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The present invention relates generally to multimedia data, and more specifically

to multimedia data compression.

Background

Due to the explosive growth and great success of the Internet and wireless
communication, as well as increasing demand for multimedia services, streaming media
over the Internet and mobile/wireless channels has drawn tremendous attention. In
heterogeneous Internet Protocol (IP) networks, video is provided by a server and can be
streamed by one or more clients. Wired connections include dial-up, integrated services
digital network (ISDN), cable, digital subscriber line protocols (collectively referred to
as XxDSL), fiber, local area networks (LAN), wide area networks (WAN) and others. The
transmission mode can be either uni-cast or multi-cast.

Similar to the heterogeneous IP network is mobile/wireless communication.

Transport of multimedia content over mobile/wireless channels is very challenging
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bit rate as close as possible to the targeted bit rate, which can limit the adaptability of

the quantization parameter (QP) selected for frames of varying encoding complexity,
which can then compromise the visual quality associated with the encoded video.

There is therefore a need in the art for rate control techniques which can
maintain a constant bit rate for a transmission medium, and yet provide a degree of

variable bit rate capability for relatively good visual quality for the viewer’s enjoyment.
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with instructiopns for determning.a first quantization
secon‘c;i portion of the multimedia data based at least in part on the%emporary bandwidth,

said second portion being temporally received after the first portion.

One aspect is a computer program product embodied in a tangible medium with
instructions for processing received multimedia data, where the computer program
product includes: a module with instructions for determining a first quantization
parameter (QP) value to be used for encoding; a module with instructions for encoding a
first portion of the multimedia data with the determined first QP value; a module with
instructions for determining a temporary bandwidth based on the first QP value; and a

module with instructions for re-determining the first QP value to be used for encoding a
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includes: receiving a targeted bit rate for video encoding of a plurality of video frames

of the video channel, wherein the plurality of video frames are for a first time interval;
encoding a first frame of the video channel, wherein the first frame is encoded with a
first quantization parameter (QP) value and with a temporary bit allocation; ppdating a
moving average of quantization parameter with the first quantization parameter (QP)
value; computing a bit allocation for a second frame immediately subsequent to the first

frame for the video channel, where the computation for the bit allocation for the second
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a bit rate for a multimedia encoding process.

DETAILED DESCRIPTION

Methods and apparatus encode multimedia at a targeted bit rate and yet permit
variation of a quantization parameter (QP) to encode video of varying complexity with
relatively consistent visual quality. Multimedia data can include visual data, audio data,
or a combination of both visual data and audio data. This permits the QP to be varied
for relatively good visual quality while maintaining targeted bit rates for applicability
within many constant bit rate (CBR) environments, such as within transmission or
broadcasting environments.

Conventional techniques for bit rate control sacrifice visual quality for bit rate
control. For example, Chapter 10 of Test Model 5 (TM5) from the MPEG organization
<hitp://www.mpeg.org/MSSG/tm5/Ch10/Ch10.html> describes control of QP in a strict
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individual channels can have a targeted bit rate that is constant over these period

intervals.

Figure 1 illustrates a graph of a “pure” constant bit rate (CBR) system with time
along a horizontal axis and bit rate along a vertical axis. Figure 2 illustrates a graph of a
piecewise CBR system with time along a horizontal axis and bit rate along a vertical

axis. Targeted bit rates and examples of actual bit rates are illustrated in each graph.
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and the encoder 310 can ) .
encoder 310 uses as a target bit rate control. The processor 300 modifies the target bit

rate control By that would ordinarily be applied to the input of the encoder 310, and
provides the modified bit rate By as the target bit rate control instead. This provides
the encoder with an adaptive bit rate control which is sufficiently constant for CBR
systems, and yet sufficiently adaptable in response to changing visual complexities such
that a visual quality of the encoding is relatively constant. For example, while an
overall bit rate used to encode multimedia can approach the targeted bit rate of a

constant bit rate (CBR), such as the “pure” CBR environment shown in Figure 1 or the
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t S ne 3 ] tes.a.long-term..
ol b ot B Ve or e W AEIELE B oB sy Tl e e iy of the
exiientigllysweighted rhivngrasdragecCEOP. B #ainys aUsies valheldas be used
encoder 310. One _or npre of variqus |long-term
as éﬁrggg PEWL 2 finple Moy deipgergn hexunst & defanlt value, such as an
BRI Rk e YR ' -age C b .
eXused. Eqéug)ir it%enﬂﬁggrt?gﬁgﬁmg% %%g?éﬁﬂg& aﬁ{’%éﬁ 1nema Nt a%p ropriate
vakie afor fles smpothinguconstant BN0.3LBERA systena oRBYatifs of |50~ frémes per

e B S by SRS St

thegart.ndi cat es a snoot hi ng constant, and QPip indicates a
short-term QP val ue, such as the nost recently used QP
val ¥herdeqhniiyes pan epe apily faigenernting hedpng-tertnheatistit t Aofimple

3 i, ndi heg_val el ng, ¢ uted, The LT
mc{vgl'?% %féefa%:é’ gchlE Q%)s?"’b:eﬁrgse%r ;Aélwlﬁleal?alﬂl—welghteg TRovie averape & Fso be
used. A median value can also be used. Combinations of the foregoing can also be

used. Other techniques will be readily determined by one of ordinary skill in the art.
The short-term statistic QP p and the long term statistic LTQP are provided as
inputs to the first adjustment subcircuit 306. These values are used to weigh a modified
bit rate By, based on the short term and long-term QP values, to generate an adjusted
bit rate B;. For example, the first adjustment subcircuit 306 can perform the calculation

expressed in Equation 2.

OF, p~LTQP

Bl <_Btemp X2 4 (EQ- 2)
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expang st ule ot B B Mol e ERYHy BBufup Ms seqpag adjustment
sutslianiy868.i Fot dxanmpdk, tisst sedotd adjusinentBubéifcuitcd08tdad @bpute a value
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adj ustments that are not expophential can be used,
i ncludi ng, but n | i Myt esf B, other non-linear
adj ust nents or e\?éée(’f" ﬁn?bgg adj ustments. 1n addit 63

rat Bl kPARnEAMBG LSRN Q5 rﬁ‘ﬂ'uﬂraé%(ﬁ g{f %ﬂaﬁ?g g?'o?;A& I?s%ponential

like can" be used’to retrieve a
adjperora} pReidesn irclgfivetyy lergeEghaiges nfo?, thasmadifiedi bit abte B, for

) HHED et BT O50ofleh  bo ST b Rl s
Hom@der, iogitbr Ridfustoddns BlaB@Re not exponential can be used, including, but not
limited to, other non-linear adjustments or even linear adjustments. In addition, rather
than compute a formula, lookup tables and the like can be used to retrieve adjustment
factors for the modified bit rate. In addition, prior to providing the modified bit rate
Biemp to the encoder 310, the modified bit rate Biemp can be bounded by, for example,
system limits for minimum and maximum encoding rate values. The value of y affects
the dampening associated with the exponential adjustment. The value of y can vary in a
broad range and in one example, a value of 1/48 for y was found to be effective. Other
applicable values for y will be readily determined by one of ordinary skill in the art and

may depend on system constraints, such as buffer sizes. In addition, where system
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conmeatioBvEthpFigare: hethes fxpss ohrampuiations can §a useskigrgsneratet h%long'
¢ encogg%r Ez;-lg? can foll ow Chapter 10 of Test Model 5
SRS s The MPEG or gani zati on

<ht t ¢ éﬂawm’aetgrg@f o1t MBSGst mbdiGhd Git Ceds0 phttially tiased on a value
co e
assocT:Pced w1th the long-term statistic LTQP. For example, the modified bit rate can be

generated by application of Equations 2 and 3, which were described earlier in
connection with Figure 3. A processor means, such as processor 300 of Figure 3
performs the determining and modifying acts of states 420 and 430. An encoder means,
such as the encoder 310 illustrated in Figure 3, can then use the modified bit rate for
improved video encoding in a quasi-constant bit rate manner.

Figure 5 is a flowchart generally illustrating a process of modifying a targeted
bit rate for encoding. It will be appreciated by the skilled practitioner that the illustrated

process can be modified in a variety of ways without departing from the spirit and scope
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thafds Frobs erceded.n Far gxamimle,the contextcanibetfberenehsling eampjexity, such
asfﬁnoé'ﬁ e%@éuﬁiéoxﬁﬁlgxl opeof the invention. For

‘exanp i n anot nbodi nent, various portions of

t he Figurei$t isat fdwphot g&ﬁarﬂk}ﬂﬂlb@tramﬂgba ARthodcaNpldeessing received
mulfitiedia n(ﬁ?a it mqpbg laltogrgcr:}gtte by tﬂg %Eﬁl%d practltlgger that the illustrated
method can be modified in a variety of ways. For example, in another embodiment,
various portions of the illustrated method can be combined, can be rearranged in an
alternate sequence, can be removed, and the like.

The method begins by determining 610 a QP value to be used for encoding an
object, such as a frame or a macroblock. Initially, a bandwidth selected for encoding
can be provided by, for example, a multiplexer. The method can then proceed to encode
620 the object using the determined QP value. The method can then determine 630 a

temporary bandwidth to use for a subsequent encoding. This temporary bandwidth can



[0058]

[0059]

[0060]

[0061]
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such as frame or nmacr obl oc Initially,
hktear'lﬂw @phramsllatdtl@@ 1 lgmgéﬁ@bgfptmjlc determinator 810, and a modlﬁed bit

rate determinator 820.

O_

The long-term statistic determinator 810 receives a prior QP value that has been
used by an encoder for the encoding of an object, such as a macroblock or a frame. For
example, the long-term statistic determinator can compute an exponentially-weighted
moving average of the prior QP values. The prior QP value and a statistic, such as a
weighted average from the long-term statistic determinator, are provided to the modified
bit rate determinator 820, which determines a modified bit rate to be used in the
encoding of a subsequent object. For example, the bit rate can be modified from a
provided bit rate to permit enough variation in bit rate to permit quasi-constant quality
encoding performance, and yet maintain control of encoding close to a targeted bit rate

such that the encoded multimedia data are compatible with constant bit rate systems.
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logwab d)ém:ks;rmochﬂest el hlghethmTh@s&msaﬂaﬂuﬁ coftdctife®ith thPexamples
an encoder 720, and a tenporary

t 7
dlsﬁ@ %‘imrga?fﬁl Jee Fan implgRenie as [qieptopior hdpprey éirém%t gpmputer
soffwiled 81818 ARS nAcrtdo 2 b @otnBirRBotS ﬁl@ref?g 0 "J?J(; gﬂﬂqte this

provi des the QP value to the encoder
intgrebangsability O%hp‘dwarwamhmﬁwmhvatmue rifustatioe caﬂ@oﬁcmts blocks

il BB, 3P oo T B8 ke AR A ey A ot of thei
ﬁnm‘.lcﬁalﬁ?d et she B@icabNalRR N6 il dnedae bsrnainRte 68Qoftware

to the QP determnator 710 and uSed to generate a
depgrgs agoR e RaptiGan app! IE@mof}nqunglﬁnecoasiir@nta igpesednon the overall
g | f us_for
syﬂédﬁ‘ugtﬁlfﬁﬁg a&’%fig ﬁxtag eﬁm%%ecn%e% Iﬁglcgﬁrgag éf r{1gva:rymg ways for

eaq]m'pmﬂar dppligdtioh, g saﬂpmqﬂemélﬁdtldwddcisﬁorﬁ lshbhlgahot be interpreted

racti ner that the illustrated apparatus can be
1%.%4? g ah fipm thersgorsrolitg disclpssd msthodst e, t he

conmrag epdrbus aﬁ'llu%tﬁf@ PRERLE bldcRE H‘E)dﬁfégb LIk %1 chif! (fégcnbed in

i npl emented by firmmvaré execut €d ener al purp
corpreoiders with the em'bgdmwlntssdlgaiededdremmembe mnplednenttd loe performed

atus includes a t.erm stati st
withof SRPRL Bt HodfiEe, 3 Aighl SaD Hofe SR o ampliation
speBAlt iriElR8dd cHbeit ((ABIC) ar fiR18 b irstinfab e aE r&—faﬁt(FPG% Qr other
receives a prior QP value that has been used
progﬁaé@gélp ef B}gq HisVisac (gléqcmje ofate noro bjapgstor slggllq, algscmete hardware

eﬂ@sl Q¢ 532 lcoflib r{aﬁ thegé)cff c?@é%g% % gerl% %egfun fidis described

satlsflc termna or can €O
herewp oh garerall fuypose pgletwdr may be a microprocessor, but in the alternative, the

processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MiCToprocessors, one Or more microprocessors in conjunction with a DSP core, or any
other such configuration.

The method or algorithm described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in RAM

memory, flash memory, ROM memory, EPROM memory, EEPROM memory,



[0066]

[0067]

novi ng average of the prior QP values. The prior QP

value and a statistic, such as a weighted average from
W@ b@olognge t erm stati stic determ nator, are proRCHES00€008488

the nodified bit rate detergynator 820, which

determnes a nodified bit rate to be used in the

encodj of a subsequent object. For exanple, the bit
ref AEt: B i FameTGlp o i BNS SN b fa of gorage medium
koB&nMht th€ RAUI R n V@ 1& QBral @ |dfurh 3 ‘é?lgﬁecp & Hlet progessor, such the

quasi - const ant qua |ty efcodi ng perfor mance,
progessor & resdninfopmatién fomp dmchyndxt mf@ntation t¢,ghe stoeage biddium. In

uch.th t t he encode di.,a data ar
tnf i n e RRERE R0 Hidarl 6 YRR G0 dBp prosssser and
th®btofdge Irhedimhgy Adside MR dh h310dertsd ARLC Whdtretifl &1 %Eér%‘rmmal
and signals may be represented using any of a variet
Ingthe dplieppativn: the cpmv@sa@gu and thedstormehningdiss nFyr residanpd d;lscrete
Cog‘%ﬁeméﬂlnéoﬁﬁl‘éﬂé c_omTands i nformation, signals,

ch| ps that may be ref er enced

t hr dmrmwlonm eesaﬁpu@ detherdigldsed embydReentLRIPEEDEEE &ble a
vol t eaﬁncurrents electronagnetlc waves nagnetlc

PefOB S Hher a1t 19 1Bdke ogpise dha Prepeat yetion aVﬁll"l@lSé"QOdlﬁPatlonS to
0 i

35 BN VO S e R S0y 5O e i

prinkiplestdefined/ berbinghayabe zt;iphe&m otherchxkap]lesand aédhgonaltemments may

escribed in conne on | es
oo R oSG HEPE Anas * BN B e aleonts ks Bipessor 300 may
belafbiy fid/driredViced Mﬁﬁ%ﬁﬁnﬁg}&%%éﬁtloﬂ gfjﬂh@ YWecEssor. One or
m crocode, or conbinations thereof. To clearly

2 Gombiagtion s thﬁwPr;f?C(FSﬁ@re?rQQhﬁlf@@mﬂelr 31§ aml theadathweions 32Adnay also be

R i A AT RN T —

the)QPatetdrinynator 116 an emfodehma arfdus t&npbiﬂﬂhrlﬁaﬁdwmﬁﬂétéﬁnmator 730
h functionality is inplemented as hardware or

S
m%}%? waPemed Kk tepEanacAe Phg donederR sigiiste dstaramatgi810 and
m&ﬁﬁéc%lt EROGLEMiRLS 825319%‘(3% 961n61t1§d QQAI%EEMggﬁySt em
| ed arti sans may | enent escri
f undihu@,n‘é)blnrysenh 1mvantyomgs natyintchded eabh lipaitedi mutlharembodlments

icatjon, but | epent ati on deC|S|ossh

sni8 b e 5 B afecitod BB oGt scaneamPaieR pitb s HeACiples and

no$€lapauRt disbRsél p&bipsed net hods. [0064] The vari ous
illustrative |ogical blocks, nodules, and circuits
descri bed in connection wth the enbodi nents di scl osed
herein may be inplenented or performed with a general
pur pose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other
progranmabl e | ogi c device, discrete gate or transistor
| ogi c, discrete hardware



conmponents, or any conbination thereof designed to

performthe functions described herein. A general
WE0pns®ser ocessor may be a microprocessor, buPCT/NS100€008488

alternative, the processor gy be any conventiona

processor, controller, mcrocontroller, or state

machine. A processor may also be inpl ement ed as a

combi nation of conputing , €.g., a conbination
Wkt i8 clagRedf3d @ mi croprocessor, a plurallty of

m Cr oprocessors, one Or nore ni croprocessors in

conjlnct i® mabhqdlnfa)rmlng)ree¢1vod nmit;mmilh data:cumbnsmg

configuration. . The rre hod or

doscr  beder AR s (LGRTHon LSOt Dobk Sabp de 5w for

her einbodiBy; be enbodied directly in hardware, in a

sof tware nodul e executed by a processor, or in a

conbi nat iBEOERE eHESk REBtioMok e tliimedisdiata withyhe defentgned first

in mepory, flash memory, ROM nenory, EPROM menory,

EEP nenory, regi sters, hard disk, a renovabl e disk,

a CD- ROV determirtiyg @ tdmegorirgband¥ids basad on mROiihORRvaMB8; ind

the art. Agﬁexawole st qr age nedlun1|s coupled to t he

pr ocessoreEgteRm %é% e fehe lilﬁﬁflofoﬁﬂlPthng a second

f r orgort@difofihé hﬁllﬁrﬁ&ﬁﬁ HEtE 3Lkl leggtriﬁ pakt Qﬁl&lﬂ@ te ﬂg}gmi(f%dth

the "al ternative, torage nedi um nay eln

t he Spldcﬁ@e@@mortldihbe‘lpg tmqmsaﬂy ramivctdm’tesﬂwﬁtg@mm um

may reside in an ASIC. The ASIC may reside in a user

termnal, hi the alternative, the processor and the

St ormge IMEirethoays dEsi tHeurer ShiAprigh® conponents in a
user termnal, [0066] The previous description of the

di scl osedlelErBEERgE ﬁ@f@ondsvab%edmsqbqn the preuionslyaispd fist QP value
ski la!n@%t Ierti?B@oﬁfe}pfegl ?I onsétpt\g? Pr esent

i nvention Hese enmbodi nent s

will be readily apparent to those skilled in the art,

and .t he ner i ples defined herein_ may

appl3ed tOSRH ﬁ?f @iéwm &<Vheien serdetersinamg e é@mﬂr@ryrbaydmdth
ridglded. For exanple, one or a conbination of the

elenents of the processor 300 may be conbi ne and/or

r ear r adgfethining ltle tempbfazy bamiyidtheasqpkatd¢dsopstiatly drhthe first QP

pronﬁ§or ﬁhe or.a conblnatlon of the processor 300,

t he BRESHE AP0 ¥ l¥e data store 320 nay al so be

conmbi ned and/ or rearranged in sone enbodi nments.

Simlarl one or a conbination of the QP determ nator
7104 an dJuethod 2d cdaimn 3, whensty m—gietmumgdﬁmther comprises re-

det e
GeiEh AL 08! Rl R LS Bh B R RS vt e

sedmnﬂ vnahleeamﬂeimget hatdwldtazo may be conbi ned or
real, r ange[%e method of claim 2 further comprising:
increasing the temporary bandwidth if the first QP value is higher than

the second value; and

decreasing the temporary bandwidth if the first QP value is lower than

the second value.

6. The method of claim 1, wherein the first and second portion of

multimedia data respectively correspond to first and second video frames.



[0067] Thus, the present invention is not intended to

be limted to the enbodi nents shown herein but is to
wheotanewsded t he wi dest scope consistent w th PEEUS2006/008488

princi ples and novel featuregg disclosed herein. CLAl M5

What is clainmed is: 1. A nmethod of processing received

mul tj medi_ a dat oM. Si . determ.ning a. first ) )
quanti zat ﬁnﬁgﬁ"gﬂé@%‘m t %%)‘he@ﬁ?lﬁ‘énﬁlﬁg BRCelyaRgrr frleast piecewise
REER0taRC RGN Jarkl Tl ddBfy i idth AL
cod{;lta wth the determ neéﬁiﬁ?r{réggﬂe(g%?n\#g’%ﬁg; %@%@gﬁﬁ% least
partiatkyomea sonpdexdty ofthe akimedimdatinto B ersbdéd® val ue; and
re-determning the first QP value to be used for
encodi ng a second portion of the nmultinmedi a data based

at Igast THe methbd OF i@ 1,eRPRAEAEN PRI ning®R fhe temporary
second portion being tenporally received after the

bapgwidth pideast partialfy bappé onetcRvigxodf the mulimediadath éo be encoded.
conprising: determning a second val ue based on the
previously used first QP value and at |east one other
pr evii. ous | Thewsathbd ofFf 34im@, witdkdig theXonfxecorapiies cohplkiy.m
2, wherein re-determning the tenporary bandw dtﬁ
conprises: determining the tenporary bandw dth based
at ligast Fabyd : V, e
Secand varnarbahil B phtSsthd shocvea AN dhid” the apparatus
comprigager m ni ng further conprises redeterni ning the

tenporary_bandw dth based at /| east partially o he QP
val ue, t eag%g%rnget%%l&g aaﬁﬁ“ élu?%tfzﬁgf’n ) ﬁt@Pt)S‘falue to be
The wied f@en&ding; ai m 2 further conprising: increasing

the tenporary bandwidth if the first QP value is _
hi gher t Hegang Her saeasine wafitse postinh @6dheasyltimediaedata with the

t ' .f the first alue is | ower
{ hari el Bt vt Qrvalue

econ ue.
means for determining a temporary bandwidth based on the first QP

value; and
means for re-determining the first QP value to be used for encoding a
second portion of the multimedia data based at least in part on the temporary

bandwidth, said second portion being temporally received after the first portion.

11. The apparatus of claim 10, further comprising means for determining a
second value based on the previously used first QP value and at least one other
previously used first QP value.

12.  The apparatus of claim 11, wherein the re-determining means is further
configured to determine the temporary bandwidth based at least partially on the first QP

value and the second value.

13. The apparatus of claim 11, wherein the re-determining means is further
configured to determine the temporary bandwidth based at least partially on the QP

value, the second value, and a target bandwidth.



6. The nmethod of claim1, wherein the first and second
portion of nultinedia data respectively correspond to

wo peosp9mse second video franmes. 7. The net hod oPCTIUSI0NG/108488
further conprising receiviig an at |east piecew se
constant target bandw dth, and nodi fying the tenporary
bandw dt h based at |east partially on a conplexity of

t hel4vul t Theeatiparagistod clagmd, BEdSHEIPHINg he et hod of
claim1,_ further | b t & PrMlue i
lﬁw%[s 1{3? ﬁnc‘f%ﬂlrlgt Pk Q?r?ﬂﬁxga?f BhiWAGh! f1ehd ERRABWlue is

bandw dt east parti al sed on a context of the
mul hiigh®@cthan akecohd vhleegmdoded. 9. The nmet hod of claim

8, wherein the context gconprises conpl.exity, :
appar at uS1efsy f%f) [5Eees ﬂ‘%{%’é’f%& r?%%ﬁ%gfi the é{a%%tac,sp Yadue is
ap PR WonGRERChRd e means for determning a first

guanti zati on paraneter (QP) value to be used for

encodi ng; neans for encoding a first portion of the

mul L media data w th t:h t ' i ¥ndeporti f

rreaié‘ foirgﬁ@lpg?rﬁﬁuﬁi gdgl%% gﬁ’pg’?ﬂ;érr@ﬁgtg%d{\{/\ln% %tag) gagééld Bnon @
multfiBedih Bsth r@eé&ﬁ'el&ﬁion@é}ﬂmﬂ&@ fisstfand s¢cend etdeo fianieng t he

first QP value to be used for encoding a second

portion of the multinedia data based at |east in part

on tpe t J meSAlcHive® GRNHnRERt §48 BEi Hparatus

terr%g'r al %y%p?é%g%ﬁ\llsggﬂa tog‘%gg{nﬁe fi yst portion. 11. Thdeiﬂ
codpigingt us of claim 10, further conprising neans for

determinin

a second val u ased on.the preyiqu
used fir %%@d\%ﬁ’%&gﬁﬁ 1§ deRERmng grsggﬁ&tﬁ%fgéﬁ%ﬁgﬁgr @)
useq fu kS be (Rt tRodihg; wiére tRpaRbaéus fiathe banfiguidd to encode
erein the re-determni nsﬁtrreans is further configured

to dadiretrpoirtien ofithe mukisendis Jatp andnthedeterminedfingt QF alie; and
tiall the figst !
13 rhe Sopieirt eobithrele d il ey BRRRVINTRAES on the

r e- gpipPivaluely means is further configured to
determ ne the tenporary bandw dth baaed at l}?aﬁtt P value t
partial | yvhsrein e eyooder igeonpigged de shdetimppe he it QP value to

rar Q%tusgg?&v@n%&né% seddifil ﬁt?’ﬁ@ﬁ AF U Allthh&idAd based at least in
further conpfising: means for increasing the tenporary
bandhaitcinhthé fenipvearkibeadwigh, waidisecdrsl portion being temporally received

after the first portion.

17.  The apparatus of claim 16, wherein the processor is further configured to
determine a second value based on the previously used first QP value and at least one

other previously used first QP value.

18.  The apparatus of claim 17, wherein the processor is further configured to
determine the temporary bandwidth based at least partially on the first QP value and the

second value.

19.  The apparatus of claim 17, wherein the processor is further configured to
determine the temporary bandwidth based at least partially on the QP value, the second

value, and a target bandwidth.



hi gher than the second val ue; and neans for decreasing
the tenporary bandwidth if the first QP value is |ower
w0 ban/ovdees second val ue. 15. The apparat us of CcPEI/DS206/008488
wherein the first and secondgportion of nultinedia
data respectively correspond to first and second vi deo
fram%s. 16. An apparatus for processing received
mul t4%edi Hheganparatys el elpighl %t WReTEHHE inE9Gegsor 4p fathes genfigured
toconfigured to determning a first quantization
paranmeter (QP) value to be used for encodi ng, where
t he encodeereass theteniporarg bafidvgidthel thofimh QPdenlee fihigter than the

portion .of .the cimlti nedi a data with the determ ned
fir<sF°WH WH%Ed and a processor configured to

det er m nejedreh&MPL i@ fior teidih Pene 4@l et id Rwefdhan the
val ue; wherein the encoder is configuredto

re- dee@diaie- t he first QP value to be used for

encodi ng a second portion of the nmultinmedi a data based

at least in part on the tenporary bandw dth, said

sec@1d pdrte appapein@f todaipoOl 6| WhereBC Ehe Eigst adridesecbi@® portion of

first. portion. 17. The apparatus of claim 16, wherein
mylfmeg specti¥ely Gprerepne tniitsiidegeens dekimere a

second val ue based on the previously used first QP

val ue and at | east one other previously used first QP

val 28, 18heThppappsr et ukinf 16| dinthet 7comprésing nmetdidng a target

rocessor is further configured to determ ne the
baﬁ%@%??ablgﬁg\ﬁﬁea‘?ﬁ based at |east partially on the
first QP value and the second value. 19. The apparatus

of claim 17, wherein the processor is further ) .
confd3gur e qosIdarepioRrAan hieduce epthodied iraadiangible bwdam with

X . ' h h d I
g ARG Lo B a8l S BOBEBS rocc

condpeismign t he processor is further configured to:
i ncrease the tenpglr,ary bandwi dth if the first QP val ue
i s hi gher® PAGHE it BEEISHANS 49r determuming a first quantization parameter

(QP) value to be used for encoding;

a module with instructions for encoding a first portion of the multimedia
data with the determined first QP value;

a module with instructions for determining a temporary bandwidth based
on the first QP value; and

a module with instructions for re-determining the first QP value to be
used for encoding a second portion of the multimedia data based at least in part
on the temporary bandwidth, said second portion being temporally received after

the first portion.

24.  The computer program product of claim 23, further comprising:
a module with instructions for determining a second value based on the
previously used first QP value and at least one other previously used first QP

value.



decrease the tenporary bandwidth if the first QP val ue

is lower than the second value. 21. The apparatus of
wW@Lb@icnvd8s wherein the first and second porti oPCDS2006/008488

mul timedi a data respectivel ygcorrespond to first and

second video frames. 22. The apparatus of claim 16,

further conprising receiving a target bandwidth froma

mul t39pl exidie, copputer Pogtsm Brodyslonh elaing 2dd wheradmithimedule with
: D . : si ng
e e o b e o R ot

conpr i 8imoguleavittothstrectiuns fori desrmirdnhg tirsethporatichaadwidih bgsed at

For Tentuttialy o fiasii @8 KR o ek Setaighlir o encod ng
a figest pet dopipudr Iﬁgrlai’ﬁlbiddﬁﬁﬂgia?ﬂﬁ‘ﬁ P AWHRrdil8he module with

_deternmined first QP value; a mpbdule wi th instructions
ingtyictiges & erferymaning fpiherr sontpaisdsiadmidiaseith anstiugtions for re-

' . v : I i instructiong f
aclertlnd e ReitBrofoSpnlh Aot ol ool Bk s, B value, the
seevt@dodhegaal seegenbamiwitihon of the mul ti medi a data based
at least in part on the tenporary bandw dth, said
second portion being tenporally received after the
11 o7 PO Qmplhr pId i ’ Ghe:
claim 23, fur Wefergg ?@?%Epgfo%%gﬁvﬂﬁegg%knaﬁg
i nst r uct iaonedifle withanhstrurtinnnfpr incsexstngdthy edmiporingaddwidth if the
t he previously used first al.ue and at |east one
ot hﬁs@%y%ﬁggé@g@é@tﬁ §$§E¥’V@1§F;@BZS. The conput er
progr am prasugé wath isdtaicibedtor WEGERY thb EniRAMy& i ith if the
instructions for re-determning the tenporary
bandstdlh value isewer tep theseeondavatmedul e wi t h
instructions for determining the tenporary bandw dth
based at |east partially on the first QP value and the

sec@sd vatheeomplter Phezran Ppotuet oPeloigd 20N vitiedei Ghe Bfst and second
claim?24, wherein the npdule with instructions f

poren el mstiagiata resnsetively aprrosperd & frstRndgcomckyideo frames.

i nstructions for redetermning

29. A method of adjusting a bit rate for a multimedia encoding process, the
method comprising:
recelving a prior quantization parameter (QP) value that has been used to
encode an object;
determining a long-term statistic of prior QP values; and
determining a modified bit rate for an object to be encoded at least

partially based on the prior QP value and the long-term statistic.

30.  The method of Claim 29, further comprising exponentially adjusting the
modified bit rate using the prior QP value and the long-term statistic.

31.  The method of Claim 29, further comprising using a targeted bit rate to
adjust the modified bit rate.

32. The method of Claim 29, further comprising computing an

exponentially-weighted moving average for the long-term statistic.



the tenmporary bandw dth based at |east partially on

the QP value, the second value, and a target
whandnpwssh. 27. The conputer program product o0PCT/IUSI0NG/008488

24, further conprising: a mpgule with instructions for

i ncreasing the tenporary bandw dth if the first QP

val i s_highe h t he second val ue; and a nodul e _ )

i 3? nstig @e‘?t@?ftof_ra Claizicdh B GOTRESIPE PpRiding the modified bit

ratB BN HoBer 4 attheﬂc bif She &7 aﬂ%{)té'é‘t fobeleQWdeqt han the

second val ue. 28. The conputer program product of

claim 23, wherein the first and second portion of

mul t,i,medi-a dat especti.yel.y . .correspand to first and
Secor vite st R 68 B Y iR BRI ar Gpminipe 6 emporary
barididt Aleast paidliyRbdor BCORIcRDIRORERFnedi @t R Bi0Ghcoded.

conprising: receiving a prior quantization paraneter
(QP) val ue that has been used to encode an object;

and ot o ARALRST B bt 5 oBlusf ety fublEgiy

be encoded at |east partially based on the prior QP
val g& an% he | ong-term statijstic. 30. The nethod of
Ph 29 A% IPPRIAEES 0b AIusEn DR ¥s dene malltimpediajeneadingprocess,

thd ppariRiibhpfisiE! rate using the prior QP value and the

| ong-term Statistic. 31. The nethod of C aim 29,

further owapyifer ndetersiimggaat bmgeatmd dtatisticad® privradiaisization

t he nDdiLiﬁg fiH rate, 32. The nethod of C aim 29,

f ur PREPE PP @Rs> #put i ng an exponent i al I y-wei ght ed

novi Ng avRaAgRr ideferthiting @RS RSdif kA FtlahObRRt tol B€encoded at
nmet hod of Claim 29, further conprising providing the

nodil§esieRpriglly based ons proeQBR owbic and the denggetm Istatistigtvehere the

for | d 4. .The nmet hod of claim

29, p?ﬁ??ﬁ&?%%ﬁ%?%‘%”ﬁ%?%g%ﬁ (r)]lae%he tenporary

bandwi dth at |east partially based on a context of the

mul g%ned'gﬁ data to be encoded. 35, The nethod of claim

34, Sfher éNf PRERGNe&taBorpr MOEEIE Shp deterpipings greaps for the

moAPRA 3 Bite FOEorA bt ﬂon&gﬁnghfallgaatdgls{ He Roditkd 'b'ﬁe&tea‘using the
encodi ng process, the apparatus conprising:

prior QP value and the long-term statistic.

38.  The apparatus of Claim 36, further comprising means for using a targeted
bit rate to adjust the modified bit rate.

39.  The apparatus of Claim 36, wherein the determining means for the long-
term statistic is configured to compute an exponentially-weighted moving average for
the long-term statistic.

40.  The apparatus of Claim 36, further comprising means for providing the

modified bit rate to an encoder as a target bit rate for an object to be encoded.

41.  An apparatus for adjusting a bit rate for a multimedia encoding process,

the apparatus comprising:

a statistic generator configured to determine a long-term statistic of prior
QP values;



means for determning a long-termstatistic of prior

guanti zati on paraneter (QP) val ues; and neans for
wa@ledoenstiosd Nng a nodified bit rate for an obj ect PEDURM06/008488

encoded at |east partiallyobpased on a prior QP value

and the long-termstatistic, vvhere the prior QP val ue

has been used to encode an t. 37. .The apparatu

of d ai mIB@dJuml FIr¢HE g nith greREEh s £ I87OT I%lannzatmn

nodj ' e | bjeit, Where the

adj%ar%rﬁ%ﬁlb (%g%l ed aF‘Hﬁ% aktgalgﬁﬁ‘gsleﬁgtot ég:%aglr%lr dD val ue

ancadjitembmingreti2 risnfinthet iconfignre®@ s dathmniag panedlﬁgd bit rate for an

Caim 36, furt cOo [ Q
Car gutadd bt niedpbat o ar ity STyt mulf” G o g lones
Theteﬁﬁ?éh@ﬁd‘.ls of Caim 36, wherein the det erm ni ng
nmeans for the longtermstatistic is configured to
conmput e an exponential |l y-wei ghted novi ng average for
the ongs ermstatl 0 [
$or CRRs B & GaTdngnih BRGNS ol Al Bnfigured
to é@ghéﬂtﬁﬁ% Rilfust B enddificdrbiertotsdng dr miot QRyetludard thadeng-term
for an object to be encoded. 41. An apparatus for
stafdgiicusting a bit rate for a nultimedia encoding
progess, 1} 06, ?:H‘%E %guéla A Whdtéln the Sfkingdnt Gircuit is further
generator ¢Sh fgured To detérmne a | ong-term
corfilgatddstoiadjusf thp mcdifieditmtaiesiem ohdfagtt bemeteci r cui t
configured to receive a prior quantization paraneter
(@QP) value that has been used to encode an object,
whepg t hghaQhlshile ¥ Clufnt Wil stafistidigdmReftorcionfutthetr ﬁﬂlﬁgﬂred to
determine a nodified bit rate for an obj ect to he
coreputo da ¢xpanchiiallt wpightell anevjingavsaspedar the dongrienn sigpstita) ue
and the longtermstatistic. 42. The apparatus of Claim
41, wherein the adjustnent circuit is configured to
expgpent Tk lagpasiusisf Aldis 4ndinfthercbohiprisingtaemulipteyet benfigured
prior QP value and the long-termstatistic. 43. The
to grpﬁaie@ttagebbﬁ atetorhaadugmehks i Ythe adj ust ment circuit
is further configured to adjust the nodified bit rate
in viewof a target bit rate.
46. A computer program product embodied in a tangible medium with

instructions for adjusting a bit rate for a multimedia encoding process, the computer
program product comprising:
a module with instructions for receiving a prior quantization parameter
(QP) value that has been used to encode an object;
a module with instructions for determining a long-term statistic of prior
QP values; and
a module with instructions for determining a modified bit rate for an
object to be encoded at least partially based on the prior QP value and the long-

term statistic.

47.  The computer program product of Claim 46, further comprising a
module with instructions for exponentially adjusting the modified bit rate using the prior

QP value and the long-term statistic.



44. The apparatus of Claim4l, statistic generator is
further configured to conpute an
wezponegss al | y-wei ght ed novi ng average for thePCT/US2006/008488
| ong-termstatistic. 45. Thejapparatus of O aim 41,
further conprising a nmultiplexer configured to provide
a target bhit rate to the adjustnent _circuit. 46. A
compdt er Wo(j?‘ﬁ%“ﬁ‘i' @m%wneméweef.@iaWt%gﬁlﬁh@r FRRPLsNg a
md(ﬂutlé"witﬂ ?ﬂs‘iﬂdﬁﬁérggﬁ @ﬁiﬂr%&éd l%]Era?e R daj L[s?{h% nfloocflﬁ@d bit rate.
timedia enco oce
pr oduct conpri si ng a nodul e VVI th i nst ructl ons for

recejpVvi ng.,.a prior quantlzatl pa Ler val ue
tha?bhasg%’geﬁoﬁg‘étar PREHEBE 8{31 4§( %Eﬂ}?re CORIPHSIng a
madugd With tih@Rstiby fod @bRpatiY Me@oh@ﬁlﬂﬂl@%éﬂ;ﬁt%@?ﬂﬁr#gca\%{‘age for
prior QP values; and a nodule with instructions
th‘?]l]@flé'lt?ﬁfhﬁ%sﬁﬁ modified bit rate for an obj ect to be
encoded at | east partially based on the prior QP val ue
and the longtermstatistic. 47. The conputer program

pr odlct dfheCeainpntéd proguith hprodGapf IClhidg 46, NREHEE c¥hphsing a
u?t ructions for exponentl ally. fg& usting fhe nodified

1 sfructions fprpisviding e Bihent focan engedar @ mtarget bit
rmﬁ@@hﬁﬁﬂ?&ﬁﬁﬁbe;ﬂgd&pnputer program product of Cl aim
further conprising a nodule with instructions for

using a targeted bit rate to adjust the nodified bit
rate. 49. The conputer program product of C aim 46,
further conprising a nodule with instructions for
conputi ng an exponenti al |l y-wei ghted novi ng average for
the long-termstatistic. 50. The conputer program
product of C aim46, further conprising a nodule with
instructions for providing the nodified bit rate to an
encoder as a target bit rate for an object to be
encoded. '



