The batadlocationsB5(i).eThekquation rf?@?"lé)\hérdéﬂﬁe%h}’ dmRpsing g °9}}§Ea‘f3‘a:‘@ﬁet er

i ncl udes at Ieas&_ gne o&@g égrget peak bit rate, a target average bit rate,
a maxi mum dBHptiba Mol e V8V me mi ni mum guanti zation scale, a target

guanti zer scale, a target buffe | e, .a VBV,.buffer. siz A
constant for sa[085‘i}é¥bcr%“ct@tcl(9n?¢Xgﬁg‘ionﬁp&laﬁea%d&us glndseé lﬁﬁb?%gﬂ'r’rﬁver age
20 bit_rate. 4. The rate contrghler of, cl.al dR&r & o vaepageadvt rate
of saiIZ% VBROESRISI lgfaﬁ?célclﬂns @ak’ﬁé’f?éﬁg tlmr%q%i)ﬁeg-term average bit rate of
an output bit streamof said video

13.



.conpression encoder. 25 5. The rate controller of claim4, wherein said VBR
controller conprises a proportional integral controller adapted for
tracking variations in long-termaverage bit rate. 6. The rate controller

of claimb5, wherein said VBR controller includes a 30 progranmable tine

constant for adapting to changes in Iong-term aver age bit rate 23. 7.
The rate controller of claiml, wherein said CBR con ses: a
pi cture apedryhs nextd¥ istusese dingtiisdit allacation,quay a"ﬁ‘Hb‘f“B maeg r*’r ent

picture i 50 Hep 5128 161 1id QRRpidTBe gk Toknilypes and calcul ate a
statisti c%ﬁ&tﬁ&oﬁnclat p i conpl eX|typ for ea%h macr obl ock type; 5 a

conpl exi ty nodel gggm e(z)coupl ed to said picture analysis nodul e configured
to forma pred ?ure conplexity estimte based on a statistical
frequency of said macr"'o lock types within said current picture; a bit

al | ocat i og, IR EMEPIRRYEGpS Of fidtd;a bit al [ ocation consi st ent with said
predicted pi cture conplexity estimte; and 10 q@l cture-| elﬁ%c gﬁ t| zer

assi ghnent nod[00871Rigstte Gn‘toém@s tregarest qyaniizer h & PALY? tent
Wth said ng#ﬁ B%ﬁ%fﬁ@ mfst bERBndeRBd FPhd Mikegef fof Icammtﬁnhty\mﬁhemmsaud

i ndi cat or I'exity conprises an energy val ue cal cul ated from an
activity mlﬂhmngelwntmomaﬁa@rfqmﬂ ageeeglationspt @ spepHisd MBARY B¥9 er of claim 7,
wherein said bj ARl oAERent BRbgtAgAdbldiate @ln{remtzson
nodul e confi guwoaélt lq.‘ljfng(‘??ate an%ll glea bi t 211 ?chgtl on based on_ an

est i mat ed indudes @xCBR ratk cantpoller 3P@ andh a\corte¥BR; retet qoampiley 2801 | st ¢ B #teBv)

full d |
o1 odle s orfoptlieh Pl st B o oPBR s Bftpdis 260 kg iblianichu balBabidis of bl
conpl i anc gate@djdis lsetenion mxstuless 10akity threadaximumdif Wt twodtitiratege dihe fingl YR ocat i on

to maintain VBV conp |anc roller for a video
conpr essi cﬂ\‘a‘gﬁé’bﬁ@f’ ’@G’rff)ﬁl%c}e%gfsﬁfgggépl E}E ut?}((a)tprJ a%e?s‘%gl@%mdul e confi gu\rliad to

determ ne a statli |caI é gﬁncy of each of at least two different types
i

of macr obl ockg,wk t fif*h a picture and for formng at |east one
statistical indi cafex othertiEe conpl exity of each of said at |east two

different types crobl a,conp t I I sai d
pi cture anal ysil goq%gﬁp%e E‘Bﬁ?‘f’ﬁﬁﬂte@e %gﬁko%%n%%grr e t% e eag%gao a‘?& thR
conplygxi tyan%%tfofr% é?%@%&@@ﬁ@by%&mﬁg ok 1@@Lténngelwqm Aavdmety of

al | ocatl on nodul e apted to forma bit allocation consistent from said

predi ct ed icking n&hmqmaalrﬁay lieyuse@.:t Tinese¢ may énctidpAfor exampls, Silters éo filberant §ig8int i zer

glsts ! gln Fgg;tteg}g ﬁg txaef\t%ng o 1stsr.!:1 hale%e%gtlnéathé ?&llg%x%p a\ﬁ%gg% BHAER B VRt sigiyh said

with respect to subsequent pictures within a group of pictures. One suitable tracking
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, Bgena between the average bit rate, Bay,, and
the actual bit rate, Bacwa is used as an input to adjust the long-term average bit rate. The

25 target VBR bit rate is given by:
By (i) = B i = 1)+ K- Bua(i)+ K, - AG),

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

Bdelm(i)= Bavg - Bacmal(i - 1)’

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

14.



11. The constant bit rate controller of claim10, wherein said bit
all ocation nodule conprises: 5 an ideal bit allocation nodule configured to
calculate an ideal bit allocation based on an estimted conplexity of a
picture; a video bitstreamverification (VBV) fullness adjustnment nodul e
configured to adjust said ideal bit allocation to maintain a desired VBV
buffer full ness range; . a VBg conpl i ance adjustnent nodul e configured to
adj ust said i delfi)= i 13t Poe dion 10 to maintain VBV conpliance. 12. The
constant bit rate conRtroller of claim10 [€i i eastp 0
stati sti cand Vhee @artaglglsc}ge %i‘fabg‘ﬁ gepgrpisd éﬁgeﬁi&g gllrr@él '?{élqecl%hn%‘rb1"§ gsR “2lan’ ener gy
val ue for each(ﬁgﬁr,ﬂ]t%l Sbatek &atio?t?reglﬁtinghgpéh@l'aéﬁ st ifinctiod giver:r ol | er of
ORMHE r value I's de '

claim 12, wher nerg a )g termned by a cal cul ation
including: a difference peqds r(memk’i fK edch macrobl ock type between
original pixel |um G@Se‘e—@%);%s—a'[{dg‘mﬁn"pi xel lum nance values. 20 14. The
constant bit rate controlfdr"e of ckai®m/10, wherein said at |east one
statistical ingjggaf foeSi SloRhtioh S Re@RAdeyivt thePRsPobal Guantiet s far the e
averaged energ Ogg]t?ﬁr%ttg e?‘gr 6(1)'[ | east one macrobl ock type. 15. The constant
bit rate cortVER higorithin, Of,ai avcdr@ing whtbe &mubai d conpl exity nodel nodul e 25
generates a neasurenent of the conplexity of each type of macrobl ock and a

runni ng esti mat @2=ﬁﬁé’_9pl ock type conplexities. 16. A nethod of constant
bit rate (CBR) T¥%t'e amypliol in a video conpression encoder, conprising: 30
for a current picture, determi ning a statistical frequency o | ock
types; gerreress KndFPaesenta e nanyipal |mqan P szﬁrpp]ieﬂ&f eyt \r%(}%!f_ ?‘/’coérf‘tﬂng@lH of
each type c%ﬁe%}%ﬁ&iﬁ% kO Gke iRtPal desifidC§liaffizen Geddé.C ITHIL e@atiph exddels the ifverse a
predi cted picture Tonplexity by form ng a wei ghted suggégf cr?(-)‘gil q[ck types,
wher a0n eachtionsbipdistwesk thy peankizes sglegiismamd the Qitpythits Prequeed,py qugryigation

statistical ,fre th a value of said statistical indicator; and
: e]P ditf! ;
generat i ngangv%rllz?’ P 1? catl ong

consistent with said predicted picture
conpl exity; ando@3hasiitinstratpdaingBignrei efor sheopasethe e atexuanitzaten modeli 4 bt
np y igjnstragedaing 28 .

al l ocation . The met hod of,clai,m 16 I ol i
stati st : caqu%ﬁdk 4% Beurd finstgg:“?‘{z/?t’l’é uﬁbgm%%acnﬁj %rngﬁgga %g%er Zerrrlgtr?t of
each macrobl o(ﬁg%g%% %@Eé@fﬁﬁ& &Béeru'f'al.'ef, pl@?gjz bunicagfaethy MBrRe faté BshtrioRan pi xel

| uni nance V&P e net hod o m 7, “further conprising: for
each gacr ophegkeduéfeio the HaliilenaNineRefedibasiataerobyystenakithg feedimck empsierdi ng

di fference neasurenent value by an enpirical factor and averagi ng scal ed

di fferencefunﬁamuﬁ(n)smvevéyiues over all macrobl ocks of the same type in said
current picture. 15 19. The pethod of (¢l aim 18, further conprising:
utilizing a rracm%l;%(abin arJmat er (%o*'ég)ﬁ:gnﬁp a_tinme averaged energy
|'dasB, 4o reG(0bl ek, tyne-(2+K,) 2 +27

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

estimite for at

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

For second-order control, we simply replicate the pole (p =2 — &™) from the first order

system, resulting in PI coefficients given by:

1-p
KP:z.(——p_J,

25 K, =—%.

and

15.



:20. The nethod of claim 19, further conprising: generating a neasurenent of
the 20 conplexity of each type of macrobl ock. 21. The nethod of claim 18,
further conprising: generating a running estinate of macrobl ock type
conplexities. 25 22. The nethod of claim 21 wherein said generating a
running estimate of nacroblock type conplexities conprises combi ni ng
macr obl ock conplexities for a current picture al ues. of @ preV|ous

picture. 23. Tife64}disingoe bifinedr éliaﬁﬁqugla“%éb%feﬁd@\gff gt fuectiop, 2 (z) P%yi ous
picture are ht 3 an. a 0w @ thq,lcqad B 16,
further cBRRR §ﬁtﬁdﬁ b%‘ﬁ%cfaqomﬁm %‘rﬂlneiqlrlt tggtﬁece}%%l}tgé %%%}gruit%ﬁ%or bit pr edi ction in
a video bndogttmam Eaneribn af cetrativtmial afog secoEl- or?lttrerrm@tt sfter | Gt ther,

further ris easyurin infr [ and
conbi ni ng MGG RmHE AL NP et S IR hiiedts B AELach cElddf 2

26. The mpirhed). ofrhil Mhppimd pertisradinpusmtbn offestinates fok ttadgionalf hmaaen@rrt@y for
said previous picture is weighted by a pi t?rure | evel gl ng.par t%% 27. A
met hod of ssmm ametﬁwtsur&htaé ﬂé?thdPtS‘Peq patiral; freqHseYo e BE SRR (]Ier aving a
vari abl e b|t & ont r ol hg.r with a peak bit rate and a sel ectabl e average
bit rate, E‘BH"BB f°ﬁ B f¥asuring changes in long-termaverage bit rate of
an output bitstre zgraof sai d encoder; and adjusting said average bit rate of
said vari abl e gpit te controller to track said changes in long-term

aver age bit rate. 15 28. The method of claim 27, wherein said adj usting
conprises: adapt Kn_gKto sai d changes in |ong- term average bit rate according

to a tine const=a . The nethod of claim 27, wherein said adjusting
conpri ses: adapti to said changes in long-term average bit rate according
to a proportional 20 integral controller response. 30. A nethod of rate
cont Bl i ?d vi deo conpressi on encoder, conprising: generating a first

quanti zation step;size using a constant bit rate encoder; formng a second
guanti zati on §t=eE—s+ ze using a variable bit rate encoder; and 25 sel ecting
a maxi mum quanti %tion step size for use in quantizing corrpressed vi deo

i mge data. 31.ogb8pOREbhRgt OF thel raiertonitollenos el pleseati idvéntioniingaciy mpyitses :
tracki ng Iogég termaverage bit rates. 30 32. The E}Et hod, of . cl

wher ei n_saised fosrreal Hme cophineriersrequipng & Spg! T"B‘Fl gelpgr Ao thEj Ir%e r ncfégeér usi ng
a pr og\?ggl ‘ﬁ%ak? krﬂf;l Ex?cleﬁé;%%ﬂ{puta%J%lly Aelf:ﬁc'&?nt X\l?g}&:}zas; \r(att; $nc2\)\c(1erA Ié eA a AfateHX N A
15 encoder not requiring multiple iterations of data to estimate the complexity of a picture w1fA
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 compliant 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 to Rpear = 9.8
Mbs and B, = 1,835,008 bits. Likewise, the constrained parameter limitations for MPEG-
1 are Rpeax = 1.856 Mbs and By, = 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, Qrarger is set to the desired quality level. Rpea
B, 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.
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UV] ca] ca] qgj feed] el
CaV] Cal co TR e X Koo oV E YY) ZhZp 2222l | et L ot 201 ¢] 1
caV] ca] caV] ca] d Aapthervpeds L PPERUPT 15 T Eﬁ%gé'ﬁﬁﬁa%ggﬁ e ¥V ca] ca] ¢
g]b(t:)g;fjx?ﬂq %?&r{e%%\%ﬁ@lmkdn‘g%g,?{o a des#radBil-dale? Yetfingdthe consapl Rita Finghd Bbe bbbyb

V] c~a] ca] cand]setihg Bl @a]i dhﬂ YBY| Camplignea Glagaaperopriaigly oy YBY] cATRiAeVRa] ca] ca
] Ca] ] CaL%%%b\(%a% %1 1{1/0@ that it rov1des true CBR video that can be written to VCD.
cabb bbcc c]]scaccc cC'dJINFjfnffffff{vpke [Skf ZU c”a] ca] ca
(\’ﬁ g’ﬂlfﬁ?ﬂ gﬁqéweg/‘ej @&]re\alyac?ﬁ ;ha] MW@]@&WG&}QY@V}‘%P% e focatherangdes; ;Jg‘]é\?f‘ca] cajc
<N Lidli
o' [ Skv] bapehore e ARty a0y Rt Sk PR e e DT EATER T
W] caV] ca U\/] B 2] C?Z\Ll] g%]bclt%\aﬂll& 9e]ttcfngl{t| %ﬂs\a.rﬁ?ate flag to be true.

VBY

[0070] Consider the example of burning a compact disk with Ry = 9.8 Mbs and
20 B,;, = 1,835,008 bits. R,, need not equal R, and is determined by the storage capacity of

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 @, , but not O, (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 By, . Freedom exists to specify Q,,, and
0, since the constraint on R, is soft. For a large hard drive, quality effectively trumps

rate, i.e., it is probably better to exceed R, instead of degrading the video quality.

17.
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UV] ca] ca WV] ca] caW cal] ca U\ﬂ caU] caW ca W] caV]ca UWV]ca]caV]ca]caV] ca] cal ca
WV] ca] caV] ca]caV]ca WV]caV]c V] caV] carrss¥%6s8sl
triwtat. t B Tt Ymthlgjlrw%wﬁaﬁﬁﬁbl]ﬂmﬁ{‘\?f e%aneaw]s@afea?a é‘iﬁ‘ dﬁm%\S)i o ca W] ca
V] cralv] C h% Chb eRcodM gl v CBYI hadeldvl ehiYt ervderd VBR|for
UV] ca] ca ca>ul uzuuuuuuvOv@vvvvvvw+wyyyyyyyyyyy{ voi b[ UN|

UV] caV] camdké]@mplﬁ]scfaw ca UWV]ca]ca UV]caV]ca]caV]ca]ca]calU ca UV]caV]ca

W] caV] ca [0073] Thus, from these examples it will be understood that a video compression
5 encoder of the present invention is particularly beneficial for applications where a video
compression encoder is used for applications having different constraints, such as burning a

CD, PVR, etc...

[0074] It will be understood that programmable rate controller 260 and encoder 200

may be implemented in hardware, software, firmware, or combination thereof.
10 Consequently, a software embodiment of the present invention relates to a computer storage
product with a computer-readable medium having computer code thereon for performing
various computer-implemented operations. The media and computer code may be those
specially designed and constructed for the purposes of the present invention, or they may be
of the kind well known and available to those having skill in the computer software arts.
15 Examples of computer-readable media include, but are not limited to: magnetic media such
as hard disks, floppy disks, and magnetic tape; optical media such as CD-ROMs and
holographic devices; magneto-optical media such as floptical disks; and hardware devices
that are specially configured to store and execute program code, such as application-specific
integrated circuits (“ASICs”), programmable logic devices (“PLDs”) and ROM and RAM
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.
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cav] Ca] ca R Apag o pap R bR M SRR a0 (o o o % o
W] V] ca] a\ﬂ 3 lfavgqscﬁmgtgrgé{la\%%lgg g‘wra?eadf?r@\axtgﬁ]bﬁ&l]eﬁﬁm bits/sec. However the value is

avg
related to Q. For example, if O, is specified, R represents an upper bound on the

average rate, i.e., a peak average rate over the window specified. If 0, is specified, the

encoder may not be able to reduce the bitrate sufficiently to achieve R, for some content.

The maximum bit rate specified in the sequence header of the bitstream used by the video
bitstream verification (VBV) model.

T The time duration in msec over which the VBR rate controller reacts to deviations in
average bit rate.

By The size of the VBV buffer in bits and the implicit value for the peak rate window size.

Oarger The target quantizer scale for all macroblocks used by the VBR rate controller. The rate
controller may override Q,,,.,, to prevent VBV underflow.

0 The initial quantizer scale value for the VBR rate control algorithm.

0 A lower bound on the target VBR quantizer scale value for a picture. However,
min | setting this value may prevent the encoder from achieving the average rate specified
by R,

0 An upper bound on the target VBR quantizer scale value for a picture.
mas | 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
Q... to prevent VBV underflow.

W, - The relative weighting for the bit allocation of P and B pictures as compared to 1
HZ; pictures (where W; is implicitly 1.0). Typical values are 1.0 for Wp and 1.4 for Wh.

10
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(Averdgde toMptexity of hddfdlodks b9 type k in picture i

A0

Estimated complexity for macroblocks of type k after encoding
picture i

Xx() Complexity of picture i

)?(,) Predicted complexity for picture i (using energy scale factor)

X, (;) Estimated complexity for pictures of type m after encoding picture i
W, Relative bit allocation weighting factor for pictures of type m

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

z () Estimated energy for macroblocks of type k after encoding picture /
Eira (i ) Intra energy of picture i

E,.. @) Estimate intra energy for pictures of type m after encoding picture i
@, (i) The number of macroblocks of type & in picture

D, (z) Normalizing factor used to calculate €, (z) and X, (z)

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

T,..0) Estimated fraction of macroblocks of type k occurring in pictures of

type m after encoding picture

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 {

B'(i)

Final Target CBR bit allocation for rolling window of N pictures

after VBV compliance adjustment prior to encoding picture {
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109 () - Y109%&' () - : 10%djugtinest=Forpidtures bf tyne fpyiRr 10)engo i()-1 1J0%& ()-
3+#10%& ({) g1(f)! 100& Tratgets OBHh big' aflpeatiohafter VBV comphance adjustment for
10! 1 Y41 T [|#10%wW& () ichibsldr e plior toEAOHRE picturd © 10
1011 7109y (@ T " ATEVRIGEs o R iChured
. N O L\
109& () - () i Wm ing picture i 1f rate -quant model is
& ()-1 l() Y4 accurate n'steltt Q{éfi pr #10
Y ore dm( ) Predicted VBV fullness after encoding picture i based on the target
CBR bit allocation
Ocsr (z) The CBR picture-level quantizer scale value for encoding picture i
Q,’,Bk(i) The preliminary VBR picture-level quantizer scale value for
encoding picture i that does not guarantee VBV compliance
O, i) The VBR picture-level quantizer scale value for encoding picture /
q(i, j) The quantizer scale value for encoding macroblock j in picture i
T Time constant for the VBR algorithm
K,.K, Filter coefficients for the VBR PI feedback loop
ali) Picture-level aging parameter used to calculate E,,,,, () and T, , @)
a, (i) Macroblock-level aging parameter used to calculate ek(z), %, (i),
and @, (i)

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

Signal Input/Qutput Parameters
1 o £,07) jeJ}ny(' 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
2 . { ”(i iy jeJ } 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
3 o Macroblock coding decisions for picture i
4 ¢ (O, (i) The CBR picture-level quantizer scale value for encoding
picture i
5 . {b(i ) J eJ} are the number of quantization-dependent bits
generated from encoding macroblock j in picture i
. {q(t _]) jeJ } are the corresponding quantizer scale value for
encoding macroblock j in picture i
6 o VBV(i- 1), where VBV fullness after encoding picture i
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. {’e'k () kek }is the Estimated energy for macroblocks of type £
aﬂer encoding picture |
8 o E,_ (i) is the Intra energy of picture i
o E, (i)is the Estimate intra energy for pictures of type m after
encoding picture i
9 o {X,(i);me M} ; 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)
o X (1) is the Predicted complexity for picture / (using energy scale
factor)
10 e B, () , where Target CBR bit allocation after VBV compliance
adjustment for pictures of type m prior to encoding picture i
¢ X m (i) is the Estimated complexity for pictures of type m after
encoding picture i
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—a variable bit rate (VBR) controller generating a first quantization step size;

a constant bit rate (CBR) controller generating a second quantization step size; and

a selector configured to select a maximum permissible quantization step size from
said first quantization step size and said second quantization step size for use by a quantizer

10 in quantizing transform data.

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.

15

3. The rate controller of claim 2, wherein said at least one parameter includes at least
one of a target peak bit rate, a target average bit rate, a maximum quantization scale, a
minimum quantization scale, a target quantizer scale, a target buffer scale, a VBV buffer
size, and a time constant for said VBR rate controller to track changes in long-term average

20 bit rate.

4. The rate controller of claim 1, 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
compression encoder.

25
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.

6. The rate controller of claim 5, wherein said VBR controller includes a

30 programmable time constant for adapting to changes in long-term average bit rate.
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10%&' §)- 10 10a complex1ty model module coupled to said picture analysis module configure

form a predicted picture complexity estimate based on a statistical frequency of said

macroblock types within said current picture;

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

10 a picture-level quantizer assignment module adapted to assign a quantization step

size consistent with said bit allocation.

8. The controller of claim 7, wherein said indicator of complexity comprises an energy
value calculated from an activity measurement of macroblocks.
15
9. The controller of claim 7, 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;
a video bitstream verification (VBV) fullness adjustment module configured to
20 adjust said ideal bit allocation to maintain a desired VBV buffer fullness range; and
a VBV compliance adjustment module configured to adjust said ideal bit allocation

to maintain VBV compliance.

10. A constant bit rate controller for a video compression encoder, comprising:

25 a picture analysis module configured to determine a statistical frequency of each of
at least two different types of macroblocks within a current picture and for forming at least
one statistical indicator of the complexity of each of said at least two different types of
macroblocks;

a complexity model module coupled to said picture analysis module configured to

30 form a predicted picture complexity estimate based on statistics of said macroblocks;

a bit allocation module adapted to form a bit allocation consistent from said

predicted picture complexity estimate; and
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a VBV compliance adjustment module configured to adjust said ideal bit allocation

10 to maintain VBV compliance.

12. The constant bit rate controller of claim 10, wherein said at least one statistical
indicator of said picture analysis module comprises: an energy value for each macroblock
type.

15
13.  The constant bit rate controller of claim 12, wherein each energy value is determined
by a calculation including: a difference measurement of each macroblock type between

original pixel luminance values and mean pixel luminance values.

20 14.  The constant bit rate controller of claim 10, wherein said at least one statistical
indicator of said picture analysis module comprises a time averaged energy estimate for at

least one macroblock type.

15.  The constant bit rate controller of claim 10, wherein said complexity model module
25 generates a measurement of the complexity of each type of macroblock and a running

estimate of macroblock type complexities.

16. A method of constant bit rate (CBR) rate control in a video compression encoder,
comprising:
30 for a current picture, determining a statistical frequency of macroblock types;
generating a statistical indicator indicative of a complexity of each type of

macroblock;

25.
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5 26.  The method of claim 25, wherein said measure of the intra-energy for said previous

picture is weighted by a picture level aging parameter.

27. A method of variable bit rate control in a video compression encoder having a

variable bit rate controller with a peak bit rate and a selectable average bit rate, comprising:

10 measuring changes in long-term average bit rate of an output bitstream of said
encoder; and

adjusting said average bit rate of said variable bit rate controller to track said

changes in long-term average bit rate.

15 28.  The method of claim 27, wherein said adjusting comprises:

adapting to said changes in long-term average bit rate according to a time constant.

29.  The method of claim 27, wherein said adjusting comprises:
adapting to said changes in long-term average bit rate according to a proportional

20 integral controller response.

30. A method of rate control in a video compression encoder, comprising:
generating a first quantization step size using a constant bit rate encoder;
forming a second quantization step size using a variable bit rate encoder; and
25 selecting a maximum quantization step size for use in quantizing compressed video

image data.

31.  The method of claim 30, wherein said forming comprises:
tracking long-term average bit rates.
30
32.  The method of claim 30, wherein said forming comprises:

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

27.



