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This invention relates, in general, to the field
of digital video compression, and in particular, to a
rate-control technique suitable for real-time single-
pass variable bit rate enpoding in a video

compression system which employs the MPEG-2
international standard.

BACKGROUND ART

The emergence of various digital video
technologies in industries such as broadcast
television, communications networks, consumer
electronics, and multimedia computers has been
-increasing at a remarkable rate. This widespread use
of applications is motivated by the fact that signal
processing, editing and data transfer of digital
information is much easier as compared to performing
the same tasks with an analog representation. But
more importantly, digital video owes its popularity
to the several standards that have been created for

digital video compression in recent years.

Digital video compression solutions are arguably
the most important component of any digital video
platform. Since digital video is known to contain an
enormous amount of information in uncompressed
format, its manipulation, storage, and transmission
can become very time consuming and expensive, if not

impossible. As a result, digital video compression
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The MPEG-2 international standard formed by the
Moving Pictures and Expert Group, and described in
ISO/IEC 13818-2, "Information technology - Generic
coding of moving pictures and associated audio
information: Video, 1996," which is hereby
incorporated herein by reference in its entirety, is
intended to satisfy the compression needs of the
industries mentioned above. This standard specifies
the syntax of the encoded stream and a technique of
decoding. It offers great flexibility to the encoder
designer allowing the designer to derive his/her own
set of compression parameters, and therefore,
distinguish his/her product from the rest of the
encoders developed by other manufacturers.

The efficiency of the MPEG-2 encoding system is
assessed by the fidelity of the perceived video
transmitted over a fixed communications bandwidth or
stored into a digital medium. For some applications,
such as in digital satellite systems, multiple
programs are multiplexed into a single large stream
for broadcasting, and a bank of MPEG-2 encoders are
used to monitor and encode all programs, while
maintaining the quality of all received channels.

The MPEG-2 stream is sent over either a fixed
communications bandwidth or a dynamic bandwidth as in
asynchronous transfer mode (ATM) networks. For home

consumer video or PC applications, where the size of
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Most MPEG-2 encoders are developed to perform in
constant bit rate (CBR) mode, where the average rate
of the video stream is almost the same from start to
finish. A video stream includes a plurality of
pictures or frames of various types, such as I, B and
P picture types. A picture, depending on its type,
may consume more or less bits than the set target
rate of the video stream. The CBR rate-control
strategy has the responsibility of maintaining a bit
ratio between the different picture types of the
stream, such that the desired average bit rate is
satisfied, and a high quality video sequence is
displayed.

Other encoders, including other MPEG-2 encoders,
perform in a different mode, defined as a variable
bit rate (VBR) mode. Variable bit rate encoding
allows each compressed picture to have a different
amount of bits based on the complexity of intra and
inter-picture characteristics. For example, the
encoding of scenes with simple picture content (such
as a color test pattern) will consume significantly
less bits than scenes with complicated picture
content (such as a crowded city street), in order to

achieve the same picture quality.

Because of the amount of information that is
needed to characterize the video and the complexity

of the algorithms needed to interpret the information
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ough this produces a high quality compressed
video stream, it does not allow for real-time

operation, nor does it allow for single pass
encoding.

Therefore, a need exists for a real-time, single
pass variable bit rate encoding scheme that provides
high quality videos. A further need exists for a
real-time single pass variable bit rate encoding
scheme that is easily implementable in hardware.

SUMMARY OF THE INVENTION

The shortcomings of the prior art are overcome
and additional advantages are provided through the
provision of a method of processing groups of frames.
The method includes, for instance, encoding at least
one group of frames of an input stream, and
determining, prior to encoding the entire input
stream, a number of bits to be allocated to another
group of frames of the input stream. The another
group of frames is to be encoded in a variable bit
rate mode. The determining uses one or more

bparameter of values obtained from the encoding.

In-a further embodiment of the invention, the
method includes encoding the another group of frames
in a single pass variable bit rate mode, wherein the
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anal'yzed, and in a second pass, the results of the analysis are used to
scontrol the encodi ng process. Although this produces a high quality
conpressed video stream it does not allow for real-tine operation, nor
does it allow for single pass encoding. Therefore, a need exists for
a real-time, single pass variable bit rate encoding schene that provides
high quality videos. A further need ejists for a real-tinme single pass

vari able bit rate encoding schene that is easily inplenentable in hardware.
4a SUMVARY COF THE | NVENTI ON  The shortcom ngs
of the prior art are overcone and additional advantages are provided

t hrough the provision of a nethod of processing groups of franes.

According to #TOther grpeptobifidwes deeahtoded hsr enly previ ded a met hod of
processi ng gr @msdahgf pages, said nmethod conprising: encodi ng at

| east one group of franmes of an input stream - determining, prior to
encodi ng the entire input stream a nunber of bits to be allocated to

anot her group of fAan¥stoinsthealr iempotiseneasy tIri dn¥eathen, gpgup of franes

to be encoded deteamsahhyVant AME: Rids nd wherein said
determ ni ng uses ane orgnDre parané%g?g%g?%ggﬁgbtéfn33°%58ﬁ1said encodi ng;

and cog[ﬁé EERDCRN A PG 86p2 pr9defiimed Rexcsbhyhd pass
variabl e bit rfaretiode ahdresinsdihe andtbetedralipeofinf kaBes Lscencoded in

only one enco@iqu@tiasSto determindM@eehinsSa) dof?ﬁ% I pg gai d another group
of franes CO”E&h%%Et% justing an ideal nunber o ar get Bits of a pi cture

type, within said another group of frames, wherein said adjusting conprises
scaling a sub-error accurul ati on of previously encoded groups of franmes of

sai d input stream usi BOfarthds lenticRliilbe | AL 63hLLNY @ sub-error
accurul ati on q%caagggsdgé saj d. anot her group 0 rames 8S|ng a second
scal i ng fact or ermining, for the another group of

frames, a translation factor for a predefined
perceptual function, and using the translation factor

in a bit rate equation to determine the number of
bits.

In yet another embodiment of the invention, the
determining includes compensating for one or more
instability conditions of the input stream, and in a
further embodiment, the determining includes using a

predefined function to determine the number of bits.

In yet another aspect of the invention, a method
of processing groups of frames is provided. The
method includes, for example, determining a plurality
of parameter values from one or more previously
encoded group of frames; computing, for a group of
frames to be encoded, in a single pass variable bit
rate mode, a slope of a predefined function, in which
the computing uses one or more of the plurality of
parameter values; and obtaining a bit rate for the
group of frames to be encoded, using the computed
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According to a second aspect of the invention there is provided a nethod of
"processing groups of franmes, said nmethod conprising: encodi ng at

| east one group of franmes of an input stream and det erm ni ng,

prior to encoding the entire input stream a nunber of bits to be allocated
to anot her group of frames of said input stream said another group of
frames to be encoded in a self-variabPe bit rate nbde, and wherein said
determ ni ng uses one or nore paraneter val ues obtained from said encoding;
wherein said determ ning conprises: nodul ating, for said another
group of franes, a slope of a predefined perceptual function; and

using said m)glijclbat ed slope in a bit rate equation to determ ne said nunber

of bits. P& and one or more of the pluralit 2
; . . ) y of
According to waliesd aspect of the invention there |spa|lolFaon\‘/e|t§5d a nmet hod of
processi ng groups of clains, said nethod conprising: encodi ng at
| east one group of franmes of an input stream and det er m ni ng,

prior to encodi ng ¥heanattiere asppat dﬁrﬁhéﬁpréséﬂﬂbfﬁv%ﬁtfg s to be allocated
t o anot her groethai dﬂ%yy@@eggiﬁejgkg Wit stream sai ané?hé? group of
frames to be gpcqdaq, iy ;2 ﬁeldf-varl abl e “bi t 7AfR HdREOHMedwherein sai d
determ ni ng uses one or mor-& Eﬁra’?fﬁérns\!iahges ddtearmied dg @m sai d encodi ng;
wher ei n sai d HERS5af Mg teotprbsesilocated todgtSFNidIg ¢, L0 said anot her
group of frames,arm inpatskatbon. f aglor eftor 2 redefined pér cgﬁt ual function;
and g S5@led, Lransl ati on _fdacf_%rl]1 1'% Hi%S P& e equation to
determine sai d nunber of -bf t5S-quantization fpelardion difo taef grbhgr aspect of
the i nventi orPk H&2ESss apoei perkeptmiihaddei PROCESSIHY 07 oups of frames,
sai d nmet hod cowmpliesdiR§: of the i at | east on€ group of fames of an
i nput streamgyrrhe ing§5$rniH%ﬂggpggigga?%sen Myttre entire input
stream a nunber, of bi TS 8sb%nc<ﬂ‘116‘6aﬁ:é§ o atthdiragiesups0hgf ,anes of said
i nput st ream’3&3 P I&n Bt heraye oupleotats oG t@e DiHeRNEQdeg i n a self-variable
bit rate nodeletamchinhiagei n sai d determ ni ng uses one"or nore paraneter
val ues obtai ned from said encodi ng; wherein said determ ning
conpri ses conpensating for one or nore instability

In another aspect of the invention, a single

pass variable bit rate encoder is provided. The

encoder includes, for example, an encoding engine

adapted to encode at least one group of frames of an
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means for
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conditions of said input stream and wherein said one or nore instability
.conditions conprises at | east one of a scene transition, a scene cut and
one or nore special effects, and wherein said conpensating conprises
applying a MEDIAN filter to one or nore selected attributes of a predefined

function used to determ ne said nunber of bits. According to a
further aspect of the invention there7is provided a nethod of processing
groups of frames, said nethod conprising: determining a plurality

of parameter values fromone or nore previously encoded group of franes;
conputing, for a group of frames to be encoded in a single pass variable
bit rate node, a slope of a predefined function, said conputing using one
or nore of saiptedetfiiabdt Jundt Al adwt @hi¥Rl &18S or@dre of the

6 obfalnkng.a_bi for_said grou f frames to_be encoded
usi ng said co%l%t&gg?gro%g ét# oeﬁzéeroya;%?ﬁ %? "%%Cg Sdy BFRRS EPTpar anet er
val ues. obtainppgof dbhy ¥a-ea foar thergrepest dframes tovbation there is

provi ded a si rglcedpdssusehd -tharldcapheeli 5155 RN e brCRBREI §ENQ:

an encodi ng engj.n encode at_|east one group of franes of an
i nput streanl@%ﬁdglagggggg %@éﬁgﬂﬁggeaeY%fﬁ$%ing, prior to encoding the

entire input stream a nunber of bits to be allocated to another group of

frames of said inpuh geteanfusiidt ap@bRehedt WP tHe fxa@Rsct 0 be encoded in
i.d. means for determ ning uses

gnZeL: xgiéaggggﬁé%é?ﬁgg E%gﬁ%ﬁ$ggﬁégs%g%%?§%ggﬂiﬁﬁ“fhﬁ&cg €FedSt one group
of franes; providegnebiah skiiel udesns £por inetanas ninegnsodpri ses:
means for nodtde&Teirﬁ@nihQraSﬁJhﬂ?é\:anfh%fitgr@é!pb@faflrcﬁ-_][ﬁ:r%dugpﬁhoggi gf rrgdul At ed
Sl ope in a bi CrapetE, EARRLL Y Sl amynateart AIVORRET thits,

means for determining uses an instantaneous rate-

quantization behavior of the group of frames and a

perceptual model indicating a complexity of the group

of frames; and an encoding engine adapted to encode

the group of frames using a variable bit rate mode at

a rate defined by the means for determining.

The present invention is particularly useful for
applications where one cannot pre-analyze or pre-
encode the video, as in in-home production for
digital video disks (DVD's), digital video cassette
recorders (DVCR's), computer multimedia, and digital
camcorders. A single-pass VBR encoder only uses the
previously encoded pictures to make an assumption
about the complexity of a picture to be encoded.

This is in contrast to multi-pass VBR video
compression, used in high-end DVD mastering, where a
video source may be pre-analyzed and encoded several
times to create an optimal compressed stream for a
particular storage medium. Therefore, a single-pass
VBR encoder relies on a causal predictive model to
dynamically adjust the average rate of the stream and
produce high fidelity video.
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According to a further aspect of the invention there is provided a single

.pass self- variable bit rate encoder conprising: an encodi ng
engi ne adapted to encode at |east one group of frames of an input stream
and means for determ ning, prior to encoding the entire input

stream a nunber of bits to be allocated to another group of frames of said
Fnput stream said another group of fr@anes to be encoded in a self-variable
bit rate node, and wherei'n said nmeans for determ ning uses one or nore

par anmet er val ues obtained fromencoding said at | east one group of franes;
wherein said neans for determ ning conprises: means for

determ ning, for said another group of franmes, a translation factor for a
predefined percept yalgityRakh Ofe,dnd means. for usi said

transl ation fa}:tor i, N ? biﬁtmrgefae equsataflgna?‘(')aréiteatgeefmar‘fg §5i"391’1‘ﬁ%‘0er of bits.
7 ACCHI N 06 heFirimes afpéhe present iimvention-there is

provi ded a si Mfikepasbodéhbntyaandllspedict 6at € NGRS i6QMREESI NY:

an encodi ng ergide-iadapted .at asi_one group .of frames of an

i nput stream a€1d t%ﬁ d%‘ggﬁgcl?%eelgletalelrgm;g%? ncg?n%rdl%ggdtS BAtbdi ng t he
entire input S etahﬁ cFaiBRPetPBIHIAS to be al l ocated to anot her group of
frames of said input stream said another group of frames to be encoded in

a self-variable bit ratggypde ' for determning uses
BRIRACH R IR 32k DlliARs O

one or nore parameter values obta Tronrencoar ng t | east one group

of franes; wherein said neans for determ ning conprises nmeans for

conpensating for orfheosubbeetimst td wkiyhc08diddonfeOhssahd i nput stream

and WisFBith osdlid RAE: £ i Llity C i,tions conprises at
RS ehgiéggaa%u oar?g]glrlshb?l‘étgﬁeci al

| east one of a scene transition, a s .
effects, and vﬁﬁft’é‘l 3B §hReshRITDratc RgeAsntlvRir0 RS thes nmeans for

appl yi ng a MEBipRE¢iffillcpgriono oTke oforayoangehedt@that tdbjaetgs of a predefined
function used ¢ dglRr Mg Sal E‘%%Q!?r of . bits, . . According to a
further aspect_of the invent] o%‘t re.olfstcgfgo%ﬁvenatlémsi ﬁ&ﬂebﬁass vari abl e
bit rate enccmﬁﬁpﬁﬁﬁﬂ&ﬂfgpnghe following detailed description

taken in conjunction with the accompanying drawings
in which:

FIG. 1 depicts one example of a block
diagram of an MPEG-2 encoder incorporating and
using the real-time single pass variable bit
rate control strategy of the present invention;

FIG. 2 depicts one example of a block

diagram of motion estimation tasks for P and B
picture types;

FIG. 3 depicts one example of the C-Q
models and the operating points of a variable

bit rate control technique of the present
invention;

FIG. 4 depicts one embodiment of the logic

associated with one example of estimating the



means for determning a plurality of paranmeter values fromone or nore
.previously encoded group of franes; means for conputing, for a
group of franes to be encoded in a single pass variable bit rate node, a

sl ope of a predefined function, said conputing using one or nore of said
plurality of paraneter val ues; and means for obtaining a bit rate
for said group of frames to be encoded) usi ng said conputed sl ope and one or
nore of said plurality of parameter val ues. According to a
further aspect of the invention there is provided an article of

manuf acture, conpri sing: at | east one conputer usabl e nedi um havi ng
conput er readabl e program code neans enbodi ed therein for causing the
processi ng of group¥mberfefinekts ttee beoapldesteadakl grpupgsam code nmeans in
said article of maputectese (PN iiHl B@cordance witQTRYULEr readabl e program
code neans for cau %ggcg fggp%;gﬁlto encode, at | east one group of franes of
an input stream a P o € present invention; 7a

conput er readabl e code neans for causing a conputer to determine, prior to

encoding the entire inputests efipitsNUiBeL RN 1} LORRER! | ocated to
anot her group of fr.anes_of faid i nput_ stream said anofher group of franes

to be encoded in aSSePFaVart % iRERE Rfdhe¥drapbLei Bikai d conput er
readabl e program cé&deeneansrdébrstoaisigygosl Clomudeatentto ideeRt fdAe uses one or
nore paraneter val ues obtained fromsaid encoding; wherein said
conput er readabl e progr code, neans for causing a conputer to determ ne
conpri ses: conpg?%f gé%ﬁ&ﬁtg BPSQ?%PHQﬁﬂﬁ?ngégghFoioﬁbﬁsing a
conput er to nodul aP€SCebptedwi tinariesheyr exqmple fofaresimat shgpe of a

predefined percept gak huRBé: Wt BMG to be alLSWENEEN S sagéahg gEogram code
means for causingngigggggter.to use sai d npdul ated slope’in It rate
n

equation to deterntié Sard’ nthfsiCFapreswith the pringdpdeqi®f to a furt her
aspect of the inveSbeopresent invemtdeinded an article of manufacture,
conpri si ng: at | east one conputer useabl e nedi um havi ng conput er
readabl e program code S odi ed therein for causing the processing of
groups of franes, the gg%m'gl@eplc%s one example of the %—Q

models and the operating points of another

variable bit rate control technique of the
present invention;

FIG. 8 depicts one example of GOP bits
adjustment during a scene transition using a
MEDIAN filtering technique of the present
invention; and '

FIG. 9 depicts one example of GOP bits
adjustment for rate control instabilities, in

accordance with the principles of the present
invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In accordance with the principles of the present
invention, a rate-control strategy for real-time .
single pass variable bit rate (VBR) encoding is
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P f%QCE,e B9 N i factor in a bit rate equation to
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c ues of the present invention.
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MPEG-2 encoder 100 is a sophisticated
information processor including spatial and temporal
image analyzers, quantizers, entropy coders, and a
rate control policy that ensures the creation of a
fully compliant video stream which meets the demand
of a chosen application. Each luminance picture of a
video stream is partitioned into non- overlapping
blocks of 16 x 16 pixels, which in turn are sub-
divided into four 8 x 8 blocks. The two chrominance
pictures result in four or two 8 x 8 blocks,
depending on the 4:2:2: or 4:2:0 chrominance
sampling. The set containing all luminance and
chrominance blocks is called a macroblock (MB). A
4:2:2 macroblock has eight blocks, while the 4:2:0
macroblock has six. Each 8 x 8 block of pixels is
transformed to frequency domain, using a two-
dimensional discrete cogine transformation (DCT) 102.
DCT is intended to perform an energy compaction on
input blocks by obtaining classes of high priority
(low) frequency coefficients and low priority (high)
frequency coefficients. It is a fast and efficient

way of removing some of the spatial redundancies of
the image blocks.



specification. The foregoing and ot her objects, features, and advantages of

.the invention will be apparent fromthe follow ng detailed description
taken in conjunction with the acconpanying draw ngs in which:

FIG 1 depicts one exanple of a block di agram of an MPEG 2 encoder

I ncor porating and using the real-time single pass variable bit _
rate control strategy of the present ilhventi on; . . FIG 2 depicts
one exanple of a block di agram of notion estimation tasks for P and B
pi cture types; FIG 3 depicts one exanple of the CGQ

podel s and the operating points of a variable bit rate control

techni que of the present I nventi on; FIG 4 depicts one

embodi ment of the FégPeral redyysigacieecews ttemonedexaaphe of estimating the
number of bit $echnbqual taTréRdtdon g5OUGIon (ME) 104. wWith

this scheme, any luminance macroblock can be
predicted by moving a correspondent macroblock, which
belongs to a previous picture, within a search
window. The procedure of searching for the best
macroblock match is defined as motion estimation.
This best match (prediction) is then subtracted from
the macroblock under consideration and a DCT
transformation is applied to the macroblock
difference. Further, a motion vector 106 is created,
which points to the location of the predicted
macroblock. The motion vector (MV) is used by both
the encoder and the decoder to motion compensate (MC)

108 the correspondent macroblock and locate the best
match.

Motion estimation is implemented only on the
luminance portion of the macroblock, with the
resulting motion vector scaled and used to motion
compensate the chrominance block pairs. The encoding
of the motion vectors is carried out, employing a
technique known as differential pulse code modulation
(DPCM) , where a motion vector is predicted using the
motion vector of a previously encoded macroblock, and
only the difference between the motion vector and its
prediction is encoded. Motion vector differences are

represented with code words defined in look-up tables
of the MPEG-2 standard.

The MPEG-2 standard uses I (Intra-Coded), P
- (Predicted) and B (Bidirectionally-Predicted) type
pictures, as shown in FIG. 2. The Intra-Coded I's

use only the information within that picture, while



pictures (GOP), in accordance with the principles of the present

-1 nvention;

FIG 5 depicts one exanple of a block

di agr am of

[ [ [ f the present
the variable bit rate control strategy o
et ooy ment. of FIG 6 depicts pne enbodi nent of the logic

i nventi on;

' | ' [ t he nunber of
ociated with another exanple of esthmating _ _
foocated to a group of pi ctures, 1 n accordance with the pri

t he present

i nvention; FIG 7 depicts one exanple of

[ [ iable bit rate
I's and the operating points of another vari a _
Eggﬁn?que of thep present invention; FIG 8 depicts one
exanple of GOP bits adj ustment during a scene tranS{tlog us
MEDI AN filterFhg Petype syt BRe presLH estigahﬂgﬁn%%@?brapate
FIG 9 depi ct soRpen&xaBY %a%%s(?eargétseq a Jﬁus me
i ante wWITEe (8 BreNe

instabilities

i nventi on.

i accor PBFE¥ @rcedrd pf e
or' B pymas {ieedfc EARRANGHIUEKTREO! AMENIdPhte a

i jorn recd ks ti.on . rate-
accordance w Phedhet o nairplre so0be t digedd{RE eNtrpk BVePt § tefent
strategy for Wgﬁ'of'66h§¥éB%E%nPa§§n&§ﬁhﬁPL%tQLL rate]%V§a$ €

compensated
macroblock differences contain less information than
the original macroblock.

P types are often cajlled forward predictegd
pictures, since they use previous pictures to make
predictions forward in time. For example, in FIG. 2,
a motion vector MV 202 is used to find the best
match for a macroblock 200 in picture P, which
resides in picture I and within a search window 204

(denoted in FIG. 2 by the dashed lines).

B type pictures use information from both
previous and future I or P types for forward and
backward predictions and are particularly uséful for
estimating objects that move in different directions
with different velocities. Further, the
bidirectional motion estimation schemes used in B
pictures are more robust in noisy environments, as
compared to the causal prediction used for p types.
This is because both predictions can be used
simultaneously by averaging their nominal values. 1In
the example of FIG. 2, the task of motion estimation
for macroblock 200 in picture Bl consists of a
forward prediction represented by MV, and a backward
prediction, represented by MV}, . For picture B2,

forward and backward predictions are represented by
MV, and MV, respectively.

bits to be
nci pl es of
the CGQ
control

ing a

contr ol
sent

I n
contr ol
ing is



10 - provided, which is easily inplenentable in hardware and may be
.incorporated in, for instance, any MPEG 2 conpression system (1Z>neI
exanpl e of a bl ock diagramof an MPEG 2 encoder 100 is shown in FIG 1. dn
particular, FIG 1 depicts various imge and signal processing tasks use

by the encoder to encode a video streamand to decode the conpressed
stream MPEG 2 encoder 100 is sophi sticated information processor
including spatial and tenporal image analyzers, quantizers, entropy coders,
and a rate control policy that ensures the creation of a fully conpliant
-video stream whi ch neets the demand of a chosen application. Each | um nance
picture of a video streamis partitioned into non-overlapping blocks of 16
x 16 pixels, whichTh Yapieus pistire diytededrengoahoized 0@ bl ocks. The two

he
h ance pPiEL®I es Wrdcdap - 08§ 1XsBaBL 0C pendi ng on t
Z ;Og1nor 4. 2 ﬁ@ggh?ﬁgnce saﬁp |n§ﬂ{f%§%§§ §d$a|n5§ qi 4 umi nance and

k has
hr omi nance b?oc s cal “@&réxna%?ﬁﬁFbéﬁ ENB}thF@-Qﬂﬁinawiobloc
gl gr;ﬁt bl ocks, 2Pt ied thfe ap B: 8 AERED ok . hashsi ¥leddteds 8 X 8 bl ock of

t r afsé b toF fhequep ngpl | di nensi ona
8:§§L2t28005|ns iﬁéghfcwréhlgng e c%oEE§ ?gcﬁn 2ﬁﬁed to perform an

ener gy conpactl%n on |ruii Q5V88k§° §F§HH?HQYC¢%E££&FkﬁHHﬂ gh priority

These coefficients contain more information and
contribute more to the perceptual quality of the
picture. Then, a quantization scaling factor is
computed to classify the macroblocks into different
classes, based on the local image activity,
complexity of the picture type, and a measure of
buffer fullness. This index is directly related to
the number of bits allocated to a picture and its
perceived quality. The actual number of bits is
obtained by first scanning 112 each DCT block and
then grouping the quantized alternate current (ACQ)
coefficients together, according to the procedures
defined in the MPEG-2 standard. Each group is
entropy coded 114 with a unique variable length code
(VLC), using a Huffman look-up table. Direct current
(DC) coefficients are encoded, employing DPCM
{similar to encoding of MV's) and uniform
quantization.

The output of the entropy coder 114 is input to
entropy decoder 116. The output of decoder 116 goes
through an inverse scan 118, inverse quantization 120
and inverse discrete cosine transformation 122 to
return a lossy version of the difference macroblock.
The decoded picture is then passed through a delay
124 to motion estimation 104 and/or motion

compensation 108, as is known in the art.



(low) frequency coefficients and low priority (high) frequency
coefficients. It is a fast and efficient way of renoving sone of the
spatial redundancies of the inage bl ocks. _ _ Tenpor al
redundanci es are renmoved via a technique called notion estimation (ME) 104.
Wth this schenme, any |um nance macrobjpck can be predicted by moving a
correspondent nacrobl ock, which belongs to a previous picture, within a
search wi ndow. The procedure of searching for the best macrobl ock match is
defined as notion estimation. This best match (prediction) is then _
subtracted fromthe macrobl ock under consideration and a DCT transformation
Is applied to the crobl ck.difference. Further, a notion vector 106 is
created, which poi Nt “FRelPBRRTBILVE FRES Rledite @mpaersbiock. The

nmoti on vect or WA shangdsbeveotthindie acdeodésr and flehe idegadgr 50 noti on

conpensat e ( M@bddd% tthh% cakEespRdent; orﬁgcgﬁglérjume%dt Qcate he best match.

nance portron of the

T obl ook, Wi TRUPKE PEESI ERHY FOTRTAPSPOcPoFteEh | od fanatuSeHL oML | o
conpensat e theltbkﬁfq)mthBabl dekogmai ror Preceseintl ng TekerklierAPti on vectors
is carried outin efAd @ibdEiReheCHR GUE JRAWA A8, fg&ra%gt | al fp%se code
modul at i on present invention, the level of buffer occupancy is

tracked, as well ag the complexity of the picture and

the local activity of the; image macroblock, as

described in detail below.

Encoder 100 further includes a rate control
policy used in the creation of a fully compliant
stream that meets the demand of a chosen application.
In accordance with the principles of the present
invention, the rate control policy of encoder 100
includes a variable bit rate (VBR) encoding scheme
used to encode the frames of an input stream (e.g., a
video stream). However, before discussing the VBR
encoding scheme of the present invention, some rate
control fundamentals are discussed in order to
enhance the understanding of the present invention.

These fundamentals relate to constant bit rate (CRBR)
encoding schemes.

1. CBR Rate Control Fundamentals

An MPEG-2 sequence is typically partitioned into
small intervals, such as group of pictures (GOP's) or
frames, which in turn are categorized by picture
types I, P, and B. The number of bits per GOP is
distributed such that an I picture allocation is more
than a P. This is because a P picture uses the

motion estimation technique to estimate its content



(DPCM, where a notion vector is predicted using the notion vector of a
.previously encoded macrobl ock, and only the difference between the notion
vector and its prediction is encoded. Mtion vector differences are
represented with code words defined in | ook-up tables of the MPEG 2

st andar d. The MPEG 2 standard g§es | (Intra-Coded), P (Predicted)
and B (Bidirectionally-Predicted) typé“pictures, as shown in FIG 2. The
Intra-Coded |'s use only the information within that picture, while

12 the P types enploy the notion estimation and conpensation tasks
performed on previously encoded | or P types to predict a macrobl ock 200
and conpute a prediction error to be encoded. This is an efficient way of
conpr essi on, siPe & HSEVSE - cBnpehin sonpearabedckraid f er ences cont ai n

| ess i nf or mat | @hf férendeh e MEFDY|, Nl t e NANeeCknt ropy thdh toHees are often

X . ' ; . . . K
o e ot oL SRS G BLICE T BEY UL ot s 10 ke
M/ err] 202 isleRed ameuntn@ft RétBessinaa dieflar mat ke resimsic 1200 i n picture
P, which resi deschmicicat wre hopadimtddtivea chaar ehswi npiove 204 (denoted in
FIG 2 by the 8§§¢¥5L4i£“%%éis for maintaining the séme picture

quality within a GOP, when pictures of different

types are encoded. Further, the bit allocation of B

pictures can be lowered, since they will not be used

to estimate other pictures. An encoded GOP starts

with an I picture type. The amount of bits assigned

to a picture type x,(x € {I,P,B}) is inversely

related to the amount of distortion perceived in the

picture quality of that type.

Experimental results in the literature (i.e.,
J.L. Mitchell, W.B. Pennebaker, C.E. Fogg, and D.J.
LeGall, Mpeg Video Compression Standard, Chapman and
Hall, New York, 1997, which is hereby incorporated
herein by reference in its entirety) suggest that a
similar behavior exists between the rate R of the
source (or picture or frame) and the quantization
factor Q, which in simplified form becomes:

X
RHQ%=%§ (1),

where X* is a pre-defined measure of complexity for
each picture type.

However, since the nature of the source changes
over time, a new complexity measure is determined
prior to encoding of each picture type. This

parameter is usually computed based on the past



B type pictures use information fromboth previous and future | or P types
for forward and backward predictions and are particularly useful for
estimating objects that nove in different directions with different
velocities. Further, the bidirectional notion estimation schenes used in B
pi ctures are nore robust in noisy environnents, as conpared to the causal
prediction used for P types. This is Qhgcause both predictions can be used
si mul t aneously by averaging their nomnal values. In the exanple of FIG 2,
the task of notion estimation for macrobl ock 200 in picture Bl consists of
a forward prediction represented by M[err] and a backward prediction,

represented by MVerr] . For picture B2, forward and backward predictions
are represent echdodibd eatrhmaperdMeErd] 3 EESP ively..
i é£'aPéEﬁaa§§%é%kF%5ﬁ?WJ§%§F°f) by encoder

13 T j picture t € C

100 in severaPﬁ§¥gﬁg%%%Frg??gé§§ﬁéghﬁ95§ﬂﬁéhcﬁatrﬂqx eptilgGOR ©fa picture
type, is appli®tWECaR gtxeqnDGT minkele. oFhBiek eymrdrs Hytei gt s) of the
matri x are chesgoraiegh that inportance is given to | ow frequency
coefficients. These coefficients contain nore informati on and contri bute
nore to the perceptual qualitZNq%_&he picture. Then, a quantization scaling
factor is conputed to classify the fracrobl 8¢ksPifito different(2),

where index k denotes the GOP number, x is the

picture type, N* is the number of pictures of type x
in a GOP and R*

X.

. ]
1s the target picture bits for type

For a CBR sequence, C = Ceopr Where Cp 18 a

fixed GOP bits. For a given C,, the wvideo quality of
the GOP is maximized by minimizing the average sum of

the quantization scalers subject to the condition of
equation (2),

- Ex NXOX

X

(3).

Instead of minimizing ¥ subject to the

constraint of (2), this condition is removed and the

Lagrange multiplier A is used to minimize the
Lagrangian cost 7T:

T =¥ - A (4) .

With the aid of the rate-quantization model

described in (1), the target bits for each picture
type is deduced:



cl asses, based on the local inmage activity, conplexity of the picture type,
and a neasure of buffer fullness. This index is directly related to the
nunber of bits allocated to a picture and its perceived quality. The actual
nunber of bits is obtained by first scanning 112 each DCT bl ock and then
groupi ng the quantized alternate current (AC) coefficients together,
according to the procedures defined in the MPEG 2 standard. Each group is
entropy coded 114 with a ‘uni que variap}e | engt h code (VLC), using a Huffnman
| ook-up table. Direct current (DC) coefficients are encoded, enpl oyi ng DPCM
(simlar to encoding of M/ s) and uniform quanti zati on. The out put
of the entropy coder 114 is input to entropy decoder 116. The out put of
decoder 116 goes through an inverse scan 118, inverse quantization 120 and
i nverse discrete cosine transformgti on_122%aq return a | ossy ggrsion of the
di fference macrobl ock. The decoded pic}EywxﬁM§ t hen passed th#o gh a del ay
124 to notion estimation 104 and/or notion conpensation 108, as is known in
the art. 14 Since the
i nst ant aneous rate of the conpressed stream changes over tinme, a decoder
buffer is used to absorb the rate fluctuations and convert the fixed
channel rate into d@ngedsséd phauduien bid)s repdedehtVehe ideal

picture bits and the actual bits would almost always

deviate from this. The aecumulated error is computed

and fed back to the consthnt bit rate control

technique to ensure that the final MPEG-2 bitstream

meets the average bit rate or the total bit budget.

Let Gy and Cromar TePresent the ideal and actual

bit ]

s for.GOP K respectively, and 6"-8"}’ = Ckaa'ual - Ck,ideal
be the difference between the two. Further, let R ..
and R;,mg represent the ideal and actual bits for
picture i, respectively, and Sipic = Rigu - Riww bPe the

difference between the two. After n number of

pictures have been encoded, the total accumulated
error can be computed as:

n—ngG—l
kE:O ak.gop + Z 5.i.pif:="'\n-1.9'019"'An-1,pic (6) .
= o

1g Tﬁe size of the GOP is given by G = I,N*, and 1,
Gl is the number of encoded GOP's. Sub-error
accumulation for all processed GOP's is given by

A, epr While An1pic 18 the sub-error accumulation for
the last, but not yet finished GOP in the encoding
order. The ideal picture target can now be adjusted
for overproduction or underproduction of bits,

resulting from previously encoded pictures. The new



it to an actual decoder for processing. Therefore, in one enbodi nent of the
rate-control strategy of the present invention, the |level of buffer
occupancy is tracked, as well as the conplexity of the picture and the

| ocal activity of the inmage nmacrobl ock, as described in detail bel ow.
Encoder 100 further includes a rate control policy used in the creation of
a fully conpliant streamthat neets the demand of a chosen application. In
accordance with the principles of thelﬁresent invention, the rate control
policy of encoder 100 includes a variable bit rate (VBR) encodi ng schene
tused to encode the frames of an input stream (e.g., a video stream

However, before discussing the VBR encoding schene of the present

i nventi on, so@deﬁét@iCSnprmbrftwukﬁﬁaaiabspgéguggsgqﬁ§§gﬁg_ ogder to enhance
t he understandiorg (@f _t he present invention. These funda ntal'S relate to
constant bit rate (CBR)¥ encodi ng schenes. 1. CBR Rate Contr ol

Fundanent al s An MPEG 2 sequence is typically partitioned into snal
intervals, such as group of pictures (GOP's) or franes, which in turn are

categori zed by picture types,, P, aEg_§(c;Qeamggber of bits per GOP is
di stributed such that an | piGtigegia } re than g7f., This is
because a P picture uses the notion est}}gﬂﬁ;pvﬁechnique to estimate its
cont ent 15

‘
where Cep 18 a fixed number of CBR GOP bits; « is,
for example, 1.0; and At = Anigop + Apipc- o is a
constant that indicates how aggressively this
adjustment is carried out. After each picture is
encoded, complexity measures X's are'updated and a
new target based on equation (7) is computed for the
next picture. This target should meet certain
constraints, as described below, to ensure that the

decoder buffer does not experience overflow or
underflow conditions.

Finally, a quantization scaler Q, which is
defined on the hyperbola of equation (1), is
obtained. It should be noted that each picture type
has its own composite (R-Q) curve, and further, for
each picture type, the 9 factor may slightly get
adjusted to assure all frames are perceived equally.
The manner in which perceptual effects for
macroblock-level rate control are incorporated, as
well as how the ideal targets are met during the
encoding task via modulating the Q factor, are not
described herein. They are, however, described in
ISO/IEC JTC1/SC29/WG11/ N0400, "Test Model 5, April
1993, which is hereby incorporated herein by
reference in its entirety.



and, as a result, a notion conpensated frane difference (MCFD), with a
-l ower entropy than the original source, is encoded. B pictures use the

| east anount of bits, since their nmotion estimation techniques are nore
intensive than P's. This provides a basis for maintaining the sane picture
quality within a GOP, when pictures of different types are encoded. _
Further, the bit allocation of B pictujgs can be |owered, since they wll
not be used to estimate other pictures. An encoded GOP starts with an
picture type. The amount of bits assigned to a picture type x,(x [err]
f1,P,B}) is inversely related to the Egnuny oftd:stortigg ?ﬁrfﬁévf?tépaiﬂfe
icture quality of fhat. e. , peripmental result

E)i e., JFIL. M %/cheIDIe, CW%QP%‘?}%%&%F, AESEIHOIGF, onHAPigus LERRI |, Mpeg
Vi deo Conpr essi'BifaBeasaasd, BhblnmimgandsHal desdydptYonkof 1987, which is
hereby incor parat,edshgaetAchYaf ef@eneq: L pidd Ssj%gfluggéég gest that a
simlar behaviégcﬁ§g %% g§t en the Eate R:?I the sotrce (‘or picture or
frane) and the quanti zat ron fadtoir Bt wRVEN 1 -sinplified form becomes:
[err] where Xx is a pre-defined neasure of conplexity for each picture
type. Homevemsr %ipee the nature of the source changes over tine, a
new conpl exity neasure Is determned prior to encodi ng of each picture
type. This paraneter is usually conputed based on the past

The CBR rate control technique of section 1. is

motivated by the fact that for a fixed target C,,,
constant quality is achieved within a GOP by
modulating the quantization parameters. Any
statistical variations or bit offshoots are exploited
to help stabilize the CBR rate control technique over
time and maintain a desired rate. In addition, an
MPEG-2 CBR encoder takes advantage of a set of
universal constants and pre-determined initial
complexity measures to maintain a certain ratio
between the amount of bits allocated among different
picture types. However, efforts in classifying a
group of continuous pictures, such as GOP's or video
segments, into different types of time intervals, in
texrms of complexity hardness or softness, have been
limited for real-time single-pass MPEG-2 encoding.
Hardness (softness) of the video is defined by a
large (small) amount of bits that it requires to
produce high fidelity results. For multi-pass CBR or
multi-pass VBR encoding, such information is known
and hence, quality improvements can be made.

In this invention, however, a level of
complexity is added to the rate-control strategy of
CBR encoding by adjusting the GOP bits on the fly.
This problem is particularly challenging, since the

statistical nature of any video source is either not



the picture type, _
the target picture bits for type x.

For a CBR sequence, Ck

[ [ | zation factor, and/or sone
ncodi n araneters, e.g., bits, quantiza ) _
-ﬂgok-ahgad sta?igtics. For each GOP of an MPEG 2 stream a nunbernggrblis
given by Ck is enforced: [err] where index k denotes the GOP nu

Cgop,

' ' ' | I deo quality of the

a fixed GOP bits. For a ven Ck, the vi . .
éggrfscﬁggihfzed by minimzing the avérage sum of the quantization scal ers
subject to the condition of equation (2),

known a priori or will change over time, and a true
estimation of source distribution can become

impossible. The real time single-pass VBR encoder of

the present invention exploits a (C-D) perceptual

model to differentiate the hardness or softness of
video segments, each corresponding to a particular
hyperbola defined by equation (1). The actual

i
(C,0) pairs are then computed along this hyperbola.

2.1 Rate-Quantization Perceptual Model

The VBR scheme of the present invention is
conceptually motivated by the fact that each video
segment (i.e., each GOP) is associated with a level
of encoding difficulty, and this difficulty can be
measured by various source statistics Or compression
parameters, such as total picture bits, quantization
scaler, spatial activity, temporal activity, signal
to noise ratio, or any combination of the above. A
larger amount of bits should be allocated to a video
segment with a high level of encoding difficulty.
This is a different approach than the CBR rate
control technique, where a fixed number of bits is
allocated to each GOP, regardless of the degree of
complexity of the source. Research efforts have
shown that for a large number of test cases composed
of complex, moderate and easy materials, a strong
correlation exists between the rate of the video
interval and the quantization scaler. This
correlation is described, for instance, in co-pending
U.S. Patent Application entitled "Two-Pass Encoding

[err]

is

NX is the nunber of pictures of type x in a GOP and RX is



I ni m zi ' traint of (2), this
of mnimzing [err] subject to the cons _ his
_Lgaés??on IS rennvedgand the Lagrange multiplier Xis used to mnimze the

Lagrangi an cost T: [err] Wth the aid 01;1 tihgture
ra?e-quantization nodel described in (1), the target 1l;lts for each p
Eg;r)(ra]is deduced: Targets in equatioh ($) represent the ideal picture bits

[ ) [ fromthis. The accunul at ed
| bits would al nost al ways devi ate f _
2P?o§ hiGSagE)lrjrgut ed .and fed back to the constant bit rate cont [)'Olt ﬁgtcgmo?utGhe
to ensure that the final MPEG 2 bitstream neets the average bi

total bit budget. Let CJerr] and (Jerr] represent the ideal and actual
0] g%vlethod Of Digital Motion Video Sequences For Constant

Or Variable Rate,™ (Attorney Docket No. Y0998-023),
R. Rajagopalan et al., Serial No. 09/013,149, filed

January 26, 1998, which is hereby incorporated herein
by reference in its entirety.

In particular, this correlation is shown by the’
following equation:

R, (a,+a,0f) (8),

where a; is a point 300 (FIG. 3) at which a

perceptual line 301 intercepts a @ axis 302 (e.g.,

8 = 0.2); a, is the slope of perceptual line 301
(e.g., a, = .06), and B indicates whether the

perceptual model is linear or non-linear (e.g., B8 = 1
indicates linear).

The R,-Q, relationship of (8) is deduced based on
the criterion that all types of video intervals
should be perceived equally. Further, it suggests
that difficult video segments producing a large
quantization scaler, Q, should consume more than an
average bit rate of the compressed stream, while easy
Segments would use a smaller number of bits. This
relationship provides a building block in formulating
a robust single pass VBR encoding technique, since it

takes advantage of the variability of the video
source.



[ k, respectively, and [err] be the difference between the two.
_Ehﬁfhgff FEF [err] gnd [err{ represent the ideal and actual bits fﬁr t
picture [err], respectively, and [err] be the difference between the two.
After n nunber of pictures have been encoded, the total accunulated error
can be conmputed as: [err] [err] The size of theIGCP S
given by G =[err] and [err] [err] isghe numlt)er.of encoded GOP S'vvh'l
Sub-error accumulation for all processed GOP's is given by [err] |deGCP
[err] is the sub-error accurnulation for the |ast, but not yet_flnlsh$
tn the encoding order. The ideal picture target can now be adjusted for
over production or underproduction of b[ts, resultlng fromprewously.d I
encoded pi ctures. Upi@gankhe above relationship, the actual numbed8 | dea

bits prior to®hdddisnglpbohtied b kelanghperdf GR K shenrddp) s:
is determined, in accordance with the principles of
the present invention, by the slope K of the
following perceptual model:

R, = K(a,+a,08) = kF(Q,) (9).

In particular, in accordance with one technique
of the present invention, constant K (measured in
Mbits/s) is modulated, for each video interval (i.e.,
each GOP), to ensure the average rate of the
compressed stream meets the desired target rate. One

technique for modulating K is described further
below.

2.2 YVBR Rate Control Technique 1

The efficiency of a single pass VBR encoder is
assessed by how fast its rate control technique can
learn and adjust itself to the softness or hardness
of the video stream. For regions where image
discontinuity or special effects occur, degradations
in picture quality should be minimized. Since, for
single pass encoding, image statistics are limited by
the previously analyzed and encoded pictures, the
learning rate of the rate control technique should be
adequate enough to predict the content of the future
video intervals, yet not be too aggressive to result
in algorithmic instabilities. One way to solve the
twofold problem is to adjust the quality of the

encoded stream for every time interval (i.e., every



[err] where [err] is a fixed nunber of CBR GOP bits; [err] is, for
exanple, 1.0; and [err] is a constant that indicates how aggressively this
adj ustnment is carried out. After each picture is encoded, conplexity
nmeasures Xx's are updated and a new target based on equation (7) is _
conmputed for the next picture. This target should nmeet certain constraints,
as described below, to ensure that ti»3 decoder buffer does not experience
overfl ow or underfl ow conditions. Finally, a quantization scaler Q
which is defined on the hyperbola of equation (1), is obtained. It should
be noted that each picture type has its own conposite (R Q curve, and
further, for each picture type, the Q factor may slightly get adjusted to
assure all fr&RBs and pet cievewtequahtyol Heehmmaner léarmhigh per cept ual

effects for moccahl eked@yels l@la coatial (ALhLNERLPOLALD. as well as how
t he i deal targﬁkgragf‘ met during the encodi ng task via nodul ating e Q
e

factor, are no $8ribed herein. They are, however, described in ISOIEC
JTA / SC29/ WG11/ N0400, "Test Model 5,11 April 1993, which is hereby

i ncor porated herei inbYcéSFRLENCG iR LLS ﬁ¥¥ﬂd¥ﬂ¥£s of the present
19 invention, a VBR input stream Sy is, for instance, a
concatenation of several contiguous video or time
intervals (i.e., GOP's), each operating at a
different CBR bit rate. pynamic bit rate adjustment
for each video interval is determined by the
perceptual model described in section 2.1, while the
actual (C,Q) pairs are computed from the rate-
quantization model of equation (1). Therefore, VBR
sequence S, can be partitioned into a finite number
of GOP's specified by {S,}p,. For GOP Sy, an average
number of bits, C,, and an average quantization
scalar, Q, are defined, such that ¢ oJ = alic, Q] .
The terms of equation (9) are modified, in accordance
with the principles of the present invention, to form
a dependency between the average bits and
quantization scaler of GOP §,, as

follows: Cx=f'KF(Q) (equation 9a), in which the
frame rate of the video is defined by f.

Let (Ek-2.acmall_ék-2.aczual) and (—Ck-l.actuallak-l.acmal) represent

- the average bits and average quantization scaler
pairs of GOP's S, and S,, just encoded. A CBR or VBR
MPEG-2 encoder can be used for the encoding of those
GOP's. Further, it is assumed that there is a
hyperbolic dependency between.Ei and7Q<as in equation
(1), and that the above pairs are used, in the
present invention, to predict a linear model for the
c-Q relationship, as follows:



Descri bed above is a description of various CBR fundanentals. Follow ng, is
a description of VBR and, in particular, the real-tinme single pass VBR

t echni ques of the present invention. 2. VBR VI DEO The CBR rate
control technique of section 1. is notivated by the fact that for a fixed
target [err] constant quality is achieved within a GOP by nodul ating the
quanti zati on paraneters. Any statistiggl variations or bit offshoots are
exploited to help stabilize the CBR rate control technique over tinme and
maintain a desired rate. In addition, an MPEG 2 CBR encoder takes advant age
of a set of universal constants and pre-determined initial conplexity
measures to maintain a certain ratio between the amount of bits allocated
anong different picture types. However, efforts in classifying a group of
continuous pictures, such as GOP's or video segnents, into different types
of tinme intervals, in terns of GerplEx*niy hardness or softness, have been
limted for redterd.ne singl e-pass MPEG 2 encodi ng. Hardness (softness) of
the video is defined by a large (snmall) anount of bits that it requires to

produce high fg iky results. For puldi-pass R or multi~pass VBR
encodi ng, sucR T nA@mation is knomnﬂgtdﬂhﬁﬁeétk kradar st inﬁ%@@énents can be
made. In_t his inventjon, however, a level of conplexity is added to

the rate-contr FiEFrakegw‘6kaGBRaeﬁéhdﬁngmbyuaaiu§£@mg t.-he GOP bits on the
fly. This problemis particularly challenging, since the statistical nature
of any video source is either not .
[}
Equation (10) defines the instantaneous rate-

quantization behavior of a particular GOP under

analysis. The linear model of equation (10) and its

relationship to the perceptual model of equation (9a)

are depicted in FIG. 3.

To find the optimum operating point, equation
(10) is solved together with the perceptual model of
equation (9a). For example, ideal operating point 3
is obtained from solving the equations with (E“Ei)
and (szi): and ideal operating point 4 is obtained
from solving the equations with (Ez,-éz) and (_é3,63) .

In particular, a next GOP is encoded at the
average bits of:

= K8 iatn,a,)
£ FE +a,K

(11) .

Constant K is modulated for each GOP to ensure
that the total number of bits produced by the VBR
stream is not more than the size of the storage or
retrieval device, e.g., a DVD disk. For instance, if
the total number of bits available is Rror. then after

every GOP of the input sequence is analyzed and



20 known a priori or will change over tine, and a true estinmation of
source distribution can becone inpossible. The real tinme single-pass VBR
encoder of the present invention exploits a (CGQ perceptual nodel to
differentiate the hardness or softness of video segnents, each
corresponding to a particular hyperbola defined by equation (1). The actual
(C,Q pairs are then conputed al ong t¥§ s hyperbol a. 2.1

Rat e- Quanti zati on Perceptual Mbdel The VBR schene of the present
invention is conceptually notivated by the fact that each vi deo segnent
(i.e., each GOP) is associated with a |l evel of encoding difficulty, and
this difficulty can be neasured by various source statistics or conpression

parameters, setkoded!OotRe PrddftRiaBi hSae AU (£t 1L.Q 8&al 8Ly Sbati al

activity, tenpag; ctivity. ignal to noise ratio, or any combination of
t he above. A IarggFgagbu%? %ﬁf%gF% shoul d be allocated to a video segnent

with a high level of encoding difficulty. This is a different approach than
the CBR rate control technique, where a fixed nunber of bits is allocated
to each GOP, regardl ess of the.deqgree #froconpl exity of the source. Research

efforts have op- — (12),
GE]A(,ZS ' F(Qk.actual)

where N, is the number of GOP's in the input
sequence and G is the GOP size.

The denominator of equation (12) can be easily
computed in a multi-pass encoding scheme, but is not
available for a single-pass real-time compression
scheme, as in the present invention. Thus, in
accordance with the principles of the present
invention, a pre-encoded phantom sequence is used,
instead, with a set of GOP quantizers defined by:

Fi} 2§Qp—1

f

* .
where Néop 1s the number of encoded GOP's in the

phantom sequence. The summation of equation (12) is

thus adjusted after each GOP of the input sequence is
encoded.

Given a number of pictures and a bit budget Ry,
the single pass VBR encoder of the present invention
has the responsibility of fitting all of the produced



for a |arge nunber of test cases conposed of conplex, noderate
Zggmgatscaaateri al s, g strong correlation exists between the rate of thg 4
video interval and the quantization scaler. This correlation is descri bed,
for instance, in co-pending U S. Patent Application entitled "Two-Pass
Encodi ng 21 N'l?t hod O Digital
Motion Video Sequences For Constant Qg Variable Rate," (Attorney Docket l;ké
Y(098-023), R Rajagopalan et al., Seri al No. 09/013,149, filed January ,
1998, which is hereby incorporated herein by reference inits entlrety.
tn particular, this correlation is shown by the follow ng equation: 201
[err] wher LAl S a Ploi at 3901 FIdG 3) at Wnéch a perceptual line
i ntercepts a é?laxilsrﬁﬁ’of Fedygital medium.” In order to prevent

over-runs or under-runs, Ry is dynamically modified
for each GOP. The adjusted budget R,,, is obtained by

subtracting the actual bits from Rror and is used to
set a new slope,

fqgk,tot

K, =

Gzﬁi"é’fl F (D, (13) .

actual)

FIG. 3 displays how the perceptual model is
adjusted for cases where soft or hard GOP's are
encoded.

Since K, and in particular, the denominator of K
cannot be computed in a single pass VBR encoding
scheme, a technique has been devised, in accordance
with the principles of the present invention, to
modulate K and to estimate the number of bits to be
allocated to each GOP. This real-time single pass
VBR scheme is referred to as a learning procedure,
because it learns certain information as it
progresses. One embodiment of the learning procedure
is described below with reference to FIG. 4:

1. Let P be a pre-encoded phantom defined by the
tuple:



al ='0.2); a2 is the slope of perceptual line 301 (e.g., a2 .06), and
[err] indicates whether the perceptual nodel is |inear or non-linear (e.g.,
B =1 indicates linear). The Ra-Qa relationship of (8) is deduced
based on the criterion that all types of video intervals should be

percei ved equal ly. Further, it suggests that difficult video segnents
produci ng a | arge quantization scaler, Q should consune nore than an
average bit rate of the conpressed shpeam while easy segnents woul d use a
smal | er nunmber of bits. This relationship provides a building block in
formul ati ng a robust single pass VBR encodi ng technique, since it takes
advantage of the variability of the video source.

22 Usi ng the abov relatlonshlp, he actual number of bits
al l ocated to each interval gLﬁ%e determ ned, in accordance
with the principles of the P€ n ﬁﬁf the slope K of the

[err]

fol |l ow ng perc%PtuaI g?de
kgop 1 F(Qk)] andN—Ngop Step 400.

A typical value for Z, is 108 and for Ny is 114.

2. Initialize the VBR rhte control technique by
encoding the first two GOP's of the input
Séquence, i.e, S, and §;, at a rate of £
using, for instance, a CBR MPEG-2 encoder. The
nomi -C

minal value of £:Cgp should correspond to
the average rate of the VBR stream given by the
user, STEP 402.
3.

‘After S, is encoded, various parameters are
updated, STEP 404. For instance, Z,, which
represents a summation of the measures of
encoding difficulty, and N,, which is the
adjusted number of GOP's, are updated as:
Zy=Z,, + YF (ak_l.m,l) + Ne=Ny; + v, where vy is the
update speed of the learning algorithm
(e.g., v = 2.0). Additionally, Cetacuar 18

computed, as well as the sum E}‘;‘o C,-acm,.

(&) If (k -1 = 0) = increment k by one, go to
Step 3.



In particular, in accordance with one technique of the present invention,
.constant K (neasured in Mits/s) is nodulated, for each video interva
(i.e., each GOP), to ensure the average rate of the conpressed stream neets
the desired target rate. One technique for nodulating Kis described
further bel ow 2.2 VBR Rate Control Technique 1 The efficiency of
a single pass VBR encoder is assessed E% how fast its rate control

techni que can | earn and adjust itself t he softness or hardness of the

vi deo stream For regions where imge discontinuity or special effects
occur, degradations in picture quality should be m nimzed. Since, for
singl e pass encoding, inmage statistics are limted by the previously

anal yzed and encodéd) pi@ttheres sel heohSidlidther@barahetBes! aLggont rol

t echni que shoul d be adqﬂy%;e ggough tggﬁ#SPiCt the content of the future
video intervals, yet not b& 100 4§ofEF VRS §Or E8GI Prediaryerit hnic
instabilities. One way #¥edokeéinge imofaiatipnoliiem.is to adjust the

gquality of the encoded streamfor every tinme interval (i.e., every

23 4. Use the sum term of Step 3 to determine the

remaining bits R, in the budget. For

. k-1

instance, subtract Ljcg Gjama from Rpgr to
obtain Ry,. Update the number of remaining

frames or pictures Py to be encoded, STEP 404.

5. Measure the new slope: K,‘==fR“-“xNk . STEP 406.
' PyZy
6. Calculate new target G, using equation (11),

described above, or equation (14), described
below, STEP 408.

7. Encode S; in VBR mode, STEP 410.

8. If there are unfinished GOP's in the sequence,
INQUIRY 412, go to Step 3, otherwise stop, STEP
414.

The term Z, is intended to adapt itself to the
image content of each GOP and smooth out the
volatility of the VBR video. It acts as a safety
measure to prohibit unrealistic bit-allocations to
very high (low) complexity GOP's.

Described above is a scheme for determining the
average bits of a GOP S, to be encoded. 1In summary,

this target bits is set by the following equation:



QOP)- and let the rate control technique |earn the |ocal content of each
picture within that tine interval. In accordance with the principles
of the present invention, a VBR input stream S[err] is, for instance, a
concat enati on of several contiguous video or tine intervals (i.e., GOP's),
each operating at a different CBR bit rate. Dynamc bit rate adjustnent for
each video interval is deternlned by .t he perceptual nodel described in
section 2.1, while the actual a?rs are conputed fromthe rate-

guanti zati on nodel of equation (1) Therefore, VBR sequence S[err]can be
partitioned into a finite nunmber of GOP's specified by [err]. For GOP Sk,
an average nunber of bits, Ck, and an average quantization scalar, k are
defined, such that [err] The terns of equation (9) are nodified, in
accordance with the principles of the present invention, to forma

dependency between the avera @ b| g@p;izatl n scaler of GOP Sk, as
follows: [err] 9a), in mhﬁah kg video is defined by f.
Let [err] and [err]represent t hé 5v +Qlﬁ§ ver age éhﬁhtlzatlon

scaler pairs of GOP ' s [err]and[err] ust enegﬁe A CBR or VBR MPEG 2
encoder can be used for the encoding of those GOP's. Further, it is assuned
that there is a hyperbolic dependency between Ck and k as in equation (1),

and that the aboveThairstearcntsed, tééhﬁi&hd3r%sﬁﬂe Lpygntion, to predict a
| i near nodel iﬁﬁeﬁ@fbﬁ:fg'fﬁr%hlgnaes rlbed.E%How with reference

to FIG. 5. 1In one embodiment, an uncompressed input
stream (e.g., a video stream) is input into a
compression engine 500, which includes, for instance,
the encoder depicted in FIG. 1 and described above.
Since there ig no prior knowledge of the input
Stream, compression engine 500 is initialized with
the old technology of the chip, i.e., a known CBR or
VBR algorithm. Thereafter, the first two GOP's are
encoded in, for instance, CBR mode.

A delay 502 is provided in FIG. 5 to illustrate
that information is to be obtained from previously
encoded GOP's (e.gq., GOP,; and GOP,,}) and not from
GOPy, which is the next GOP to be encoded.

Thereafter, the average bitsg, ?1',?2, for each

of the last two encoded GOP's (e.g., GOP,, and GOP, ,)

and the average Q factor, 0,:0,, for those GOP's

are calculated (504). As an example, the manner in
which the average bits and the average Q factor are
calculated for the first two GOP's is described above
with respect to equations 1 through



24 wher e, [err] Equation (10) defines the

i nstant aneous rate- quantization behavior of a particular GOP under

anal ysis. The linear nodel of equation (10) and its relationship to the
perceptual nodel of equation (9a) are depicted in FIG 3. To find the
optimum operating point, equation (10) is solved together with the _
perceptual nodel of equation (9a). Fgr exanple, ideal operating point 3 is
obt ai ned from sol ving the equations @Pth (C1, Q) and (C2, @), and ideal
operating point 4 is obtained fromsolving the equations with (C2, Q) andf'
(C3, @). In particular, a next GOP is encoded at the average bits o

7. The values of (T, 0,), (C,D,) are then buffered

to be used later to estimate the GOP bits needed for
the next GOP to be encoded (e.g., GOPB,).

In order to estimate the new GOP bits (506), the

C-0 predictive model (508) of equation (10) and the ©7-

Xl

perceptual model (510) of'equation (9a) are used in
the estimation of the new GOP bits. As shown in FIG.
5, the updated parameters of the learning procedure,
the remaining bits to consume and the number of
pictures to encode are input to the time varying
perceptual model (511). The point at which the
predictive and perceptual models meet is the estimate
of the GOP bits for GOP,. This point is defined by
previously described equation (14).

In addition to the above, the estimation of the
GOP bits can be adjusted for special effects and
instabilities (512), as described below.

After the new GOP bits are derived, a picture
bit allocation model is used in order to assign a
number of bits to each frame or picture of the GOP to
be encoded (514). 1In one embodiment, in order to

adjust the target bits of each picture type, ¢, is

multiplied by the GOP size G, and the following

equation is used to obtain an ideal bits for each
picture:



tant Kis nodul ated for each GOP to ensure that the tot?ltﬂgngfgrgge o
s duced by the VBR streamis not nore than the size o 5t or age
blts'pcglugevicg e.g., a DVD disk. For instance, if the total Ege Fs
LFEglgvailable ié [err] then after every GOP of the input seque

I d and 25 encoded,_the ferr]
agﬁcngual nodel of (9a) can be used %o conmpute K, as f0||3m€§is he en
ah reFerr] is the number of GOP's in fhe I nput sequence_?n Gis the SOF
sige The denom nator of equation (12) can be easily conp

' i I lable for a single-pass
I - encodi ng scheme, but is not avai _ _ :
pg;}[tpﬁzsconpress?on schene, as in the pres?nt I nvention. Thus, in
i i nci t he presen
ordance with the principles o
acc _)ég—l(Ck—alAnﬂumm_aZAn—ijc)
n,ideal” (15) .

Y Xn_N*

For a CBR type of operation, the same amount of
bits per GOP are to be consumed and, if there are
differences between ideal GOP target bits and actual
values, the long term GOPi errors are carried over to
the next GOP to be encoded. This is so that the bit
rate of the video stream for a GOP, or for a

collection of GOP's, or for the whole sequence, would

be the same. The long term GOP error is A1 gop -
However, for a real-time VBR scenario, there is no
need to carry over the long term Gop errors, since
each GOP may operate at a different bit rate. The
responsibility of the VBR scheme is to optimize the
total bit budget for video quality. With the
pParameter «; in the above equation, one can scale the
long term GOP errors and control this information as
it is fed to the rate-control algorithm of the VBR
encoder. Once the VBR GOP target bits are set, o, is
used to meet the bit budget within the GOPD. Typical
values for o, and ®; are 0.05 and 0.2, respectively.

For example, set the CBR rate at 4.0 Mbits/sec
and encode the first GOP. Assume 3.9 Mbits/sec is
consumed. The remaining 0.1 Mbits/sec goes to the
next GOP (number 2) and it will get 4.1 Mbits/sec
(ideally). But, if gop 2 only gets 3.5 Mbits/sec,
then, for the first two GOP's, there was an
undershoot by 0.6 Mbits/sec, which carries over to
GOP 3 to ensure a Piece-wise constant bit rate. ‘This
is not needed for VBR, as we are trying to optimize



i nventi on,

a pre-encoded phantom sequence is used, instead, with

I zers defined by: [err] :
o R e of encodedyGEP's in the phant om sequence. The sunmation of
is thus adjusted after each GOP of the input sequence is

i's the nunber
equation (12)
encoded.

G ven a nunber of pictures and a bit budget[err],

a set of
where N

the single

pass VBR encoder of the present i nvent4pn has the re;gon3|gliltyn?2 Ihétlng
all of the produced its i
di gi tal nedPunl In order to prevent over-runs or under-runs, Rerr]is

dynam cal |y .nodified for each GOP. The adjusted budget [err]

subtracting the actual bits fronl[err] and is used to set a new sl ope,

video quality for regions where CBR is vulnerable.
The surplus bits (0.6 Mbits/sec) should be conserved
and be used efficiently for difficult (hard) to
encode scenes. This is why o, is very small.

After the ideal bits for the pictures are
determined, the quantization factor for each picture
is also derived (516) using, for instance, equation
(1). This quantization factor is input to
compression engine 500, which is used to compress
each of the frames or pictures of the current GOP.
The output of the compression engine is a stream
compressed in a single pass real-time variable bit

rate mode, in accordance with the principles of the
bPresent invention.

Subsequent to encoding the frames, the actual
numbexr of bits allocated to each picture can be
obtained from, e.g., a counter within compression
engine 500. These values can then be plugged into
equation (6) to determine how far the actual bits
deviated from the ideal bits.

In FIG. 5, the various processes used to
estimate the number of GOP bits are shown separately
from compression engine 500. That is, processing
logic or circuits independent of compression engine
500 can be used to implement the processes. However,
in another embodiment, one or more of the processes
of FIG. 5 can be included on one chip (i.e., within
compression engine 500).

The single pass VBR rate-quantization framework
described above is based on an assumption that a

I s obtained by



[err] FIG 3 displays how the perceptual nodel is adjusted for
-cases where soft or hard GOP's are encoded. Since K, and in
particular, the denom nator of K cannot be conputed in a single pass VBR
encodi ng scheme, a technique has been devised, in accordance with the
princi-ples of the present invention, to nodulate K and to estimate the
nunber of bits to be allocated to eack, GOP. This real-time single pass VBR
schenme is referred to as-a |l earning procedure, because it |earns certain
information as it progresses. One enbodi ment of the | earning procedure is
described below with reference to FIG 4: 1. Let P be a pre-encoded
phant om defi ned by the tupl e: 27

decoder buffer within a decompression engine is of an
infinite size and that a large enough number of bits
is always available. However, in a real-life
scenario, the buffer size is limited and defined by
the MPEG-2 standard. Thus, the encoding scheme of
the present invention is responsible for eliminating
any overflow or underflow condition that the decoder
buffer may encounter. This is accomplished by
examining a hypothetical decoder buffer, i.e., a
video buffer verifier (VBV), and computing
lower/upper bounds on the amount of bits assigned for
a picture tyﬁe. Fortunately, for a VBR scenario, an
overflow cannot occur for the decoder buffer. This
is because the task of filling the decoder buffer is
immediately stopped after the VBV buffer occupancy
reaches its maximum level. Therefore, a lower bound
of zero is imposed for picture bound. Moreover, the
decoder buffer is filled at the maximum rate of Roax
(in Mbits/sec), set by the user.

However, an underflow condition can occur for
the VBV buffer of a VBR decoder, and an upper bound
not larger than a pre-determined value should be
assigned to prevent this. Thus, let B, and B, be the
decoder buffer fullness before and after picture n is
removed, respectively. B] is computed as:

*

Bn=Bn"Rn,actual (16) .

Further, the buffer fullness before removing the next
picture is,



[err] A typical value for Z[err] is 108 and for Nerr] is 114. 2.
Initialize the VBR rate control techni que by encoding the first two
GOP' s of the input sequence, i.e, So and Sl, at a rate of[err]

using, for instance, a CBR MPEG 2 encoder. The nom nal val ue _

of [err]shoul d correspond to the average rate of the VBR stream given
by the user, STEP 402. 3. AfteB4S[err]is encoded, various paraneters
are updat ed, STEP 404. For instance, Zk, which represents a
summati on of the neasures of encoding difficulty, and Nk, which is the
adj usted nunmber of GOP's, are updated as: [err] where y is the

updat e speed of the learning algorithm (e.g., vy =2.0).
Additionally,[err]is conputed, as well as the sum|[err] (a) |If

(k - 1 =0) =>increnent k b, pmIn@g, & +R ) Step 3. (17),

where B,, is the total size of the video buffer
verifier and T, is the display period for picture n.
(T, is an inverse of f.) Before picture n is removed
all of the information in the buffer is available,
and therefore, the upper bound U, becomes the buffer
occupancy. The nominal vélues by which the picture

target bits is bounded are given by the lower bound
L, and upper bound U,:

1

U,=MIN(B
L,=0

n

vbv, B, +Rpax Iy-1 Ry ,actual ) (18) .

Therefore, the ideal picture bits are clipped,
using the picture bounds:

n if , (Rn, idea1> Un)
R, idear={La elseif (R, ;gear<Ly) (19).
n, ideal else

Described above is a single pass VBR MPEG-2
encoder specified by {Rpp {R,Q}%,}. The encoder
operates along constellations which are formed by
jointly solving for a time-varying perceptual model
and a bank of (C-Q) models. The relative ideal
position of a (EUEQ pair of a GOP within the
constellation is first determined by the "softness"
or "hardness" of the GOP and then adjusted by the
remaining number of bits in the bit budget. The '



28 (b) O herw se, conpute other parameters, such as

' I cti del defined in
: and[err]according to the predictive no
gnglion ElO)? 4. Use the sumtermof Step 3 to determ ne the[err]

ining bits[err] in the budget. For _
{ﬁg?;nceg subtgact][err] fromRTOT to obtain [err]. Update the5nunber
of renaihing frames or pictures to bg encggfd’lgggpngaﬁfargei o
the new slope: [érr] STEP 406 : | cu (

ggﬁﬁ;rgquation (11)P descri bed above, or equation (14), desc;lbﬁd
bel ow, STEP 408. 7. Encode Sk in VBR node, STEP 410. 8. < I g ere
are uhfinished GOP's in the sequence, | NQUI RY 412, go to Step 3,

ot herwi se st opOc&TEmsitiompf the (R, QThpaierdf 2k givtuteended to adapt

itself to theréphoceman ot ok fRCH AaANLSTRIN QUL Lhe o
FIG. 3 displays how a constellation of (Ek:(—?k) pairs
is formed by the VBR encoder, which employs the
variable bit rate control technique 1. 1In this
figure, the constant line defined by C = Cyop
indicates the ideal location of all (Ek,_c—zk) pairs if
they were to be encoded in CBR mode. Moreover, the
figure reflects that the average quantization scalers
increase as the hardness of GOP's increase. Ideal
and actual operating points are depicted by white and
dark circles, respectively. ILet (Eu‘_-?l) and (_(-:2,62) be
the first two pairs of a "goft" GOP, which are
obtained by initialization of the VBR encoder in the
beginning of a video sequence. The next ideal
operating point, denoted by "3", is the intersection
of the perceptual model (solid line) and the causal
predictive model. The position of point n3w
indicates that an average bits smaller than the
sequence average bits Egop is allocated. However, the
output of the encoder, i.e., point (63,63) ; Will be
dihfferent, and as a result, a new perceptual model
(shown by dotted line) is derived to meet the bit
budget constraint. The pairs (E,,az) and (_C3,—Q3) are
then used to obtain a new predictive model (displayed
by dotted line) and compute a new operating point,
i.e., "4". If the video sequence contains a large
number of contiguous "soft™ GOP's, the perceptual
model will eventually converge to a line which
intersects the C = Egop line in close proximity to the
CBR output pairs (E,,—él) and (—Cz,-Qz) .

If the video material starts with "hard" GOp-s,
the location of the actual point (63,53) is above the



[ hi bi t
volatility of the VBR video. It acts as a safety neasure to pro
-unrealist?c bit-allocations to very high (low) conplexity GOP ?. P S to
Descri bed above is a scheme for deternmning the average bits of a L
be encoded. In summary, this target bits is set by the follow ng equati
29 [err] The rate control technique of the present
-nvention is further described below wth reference to FIG 5. In one t
enbodi ment, an unconpressed input stredm (e.g., a video strean% S |nggr
into a conpression engine 500, which includes, for instance, t ekenaf e
depicted in FIG 1 and described above. Since there is no prior EO ng
of the input stream conpression engine 500 is initialized witht $to e
t echnol ogy of he—€hif, i.e., a known CBR or VBR'aIggrlthn1 Thereafter,
first two (Ixyé %f%” ine. This ensures the optimization of the

available bit budget for regions where a CBR encoder
is most wvulnerable, i.e., "hard" GOP's. In this
scenario, a new perceptual model (displayed by dashed
line) is formed to gradually lower the allocated GOpP
bits and comply with the bit budget constraint. This
model, along with the new causal predictive model
(shown also by dashed line), determine the next
operating point, denoted Ly "4", For the case where
the incoming sequence is composed only of "hard"
GOP's, the perceptual model will eventually conform
to a line which meets the C = Eppline at a location
close to (51.51> and (_éz,az) points. For a typical
video program, it is unlikely that we operate along
the same GOP (or a constellation of previously
computed points) for a long duration of time. It is,
however, likely that we jump out of a GOP to the next
neighboring GOP after a short time. Therefore, we
can deduce the following behavior. Before the
perceptual model settles in a situation where it can
monotonously take away from "hardness" or "softness"
of a GOP, the rate control technique will migrate to
a new GOP. The actual quantization scaler values for
previously encoded picture types determine the
migration to a "harder" or "softer" GOP. For a
future "harder® ("softer") GOP, we move to the right
(left) of the previously encoded GOP, as depicted in
FIG. 3. Hence, where we intersect the perceptual
model produces a GOP bits which is higher (lower)
than the actual bits consumed by a previous GOP.

This mechanism ensures that for a collection of
contiguous GOP's of similar "level of encoding
difficulty" the effect of the "hardness" (or



encoded in,

-5 to illustrate that
GOP's (e.g.,

for instance, CBR node.

A delay 502 is provided in FIG
information is to be obtained from previously encoded
GOP[err] and GOPk2) and not from GOP[err], which is

t he next

bits, [err] for each
GOP to be encoded. Thereafter, the average

of the last two encoded GOP's (e.g., GOP[err]and GOP[err]), and A< an
average Q factor, Ql,Q@, for those 8OF s, are cal cul ated (504). a

exanpl e,

t he manner

t he

in which the average bits and the average Q factor are

calculated for the first two GOP's is described above with reipect to
equations 1 through 30 .

of

(Cl Q1),

GOP bits needeiFafmeassd ) naetucoion ochawmeadatdide. O aiERieLELg

over the encoded content of the corresponding video
interval, while the most (least) complex GOP still
gets the largest (smallest) bit allocation relative
to its look-alike GOP's. While this technique is
based on modulating the slope K of the perceptual
model, an alternative VBR rate control technique can
be formulated by translation of the perceptual model
to meet the total number pf bits set by the user.

This variable bit rate control technique is described
next.

2.3 VBR Rate Control Technique 2

In this section, a second technique for
calculating the target bits of each GOP to be encoded
is described. In accordance with the principles of
the present invention, instead of modulating slope K
of the (C-Q) perceptual model, the position of the
perceptual model is translated by solving for

parameter &,. Slope K is fixed at a CBR rate of

f-E"g'Dp and parameter a, is derived as follows:

9'°P‘
gopazz: k=0 0O, (20)

g OPN gop

The sum term in the above equation is undefined
for a real-time single pass VBR encoder. Thus, a
pre-encoded phantom sequence (as in technique 1) is
used to initialize VBR rate control technique 2 of
the present invention. To ensure that the digital

storage medium does not experience over-runs/under-

The val ues

(C2 @) are then buffered to be used later to estimate the



In order to estimate the new GOP bits (506), the C- Q predictive nodel
-(508) of equation (10) and the CQ perceptual nodel (510) of equation (9a)
are used in the estimation of the new GOP bits. As shown in FIG 5, the
updat ed paraneters of the | earning procedure, the remaining bits to consune
and the nunber of pictures to encode are input to the tinme varying
perceptual nodel (511). The point at wych the predictive and percept ual
nodels neet is the estimate of the GOP bits for GOPk. This point is defined
by previously described equation (14): In addition to the above, the
estimation of the GOP bits can be adjusted for special effects and
instabilities %512) as described bel ow After the new GOP bits are
derived, a pictuore bF e A9EdRLPEnbHbelsire sonsedred pERsaian1assi gn a nunber
of bits to eachndresed ars pilet Unet 8kt 44 3R L1 DE; £NGQ cﬂgqi (314). In one
enbodi nment , |nRorderTIta &%@jlgﬁt ght taregt;cet blts of “eac ct’uree type, Ck
is rmultiplied srze® REPFBRL JiRdayt é@a@mn& s used to
obtain an ideaf® blts for each picture:

ays= - a,=% = -
= %, ry - aE (21} ,

where term r¥ represents a ratio between the long

term rate of the GOP's not vet encoded and a CBR rate
of the video stream, and Yy and E, are described

below. For hard GoP's, (T, > Cgop) and, therefore,

ratio r has to become smaller over time to satisfy
the total bit budget. Further enforcement

is provided by Ekto move the position of the

K;,QQ pairs downstream, along the constellation, to
lower the rate of the compressed stream. The
opposite scenario takes place if several soft GOP's

are encoded over time. The average bits of each GOp
is set as follows:

- _ Eya M2y
;i oz —— - (22)
gop

In accordance with the principles of the present
invention, a learning procedure is also provided for
VBR rate control technique 2. During this learning
pProcedure, Y is initialized and updated. The
remaining encoding parameters are defined with the
formulation of VBR rate-control technique 1.



31 : [err] For a CBR type of operation, the sane
anmount of bits per GOP are to be consuned and, if there are differences
bet ween ideal GOP target bits and actual values, the long term GOP[err]
errors are carried over to the next GOP to be encoded. This is so that the
bit rate of the video streamfor a GOP, or for a collection of GOP's, or
for the whol e sequence, would be the ss@e. The long term GOP error
is[err]. However, for a real-tine VBR scenario, there is no need to carry
over the long term GOP errors, since each GOP may operate at a different
bit rate. The responsibility of the VBR schene is to optimze the total bit
budget for video quality. Wth the paraneter al in the above equation, one
can scal e the | ongonerentsRmentobs @QQrﬁ%ﬁ%ﬁgyoééﬁ $el gfoLmation as it is

fed to the rageseptdPlLAl enco Once the VBR GOP
target bits are set, a2 |§gﬁ§gég %%E?n?%éxbﬁﬁgbuéget within the GOP.

Typi cal val ues for al and a2 are 0.05 and 0.2, respectively. For

exanpl e, set lhe GBR rAtke at p&e@eh@ba&%rgﬁr&q‘ Slale t f| rst GOP. Assune
3.9 Miitsksec is consuned. The.regmining 0.1 Nbltsﬁggg g e5'%0o the next GOP

(nunber 2) and |t WH’]}e 8% 4. RIS/ Skec apiddeat! y) .= But, if GOP 2 only gets
3.5 Miits/sec, N;Qn the first two GOP's, there was an undershoot by
0.6 Mdits/sec, kgarrl e ovgrndtg GCRT-S tOrgNSY £ a piece-w se constant
bit rate. This |s not needed for VBR as*he are trylng to optimze

A typical value for ¥y is 1869.

Initialize the VBR rate control technique by
encoding the first two GOP's of the video

sequence, i.e., S, and S;, at a rate of f£&
using, for example, a CBR MPEG-2 encoder. The

nominal value of £ should correspond to

the average rate of the VBR stream, STEP 602.

After S, is encoded, update various parameters,
STEP 604. For instance, update Y,, which
represents a summation of average quantization
factors per group of frames, and N, as:

Ye = Yir + YQuianm, and Ny = Ny + 7,

respectively, where vy is the update speed of the

learning algorithm (e.g., v = 2.0). Compute

Cetacuar @nd then, the sum of E§:1 c

J.actual "

(a) If (k-1 = 0) = increment k by one, go to
Step 3.

(b) Otherwise, compute £, and 7, according to

the predictive model defined in equation
(10).



32 - wvideo quality for regions where CBR is vulnerable. The surplus bits
-(0.6 Mits/sec) should be conserved and be used efficiently for difficult
(hard) to encode scenes. This is why a, is very snall. After the
ideal bits for the pictures are determ ned, the quantization factor for
each picture is also derived (516) using, for instance, equation (1). This
quantization factor is input to conpregsion engine 500, which is used to
conpress each of the frames or pictures of the current GOP. The out put of
t he conpression engine is a streamconpressed in a single pass real-tine
variable bit rate node, in accordance with the principles of the present

i nventi on. 4 bsequent to encoding the franes, the actual nunber of
bits allocated to edch Pretiifetesn 9 Hinmidnde flebeyming.the counter within

conpr essi on engi ne BO@®inihgsbival RES iqamhtehgud%g%%l q%gﬁ?ci%th%bequati on (6)

to determ ne how f afunds ag %@lna?ﬂé devi.at ed its.
In FIG 5, the vari ocesses Used o &bt &% be FORBERdof GOP bits
R : . . ;
are shown separ at el r conpressi on engi ne 500. That is, processing
p nmp g
5 k
: Compute r,, E, and the new translation factor a;
STEP 606.
6. Calculate new target Ei using, for instance,

equation (22), STEP kos.

7. Encode S, in VBR mode, STEP 610.

8. If there are unfinished GOP's in the sequence,
INQUIRY 612, go to Step 3, otherwise stop, STEP
614,

Constraints on the VBV buffer occupancy and
target adjustments are handled as described in the
previous sections. FIG. 7 displays how the
instantaneous causal predictive models are formed
within each GOP and used in conjunction with a time-
varying perceptual model to estimate a new (Emzi)
point for the VBR encoder which employs the variable
bit rate control technique 2. If several soft (or
hard) COP's are encoded over time, the perceptual

model will be shifted upward (or downward) to meet
the bit budget constraint.

2.4 Scene Transitions

During the course of the encoding procedure, the
VBR rate control technique can become unstable. The

cause of this is usually special effects or naturally



logic or circuits independent of conpression engine 500 can bgruiggetgf e
i npl ement the processes. However, in another gnbOQ|nent,_oRg re ..
prgcesses of FIG 5 can be included on one chip (i.e., within conp

engi ne 500). The single pass VBR ratﬁ-quantization f ramewor k

i e is based on an assunption that a _ o _
ggscrlbggcggg¥ buffer within a deconpé ssion engine is of anFLnflgiteiﬁlge
and that a | arge enough nunber of bits is always avail abl e. wever,

i i i im fined by the MPEG 2

-1 o, the buffer size is |imted and Qe ( _ _

gfng;:Le ?ﬁﬁgar;he encodi ng schene of the prgsent |Pxe?t;ﬁ2 hzcgngogz;?gs
i m ting any overfl ow or underflom/cpn_ltlon a .
];n?l;/ Zlnlc?uﬂ'? elr‘? W%/i% Ritsrowsinas hedchya e xaddny Qﬂxt%,h)é@tB&ESH g%.r ;ﬂﬁgggrer
buffer, i.e. A mavimgetadus f@y grer !ffahgrf%é{? 14 %ggﬂgogguﬁiag?o‘wunat PP o
bounds’on t he, aount cy bi ts assigned Tor a pi e -typges tery.
a VBR scenario. . an overtl EXAAsh demiparas QH%agdgcdderabﬁfé@I%O isis
because t he t%%kh%ﬂhfinHQHﬂ}tWhéidhcoﬂemmF&Eﬂéﬁéll§uhn$E§Fg¥§r%psa Pgmer
bound o bUffeacnngupﬁﬂﬁﬁh;g%ggﬁighﬁéoﬁgé% Jgkbgég eFhethe decoder buffer is
i se . . ,
?iorlngdol;t ZSL??]%(%%%% APEUSE PEr Fhe (¢ommMsisEels dlleosparhyeddies User .
For the aforementioned temporal and spatial

transitions, the parameter adjustments for the

encoder become nearly imppssible.

In accordance with the principles of the present
invention, high quality video VBR streams are
offered, even when special effects are compressed.
This is accomplished by detecting algorithmic
instabilities of the VBR encoder (as a result of the
special effects) and setting the Gop targets along a

trajectory different than the procedures described in
previous sub-sections.

FIG. 8 depicts a case where a transition from a

soft GOP to a hard Gop makes an incorrect estimation
for a future GOP to be encoded.
estimation is denoted by

This incorrect

"bad operating point" in the
figure. A much better estimation can be made by
applying a 3-point MEDIAN filter to a set of
carefully selected pParameters.

For example, for VBR rate control technique 1,
the new targets are derived using the following:



' It the VBV buffer of a VBR
' an underfl ow condition can occur for _
522ﬁ32;: and an upper bound not IarPer Ehan S E;ebgezﬁ;nhgggdgflgﬁffgfuld
signed to prevent this. Thus, let Bn an _ _
Pﬁl?ﬁesg beforepand after picture nis renoved, respectively. Bnis

conput ed as: [err] Further, the buffer fullngzs
vi the next picture is, 42 . o
F:I?ie ren&xgpg [err] is'Phe total size of the video buffer verifier and Tn

[ [ [ [ f f.) Before
[ [ eriod for picture n. (Tn is an inverse o _ (
I?ctnfedhsﬁga¥egnved, al | 8f the information in the buffer is av?klabgﬁihal
gnd therefore, the upper bound Un becones the buffer occupancy. en

val ues by which the picture (23)
(& =G- }_JEDIAN( p'lf-lKk'F(Ek-l,actual) ’ p'ztlgopl P-;f-lKk) if(Ek<O)
Fonew Ck else

As a further example, for VBR rate control
technique 2, the new targets are derived using:

(24)
[}
p s — =
T 5 CqopF (Qxe1, actuar) I Coon
=G MEDIAI\{ s T JSRPIL- vt X P
Ck,new"'G sy azEk"'H(k) 4 lJ'ZC'Q'OL') B azEk+H (k) lf(5k<0)
Cx ' else

where H(k) = a; (Ng,, + vk)N;! .

The MEDIAN filter is used to compensate for
instability conditions (as a result of scene
transitions) that may occur in all types of GOP'sg,
€.g9., soft or hard. The constant set {u“;q,p3}
enforces a bound on the number of bits produced
during a scene transition. 1In one example, u, = 1.0,
Ha = 0.9 and pu; = 0.9,

The GOP target allocation of equations (23) and
(24) can also be used when scene changes are
detected. How to detect the scene cut is not
described herein, since many techniques of scene
change detection are given in the literature. Since
the encoding of each GOP starts with an I picture, if
the position of this picture is where the scene cut
occurs in the sequence, then equation (23) or
equation (24) is used to set the new target.
Moreover, if the encoder detects a scene change for a



' bound Un:
] [ [ are given by the | ower bound Ln and upper
[ayoet Bits ISTEgEQSg?e thg idealypicture bits are cllpped,.u5|ng.thF
i cture bounds: ’ [err] Descri bed above is a single
pi :

[err]

pass VBR MPEG 2 encoder specified by [err].

The encoder operates al ong

constellations which are formed by jointly solving for a tinme-varying

per cept ua

[ GOP within the c _ nec
?ségrhgﬁé"pgir"ﬁ;rgness" of the GOP and then adjusted by the remaining

- | s. The relative ideal
e I e S C»égggglfation is first determ ned by the

nunber of bits in the bit budget. The

P picture, this type of picture is changed to an I
type and a new GOP ig started and, again, the new

target is set according to equation (23) or equation
(24) .

2.5 (C-0) Instabilities

The (R-Q) relationship of equation (1) is known
to work fairly well for a diverse class of video
sequences and is a fundam;ntal concept used for many
real-time MPEG and non-MPEG compression systems. In
accordance with the pPrinciples of the present
invention, however, this relationship is used to
build a causal predictive model to estimate the
average bits of a present GOP to be encoded, based on
the actual average GOP bits and average quantization
factor of previous GOp's. However, this predictive
model can become unreliable for some video segments,
even when there are no special effects, scene
transitions, or scene cuts. The cause of this is
related to the non-stationary nature of video
Sources, e.g., several highly detailed objects moving
slowly across a background of significant luminance

or chrominance image details, presence of unwanted
noise in the scene, etc.

FIG. 9 displays two points derived by an encoder

with one being outside of the composite (E—a) curve.

This point is a result of the aforementioned criteria

and does not obey the (C-Q) relationship. Further,
it contributes to calculation of a "bad operating
point." The VBR encoder of the present invention
suppresses this instability by making an additional
contribution to the strategy defined in equation (23)

posi tion of

35



| ocal” position of the [err] pair of a picture is represented by the (R-Q
nodel of the picture type. FIG 3 displays how a constellation of (Ck, (k)
pairs is fornmed by the VBR encoder, which enploys the variable bit rate
control technique 1. In this figure, the constant |ine defined by C =[err]
indicates the ideal location of all (Ck,Qk) pairs if they were to be
encoded in CBR node. Moireover, the figyre reflects that the average

qguanti zation scalers increase as the hardness of GOP's increase. |deal and
actual operating points are depicted by white and dark circles,
respectively. Let [err] and [err] be the first two pairs of a "soft" GOP,
whi ch are obtained by initialization of the VBR encoder in the beginning of
a vi deo sequeﬁ%é?q?ﬁglﬂ%xf24heaﬁnoperaitumpnuﬂune,Gd@ngagg by."3", is the

i ntersection @Etthecpedtﬁ@tu@hjﬁp@ghd§§ggﬁqx#kﬂﬁ) and the causal predictive
nodel . The position of point "3" indicates that ‘an average bits snaller
than the sequence average bits[err] is allocated. However, the output of
the encoder, i.e., point (C3,B), will be different, and asigyesult, a new
per ceptual nodel (shown by dotted line) is derived to neet the bit budget
constraint. The pairs (C2, Q@) and (C3,@B) are then used to obtain a new

predictive nmo (dj §99|@I¥,,§xdﬁ'by. ppf(tgeqop NgY ¢ Rﬂ SPpULE a new operating
t, ice. = ot 60 endt/ Z 5 agph& mtfibe) of
Ront i gu C%'"'?'é & ((tc'ﬁﬁ"'z@ %@f%é’feg%%ﬁﬁﬁkw% (Iew(Mmé\% Njé@,mcﬁggger ge to a

cont i guous 1 o
line which inter&cts the C =[ erf45354& KB Q| Gas |bBbs6i i yTf o, tbe_CBR

output pairs (C1,Ql) and (C2, Q). ! If the video material sfarts with
"hard" GOP-'s, the location of the actual point (C3,Q@3) is above the
with,
Ek, i1 % © 1_ék‘2 cactual +(02_C_'k_1 .actual

®,+0, (26),

where w, and @; represent the weights of the filter
In one example, w; = 1.0 and w, = 1.0,

and in another
example, w; is set to 1.0 and w, is set to 3.0.

In the above equation, & is a constant used to
modulate the number of bits to be allocated. For
example, MAX & is 1.1 and MIN & is 0.9. Thresholds
6, (e.g., 0.1) ang 6y (e.g., 1.0) are chosen under
the assumption that a future GOP belongs to the same
Zideo Segment as the already processed GOP's, and
C.m is an average GoOP bits, which is determined by
applying a linear filter on the bits of the
previously encoded GOP's. Output of this linear
filter is the new operating point. The MAX and MIN
functions are implemented to filter out the encoding
bit parameters that result in (C-Q) instabilities.



36 C =[err] line. This ensures the optim zation of the available bit
budget for regions where a CBR encoder is nost vul nerable, i.e., "hard"
GOP's. In this scenario, a new perceptual nodel (displayed by dashed |ine)
is formed to gradually lower the allocated GOP bits and conply with the bit
budget constraint. This nodel, along with the new causal predictive nodel
(Shown al so by dashed |line), determ ne 4she next operating point, denoted by
"4" . For the case where the incom ng sequence is conposed only of "hard"
GOP's, the perceptual nodel will eventually conformto a |ine which neets
the C =[err] line at a location close to [err] and [err] points. For a
typical video program it is unlikely that we operate al ong the sanme GOP
(or a constellation D@F%ﬁb@ﬁoﬂsl@emrm@b@,depgfgtégc 2 I?n duration of
time. It is, howwedink &ekgaih@;mé{\es[ijﬁqu out of a %gtes RE next

nei ghboring GORAfjgL. @pghort tine: e ef BF S V@ridhiedbdbceate fol | owi ng
behavi or. Before the perceptliaf2fbda 1gpiehest i and pridduakiopiyhere it can
nonot onousl y t & y ViAem " hem drasisiater of SOid NAG%e0h 2, 8P, the rate
control techni duee alilbbabkgr 8 e; t@yR jRew . GP. . The act Ual " q0ahti ZQti on scal er
val ues for pr e\éisQliﬁllax&ejggodeg. icture ty BEM By fnde thRa hhgration to a
"harder" or "softer’ 5 FOrioed nsire vhniales "technakies’) GOP, we nove to
the right (left) of the previously encoded GOP, as depicted in FIG 3.
Hence, where we inte®hsepteddia .yal nodel produces a GOP bits which is
hi gher (1 ower) sthap;Lhgeact u &gi{vt%gﬁé%ﬁsﬁ% Sy 5 1pfedi busaGOP. Thi s
mechani sm ensures that Of or R tagtuEEr (eng of @untorguons &6Rhseaf Simlar

"l evel of encolFRETANfPTeiNaLs) thawie§f ecdr ofndehcehatgngsss, (o

us i i
eable media. The media has embodied therein, for
computer readable pProgram code means for

providing and facilitating the capabilities of the
Present invention.

instance,

The article of manufacture can be

included as a part of a computer system or sold
Separately.

‘ Additionally, at least one program storage
device readable by a machine, tangibly embodying at
least one program of instructions executable by the

m .
.achlne to perform the capabilities of the Present
lnvention can be provided.

The flow diagrams depicted herein are just

exem,
plary. There may be many variations to these

di
agrams or the steps (or operations) described

therein without departing from the spirit of the

in i i
vention. For ilnstance, the steps may be performed

teps may be added, deleted

All of these variations are considered
& part of the claimed invention.

in a differing order, or s
or modified.



37 ° "softness") reduction or augnentation is distributed over the
encoded content of the corresponding video interval, while the nost (I|east)
conplex GOP still gets the largest (smallest) bit allocation relative to
its look-alike GOP's. Wile this technique is based on nodul ati ng the sl ope
K of the perceptual nodel, an alternative VBR rate control technique can be
formul ated by translation of the perceptual nodel to neet the total nunber
pf bits set by the user. This variabl4 bit rate control technique is

descri bed next. 2.3 VBR Rate Control Techni que 2 In this section,
a second technique-for calculating the target bits of each GOP to be
encoded is described.. I n accordance with the principles of the present

i nvention, instead &fltﬁﬁﬁahavm}@lsdamemlsoeiméﬁt% (thQ) pRELCceptual nodel, the

position of t egiatedptual devee Ld ran d solving for paraneter a,
Slope K is fixgghaatnd CBRLEL Tésgﬂd[se?lr? §a2_-[€i_é el’-ta?igi—% erived as

D ope X in the relevant art that

variou
s modlflcatlons, additions, substitutions and

: ting from the
pirit of the invention and these are therefore

considered to be within the sco
defined in the following claims.

the like can be made without depar

pe of the invention as



[ -ti I ngl e pass
[ [ fined for a real-tine sing
' ' above equation is unde _ single P
52% Zﬁggég;n1%2ughea pre-engoded phantoﬂlsquegcgf(?ﬁelBréggg?lﬁnven%ion.
initialize t echni qu _
ialize VBR rate control _ resen
$gegn28r;niaat the digital storage nmedi um does not exper

38 runs, the
; i i ant aneous
Ogﬁ;[ayﬂzlgpfgrare noni t or ed periodlcal!y an? ?ﬁgdpgfcégfugrshndel °0
r i i ' Tr ansl on o _
tOtaIdbIt budget, 1€, [er{L%r] aﬁére ternferr] represents a ratio
vari ed as:

: ded and a CBR rate of
rate of the GOP's not yet enco o .
?ﬁgmefgeghgtlggg]tzag]Yk and Ek are descri bed bel ow For hard GOP

- over time to
[err] and, therefore, ratio[err] hasrheudpecone snal l-er

Iy

1. A method of Processing groups of frames,
said method comprising:

encoding at least one group of frames of an
input stream; and i

determining, prior to encoding the entire
input stream, a number of bits to be allocated
to another group of frames of said input stream,
said another group of frames to be encoded in g
variable bit rate mode, and wherein said
determining uses one or more parameter values
obtained from said encoding.

2. The method of claim 1,
encoding said another group of fr
pass variable bit rate mode,

further comprising
ames in a single

wherein saig another
droup of frames is encoded in only one encoding pass.

3. The method of claim 2,

further comprising
repeating,

for other groups of frames of said input
stream, said determining and said encoding said

another group of frames, wherein said determining for
each of said other groups

encoded group of frames.
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: : he
the total bit budget. Further enforcenent :zngr?x;dggnggeFrat?ogbvfotIomer
It he (Ck airs downstream al or . , .
fﬁzlﬁéﬁg 8; Ehe gong¥ésged stream The opp$ﬁ|tgvzfgggrL?tgagfsegLﬁcgikjiS
' I ne. e _

severalfgﬁrgmgpP s are encoded over t o] . ~ accprdgrgg as
fﬁg gfinciples-of t he present inVﬁnFi@@,za Lﬁ?{Rén?hfgofggrafnésprocedure,

[ rate control technique 2. _ _
gr?glﬁﬁ?trg{iggg and updated. The remai ning encoding paraneters are defined
wth the fornulation of VBR rate-control technique 1.

' i 2 is  described bel ow
e enbodi nent of | earning procedure .
\:/),\ngt h reference tog Ft G 6&he methed ofetlfirbe,awhbgs£iicoded phant om defined
by the encoding said another group of frames comprises:

determining an ideal number of bits to be
assigned to one or more frames of said another
group of frames; and

* [4 L M S *

adjusting said ideal number of bits to
eénsure at least one of an overflow condition and

an underflow condition is not reached for a
decoder buffer.

5. The method of claim 4, wherein said
adjusting comprises determining one or more picture
bounds used to bound the ideal number of bits to be
assigned to said one or more frames.

6. The method of claim 2, wherein said
encoding said another group of frames comprises
adjusting an ideal number of target bits of a Picture
type, within said another group of frames, wherein
said adjusting comprises scaling é sub-error
accumulation of previously encoded groups of frames
of said input stream using a first scaling factor andg
scaling a sub-error accumulation of frames of said
another group of frames using a second scaling

factor.

7. The method of claim 6, wherein said first
scaling factor is smaller than said second scaling
factor.
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5 tuple[err] and set Yo = [err] and No =[err], STEP 600.

A typical value for[err] is 1869. 2. Initialize the VBR rate contro

t echni que by encoding the first two GOP's of the video

sequence, i.e., So and S1, at a rate of[err] usi ng, for exanple, a
CBR MPEG 2 encoder. The nom nal value of [err] should correspond
to the average rate of the VBBR stream STEP 602. 3.
After[err]is encoded, update various paraneters, STEP 604. For

i nstance, update Yk, which represents a sunmmation of average

guanti zati on factors per group of franmes, and Nk as: [err],
and[err] pectf é%% where [err] is the updat e speed of the

| ear ni ng algorlthn1§ od of )ylai@onpuirkerein saig [€rrland then, the
sum of [err] determlnlWEQCdmpr@keé 0) => increnent k by one, go to

Step 3. (b) O herw se, conpute[err] and[err]according to

the predictive nodel deflgﬁqaln equati on (10).

ting, for said another group of
frames, a slope of a predefined

Perceptual
function; and ’

AN ) 0

ng said modulated slope in a bit rate
equation to determine said number of bitg.

9. The method of clalm 8, wherein saig

predeflned perceptual function comprises:

Ck"_‘f- KF (Qk)
wherein F(aﬂ

=a,+a,Q¢ in which, a,, a, and 8 are
constants,

Qk is a quantization factor, and K
Teépresents a slope value.
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40 4. Use the sumtermof Step 3 to determ ne the remai ni ng

bits[err]in the budget. Update the nunber of renmaining pictures Pk to
be encoded, STEP 604. . Kk

k 5. Compute [err], Ek and the new transl ation factor[err] STEP 606,
6. Cal cul ate new target[err] using, for instance, equation (22),
STEP 608. 7. Encode Sk in VBR NDQﬁ) STEP 610. 8. If there are
unfini shed GOP's in the sequence, | NQUIRY 612, go to Step 3, otherw se
stop, STEP 614. Constraints on the VBV buffer occupancy and

target adjustnents are handl ed as described in the previous sections. FIG
7 displays how t he instantaneous causal predictive nodels are formed within
each GOP and used i -codPgneethbod vat kelaii BP- Wik NG GeRt ual nodel to
estimate a newdtCk,dduatponntoh9Friddle VBR encoder which enploys the variable
bit rate control technique 2. 1f several soft (or hard) COP s are encoded

over tine, the perceptual _nodgl w.l\| be %hifted upward (or downward) to
meet mﬁ ﬁi md et const CaF[dn{%’;“; k) 211, '
! UH I T tea Bt
L M s * k“k

wherein Ryt Yepresents a number of remaining bits in

a bit budget, N, represents an adjusted number of

groups of frames in an input stream, Py represents a

number of remaining frames of said another group of

frames to be encoded, Z, represents a summation of

the measures of encoding difficulty, £, is AC,/AD
x

in 3 —_— .« « -_—
which Cy 1is an average bits and Qr 1is an

average quantization factor, 7y is equal to

rol S
k-1,actual * 8§xQk-1,actuazs and a, and a8, are constants.

11. The method of claim 1, wherein said
determining comprises:

determining, for said another group of

frames, a translation factor for a predefined

perceptual function; and

us?ng said translation factor in a bit rate
equation to determine said number of bits.
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2.4 Scene Transitions

O ’

bl ack to new scene), nance change
LR ot Yot S ' light fromcanera, gun shot in
(as a result of high intensity g 3?

movie, etc.) in conbination with the v

vi deo paraneters.

' i bl e.
' encoder becone nearly inpossi _
e e donet adjustﬂgngfiag{pfgg of the present invention, high quality

I n accordance wth

[ essed.
i deo VBR streans ar®e of & &¢thedenf WoEL s PACI %'heS?L-SCt S.are conpr
Vi

' i thmic i | 7¥18s of the VBR
This is acconpfi¢sémsuihing eagat wgn?i%ﬁéert%{}?)c%g' nstabil 1 S

encoder (as a resu

OB

eci a _ : _
lgi?;eﬁgﬁtsfhan t he procedures descrhgfgigﬂ F;gx:gus
FIG 8 d%%igtgg%ﬁgg§e_%ﬂgﬁg'a tra

gop Ny

wherein p, Yepresents a number of remaining frames of

said

another group of frames to be encoded, Ry tor

Tepresents a number of rehaining bits in a bit

budget, ¢

2p 1S @ rate of said input stream, Y,

Yepresents g summation of average quantization
factors Per group of frames,Iﬂ represents an

adjusted number of groups of fr

ames in an input

Stream, and a, is a constant .

13. The method of claim 1, wherein.said

eéncoding comprises encoding a first group of frames
and a second group of frames of said input stream,
and wherein said One or more parameter values

includes g first bit rate and a first quantization
factor for saig first group of frames and a second

bit rate and a second quantization factor for saig
second group of frames.

determining comprises using a pred
determine saig number of bits to b

Prede

second bit rate,

14. The method of claim 13, wherein said

efined function to

e allocated, said

fined function using said first bit rate, saig

said first quantization factor and

said second quantization factor.
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During the course of the encodingfp[ﬁfgdgge,
o]
the VBR rate control technique can becone unstable. The cause
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GoP [ i mation for a future GOP to be
. to a hard GOP nmakes an incorrect estima i _ GOP 1
Zgigded %ﬁis I ncorrect estimation is denoted by "bad operatlngsPogPLt I n

t he figﬁre. A much better estimation can be nade by applying a Fgr

MEDI AN filter to a set of carefully selected parameters. L
exanple, for VBR rate control technique 1, the nem1targets4g

using the foll ow ng: ) 5 ol se s 2
gﬁ?%hgfréianple, for VBR rate control techni que 2, the neM/targets(ng
derived using:

[err] 15. The method of claim 14, wherein said

predefined function comprises:

LT e e

wherein Ry, represents a number of remaining bits in
a bit budget, N, represents an adjusted number of
groups of frames in an input stream, Py represents a
number of remaining frames of said another group of
frames to be encoded, Z, represents a summation of
the measures of encoding difficulty, ¢, is Aﬁi/dak in
which Ei is an average bits and'ék is an average
quantization factor, 7 is equal to

Cr-1,actual ¥ €01, actuazr and a, and a, are constants.

16. The method of claim 1, wherein said
determining comprises compensating for one or more
instability conditions of said input stream.

17. The method of claim 16, wherein said one or
more instability conditions comprises at least one of
4 scene transition, a scene cut and one or more
special effects, and wherein -said compensating |
comprises applying a MEDIAN filter to one or more
selected attributes of a predefined function used to
determine said number of bits.
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where H(k) =[err] The MEDI AN filter is used to conpensate for
instability conditions (as a result of scene transitions) that my
occur in all types of GOF s, e.g., soft or hard. The constant set[err]
enforces a bound on the nunber of bits produced during a scene
transition. In one exanple, [err] = 1.0, [err] = 0.9 and [err] = 0 .

gl. SHIH“I mumlm target allocatioggof equations (23) and (24) can

ene changes are detected. How to detect the scene
cut #s hott " destribed herein, since nany techni ques of scene change
detection are given in the literature. Since t he encodi ng of each GOP
starts with an | picture, if the position of this picture is where the
scene cut occur¥®in #hﬁe"@éaﬂén@é,citdﬁan léquahepaif 28idlone orequati on

(24) is used t®osetindimidityargaitions MG EEs L &Q{ta%’l%gder detects a

scene change f@én@iti lat , _ picture, this
type of picture is c janged -t gdaﬁolat??fé'sé:ﬁ&lﬁnﬁ’é% Prs off setidd and,

h ed
again, the newl?%lftgefttlfeg‘“betanécﬁb?ﬁﬂfg sad deqoapensat A3 Wnmquald on (24).
2.5 (C0) InstBblteriras out encoding bit attributes that result in
said unstable condition.

19. The method of claim 18, wherein said
filtering out comprises applying a linear filter on a
bit rate associated with one Or more previously
encoded group of frames of said input stream.

20. The method of claim 1, wherein said

determining comprises using a predefined function to
determine said number of bits.
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The (R-Q relationship of equation (1) is known to work fairly well for a
di verse class of video sequences and is a fundanental concept used for nmany
real -ti me MPEG and non- MPEG conpressi on systens. |In accordance with the
principles of the present invention, however, this relationship is used to
build a causal predictive nodel to estimate the average bits of a present
&OP to be encoded, based on the actual4 average GOP bits and average

guanti zation factor of previous GOP's. However, this predictive nodel can
becone unreliable for sone video segnents, even when there are no speci al
éffects, scene transitions, or scene cuts. The cause of this is related to
t he non- stationarymf e vi deo sources, e.g., several highly detailed
obj ects noving slo "b%émé? BgcRﬁ?%‘EﬁﬁPQﬁ Fryref pEafwatesd nance or

chrom nance magé ‘H%‘El@@ql sompresénge of unwanted noise in the scene, etc.
FIG 9 displays two points derived by an encoder wth one being outside of
the conposite (CGQ curye. This point_is a result of the aforenentioned
criteria and does not % B RE e Pplyea bitivoe§hpprametreherg luds cont ri but es
to cal culation of &r¢hazheoper abiragppertuslylkacyBRiegeadsro©f the present
invention suppressgsahdd s instability by making an additional contribution
to the strategy defined in equation (23)

computing, for a group of frames to be
encoded in a single pass variable bit rate mode,
a slope of a predefined function, saig computing

using one or more of said plurality of parameter
values; and

RN O 00

obtaining a bit rate for said group of
frames to be encoded using said computed slope

and one or more of said plurality of parameter
values.

22. The method of claim 21, further comprising
encoding said group of frames to be encoded in said
variable bit rate mode at said bit rate obtained for
said group of frames to be encoded.

23. The method of claim 22, further comprising
repeating said determining, computing, obtaining and

encoding for other groups of frames of said input
stream.

24. The method of claim 23, wherein saigd
determining, for each group of frames to be encoded,

comprises using data from the last two groups of
encoded frames.
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44 “or equation (24). In particular, the GOP bits are set according to

the condition bel ow (25)
[err] Wi th, [err] where[err] and[err] represent the
wei ghts of the filter. In one exanple,[err] = 1.0 and[err] = 1. 0, and in
anot her exanple, [err] is set to 1.0 and [err] is set to 3.0. In the

above equation, [err] is a constant ugged to nodul ate the nunber of bits to
be all ocated. For exanple, MAX [err] Is 1.1 and MN [err] is 0.9.
Thresholds [err] (e.g., 0.1) and [err] (e.g., 1.0) are chosen under the
assunption that a future GOP belongs to the sane video segnent as the

al ready processed GOP's, and [err]is an average GOP bits, which is

det er mi ned by appl y¥i™ng &hei mebhodi¢f erladm the bhisedf 4483 previously
encoded GOP' s.caBgtuing0bat Al 51b8eRmddilde! ubink e, OPErALing point. The
MAX and M N function:

S N T

w . . 4
herein f is a frame rate of said input stream, R,
Stot

1S a remaining number of bits in a bit budget, N,
represents an adjusted number of groups of frames in

an input stream, P, represents a number of remaining

frames of said another group of frames to be encoded
and Z, represents a summation of the measures of

encoding difficulty.

26. The method of claim 21, wherein said

obtaining comprises using a predefined function to
obtain said bit rate.
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functions are inplenented to filter out the encoding bit paraneters that
result in (GQ instabilities. 45
Described in detail above are techniques for providing a real-time single
pass .variable bit rate encoder that is easy to inplenent and produces high
quality video. An estimate of the nunber of bits to be allocated to a GOP
i-s determ ned, and then the estimated s refined using various techniques.
The present invention can be included in an article of manufacture (e,.qg.,
one or nore conputer program products) having, for instance, conputer
useabl e nedi a. The nedia has enbodied therein, for instance, conputer
readabl e program code neans for providing and facilitating the
capabilities of the7.prEsemethodepti ohaifhes ardieded nokaganuf acture can be
included as appadéfdied HEMIR S¥pLedLol sold separately.

Addi tionally, at |east one program storage device readable by a machine,
tangi bl y enbodyi ng at | east one program of instructions executable by the

machi ne to performthe cap .éliti s of the present invention can be
ovj ded. akf(b kz': = f) §xdi ™M, ,
LRI N A

wherein R,,, represents a number of remaining bits in
a bit budget, N, represents an adjusted number of
groups of frames in an input stream, P, represents a
number of remaining frames of said another group of
frames to be encoded, Z;, represents a summation of
the measures of encoding dlfflculty, & is Aﬁ&/AQk in
which Ck is an average bits and Qk is an average
quantization factor, 7%, is equal to

Ci-1,actuar * &x0k-1,actuasr and a; and a, are constants.

28. The method of claim 26, wherein said
predefined function represents an instantaneous rate-
quantization behavior of said another group of frames
and a perceptual model indicating a complexity of
said another group of frames.
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The fl ow di agrans depicted herein are just exenplary. There may be nmany
variations to these diagrans or the steps (or operations) described therein
wi t hout departing fromthe spirit of the invention. For instance, the steps
may be perforned in a differing order, or steps nay be added, del eted or

nodi fj e variations are considered a part of the clained
i-nvemn ” l I!E IMLL@E’ 46 Al t hough
it

pref erred e have been depi cdd and described in detail herei n,
will be apparent to those skilled in the relevant art that various

nodi fications, additions, substitutions and the |ike can be nade w t hout
departing fromthe_spirit of the invention and these are therefore

consi dered to be w{hi mhehaethodeosf cldmn iy enhbeniAssdefined in the

fol | owi ng cl aFa®e-quantization behavior - : 47 Wat is
clainmed is: 1. A et hod of p}’%)%]éslssi rﬁigefdPSGp?Ybf frames, said nethod
conpri si ng:

C.=-F, 0.+ y =,
q;arifgk "k » Wherein T, is an average bits, Oy 1is an average
AF=E'_1zat:1on _scaler, € is equal to AE‘k/A(—)k in which 7
k k-1,a£tual—ck-2,actua1, and AQ~k Fe)

and Ny = C'k_ Qk-z,actual - Qk-l,actuall

1,actual; t EJch-l,.slcwal'

i
30. The method of claim 28,
perceptual model is defined by:

wherein said

Ce=fKF (Q,)

wherein F(Q,) =a;+3,(} in which, a;, 3, and B are

Q is a quantization factor, and kK
Tepresents a slope value.

constants,

31. The method of claim 21, wherein said

de . .
termining comprises compensating for one or more
lnstability conditions of said input stream
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encodi ng at | east one group of franmes of an input stream

determ ning, prior to encoding the entire input stream a nunber of bits to
be allocated to another group of franes of said input stream said another
group of franes to be encoded in a self-variable bit rate node, and wherein
said determ ning uses one or nore paraneter values obtained from said
encodi ng; and encodi ng said ad8ther group of frames in a single
pass variable bit rate node wherein said another group of frames is encoded
in only one encodi ng pass; wherei n said encodi ng said anot her group
of frames conprises adjusting an ideal nunber of target bits of a picture
type, within said smnot emgiH8HP anes, wherein said adjusting conprises
scaling a sub: =8I &L 85C nmul gltgll-io(r)lg ltc;crees\?‘lggs??’%ﬁe(fr@f"@ﬁps of frames of
sai d i nput stream Usim §°WPF§F1%%aI|ng factor and scaling a sub-error
accurul ati on of frames of said another group of frames using a second
scaling factor. 2. getlh® clal mherein said first scaling
factor is smaller 1 égg%%dgscgweng to A net hod of
processi ng groups o c?r%ﬁgs s%J%F?HRI9§df§@m9$|Qﬁrﬁm lnput encodi ng at

| east one group ofSGm%mnssaﬁdadetmmMMu@braaﬂmg&ﬂﬁ1nstantang8§5r”‘”'ng,

prior to encodi ng & @pbhte,L PP a_nunber of 0 be allocated
to another group o fr_g%es of saclﬂ'E l?senpu °st?%a§ﬁldsz%r8u§n8fher group of _

frames to be encodéd iy §n§eFfP%ﬁ"9P§b‘Iaé BPdek atrelimadtd ngand
det erm ni ng uses cHERIexAbyeopasaittigbupabies KAl ned fro E‘@”E‘:ﬁmwﬂ“m
wherein said determ ning conpri ses: nodul ating, for s

group of franes, a slope of a predefined perceptual function; and
Usi ng said nodul at ed sFBFRILRY F3id graue efjufndmes usidgternine sai d nunber

of bits. 4. VRrd apdehbiit ofated aiode3at WeFRidn d%%&ﬁearsg%g{lgd per cept ual
function conpri sesletermining., wherein F
(k) =[err] in which, a,, a2 and [err] are constants &K is a
guanti zation factor, and K represents a sl ope val ue.
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48 5. ° 'The method of clains 3, wherein said bit ¥ate eqﬁ?;;ogifgnPLises:
. i mai
wherein[err] represents a nunber of re .
geg{% budget, Nk represents an adjusted nunbﬁLngLr o rena?L?ﬁgsf?;nL;ag$
i A Pk represents a
|n_gn In?ﬁérSt;gﬁg]of P frames to be encoded, Zk represents a ferr]
Sur ??gn of ° the measures of sgncoding difficulty, [err1a|2
?ﬁnuzich [err] is an aveiage bitf ?gd err] is ?grr] and alagﬁd gz e
i i err]is equa _ , _ _
quantlz?glon factgr,[ L netﬂod of processing groups of clains, ?a;g  nput
conﬁtgnco. rising'. encodi ng at |east one group of franes ot o onb
ctrea agg et ePnPingle RRSOVatrdaBhe Ok NG-ARE cgRbihe :cnpgi G
Stﬂﬁﬁglr of bi¢ynhg simgal | ocated to another group of franeff?vafiable put
Streanl sai d anot her group of frames to be encogegrlznﬁesgaraneter e bit
in said determ ning uses on e | . _
nggiEgge%rgﬂgsg?gr:hcoﬁpnﬁ?COding en@ﬁaeeaﬁapﬁﬁdiﬂ@eE%G?H?:%g ?22P2:5$2% .
determning, for sdiedsanohdejraioe ¢hafLangs,, 8 transla

i on; i PUG PFER&Mation factor in
Imlﬂrml”m@"mu Pgﬁﬂthof ggfglr%n,neaggi d nunbelrJS:)Pgbistls. !
* C L M S *

means for determining,

prior to encoding
the entire input stream,

a number of bits to be
allocated to another group of frames of said

input stream, said another group of frames to be

encoded in a variable bit rate mode, and wherein

said means for determining uses one or more
parameter values obtained from encoding said at
least one group of frames.

34. The encoder of claim 33, wherein said

encoding engine is further adapted to encode said

another group of frames in a single pass variable bit

rate mode, wherein said another group of frames is

encoded in only one encoding pass.

35. The encoder of claim 34, wherein said

encoding said another group of frames comprises:

means for determining an ideal number of
bits to be assigned to one or more frames of

said another group of frames; and

means for adjusting said ideal number of
to ensure at least one of an overflow
condition and an underflow condition is not
reached for a decoder buffer.

bits
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49 7. The nethod of claim®6, wherein said determining said translation

‘factor conprises usi ng: [err]
wherein Pk represents a nunber of remaining frames of sai d anot her
group 'of franes to be encoded,[err] represents a nunber of

remai ning bits in a bit budget,[err] is a rate of said input
streamniwnlﬂjluuum)mmr esents a sun’matiS n of average quanti zation

facto ranes, Nk represents an adj ust ed nunber of
groups of franes i*n dn i nput stream and a2 is a constant.

8. A nmet hod of processing groups of frames, said nethod conprising:

encodi ng at | east Qpe group of fanmes of an input stream

deternmining, prior to e l&%o?rffij’qeﬁeoén?ilamiaﬁ)uuﬂhsb:éeﬁrn;aif’dﬁh@i}% of bits to
be al | ocat ed tfé’raﬁéfihetimanqonmfisfe@aﬂ%n@ff(ﬁaidgtielgw;ligtream sai d anot her
group of fram::taopb@t@f)@qgagldsnugeaegf-var i(€b| e bit rate’Hod® and wherein
sai d determ nijyg uses, one or nore par R BN, Zihge d ABBL anvreler o rafn sai d

encodi ng; 3rif PR Redeter frid repec apriosestean@ensat i ng for one or
nore instability conditions of said input stream and wherein said

one or nore instabgyityrgondidi@ns conprises at | east one of a scene
transition, afggeggté:%tl. and one (%r Ojrcimgfe)a’é‘bgf?i'al‘”h@?f?%t%a}lﬁn@mrei n said

conpensati ng conpri S€s Hﬁﬁ}%icﬁﬁpéiﬁm AN filter to one or nore selected
attributes of a predefined function used to determ ne said nunber of bits.

means for modulating, for said another
group of frames, a slope of a predefined
perceptual function; and

means for using said modulated slope in a

bit rate equation to determine said number of
bits.

38. The encoder of claim 33

. wherein said means
for determining comprises:

means for determining, for said another
group of frames, a translation factor for a
predefined perceptual function; andg

means for using said translation factor in

a bit rate equation to determine said number of
bits.
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[ sai d net hod
| rocessing groups of frames,
o I Si ng > A rTEthOdngelrom'ning a plurality of paraneter val ues
conpri si ng:

[ franes;
fromone or nore previously encoded group of

i i ngl e pass
be encoded in a sing ;
conputing, for a group of frages goe of a predefined function, said

| sl op _
com W f ' lurality of paraneter
[ or nore of sagd p ( S
nggﬂlﬁ!ﬁmu"I’Hmm?m)neobt aining a bit rate ;(r)]& 2ﬁledo?r(r)rgfeogf cai d
to be encoded ﬁsi%g sai d conputed sl ope

of claim 9,
plurality of paraneter val ues. 10. The net hod

ded in said
I Si | ' roup of frames to be enco
further conprising ggcoi*gg said g p

' ' frames
iable bit rate nbde HRFasier pﬁtel@hﬁegne(%,gfe%&?l?%g%gggﬁgr?)fSi i
{o be encoded. 1east one Mrowﬂ@mkaﬂgsoo%@aﬁsrgﬁgaéﬁéirst group of

= . s
repeating saidfﬂ&h@én&ﬁﬂrﬁkséE%ﬁgutlng i

group of frames of saig input
and wherein saig One or more parameter values

stream,

second group of frames.
. i

40. The encoder of claim 39, wherein said means
for determining comprises means for using a
predefined function to determine said number of bitsg
to be allocated, saig predefined function using said
first bit rate, said second bit rate, saig first
quantization factor and said second quantization

41. The encoder of claim 33, wherein said means
for determining comprises means for Compensating for

one or more instability conditions of said input
stream.

42. The encoder of claim 41, wherein said one
Or more instability conditions comprises at least one
of a scene transition, g Scene cut and one or more
Special effects, and wherein said means for

Compensating comprises means for applying a MEDIAN
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encodi ng for other groups of franes of said input stream 12. The
nmet hod of claim 11, wherein said determning, for each group of frames to
be encoded, conprises using data fromthe |last two groups of encoded

frames. 51 13. The nmethod of claim9,

wher ei i ting said slope conprises using the follow ng function:
[err] T‘Eﬁu Mlmﬂllluml a frane rate g said input stream[err] is a
r emai ni wn Ol DIR¥s in a bit budget, Nk represents an adjusted nunber

of groups of frames in an input stream Pk represents a nunber of renaining
frames of said another group of frames to be encoded and Zk represents a
summati on of the ur of encoding difficulty. 14. The net hod of
claim9, wherein sai'd obt'di ﬁf‘ﬁ@d%’érﬁgicééémusitngulaemi&d@faiiaegnguncti on to

obtain said bi?f Maxe instability conditions comprises an unstable
condition related to a non-stationar

' Y nature of sai
input stream, o

and wherein said means for compensating
c . . .
omprises means for filtering out encoding bit

attributes that result in said unstable condition

44. The encoder of claim 43, wherein said means

for filtering out comprises means for applying a
linear filter on a bit rate associated with one or

more previously encoded group of frames of saji

d in
stream. -

45. The encoder of claim 33, wherein said means

for determining is a part of said encoding engine
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S of claim 14, wherein said predefined function
ggnprises: 'S The, method [err] wherein[err]represents a nunber of
remaining bits in a bit budget,[err] represents an adj usted n?nber QLin
groups of frames in an input stream Pk represents a nunber o regal g
frames of said another group of frames to be encoded, Zk represents a
sumation of the measures of encodingsdifficulty, [err] is[err] in
which[err]is an average bits and[err] is an average quantlzat{on
factor,[err] is equal to [err] and al and al are constants s an
16. The nmet hod of claim 14, wherein said predefined function represe

i nstant aneous rat ezg qua dﬁg}lon behavi pr. of said anot her group of framnes
In

and a per cept ual npdel S B§=8 TahpiRYs (Ritofrassi @ngReeker group of
frames. comprising:

means for determining a plurality of
parameter values from one or more previously
encoded group of frames;

means for computing, for a group of frames
to be encoded in a single pass variable bit rate

| ’"f"c' ”mj "lM” ”l’sl ”,m ‘ZOder a slope of a predefined function, said

omputing using one or more of said plurality of
parameter values; and

means for obtaining a bit rate for said
group of frames to be encoded using said

computed slope and one or more of said plurality
of parameter values.

47. The encoder of claim 46, further comprising
means for encoding said group of frames to be encoded
in a variable bit rate mode at said bit rate obtained
for said group of frames to be encoded.

48. The encoder of claim 46, wherein said means
for obtaining comprises means for using a predefined
function to obtain said bit rate.

495. The encoder of claim 48, wherein said
predefined function represents an instantaneous rate-
quantization behavior of said another group of frames
and a perceptual model indicating a complexity of
said another group of frames.
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53 " 17. The nethod of claim 16, wherein said rate-quantization behavi or

is defined by: [err] wherein [err] is an average bits, k is an average
guanti zation scaler,[err] is equal to [err] in which [err] and [err] and
[err] 18. The method of claim 16, wherein said perceptual nodel is
defined by: [err] wherein [err]in which, al, a2 and B are

constants, Kk is a quantization factomgg and K represents a sl ope val ue.
19. The nethod of claim™ 9, wherein said determ ning conprises
conpensating for one or nore instability conditions of said input stream
54 20. A single pass self-variable bit rate encoder conprising:

50. The encoder of claim 46, wherein said means

for determining comprises means for compensating for

one or more instability conditions of said input
stream.

)R A

This Sheet Has Been Replaced

AN




an encoding engi ne adapted to encode at | east one group of frames of an

i nput stream and nmeans for determning, prior to encoding the
entire input stream a nunber of bits to be allocated to another group of
f.rames of said input stream said another group of franes to be encoded in
a self-variable bit rate node, and wherein said neans for determ ning uses
one or nore paraneter val ues obtai ned gy om encodi ng said at | east one group

of franes; wherein said nmeans for determ ning conprises:

means for nodul ating, for said another group of franes, a slope of a

pr edefi ned perceptual function; and means for using said nodul at ed
slope in a bit rate equation to determ ne said nunber of bits. 21. A

singl e pass sel f-vatiabheshidle apb@sera@iehl& B 13itR0encogey  an encodi ng
engi ne adapt eaohprepgnRge at |east one group of franes of an input stream
and means for determning, prior to encoding the entire input
stream a nunber of bits to be allocated to another group of frames of said
input stream said anotheangrisup detekman®sy t MeneRceged;in g sel f-variable
bit rate node, andpwhglBbdh S a r determ ning uses oné or nore
parameter val ues obf ai ned f%mqgg‘éogsﬁggs%gdgrﬁmelseg t 28Bnt"Brbup of frames;
wherei n sai d means®For et Feh§TBORPRY seskng an instapaasedas
determning, for sapbleamoeizagionpbehaticass saikr gpslgtépn factor for a

predefined percept gahnd3NGld ANiped ans ,for .using said
transl ation factor in ]:;1 bit rafe géﬁg??%nmcf%quéf%ﬁﬁ?ﬁénga?d number of bits.

22. A singl e pa3EPSEIEY, &5 §BLE gYeup mafe fanweder andnpri si ng: an
encodi ng engi ne adapted to encode at |east one group of frames of an input
stream and mealys diogdgLeLl i riar to encoding the entire

¥ g %Hb{l?? g‘%:da pett?%t 5CafiBtAR? tdp of franes

input stream a nunber of bé'gts t C '
of said input stredh7 "R FRBEHcSERUD WiTifabdrebitordee ansdsled in a
sel f-variable bit *at® rrue defddedhbyesdt s Mchn®2B8 HOermining.

A
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determ ning uses one or nore paraneter val ues obtained from encodi ng said

‘at | east one group of franes; wherein said nmeans for detegn}nlng of
20 rises means for conpensating for one or nore instability pﬁntl ion
sa?g i nput stream and wherein said one or nore instability

iti i transition, a scene cut and
ions conprises at |east one of a scene (
gggdgﬁ 2Dre sggcial effects, and mhere%hlfaldtnegzz L?rng?gpggfgzigg
ises neans for applying a MEDIAN filter to _ 0 e
S?PP{Lﬁtes of a predefined function used to determ ne said nunber of bits

6 - single pass variable bit rate encoder
ggnprising' 2 A ° ngans for determning a pIurthéé SIoup
' thole nQ¥skyure, i enco
paraneter.values f 5@m ohB eor ‘ﬂigﬁﬁg ?gruﬁ%nﬁﬁFFﬁéflpgf a group of
?:aaggnes, be encoded in a single pass variable bit rate

O .
i i ¥ dusable medium havin§ONputi ng
a slope of a pred8F|ﬁ%ﬁﬁ?lﬁﬂﬁlqmmPUSQr _
Hg?ﬁé one oP mor e GPTALEr preaddliliey prbgram code means empB3E2JETEr val ues;

R i d. group of
and ~ means for obtakebRg fobidatals oL sald . UBEORE and one of
frames to be encod si ng said Do RpugEEuRS Op

d_u
; Lales, “the computer reada Bmvabyes
Tore of said plura?I?V . . P e ameige: €Smeans
in said article of manufacture comprising:

computer readable program code means
for causing a computer to encode at least

one group of frames of an input stream; and

computer readable program code means

for causing a computer to determine, prior

to encoding the entire input stream, a
""’"””l""'"”l’””"’ number of bits to be allocated to another
* c L M s *

group of frames of said input stream, said
another group of frames to be encoded in a
variable bit rate mode, and wherein saigd
computer readable program code means for
causing a computer to determine uses one or

more parameter values obtained from said
encoding.

53. The article of manufacture of claim 52,
further comprising:

computer readable program code means for
causing a computer to encode said another group
of frames in a single pass variable bit rate
mode, wherein said another group of framesg is

encoded in only one encoding pass.
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24. Thé encoder of claim 23, further comprising o geans for
-ehéoding satd group. of franez ai 23 eneoded for said group of franes to
rate nngedat sald bit rate o taISS. The encoder of claim 23, wherein Sg'd
T aouarn A0 oS3 L0 comses meansTor oTng o preiei e

i ' ' it rate. <0
f“npt'gg tahgfé?hnsZ?hd o predefined function represents ﬁn
p|a|n1t neous rat e- quanti zation behavior of said anot e[ »
nghano? frames and a perceptual nodel indicating a conplexity
gf P sai d another group of franes. . r deterrnining
57 27. The eRtodePhofantiailm 88, naierRithreabg dea0s E?y

: | condi ti ons of
conpri ses neawhefeinC@ﬁnﬁQﬁﬁ&hEQrfPéaéggié”bfggygm'gggg &eéns for 5§ 28.
said input stpggany

i iskeast one conputer usable
i f manutact (rEPYESHpPsiernine compatis . .
ﬁgd?L;:ﬁ;Siﬁg conput er readabl e program code neans enbodi ed therein for

causing the processingcgﬁmgkggp§egéagfanes t he cqnputer

€ pProgram code means for

causing a computer to modulate, for said another
group of frames, a slope of a predefined

perceptual function; and

computer readable program code means for

' ,!""c’ ”mL“"M” ”'Ll ” ’"’ causing a computer to use said modulated slope

in a bit rate eéquation to determine said number
of bits.

55. The article of manufacture of claim 52,

wherein said computer readable program code means for
causing a computer to determine comprises:

computer readable program code means for
causing a computer to determine, for said
another group of frames, a translation factor
for a predefined perceptual function; and

computer readable program code means for
causing a computer to use said translation

factor in a bit rate equation to determine said
number of bits.

56. The article of manufacture of claim 52,

wherein said computer readable program code means for

causing a computer to determine comprises computer

readable program code
compensate for one or

said input stream.

means for causing a computer to
more instability conditions - -of
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readabl’e program code neans in said article of manufacture conprising:
-conmput er readabl e program code neans for causing a conputer to encode at

| east one group of franmes of an input stream and conput er readabl e
code ‘neans for causing a conputer to determne, prior to encoding the
entire input stream a nunber of bits to be allocated to another group of

fr Iy Gy t stream said andagger group of franes to be encoded in
a %Eﬁiﬂﬂ ﬂmh Hi@ﬂﬂ rate node, and wherein said conputer readabl e program
co ing a conputer to determ ne uses one or nore paraneter

val ues obtained from said encodi ng; wherein said conputer readable
program code meang for_causing a conputer to determ ne conprises:
conput er readabl e>pr ogF¥nETdeleeafisménnfactusiengfactatpuse; to modul at e,

for said anomhemegnoa@idﬁchﬁuﬂ%%,réa§£5E53§¥bg%a&r%§8EiHggnge%ceptual
function; andausing a 5§ﬁﬁﬁ€é@'tge§dgbledgro ram code neans for- causing a
conputer to use _sald nodul ated sI 6peSTRE Pr3tEScHOBPREATt 0 det er mi ne
sai d nunber & agﬁg ¢ Program codg meane| fonfcanminbaat tbRpuEOAPED Si NQ:

at | east oneU§9npupeedeEiﬁHd(fuﬁedhaﬂlﬂ@V&éHEfHQﬁEUEQFdVESH%Q{G program code
means enbodi gdrtherein for causing the processing of groups of-franes, the
conput er readabl e program code neans in said article of manufacture

conpri si ng: conput er readabl e program code neans for causing a
conputer to encode at |east one group of frames of an input stream and
conput er .readabl e code neans for causing a conputer to determine, prior to
encoding the entire input stream a nunber of bits to be allocated to

anot her group of frames of said input stream said another group of franes
to be encoded in a self-variable bit rate node, and wherein said conputer
readabl e program code nmeans for causing a conputer to determ ne uses one or

nore paraneter val ues obtained fromsaid encoding; wherein said
conmput er readabl e program code neans for causing a conputer to determ ne
conpri ses: conput er readabl e program code neans for causing a

conputer to determne, for said another group of franmes, a translation
factor for a predefined perceptual function; and

59 conmput er readabl e program code nmeans for causing a conputer to use
said translation factor in a bit rate equation to determ ne said nunber of
bits.
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58. An article of manufacture, comprising:

at least one computer usable medium having
computer readable program code means embodied
therein for causing the processing of groups of
frames, the computer readable program code means
in said article of manufacture comprising:

computer readable program code means

for causing a computer to determine a

”!I’"J”ll” "Iﬂ”llsl” ,!l, number of bits to be allocated to a group
of frames of an input stream, said computer
readable program code means using an
instantaneous rate-quantization behavior of
said group of frames and a berceptual model
indicating a complexity of said group of
frémes; and

computer readable program code means
for causing a computer to encode said group
of frames using a variable bit rate mode at
a rate defined by said computer readable

program code means for causing a computer
to determine.

* % % x %
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