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ENCODI NG RATE CONTROL USI NG BIT BUDGET RELATED APPLI CATIONS 5 Thi s patent
application is related to concurrently filed US Patent Application Serial
No. , titled "Method of Perform ng Video Encoding Rate Control"”, by Kim at
al . (attorweywotizet no. 042390. P1 0264). filed on FCANSPIYConcurrently
filed US Patent Application Serial io No. , titled "Method of Performng
Vi deo Encoding Rate Control Using Mtion Estimtion", by Kimet al.
(attorney dogketoD®F PEHRSRANG MDEB)ENCODIRG RATE CORTRORBESINGBI t 0 the
assignee of the present invention and herein incorporated by reference. 15
BACKGROUND The present disclosure B8DGETated to rate control of the
encodi ng of video images. 20 As is well-known, video encoding may be
performed by any one of a nunber or variety of techniques. Conmon
techni ques that are frequently enployed conply with certain established
standards, RECATED APPRICAVRRE (Mving Pictures Expert Goup) and 'H 26x’
standards. These include the following: ITUT "Video coding for |ow
bit-rate scommunications,” I TU T Recormendation H 263, 25 version 1, Nov.
1995 and version 2, Jan. 1998; "Ceneric Coding of Muwving 1

This patent application is related to concurrentiy filed US Patent

Application Serial No. , titled “Method of Performing Video

Encoding Rate Control", by Kim et al. {(attorney docket no. 042380.P10264), filed

on , and to concurrently filed US Patent Application Serial

10 No. , titled “Method of Performing Video Encoding Rate

Control Using Motion Estimation”, by Kim et al. (attorney docket no.

042390.p10265), filed on , both assigned to the assignee

of the present invention and herein incorporated by reference.

15 BACKGROUND

The present disclosure is related to rate control of the encoding of video

images.

20 As is well-known, video encoding may be performed by any one of a
number or variety of techniques. Common techniques that are frequently
employed comply with certain established standards, such as the 'MPEG' (Moving
.Pictures Expert Group) and 'H.26x’ standards. These include the following: ITU-T
“Video coding for low bit-rate communications,” ITU-T Recommendation H.263,

25 version 1, Nov. 1995 and version 2, Jan. 1998; “Generic Coding of Moving
1
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Information: Video," |1SO|EC 13818-2: International Standard 1995; and
"Codi ng of audio-visual Objects-Part 2: Visual Anendnent 1; Visual
extensions,"” |ISO|EC 14496-2: Draft of January 6, 2000; respectively,
referred tWOSHSE®ical ly as H 263, H. 263+ MPEG 2, anBCNEEHUIE and
generally as MPEG and H. 26x, hereinafter. Such standards, however, define

bi t st r eam syl ax sAPALAELEAMKGS RS GRER! (@ cdsspier may be  enpl oyed

to decode the encode I'S provides'enco _ arelatively
Js Pyt o

| ar ge  amountin@fnalibKétahddrd Y05 MrdOE BinPb ABBVEIE b Rate control,

. 0 ks % 1) nti
such as bit rate control, is one of tgﬁe I ssues nofje genera IIs’l)’/ specified for

the video enumshament HelsebiekRnsisRRISENES 1420591 Blaf of B4 ¥ st he  capability
to enploy a variety of different techniques. Furthernore, applying rate

control may respeatiklyt referpd ROREGHAL AfH Y6 eekh MEMRDAngMEREGtS. I n one
respect, rate control may be enployed to naintain buffer constraints and,

t her eby, Pr emdgendrallyas &FEGandaRBxOfereingfef f lsow dildaria, Ae@di ng and, in
particular, in connection with real-tine applications. Likew se, in

anot her r esplefins birsiream syniax soltharayy sthisdard copaplidnt dedodbihgy rgual ity. In addition
to rate control, there are other paraneters that may be varied 20 by an
encoder dur ienglozedtiodiesasiettieatncodey idesu This provides éreuders @ites feidtitely Mmage
distortion, and, therefore, inpact performance. Therefore, it nmay, at
times, be Hrgg araeunt oftflgxibility inderenstafi ampilersaptatiquial i ty to an accept abl e | evel
whil e also neeting various desired constraints, such as, for exanple, a
total bit budget, enploying an appropriate anount of delay, etc.

10 Rate control, such as bit rate control, is one of the issues not generaily
specified for the video encoder, therefore, making it possible to provide the
capability to employ a variety of different techniques. Furthermore, applying rate
control may impact the processing of video in several respects. In one respect,
rate control may be employed to maintain buffer constraints and, thereby, prevent

Is  overflow and/or underflow during encoding and, in particular, in connection with
real-time applications. Likewise, in another respect, rate control may also impact

picture gquality.

In addition o rate control, there are other parameters that may be varied
20 by an encoder during encoding that may result in various levels of image
- distortion, and, therefore, impact performance. Therefore, it may, at times, be
difficult to improve the image quality to an acceptable level while also meeting
various desired constraints, such as, for example, a total bit budget, employing an
appropriate amount of delay, etc.

4]
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t hese considerations in order to provide acceptable or desirable

sol utions. Exanples include enpl oying Lagrangi an optim zation or dynamc
progranmm ng. Unfortunately, however, such techniques are frequently or
typical |y W8H®#HEEi onal | y conpl ex and, therefore, expBEEPY4MW s terns of

t he anbunt of processing resources consuned by such an approach.

Fur t her nor e, theTéiﬁHSM%QB?’to&?Igﬁcettﬁége%héi&’etrﬁ?éhéﬁ%r E{eo\’}gﬁlébei mages or image

frames in the processing o eo may, at tines, nm rressi ng such

I ssues  evemceipiadlicCsaRbifble shRfiorRX ERthSles ihbiGuetntiding!L98afiad h€ current frane
may depend at |least in part on the selection of "qianti zati on paraneters,

for exanpl eoptidization@r tyhaicprbgrafming a0 cRUhalelyaRBmver TARK &cRRifuesd t echni que
for performng rate control in video encoding that is |less conputationally

conpl ex t harargireneatlyor OpicsllyaompothtidnBB; cofiplex apR HiRATHe Sexpbitivetimat  al so

bal ances at | east sone of the foregoing conplex considerations, is
desirabl e itgmBRf EE aDESTRF Proteshindrestinte LISANNMNGSy Eneh sidpprath.mat t er regar ded
as the invention as particularly pointed out and distinctly clained in the
concl udi ng forthdroareothe dppendprayitifat tyaicallyexisEibetweemireages orimadeowever, bot h as
to organi zati on and nethod of operation, together 20 with objects,
features, aff@mggipdha Blgesssing et idsp mayest times.tmake addrdeningtsoolisbues r ef erence to

the follow ng detail ed description when read with the acconpanyi ng
drawi ngs i n Y@ eere complex. For example, the distortion of the current frame may depend

at feast in part on the selection of quantization parameters, for example, for the
10 previous frame or frames. Therefore, a technique for performing rate controf in

video encoding that is less computationally complex than previous or state of the

art approaches, but that also balances at least some of the foregoing complex

considerations, is desirable.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention as particularly pointed out
and distinctly claimed in the concluding portion of the specification. The
invention, however, both as to crganization and method of operation, together

20  with objects, features, and advantages thereof, may best be understood by
reference to the following detailed description when read with the accompanying

drawings in which:

FIG. 1 is block diagram illustrating a video encoder that may employ an

25 embodiment of a method of performing video encoding rate control using bit
3



FIG 1 is block diagramillustrating a video encoder that may eggliyn@P20@%5
enbodi nent of a nethod of perform ng video encoding rate control using bit
3 28 June 2005 WD 02/054772 PCT/ US01/ 49497 budget in accordance with the
present invention; FIG 2 is a series of plots illustrating the

rel ati onshwp obessveen macrobl ock SAD and bit count f oRPCUWEBILAWE? pi ct ure
types for a specific nunber of quantization s bins; and FIG 3 is a table
illustrating the. co ri son,of perf pee paranmeters between the @
control app?%gg‘% i %ﬁ"@%@gﬁ’ﬁﬁie”gw‘? ‘¥t hod of performing video
encoding rate control using bit budget in accordance with the present io0

i nvention. DETAILED DESCRI PTION In the follow ng detail ed description,
NUITEr ous speci f'F’ltcﬁ%sad dcFie@b Io'i@l}_%sftrgf%hhe Eéétubd%p@rb@%emg%%b@e a thorough

under st andi ng of e |nvent| erstood by those
skilled in tae %{otblttclaﬂﬁt f6rhl§n&fs%§ﬁl?ét P&V@Pﬁ é&@[f@ﬁ%nﬁ%@op&tﬁﬁﬁdaﬁtﬁﬂ wi t hout

t hese specific talls. I'n other Instances, known net hods, procedures,
conmponent s agek: ghd cui ts have not been descrlbed in detail so as not to
obscure the present invention. 20 As previously described, video encoding
rate control may be a feature of a video encoder. Although t he invention
is not limted in scope in this respect, in one enbodi nent of a nethod of
perform ng vi deoFieng @& taple llatetiopiht corhparisdbmef peifbrmance parameters

between the Q2 control approach and an embodiment of a method of performing
video encoding rate control using bit budget in accordance with the present

10 invention.

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set forth
15 in order to provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the present invention may be practiced
without these specific details. [n other instances, well-known methods,
procedures, components and circuits have not been described in detail so as not
to obscure the present invention.
20
As previously described, video encoding rate control may be a feature of a
video encoder. Although the invention is not limited in scope in this respect, in
one embodiment of a method of performing video encoding rate control using bit
budget in accordance with the present invention, the video bit rate employed

25  during video encoding is varied based at least in part on a measurement of the
: 4



budget in accordance with the present invention, the video bit P28 dune 2005
enpl oyed 25 during video encoding is varied based at |least in part on a
measurenent of the 4 28 June 2005 WD 02/054772 PCT/ US01/ 49497 vari ation
in pixel signal |evel values for a selected portion of a video inage being
encoded. ON@ %4#717®nal e for enpl oyi ng such an approachPREYSB@Hhat the

| arger the range or variation in pixel signal |evel values, the greater

the number afarBichsh pifRIANRACYAIESRY &Saedforflinich 8UABS nbeobify di FTerent

pi xel signal v evel™ s an vice versa. Therefore, hi s

particul ar ediRedameINe ratRhhB 4 @RploPhy SRH %A Gpprb&t® mdybéamdti@Nargs not limted
in scope in this respect, a relationship my be enpl oyed between the

variation i nh@rangé oSiagih iy gikdl Sigh weblvalliey, tha Jidetdrald medbepstdit he ) o
associ ated video encoding rate control to be applied by the video encoder.

Fur t her mor e, engidyBe torepieb@it er diffeeraialéand diffarebixkiandnai aleseveiahd may be
enpl oyed to neasure variation and the invention is not limted in scope to
any particulvie vetsechni que, in this particular enbodi mrent, the variation my
be neasured using the sum of absolute differences (SAD), which is enpl oyed
in nmotion estimation. )5 15 15 SAD =minEL 1 C[i,]]-R x0+x+i,y0+y+j ]I [1]
(x.Y)eS j=0 i =0 where 20 (x0, yo) upper left corner coordinates of the
current macr obl oblerefore, for this particular embodiment, although, of course, the

invention is not limited in scope in this respect, a relationship may be employed

between the variation in pixel signal value levels for a macroblock and the

10 associated video encoding rate control to be applied by the video encoder.
Furthermore, although there are a variety of techniques that may be employed to
measure variation and the invention is not limited in scope to any particular

technique, in this particular embodiment, the variation may be measured using

the sum of absolute differences {SAD), which is employed in motion estimation.

15 15

SAD =MINY > |Cli. 1= Rixo + x+4,y, + y+ ] [1]
tyE =0 iz
where
20 {xa Yo upper left corner coordinates of the current macroblock
Clx, v] current macroblock luminance samples
Rix, yl reconstructed previous frame luminance samples
S search range: {(x, y)—-16 sx,y<toé }

25
As is well-known, the SAD values are computed in all or some selected search points in
the search space (S). The mation vector (MVx, MVY) is selected based on the

displacement of the search point which resuits in the minimum SAD among alt the SAD



C(x, yJ current nacrobl ock |um nance sanples Rfx, y] reconstruc®lJghevP00s
frame | um nance sanples S search range: {(Xx,y):-16 <x,y<16 } 25 As is

wel | - known, the SAD val ues are conputed in all or some sel ected search
points in the search space (S). The notion vector (M, MY) is selected
based on t W& 2B4EB| acenent of the search point which PESYPYEYH t he mini num
SAD anong all the SAD 5 28 June 2005 WD 02/054772 PCT/ USOL/ 49497 val ues
in the sear cfygPA%R sedrln ép§ﬁenﬂtiserqyte005f c%QHéﬁﬁatfothQﬂﬁot%hEBﬁﬁiagﬁrtegml Al AEASURES

a t he . For

of wvariation are essentially a substitute o exanpl e, the

mean absol ut@riafbnfdesRBaRaNk MARIIR Y IF8 SATPIFRY S@nplk, Bk #k8n Shsdite SAD and
shoul d provide nearly identical, if not identical, results. erefore,

such ot her sdesénce WRDFMEELBSSM RSyed irfplsdettheSAN disRodigrongoPe of the
invention. In this context, the SAD provi des several advantages. It is

al ready comgatleidestsalpi@indt idehtic) rdsQifs. Sbleicntié, is0th othdtdubdtifigy ef ore, introduces
little or no additional overhead in terns of the consunption of processing
resour cess irnsedsures lagr diesarle withi thesnopesdf therrtvieotionpr ovi des i nfornmati on that may
be useful in terns of video encoding rate control. For exanple, notion
estimation provides information about prediction node decisions, notion
vector choices, and displaced frame difference coding fidelity. is In this
context, it is ntiigcantad. the $SpPYidesisevsraliadvantauns.i it istalreadyst ep si ze
specifically results in an adjustment of a video encoding rate, here the
vi deo computed as part of motion estimation, and, therefore, introduces litthe or no

additional overhead in terms of the consumption of processing resources.

10 Furthermore, motion estimation provides information that may be useful in terms
of video encoding rate control. For example, motion estimation provides
information about prediction mode decisions, motion vector choices, and

displaced frame difference coding fidelity.

15 In this conteﬁ, it is noted that a modification in quantization step size
specifically results in an adjustment of a video encoding rate, here the video
encoding bit rate. Therefore, aithough, again, the invention is not limited in scope
in this respect, for this embodiment, adjusting the quantization step size is a
mechanism employed to modify or adjust the video encoding rate. This follows at

20 leastin part from the observation that a high quantization step size provides
relatively coarse quantization. Thus, the amount of information to be sent to the

decoder is reduced when employing a high quantization step size.

It may in this context be desirable to appropriately characterize the

25 relationship between the bit count employed to encode a macroblock and the
: 6



encoding bit rate. Therefore, although, again, the invention is>gojyhdPdEs
in scope in this respect, for this enbodi nment, adjusting the quanti zation
step size is a nechanismenployed to nodify or adjust the video encodi ng
rate. This follows at 20 least in part fromthe observation that a high
quant i zat i WA 0XSE[2 si ze provides relatively coarse quB@XUSeH#%HN. Thus, the
anount of information to be sent to the decoder is reduced when enpl oyi ng
a hi gh quantd i i BY. . L i e desirable to
AR SHlock! difeast tg.g?bgatnguééﬁghﬁg&@@ﬁt Ther@fIf !

appropriately characterize the etween 't it count

enpl oyed t 0 AREOHHGIRSTRE GOMiOAKN 8RF stz 1054772
BT U0/ 4940 7 s O e ogﬁ',gg?ra'ﬁgégthé%g@ e %1\z;\ﬂeig%ul ar

enbodi ment . phRRuGT S dnetérobre BmbiRl Wb ViR ImAfes 20ALRIN! PRI & Step size
parameter, here fromone to 31, these particular paraneters are conputed

for a vari etoye pbtehtivhgetodddgy afti s Loneton b HumbBerjotiBbthofilRiddAlagbel @l met hodol ogy
and any one of a nunber of nethodol ogies may be s enpl oyed. The invention

is not |ism teegbldyed. sepevetipndsit biyitetin atupe paerhpleyidgaany pamitUr@dol ogy .
Therefore, furthernore, in this particular enbodi nent, as shall be
descri bed i metmdelogiet Hhetefdiefgiheatfdrerin thispartivalar enijodicdent, @d/Bsa)l bar e cl assi fi ed
by type, such as inter, intra, Band 4 WM. In this context, 'intra refers
to a MB codd@scribgd ingere datail hereinadler, thegnacrdbiocks (MBspdre clesdifediyMB t hat uses one
forward notion vector, io'4 W refers to a MB that uses four forward
not i on vect 8§, SUshas Bler.d1tar B apg4 MV thisrenterts inyatreferte d Minepdbdickwar d ot i on
vectors to reduce tenporal redundancy al t hough, again, the invention is
not | i it ed"theul BgHeN Yestorsyinier, retepide @ M§ thaf uses nedarwaidyaetiopvectfodes al so
provi de inf QI‘W’[ ion baﬁneBd on notion estination that my be
0w 4 refers to a that uses four forward motion vectors, and B refers to a MB
that uses forward and backward motion vectors to reduce temporal redundancy,
although, again, the invention is not limited in scope in this respect. Itis noted
- that the modes also provide information based on motion estimation that may be
useful in video encoding rate control.
15
In this particular embodiment, although, again the invention is not limited in
scope to employing this particular methodology, the SAD is obtained after motion
estimation has been performed, such as at the point shown in the block diagram
iMlustrated in FIG. 1, except for intra macroblocks, of course. This pointin FIG. 1 is
20 chosen so that the mode of each macroblock using the results of motion

estimation may be obtained for this particular embodiment.

Using this methodology or approach, a relationship between macroblock
SAD and the count may be generated for each quantization parameter or step-

25 size. In this particular implementation, based upon the quantization parameter or
7



useful in video encoding rate control. 15 In this particul ar enpgdiggat2005
al t hough, again the invention is not [imted in scope to enploying this
parti cul ar met hodol ogy, the SAD is obtained after notion estination has
been perfornmed, such as at the point shown in the bl ock diagram

i | lustrateWOOHOSES, 1, except for intra macrobl ocks, BETVBWYESE This point
in FIG 1 is 20 chosen so that the node of each nacrobl ock using the

resul ts of TRl FERufER IR Be QA Dfodbn Y i nAHbAEl !

enbodi ment. Using thi's net ol ogy or approac ionshrp between

macr obl ock  L3ARIAGEn bREnAROLIProdERYs RRIARSELPE 8tnd fes@rflleigant | zat i on
paraneter or step 25 size. In this particular inplenentation, based upon

the quant i z#erd)thepafopeah aiffe@ht quantZBtich -0 hom WRUMBEQR4 772 PCT/ US01/ 49497
step-size, 31 figures may, therefore, be generated, although this is not

i nt ended t o maamblocks Having SADs,dhd @ tah@ingbed piHite a&cdeesmived. hiikeviideeascope of the
present invention. Here, then, for each different quantization step-size,
from a nurberevislsly descriladdl the kiffeteatmagolBARdypet may tlot b empiojeer Toé bits i s
determ ned. Likew se, as 5 previously described, the different macrobl ock
types may algatiopshipbgivesneshD Fritebit couttamay bashivn thdermrdat BADirpait bi t count may
be shown to depend at least in part on type of macrobl ock, in addition to
dependi ng anipast maeiolegkt in ghditiando daending aHeast inparton thecSAD eftthe east for this
particul ar inplenentation; however, as previously indicated, the invention
is not |im fmagroblacks @blpest fas thispasticglar implemeatationyhrwaven eapresiausiy 0

indicated, the invention is not limited in scope to this particular implementation.

In order to make the data generated suitable for use in video encoding rate
control, it is desirable to quantize the macroblock SAD, aithough, again, of
course, the invention is not limited in scope in this respect. For example, some
other embodiments may employ the foregoing approach regarding SAD without

15 applying quantization. Nonetheless, the following quantization technique is
employed in this particular embodiment. Of course, any one of a number of other
suitable techniques may alternatively be employed, and all such other
guantization techniques are included within the scope of the present invention
because the particular technique applied is not significant. However, in this

20  particular embodiment or methodology, the following quantization technique is

employed.
index = SAD/bin_size

25 (2



In order to nmake the data generated suitable for use in video ep8Qing 2005
control, it is desirable to quantize the macrobl ock SAD, although, again,
of course, the invention is not limted in scope in this respect. For
exanpl e, sone other enbodi nents may enpl oy the foregoi ng approach

regar di ng WARY#Thout 15 appl yi ng quanti zati on. Nonet REVEWH4944The f ol | owi ng
quanti zation technique is enployed in this particular enbodinent. O
course, any one of a nu of othet,. SW d.echni ques may alternatively
be enpl oyed, and all sugﬁﬁ%'taher bgﬁg’ﬁ?i ?gP%%%{ngchni gues are included
within the scope of the present invention because the particular technique
applied is not significant. However, in this 20 particul ar enbodi nent or

met hodol ogy, the follow ng quantization technique is enployed. index =
SAD/ bin-size 25 [2] 8 28 June 2005 WD 02/054772 PCT/USO01/ 49497 where

bi n-si ze = neeqatide R BAD!E oeaiindd, hasndeidblock SAD) LikéwisedfnoCsmy Be, the

macr obl ock SAD. Likew se, 'no_bins' is s 8. For a given quantization

st ep-si zes, i8n Foha giveanduadizaeni step-dize, B thib embatiraent alis theh desirabietage the bit

count dependi ng upon the particular index. This is illustrated by the
pl ot s i n FI Gverdgedtep bihchuntdependilgeupoh dheyragiculgpiedexe pis /ithctirated by hi s
i npl enrentation, types I, P, or B. It is noted that such picture types are

enpl oyed i theqieiniedt® chdependindvPER piolvrsl tyrestemplogesh irdhisoder s, al t hough,
again, the io inventionis not limted in scope to MPEG or conpliance with
MPEG. implementation, types |, P, or B. Itis noted that such picture types are employed

in connection with MPEG compliant video encoders, although, again, the

10 invention is not limited in scope to MPEG or compliance with MPEG.

The plots shown in FIG. 2 illustrate on one graph the relationship between
SAD and bit count where quantizafion step-size is held constant for each
separate curve, but varied across the family of curves shown on each respective
15 plot. Using this data, therefore, for a video encoder, the video bit rate to be

employed may be varied to take into account the SAD of a macroblock, and/or the
macroblock type. More specifically, by quantizing the total number of bits and the
macroblock SAD, the plots as shown in FIG. 2 may be converted into lookup
tables (LUTs) that may be stored and employed by a videc encoder during the

" 20 process of encoding video to apply video encoding rate control. For these plots,
40 hins were employed for bit count for each picture type, although, of course, the

- invention is not limited in scope in this respect.

For such an embodiment, the following methodology may be employed,

25 although, again, the invention is not limited in scope in this respect. For an image
9



The plots shown in FIG 2 illustrate on one graph the rel ati onsfpgplipge\2BHS
SAD and bit count where quantization step-size is held constant for each
separate curve, but varied across the famly of curves shown on each
respective 15 plot. Using this data, therefore, for a video encoder, the
video bit WAO¥¥H2be enployed may be varied to take PRUVESBEUBUNt the SAD
of a macrobl ock, and/or the nacroblock type. Mdre specifically, by

guanti zing t t i (1= Kk the plots as
shown in FI éb %SErgrh@JnggH'g@%\%é}Eag% (fuﬁrt]t% Sgﬁpﬂg?ﬁ%rﬁ@éﬁ?i_&s 'u%lﬁé;t may be

stored and afp|a¥eHek¥usntivedERD GRE A uatizhlidddtdpre2forR iRaGsksuPf encodi ng
video to apply video encoding rate control. For these plots, 40 bins were

enpl oyed f ortafiéd the fis) tor bIRIMaBAEHhE b ESURE i doRrPuted fdr iieidie @rfimageur se, the
invention is not limted in scope in this respect. For such an enbodi nent,
t he fol | ow ngereetifzdiohe oy a Mayrobleckigsis @ye then 2bmakd bvan gle,imagadrn, t he
invention is not limted in scope in this respect. For an imge 9 28 June
2005 WO 92/ftdoak/( dithoRGHT of s 418d Sivendion fsrmatimited imscoperintiia cespext.albl e

guanti zati on step-size is enployed. Then, using the index, here quantized
SAD, and t hehejwéndribitapind thasis epmputedior the frame irdedsdiodo- thefate indibdteds t he rate, or
alternatively the bit count, is conputed for the frame or inage. Here,
this i s doneydhe kit budgetobisdusicates has thesdantigation stemsizd nayde laweeedthmge or 5
frame, although, of course, the invention is not limted in scope in this
respect. |f prevife hefieresfprmsnee widioHt excepsingitee kusaphuTeerefost thene frame is | ess
than the rate indicated by the bit budget, this indicates that the

quant i zat i orfiuapiEptiog;siep inieyersd apde P&Y"‘t‘%y descERAAPEOIES B &8PERER T or nance

with X in h . Ther r o .
thout el() Ceu%%iil th i;[ bu%ggt%criga?é is exce%deec{, %d%étintgqgat the quantization step-size

reduction has reached a [imit.

in this particular embodiment, the maximum acceptable step-size is 20 for |
and P type pictures and 28 for B type pictures. Therefore, for this embodiment,

15 the following pseudo-code may be employed to implement this embodiment.

For {l=Qp max; l>= Qp min; 1--){

sum_rate = 0;
for (i=0; i<N; i++){

20 for (j=0; j<M; j++}{

: sum_rate += RATE{index][1];

J

}
if (sum_rate>budget) break;

25 }
Op = 1; /* your desired Qp for current freme */

N, M are image height and width divided by 16. NxM represents number of
macroblocks per frame. Sum rate represents the estimated bits spent

"30 wusing the index and Qp relationship. Budget is the allocated bits for
the current frame.

In comparison with state of the art approaches to adjusting the video bit

10



quanti zation step is lowered and the previously described procegg l§Sne 2005
repeated io until the bit budget or rate is exceeded, indicating that the
guanti zati on step-size reduction has reached a limt. In this particular
enbodi ment, the maxi mum acceptable step-size is 20 for I and P type

pi ctures aw@o2es4tdr B type pictures. Therefore, for tRCEUBHEHET nent, is the
foll ow ng pseudo-code may be enployed to inplenent this enbodi nent. For

(1=Qp max; 1>= 1N 1-- = Q. A =0 I R \ 20 f | =0;
M) s 2 bt acSB: o T presp liehiitnat el 110 2012 517

=1; /* i 0 * are hei ght and
wi dth di vi dgag'%@}gg%% ?ﬁﬁ‘?@%@%’r@s@ [oEE eferiel Wos éﬁé’?%ﬁ%@"ﬂ?%? frame. sum
rate represepihgpEt4eThé HRCOt faidisc bad&y S5th8 Bitd fuildblecan trend Qo

rel ationship. Budget is the allocated bits for the current frame. In
conpari son Viadi Bn&ldal famé. ke 18K frardRIcOmplBREnd @e8Biddsdivertlts ge vi deo bit 10

28 June 2005 WO 02/ 054772. PCT/1JS01/ 49497 rate, an enbodi nent in
accor dancg Witk fhighnBe pésfedito thisrambl HBwd@s ifliearetir@lfewer bits teft for
encoding, fewer bits might be assigned due to the bit budget. Therefore, a

weighted average provides a compromise between these two factors.

Once the target bit rate for the frame is determined, the quantization step-
10 size to meet it is selected. This is accomplished using a least squares statistical

modeling technique. The encoder rate distortion function is modeled as:

3]

15 The encoding bit count is denoted R. The encoding complexity, denoted S, is
measured L:sing the mean absolute difference (MAD). The quantization step-size
is the parameter Q. The modeling parameters, X; and X, are estimated using
least squares from previous data. Then the equation above is solved for Q. To
solve the equation using this technique, typically up to 20 previous frames of data

20  are employed, suggesting computation complexity as well as employing
significant memory. Furthermore, simulation results indicate that the Q2
technique does not meet the bit budget, that is, comply with the target rate, for all

images.

1



advant ages. For exanple, an approach referred to as @ is used PB June 2005
connection wth MPEG 4. The target bit rate is conputed based on the bits
avai l able and the |ast encoded franme. If the last frane is conpl ex and
uses excessive bits, nore 5 bits mght be assigned to this frane. However,
if there aW@¥#BHE? bits left for encoding, fewer bitBCHIYK#%4¥e assigned
due to the bit budget. Therefore, a weighted average provides a conprom se
bet ween t hese t f ac L fnc i he frame is
det erm ned, thevﬁ)dl?é"'??f’%ngéqsei%%g&%n%p Igf%rﬁéq%%en?éﬁerré%%‘qls Ee(al[j%etdsel ected. This is
acconpl i she [ | /S | St Gi IRotechni que. The
Sotffluplin coR Bk FHARE Dok al itkilien. FPCERA0N

encoder rate ctron is no Y [3] 1s The

encodi ng bi i i e kd16h thiQ ERbExfnbat, denoted S, is
measur ed us}pﬁ%ﬂ%ﬁ% Hﬂ@gﬁ%g@g d{{eem%i%?egﬂeiﬁgga(l\/ﬁm. The quanti zation

step-size iafhduR apRs RERNVEAtoRs nblfimitRGeLdoPEINAE ARBARSmackdolggkd X2, are
estimated using | east squares from previous data. Then the equation above

is solved f@AD® emBloyedOinvémt BEcEPURLiDIHN corppldigly, it Gock @efprediicea typical Iy up
to 20 previous frames of data 20 are enpl oyed, suggesting conputation
conpl exi ty agniiednt arasune ofdddyioragovesiegi bbtananthe IBADUS galcubataditbier nor e,
sinmulation results indicate that the @ technique does not neet the bit
budget , t hatetesninemagbllockinidief dsprévinugigtdesaibed, exeept fad liframesrages. 11 28 June
2005 WD 02/054772 PCTIUSO1/ 49497 One advantage of this particular
enbodi ment , Futfeareérer tbis comsputativn derd framesnalihavoh piesting eame addiiopal For this
particul ar enbodi nent, for exanple, one

overhead, is not significant in terms of the processing resources that are

10 consumed. Likewise, as the results below indicate, the bit budget is met for all

images.

FIG. 3 is a table providing a comparison between various performance
parameters for an embodiment in accordance with the invention and Q2. This
s data was generated from six image sequences. 150 frames from each was
employed with a frame rate of 15 frame per second. The number of B frames
between P or | frames is 2 and the intra period is 15 frames. The data in the table
implies that the degradation in performance quality is slight, and in some cases is
better. Furthermore, this embodiment stayed within budget with greater

20 compression efficiency.

| The previously described embodiments provide a number of desirable
advantages and features. For example, as previously explained, the
implementation of a rate control mechanism, such as those previously described,

25 reduces computation complexity. Therefore, although results may vary
12



paranmeter, bit budget or rate is enployed. Likew se, in this enpgdieat2005
al t hough again the invention is not limted in scope in this respect, is
macrobl ock s SAD is enployed. In ternms of conputational conplexity, this
does not produce a significant anount of additional overhead because the
SAD i s cal WONH#&d2t 0 det ermi ne macrobl ock node, as pPEVVYH4YT descri bed,
except for | frames. Furthernore, this conputation for | frames, although

provi di ng sq erﬁiﬁ!gieotgiasﬁg%tygﬂé’c%rg%gh e%§od§ﬂénﬁﬁsr}g%e§égﬁ%mt wlErms of the

processi ng resour re 1o consune , as e results bel ow

i ndi cate, tRg.bi dopRUAGIRE ad i ot debRiblcl! LikewlsBBRESrevibilsi descrbsg @ tabl e

provi ding a conparison between various performance paraneters for an

enbodi ment  ighRGiFRMI ARG Be Whiidmditd ih AYAREOHIARE, fRwarkNbany 15 data was
generated from six i mage sequences. 150 franes from each was enpl oyed with

a frame rat eo@bindtonfttick®. P@hemREEREhbodilRNBIHEREHdce Rith RRNM@ntidhet ween P or |
frames is 2 and the intra period is 15 franmes. The data in the table

i mpl i es tshatprdvive cdepgatiiigtvwithhinown yidsofstantands, asuciuas MPBG bsd BRéght , and in sone
cases is better. Furthernore, this enbodi mrent stayed w thin budget with
greater 20 conpression efficiency. The previously described enbodi nents
provi de a nunber of desirable advantages and features. For exanple, as
previ ously expl diwkbdf caunae, bé vnsleestnod that.i adthough partiewarembodiments nechani sm such
as those previously described, 25 reduces conputation conplexity.

Ther ef ore, &anYehigiigren eesoibed, thapventipyis neplinigd M gseptig@Partipwip2/ 054772
PCT/ US01/ 49497 )
embodiment or implementation. For example, one embodiment may be in
10 hardware, whereas another embodiment may be in software. Likewise, an
embodiment may be in firmware, or any combination of hardware, software, or
firmware, for example. Likewise, although the invention is not limited in scope in
this respect, one embodiment may comprise an article, such as a storage
medium. Such a storage medium, such as, for example, a CD-ROM, or a disk,
15 may have stored thereon a look up table, such as previously described. Likewise,
a storage medium may have stored instructions, which when executed by a
system, such as a computer system or platform, or an imaging system, for
example, may resuit in an embodiment of a method in accordance with the
present invention being executed, such as an embodiment of a method of
20 performing video encoding rate controf using bit budget, for example, as
previously described. For example, a video processing platform or an imaging
system may include a video encoder, a video input device and memory. The
video encoder may include a mechanism to adjust the video encoding rate

‘employed during video encoding, such as by employing one of the embodiments

25 previously described, for example. Furthermore, embodiments of the invention
13



depending on a variety of factors, such embodi ments may be suitapl ah&2005
| ow- power applications, as is often desirable. Likew se, the previously
descri bed enbodinments nay be inplenented in hardware, software, firmare,
or any conbination thereof. Furthernore, enbodinents in accordance with
t he i nventwom2/@4fjeovi de conpatibility with known vi de8CEUMAMPUS, such as
MPEG and H. 26x. It will, of course, be understood that, although
particular enb been, descri be i s not
limited i n ?6%%%0[5%5]’3%‘?5’5%"1%%% éer%?fb\gdfor?gﬁ?dm% %ré %Hfglr}%{&{e’l orn. For

exanpl e, ga d&% Qr‘etﬁe‘aw}{de'%‘?\abﬂeéno Aég&e%‘wnSan%EEa%ﬂém ot her embodi ment
may be in s F I'Kew se, einftirmare, or any
conbi nat i on a%orggh QW e 1r§1@r§tFoWg‘3m h ab brremﬁ’@srlﬁdesfzﬁyed exanpl e. Likew se,

al t hough the i nvention I's not 3 in scope in this respect, one
enbodi ment may conprise an art| cI e, such as a storage nedium Such a
storage nedium such as, for exanple, a CO-ROM or a disk, 15 may have
stored thereon ayhiOderttin féahkEof tidiplertion Réve\DeonBlistralb@20d dbsribed | kewi se, a
storage nedi um may have stored instructions, which when executed by a
system suclhesh, thapMotifickionsy Sibeiuins pdhahdearami equivaentsi witbgowigccsy st em  f or
exanple, may result in an enbodi nent of a nethod in accordance with the
present i nvegthoes skikkdng tiexart uttes] thesefote, sheannderdomdi thagribe afpeaderkt hod of 20
perform ng video encoding rate control using bit budget, for exanple, as
previously d&éey arbdrdendEdto cavamgllsech modifickionsmandchangengs fall adthiotha or an

i maging systemmay include a video encoder, a video input device and
menory. The trug spietef hedodslionmay i ncl ude a mechani smto adjust the video
encoding rate enployed during video encodi ng, such as by enpl oyi ng one of
t he enbodi nents 25 previously described, for exanple. Furthernore,

enbodi nents of the invention

14



13 28 June 2005 WO 02/054772 PCT/ 13801/ 49497 are al so not |i m 28Qurse BOE®
encoders or video encoding. For exanple, video may be decoded where the
vi deo had been encoded using an enbodi ment in accordance with the
i nvention, again, such as previously described. 5 Wile certain features of
the invention have been illustrated and descri bed herein, many
nodi fications, substitutions, changes angyggkivalents wll now occur to
those skilled in the art. It is, therefore, to be understood that the '
appended clains are intended to cover all such nodifications and changes
as fall witWhatisielsimedige spirit of the invention. 10 14 28 June 2005
Clainse What is clained is: 1. An article conprising: a storage nmedi um
havi ng stored t herAeoaticle coORIIRE t abl e, said table conprising a

g gnal

relati onship between the nunber of bits and variati.Qn.,i '
val ues of a pthﬁdgbmediuMhaﬂmwr%ﬁ’g@gnFZ?&dlpgﬂ?l »&F t%‘:’;@qu ntiZati on step'

sizes; wherein said storage nmedium further incl|udes .instructi Surshi red
thereon to giRioAMip b&w&manmbﬁaiﬁbﬁsanﬁmu%’rlpPﬁi?gﬂ@aiyﬁlu%seérf?i}r m vt?deo

encoding rate control. 2. The article of claim?2, wherein the | ook up table

i s enpl oyed fgd%&%ygdmemmwonmsimuol when the instructions
are executed by a processor. _

wherein said storage medium further includes instructions stored thereon to employ

the loop up tables and a bit budget to perform video encoding rate qontrol.

5. The article of claim 2, wherein the look up table is employed to perform video

encoding rate control when the instructions are executed by a processor.

3. The article of claim 2, wherein the variation in pixel signal values comprises

the sum of absolute differences (SAD).

4. A method comprising:

obtaining a measurement of variation in pixel vaiues for at leasta portion of a video

image; and
using the measurement of variation in pixel values as an index to a lookup table to

determine a quantization value to be used in encoding the video image, the lookup table

comprising a relationship between video encoding rate and variation in pixel signal
- values.
5. The method of claim 4, wherein:
qﬁantization value comprises quantization step size;

video encoding rate comprises a number of bits needed to encode fhe portion of video

image; and -

15



3. The article of claim2, wherein the variation in pixel signapgviiine005
conprises the sum of absolute differences (SAD). 4. A nmethod conpri sing:
obtai ning a neasurenent of variation in pixel values for at |east a portion
of a video image; and using the nmeasurenment of variation in pixel values
as an index to a |ookup table to determne a quantization value to be used
in encodi ng t iR pls@enpriEBaErelatibshipohl tpmbealof Bits advardatitniy pixel sgnal i onshi p
bet ween-vi deo encoding rate and variation in pixel signal values. 5. The
met hod of cl.aj RRARE b videdRghd BA% PR ﬂ.t?aﬂmﬁgﬁﬂﬂ sigggant i zation step
si ze; vi deo{’%{rl\iyggfgg ra‘tfgf]%lgrrpri sgésﬁa gunb‘(g?éo bits neeelcs;ied to encode the

portion of videogs ﬁﬁ%&?ﬁ"{}?@gﬁf‘?“gsm ﬁ%{i@%}jty%?@idb@ﬁﬁ%e_@éﬂﬁﬁdsé@ﬁd&

rel ati onship the nu var i on”in pixel signal values of a
plurality of_ videa iJm f a ' of quantization step sizes. 6.
The net hod BFAEET4F ,g%ﬁieé?ngmﬁfﬁ%eﬂ%%ﬂrlg%’ty of video i nages conprises

video inmages ingludin i £.ferent e f macrobl.o nmet hod of
claim6, wherei rq{flﬁé‘qaaﬂgé’fﬁlg%'gi%%é%?%}c&ﬁ%?cgﬁiggégfa?ﬁsemz‘?gﬁ%m ng: intra,
inter, 4 W, and B. 8. The rretgq’(ad of claim4, wherein the neasurenent of
the vari at i HowBgpinfradatend MVeaidB-one of the fol lowing: the sum of absol ute
di fferences (SA% of the pixel signal values, and/or a.quantization value
of the SAD of t He The susthod pfelaim 4. ¥hesejn the measurement of the variation comprises at

least one of the following; the sum of absolute differences (SAD) of the pixel signal
values, and/or 2 quantization vatue of the SAD of the pixel signal values.

9, The method of claim 4, wherein the portion of the video image comprises a
macroblock. |

10. A device comprising:

a mechanism to obtain a measurement of variation in pixel values for at least a portion
of a video image; and to use the measurement of variation in pixel values as an index toa
lookup table to determine a quantization value to be used in encoding the video image,
the lookup table comprising a relationship between video encodiug rate and variation in
pixel signal values;

wherein said mechanism is implemented within a video encoder.
11, The deviée of claim 10, wherein said video encoder is implemented in silicon
v on at least one integratéd circuit.
' 12. The device of claim 11, wherein the silicon implementation of said video

. encoder comprises microcade.
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9. The nmethod of claim4, wherein the portion of the video i megegcIiRE 3665
a macrobl ock. 10. A device conprising: a nmechanismto obtain a neasurenent
of variation in pixel values for at |least a portion of a video inage; and
to use the neasurenent of variation in pixel values as an index to a

| ookup table to determ ne a quantization value to be used in encoding the

video i mmge. thes Laokupt ARl CATRAL i Akl ipbl@Rabiian bionsar vi deo

encodi ng rate an ron Tn prxel signal val tes; wherein said nechani sm
is inplemented within vi deo_encoder.. . evi ce of claim 10, wherein
sai d vi deo mgl@feF?“%?%ﬁW%saoﬁoﬁaﬁlﬁggyﬁgﬁ at |east one integrated
circuit. 12. The device of ¢l ai 1, whergin,th ||} dBRigiEnt ati on of
sai d vi deo enco%rTf’@@ﬁﬂF?gfg‘galﬂﬁ%%%@%lﬁge?‘uc?idgk‘kgg}gl 13." The device of

claim11l, wherein the silicon inplenentation . in software capabl e of

executi ng omofiwe censblesi C¥rcUENPIE R BYPFEULL AUCHPRIOCERHA: oy ce of cl ai m 10,
wherein said video encoder is inplemented in software capabl e.af executing
on a processor oﬂs.mmﬁcbpompmmsmxgﬁW@l‘&?»tsi’@l%ed&wvgg gtedg“’é%r age
medi um said nedium having stored thereon instructions that, when

execut ed, Cassaciionstdetiwhen egecutelds Giuse mmadineudoenent of variation in pixel
values for at |east a portion of a video inmage; and use the nmeasurenent of
variation in bl a MadstiREenSofaariativikin phel walies dngp laastis portian of 2 video

image; and
use the measurement of variation in pixel values as an index to a lookup table to
determine a quantization value to be used in encoding the video image, the lookup table
comprising a relationship between video encoding rate and variation m pixel signal
valués.
16. The article of claim 16, wherein:
quantization value compﬁses quantization step size;
video encoding rate comprises a number of bits needed to encode the portion of video
image; and
the table comprises a relationship between the number of bits and variation in pixel
si.gnal values of a plurality of video images for a plurality of quantization step sizes. |
17. The article of claim 16, wherein the plurality of vidco images comprise video
images including different types of macroblocks.
Ié. 'I‘ﬁe arficle of claim 17, wherein the types comprise at least one of the

following: intra, inter, 4 MV, and B.
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determ ne a quantization value to be used in encoding the video28hise 2005
| ookup table conprising a relationship between video encoding rate, and
variation in pixel signal values. 16. The article of claim16, wherein:
guanti zati on val ue conprises quantization step size; video encoding rate
conprises a nunber of bits needed to encode the portion of video, inmage,;
and the tabl e cagpThesticle of claiai 16 visiein the ineesmernéné ofithatyaniation comprseand
Variation in pixel signal values of a plurality of video inages for a
plurality of 1ésrdtciof tHel fEllovihERhES AP DS thk pixel bignal vblued, endibr oduantmatién wher ei n
the plurality of video imges conprise video images including different
types of nagheRrel$aD bPthe PiRI Sikhd]l GhlBes?f claim 17, wherein the types
conprise at |east one of the following: infra, inter, 4 W, and B. 17 28
June 2005 109. e Lol -aifed-al M 16, wherein the neasurenent of the
variation corrprpgéé%ggtthﬁeas ltmon?\éf of the follow ng: the SAD of the pixel
si gnal val ues .ggd/ L 4c quanti zation value of the SAD of the pixel signal
val ues. 20. fvslysqteélﬁ] cOnprising: a video encoder; a video input device
coupl ed to said,vi,deq encoder nd. nory: .wherein said menory is coupl ed
to said vided B df"é‘“%‘f%ﬂp}eedg‘?ﬁ?é%g@ﬁ%gﬁcgﬂerbﬁndgai d video encoder, and

mMemory;

D

wherein said memory is coupled to said video encoder to store video encoded by said
video encoder; and
wherein said video encoder includes a mechanism to obtain a measurement of
variation in pixel values for at least a portion of a video image; and to use the
measurement of variation in pixel values as an index to a lookup table to detenﬁine a
quantization value to be used in encoding the video image, the lookup table comprising a
relationship between video encoding rate and variation in pixel signal values.
21. The system of claim 20, wherein:
quantization value comprises quantization step size;
video encoding rate comprises 2 number of bits needed to encode the portion of video
image; and
the table comprises a relationship between the number of bits aﬁd variation in pixel
signal values of a plurality of video images for a plurality of quantization step sizes.
22, The system of claim 21, wherein the plirrality of video images comprise video

images including different types of macroblocks.

18"



wherein said video encoder includes a nmechanismto obtain a neaggrhimat20d5
variation in pixel values for at |least a portion of a video inmage; and to
use the neasurenent of variation in pixel values as an index to a | ookup
table to determne a quantization value to be used in encoding the video,
i mge, the | ookup table conmprising a relationship between video encodi ng
rate and vari at iZ8NThdsybleda®If chire D2 whenditl @ typtl comiprisesy pstiono6f P ai m 20,
wherein: quantization value conprises quantization step size; video

encodi Ng 1 &Rk Pinics 8SieRaMVRAI If bits needed to encode the portion of
vi deo inag%;oangn?ﬁé table conprises a relationship between the nunber of

bi ts and vari at iQnmidy Bl Slecluth 803 hehizh H2n syl O Ble Vaatith oohgpeises Tmges

for a plurality of quantization step sizes. 22. The system of claim 21,

for a plurality ‘st 'dudiitt ZafTon 22 Mhe system of cfaim
Gi 11 or ont 1 ot e b Pt Bod RAGASAAR W R IAD cRRRRH BoRIC 1O,
22, wh [ he t j t ! f. f ing: infra, inter,
4, ana Baugs, sfRES ajePBiro el of RSO RReFurk el 10 O ke
iati [ t | i, f the followmng. .th f lute .
Ui 11 or ences. ( SABp. Do SHEnSE ein 20 gReren geicn S IO RN B L2l e

of the SAD of the pixel signal values. 25. The system of claim 20, wherein
t he porti omasfobldvk. vi deo i nage conprises a macrobl ock. 19
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