;egm uLL6(T| *r 13 July 2002 ' *166166* ONE-PASS VARI ABLE BI T RATE MOVI NG
'PI TTURES ENCODI NG Fiel d of the Invention 5 The present invention relates to
a nmet hod and apparatus for encodi ng noving pictures In particular, the
present invention relates to a method and apparatus for perforagyg20e2i abl e
bit rate control for a digital video encoder. Background of the Invention
10 Digital conpression has been applied;to nmoving pictur f r poses
of transm ssions bandw dth or storage size reduction. maﬂ@w&w“mﬂr of
such conpression techni ques can be derived fromthe | SO t andar ds)
the SO | EC 11172-3 (MPEG 1), the ISO | EC 13818-2 (MPEG 2) afd'¥he MPEG 2
TMS (test nodel 5), devel oped by the Mouwving Picture 15 Experts of the
I nternational Organisation for Standardi zation. The di scl @“ﬂm\ﬂwmdmm%ose

st andards docunents are hereby expressly incorporated int

specification by reference. In a standard MPEG conpli ant vi degw®rcoder, a

sequence of novi i r I L S~d t ere it
is conpressed w Wk’&sr‘%g%#ﬁ%#t% Bf‘?#’ﬁ?@”m EWrate is
set according to the conmunicati on channel bandw dth in which the
conpressed video is to be transmtted, or the storage nedia, capacity in

whi ch the cdhgld eE®ednvgnielb sequence is to be stored. Several different

fom s of coding can be enpl oyed dependi ng upon the character of the input
25 pictures) referred to as |-pictures, P-pictures, or B-pictures. The

| - pi cturess dihe preskmdneodedrepatastiol g ersethusienid rpparhiys forencadistpmoaog essirar Iscene
update. The P-pictures use forward notion Rre ictive coding with .rglf%rence
to previ ousPFUEYde fie Presgy inpentgn rHlales 13 @ o 3pd BRRAFAIPLOY PR RE W BPI8 P8t ur es
use both forpaecshrnthrRahnwandedBico@r. predictive/interpol ative coding with
reference to previously coded |I-or P-pictures. Furthernore, a group of
picture (GOP) is 30 fornmed in encoded order starting with an I-picture and
endi ng W t hgbhe RinGERe 1ReLA5E the next T~ S 13 July 2002 2 |-picture in
t he sequence—&gﬁh'e—m‘rm'r'es—a'r'e. ' partitioned into smaller and non-overl appi ng
bl ocks of1(oi xel data call ed Macrobl ocks (MBs) before encoding. Each MB from
a P- or B-pigcture is subjected to.a 5 nmotion esti ion_process in which
forvard mot IR COPBT S oS PR A e e PG e e S e ssiphs

B- pi ct ure MBind@idth B d¥isie ebduGiong ref@Femce: o Witk E@aprbtsom echhiqase:ahbef er .
Wth the determ ned notion vectors, nmotion conpensation is perforned where
the intra- ofenvse EPIBICISVIECHBED Standadhde! XSV 1EG A 1 V-1 MPEPY. del¥ ¥ hed
according t & @®eSHH- 3OEN f fiQl :

generati ng ? %geﬂgﬁze(cessa?)g/gyl %rg% igl?%gof NMB.gratic%qﬁr%deH g)r’gg?gggpee bﬁ/B&frgﬁ?lﬁgﬁwmre

subj ect ed! % &xphrs Graupef ¢ied ntamational (¥ aisaiqnDoT §andeddiBEtn c déf discloauessof those

(@) The quaneeSsalpall hedhy SRr a8y MR- s QUAHLERH, H-BhE00 00

with variable length codes (VLC) and nultipl exed with additional
i nformation_such as cted. notion vectors) MB 15 codi ng nodes, . .
qUant | zat | ot & PR PEG RTR T B PE G CRURER ELmPRNE PRATTOR & Y6 m ¢ he
out put  bi tsbtggﬁam the Qa@de IR RQE MY chplR@ed YitBOuRY défhea tFfeibuant | Thotiridie
quantized DCT coefficients, followed by inverse DCT) and notion
conpensat3ohitradisart deerdifizrig thescopemmineherticanad tahdwidtihia wioch & ep@pressed
pi ctures usegheh o {6, FRLhARLAC 8RR PRl RabARY 1A GRlc! Be LHASR P VRE DY an
external decoder.

sequence is to be stored.

Several different forms of coding can be employed depending upon the character of the input
25 pictures, referred to as I-pictures, P-pictures, or B-pictures. The I-pictures are intra-coded
pictures used mainly for random access or scene update. The P-pictures use forward motion
predictive coding with reference to previously coded I- or P- picrures (anchor pictures), and
the B-pictures use both forward and backward motion predictive/interpolative coding with
reference to previously coded [-or P-pictures. Furthermore, a group of picture (GOP) is

30 formed in encoded order starting with an I-picture and ending with the picture before the next



Th?hquantization stepsize (QS) used for quantizing the DCT coefficients of
ea MB has direct inpact on the nunber of bits produced at the output of
the VLC encodi ng process, and 25 therefore the average output bit rate. It
has al so a direct inpact on the encoding quality, which is oqughggﬂxgpre
quality at the correspondi ng decoder. In general, larger QS generates |ower
output bit rate and | ower encoding quapity. In order to control output bit
rate and picture quality so that the resulting bitstreamcan satisfy
channel bandwi dth or storage limtations as well as quality requirenents)
rate control and quantization control algorithnms 30 are used. 13 July
2002 3 Sonme nethods for rate control and quantization control can be found
in the abovenenti oned MPEG- 2 TMb (Test Mddel 5). These net hods conprise
generally a bit allocation process, a rate control process, and an adaptive
guanti zation process. In the bit allocation process) a target nunber of
bits is assigned for a new picture to be coded according to a nunber of 5
previ ous| y [PEERIMEY S8HENSSr eset paraneters. The rate control step then
calcul ates a reference quantization stepsize @S~~~ for each MB based on the
target bits for the picture, the nunber of bits already used fromthe
target bit $he megsredvarermprivdsed irgonsmaliar asd cronrayerlappihgablogks tad lixeb dfith entladndel

as given i t Ve i zati process). .t h

cal cul at ed r&&lxﬁfbg ".E%T‘?@%’ngeg%’%:}g‘a"a“g@go%ﬁng’ﬁ@g{“o%gi 8ngp|"v| T i'%éu%‘%tdhtg aI\/B)
and an avemmgen d¢Bmadn prodeys id vhite tfemwardedudnr esrrdriienp beskwans myieoeetrpinct ur e.
This scaling is dgn according to a | evel, of Pasking effects of coding

noi se by hiffesspe E%pﬂ‘F‘BW M8y 2etelirmEnerugite Sriereges Bictyssifiqaa fiamerhuer,

pi cture. ARigxaeml asleniclore td hQf ' ' hsel.osed in
United Stat és ngetﬁ?ﬂgﬁcﬁ%gr 5, 6?\68?8%%%53?? Hs‘éﬁo& ﬁg’gg?%g w&?éﬁdtl“? glattl?"ﬁgn" CIA
vi deo buf f eerpigniré predicfinBiipderafthe M isfrsedarirmined aceording to the aecyprachaf the -

under f | ow ver w_ar re 1,5 uired by t MPEG st andard to
ensure t he%tgg?lg‘é Ct%lL ?qung’aﬁggwgal%%eﬁgg?ﬁ%&e Jfg%ﬁ?{wff&d?d&gg under fl ow
detectiom and protection are al so disclosed in US Patent nunber 5,650, 860.
It is apparent tha he fixed target bitrate in_ the_process outljned above
has |1t o B PRUSFLME 87 AECES Rt CEate B PamYPRG) GEnpCOAPEYC6RSt he

vi deo scenggnGeiibal et b quiRizhiUnaReP i QMIT MdSQAHSABEn sEhEzd étgg.etrhlal trate
is actually defined by the comunication channel bandw dth, or t he

target st ofiepgezed Ialkeaelficiests of e MBds thee rerelgngth eacodpd with ivarighte leagsh yodes
quality of j LGE UnLes: ed t

annoyi gt RELEEEHhGeE Wi BRI EARERC T selBich bR AR W

appl i catlisocsiingeodesp quantizarios agpens @asd/ar piconapucsgeshcé Mforatadomge fadthe
retrieval) for .exanple DVD (Digital Video Disc or Digital Versatile D sc),
vari abl e bf’lftp‘ftapftétr? R) may be applied on individual segnents of the

pi cture sequences depending on its scene conplexity to maxitniz~e bit rate
al l ocation_and encoded picture quality. Data bits %be reduced for |ess

conpl ex scbpfé! fesoding/is perImag By iyeree auARHZing dheeBiennzse Lnk sogfTiciensso fofjorgd
duration ofy the EeBctMunBtholbn thBpdieaidn! | DEaS HOLAGS iS Yk RerPatiged for
codi ng of rr%re (r:o.rrpl ex scertl)esr.1 %3 July 2002 40%?1%%%63}?16% R cg]ﬁ al so be
appl i ed oreftrénse pappisiussltin dresnaion horagensationfatd idetizalte lthose thelme by dr axaminast i ng
networ k. Sych,channel bandw dth may be dynamcally all ocated to individual
vi deo sequ ??89%‘10 be nultipl exed together so that higher percentage of the
bandwi dth is used adaptively by sequences with conpl ex scenes. 5 Existing
VBR control|_al gorithnms such ég) th@t di scl,o,segmi n US Patent 5,670, 860
require rryirf“?ﬁ %’t‘éﬁ@ﬂothg‘zbé else 5°rp?“5ﬁ%‘?‘}’§/ QFFiCBEﬁf‘é‘_eB‘étoé eph; MB }I‘qﬁ t he
first codi ggecP@§pact dnhife Mirdbet of Hids brodiidel lat #@ bRt bfthe Wikt dnebliihSpidedseraxyned

for each scene or each picture in the input picture sequence. This may be
done by 25i siergjotentbe augragepitRut pildat Aahaodsee dgestimpansan diestiprdingyquaie’. 10 VBV
control. The. (¢ 1 [y Ut b J i nfar i i ed to
gener at e aU@}LF %E) u @g ep ﬁ@f)e?duélgg tﬁl Jg!(:: éﬁés@d&d% caftgggraé}'s ﬁ‘f(:%enﬁ rk#d? Sgﬂb@?/g rnggltest ar get
nunber of Ihvies cdugput diteratehmd Jeweremmcading qlidlixed In arddr &0cdnkral owlputebd mtenankdi t
rate is not violated. To acconplish this, the bhit budget for,6 each picture
15 is modi Pi8He Hatiate %b&eg%wf B'fstfaa_ascaﬁo%euifh&gﬁmgbwdw%agé@r%sﬁat_
initial bitmithiiddsZ8WelNs GRAIRY FRLIrGRertrRk RB8rd Sndl QiR kontP igdRARat i ng
the bit budget, steps fromthe first coding pass nust be repeated with an
adj ust ed3Q @feedsethce quanti zati on stepsize. The input sequence is coded in a
final pass using the generated bit budget infornmation to achieve the target
bits or bit rate. This formof nultiple-pass VBR encoder requires very

| arge storage nenory for 20 storing the internediate bit utilization
information, and |arge conputational capacity for the additional passes and

N NP~ 2 o "



Angobject of the present invention is to provide a one-pass variable bit
race control technique for coding of noving pictures. 30 In accordance with
the invention, there is provided a nmethod for variable bit rate control in
7 <If 1 13 July 2002 5 a noving pictures encoder, conprising: 459 Rcidg?d a
target picture encoding quality; selecting upper and lower bit race limts;
encodi ng at | east one picture accordi to a target bit allocation based on
an initial bit 5 rate within the upper and lower bit rate limts; conparing
the encoding quality of the at | east one encoded picture with the target

pi cture encoding quality; and adjusting the target bit allocation on the
basis of said conparison) for encodi ng subsequent pictures. 10 In one form
of the invention, the picture encoding quality is based on encodi ng

guanti zati on step-size. In another formof the invention) the picture
encoding quality is based on a nmean square | S error. Alternatively, the
picn:re encoding quality may be based on a signal-to-noise ratio. .

Pref er abl y SORE megipdafor mge serir! prtauspemtipp senuiol pep e @und by e akovemeniosedir

encodi ng Q4AbESY AR5 (RRNMEAL! $S PRI Béind IR Al h AR hobiARGOREH pRl.ELUT es-
In a particular formof the invention, the chtuﬁes be ‘encoded are
arranged i ra rgte cop®! pfoc®B, pidcanuadergive @ppmizatiangpragesd. Inctheibie aHowdtiod ploewsta one

P-picture andlor B-picture, and erein the or Aural, ity of pictures in
eahh or  x~ el of PH §ias8RSiel B1% RV sl b ae Hhedcdstd e B et of

pi ctures.s Beafoasialdbymiihe dnapheed: plriatnedls] qoatdidontrs] st thedt @Rulates achieRye a
target bit raze, .determned on the basis of said conparisgn) for each

pi cture or BRI SiEPSIZE KSet IoF 83¢hiMB thRwd gndigtapget Bircion theicyts, raQumaFyet
picture encedid B! dskd IR e UL 36 iR eARRAE IMBOEOR RS FHMER! Lifd VRRal
step-size, wherein different target quantizafion step-sizes are sel ected
for 1-) P- bufigrdniBelisgiven asMPEG-DRMST dn theailaitive quantizatdnogrpcesh ehagsl dubatednay

i ncl ude ne ring_an _ average.quantization ste ize for at |le one
or evi ous y e bogst pratG PEI LAl b A ales or P ME % BrmefaR $h e oded
30 |-, Prg dawfhniBedfréiuhe preaivdsig@bdxdpicthrag Tha sdaliryl g @bnddictortditig@ bBaserofon
sai d predicted bi} rate apnd . : _—

masking effects of coding noise by human perception for MB with high or low activities

within a picture. An example of an adaptive quantization technique is disclosed in United

States Patent number 5,650,860, entitled "Adaptive Quantization". A video buffer verifier

(VBV) may also be employed in such a way that underflow and overflow are prevented as

15 required by the MPEG standard to ensure the target bit rate is maintained. Techniques for

underflow detection and protection are also disclosed in US Patent number 5,650,860.

It is apparent that the fixed target bitrate in the process outlined above has little or no
relationship to the actual or varying complexity of the video scenes contained in the input
20 picture sequence. The target bitrate is actually defined by the communication channel
bandwidth, or by the target storage capacity for the picture sequence. but the perceptual
quality of the resulting pictures when decoded may vary from good to annoying from scene

to scene according to scene complexity.

25 For applications where picture sequences are compressed for storage and retrieval, for
example DVD (Digital Video Disc or Digital Versatile Disc), variable bit rate (VBR) may be
applied on individual segments of the picture sequences depending on its scene complexity
to maximize bit rate allocation and encoded picture quality. Data bits may be reduced for less
complex scene to save storage space and increase potential recording duration of the medium,

30 or the resulting storage saving can be used for coding of more complex scenes.



13, July 2002 6 a difference between the target encoding quantization

'st ep-'si ze and the neasured average quanti zat~on step-size The nethod of the
i nvention may include nmeasuring an average picture activity for the 5
novi ng pictures, and nodifying the neasured difference in picﬁyggwqREQQing
gquality on the basis of the average picture activity. The present “i nvention
al so provides control apparatus for a ﬁmvi ng picture encoder,

conprising: 10 an input for receiving a target picture encoding quality; an
i nput for receiving upper and lower bit race limts; and and a controller
for controlling the encoder so as to encode at |east one picture according
to a target bit allocation based on an initial bit rate within the upper
and lower bit raze limts. conpare the encoding quality of the at |east one
encoded picture with the target 15 picture encoding quality, and adjust the
target bit allocation on the basis of said conparison for encoding
subsequent pictures. Preferably the noving picture encoder includes a
frequency tY@dalor WBR can fajseiherappliedin pher anpbeatipna sedhzas # orliothannel wdended .
pi cture dat .n f i | fo X 20 troller
coupled to bgooaﬁfa?%? %%%Uashpf%%ﬁﬁ%r?g}é “gg‘hgﬁ e eocﬁ:ﬁﬁ-ﬁ@al u%lrﬁclgltggrm, mgﬁr?&af
quanuzat i orvideb eqqusnczsero be muaupiixal tofatier co dtpettighe perachtage 0E AviaRdwidenaned ng
quality, an acaual quanti zation s&ep size with a target quantization step
si ze based 26PHVAY b[ygF‘@’éf'ceﬁiwd‘PLfP@P Actdhg quality) a bit allocation
processors coupled to control the bit rate controller according to a nunber
of bits remaining for encoding a group of pictures) and a target bit rate

esti mat or EFigpnedveR cpeeddialgoripgng fish ps g3t dseipsedoinelS Hiagent 414036 reguiznd
coupled to i L SO t |t | gr, fOr
contr ol 11 g P chedis 3Rt ApRpRAPaRRhu AN S thd AP SRt bR B ACT, o
pi ct ure datdlizsion infvirmaddneis Wepeminathdord eask rscdpietorreattepictung s theThputpriesent

invention further provides a video pjcture encoder. conprising. 30 a picture
nput or SRR Adsdimasasne B SRedhe tb et Riginatch Epurs e dislin 18 Sl
2002 7 aqg arpetorasdl ity input for receiving a target quality neasure for
encoded pictures: an encoder output for supplying encoded picture data: a
bit rate imt input for receiving upper and lower bit rate limts for the

encoded pi 4yl ARH& bit urilization information is then be used to generate a bit budget for each
scene or picture such that an overall target number of bits to code the sequence is fixed, and

so that a maximum bit rate is not violated. To accomplish this, the bit budget for each picture

15 is modified so that the VBV buffer does not underflow. In cases that initial bit utilization
information obtained is unrealistic for generating the bit budget, steps from the first coding

pass must be repeated with an adjusted reference quantization stepsize. The input sequence

1s coded in a final pass using the generated bit budget information to achieve the target bits

or bit rate. This form of multiple-pass VBR encoder requires very large storage memory for

20 storing the ntermediate bit utilization information, and large computational capacity for the

additional passes and the bit budget generation. Furthermore, such a VBR technique such as

this cannot process the input sequence in real-time.

25 Summary of the Invention

An object of the present invention is to provide a one-pass variable bit rate control technique

for coding of moving pictures.

30 In accordance with the invention, there is provided a method for variable bit rate control in



S afrequency transform processor for frequency transform encoding picture
data fromthe picture input; a coefficient quantizer for quantizing the
encoded picture data according to a quantization step size: and a bit race
controller for dynamcally controlling the quantization step 3%%&@?@06?6 10
coefficient quantizer based on the target quality so that the encoder

out put remains within the upper and togfr bit race limts. The video

pi cture encoder may turrher include a frame bit counter for a nunber of
remai ning bits available for encoding a group of pictures) and a bit

al l ocation processor for controlling | S the hit race controller according
to the remaining available bits. The video picture encoder may further
include a quality conparator for conparing the target quality with a
measured encoding quality, and wherein the bit rate controller controls the
guanti zaaon step size based on a difference between the target and neasured
qualities. 20 In one formof ~~e encoder, the neasured encoding quality
conpri ses i zatj t iL.ze. The v i deo p i cture encoder may
further i %Eﬁﬁﬁﬂﬁégg&%ﬁﬁgﬂmgé@gggkﬁgor decodi ng the 25 quanti zed encoded

pi cture data) asddecainguahigtnypicredsnceingquappryocessor for determning a quality
di fference between corresponding. in u% and | ocal |y decoded pictures. In
anot her forn1of“§ﬁ§nEHEUHéW?‘Fﬁ%bﬁdﬁFﬂﬁysneasurenent processor detrrmnes a

difference in skgeadihg bORROSR picdte adbid@iziabitiebobit 410884 HatedYon B Rfitisleyyent
processor may determne a 30 nean square rrror. SUBSTI TUTE SHEET ( RULE 26)
13 July 200%¢€ githin the uppesand jasverbigye limysl i cati ons that only a naxi num bit
rate and optiongld, rﬁl:g%'@le BnB! duai} ©F o & |SREG6d delliedHEr PR teabkans may
i ncl ude a randoﬁ%y%%c essiﬁ#en?é@b#%ﬁhg ned?un16%rgaék§?§§%d connuﬁ?cation
net wor k wi plerwrarpcalding quakly amtdaneous bit rate but al so a naxi num bandwi dt h

specification. |p addition uch.applications. may al so require that the

i nput must 5 beac{é%sr%lﬁeté%g‘ﬁg?tn"r géqc-gtﬁ)?nn%rj h.f—eogasgﬁnﬁade,corf‘?a@ Orbrr8é§%°é’g’tnlgng or
| i ve recor gibsghenrpiofiredpke use of nulti-pass encoding. Therefore, it is

al so an gbject of the present invention to provide an -., encoder which can
be operéped inreal tine in a variable bit rate node within the nmaxi num and

m ni mum bi {f HeGoRQUNER N eRont BR icd8 @hcoRRMR! duaBdy i Ofksed O WRbliRe %&F@Q&rmg an

i nput noving picture sequence, the present Invéntion continuously measures
t he resul t $Rrs@hcodi ng picture quality, conpares it to a defined target
quality, and adjusts the encoding bit rate accordingly. By varying the
target bit rate of the encoder within a defined maxinumbit rate and a
m ni mum bi In amdtke rafocmarafi thainy entnd gk piangre teacgiixtg @nbgde dagdcinur egusguarey and

t he sce conplexity.) the encoder ensures consistent picture quality when
15 poss 8l E7ha Aok 5t RESRRRIAGHE SHOTH Y Hh AR o GGG P8 gt
appl i cat i Opre®é@bRQhe ¥bapain@ hepBhdledes RREGIHINRta @ffeieficelih @idird\ehdt@mg 2fdaillpe
invention is described I n greater detail hereinafter, by way of exanple
only) wi t hDFWER} eqTESPRNslingBrY RS HSaR AeseiedrRisH.gs) wher ei n:

In a particular form of the invention, the pictures to be encoded are arranged in groups of

20 pictures comprising an I-picture and at least one P-picture and/or B-picture, and wherein the
or pqural ity of pictures in ea of

target bit allocation is adjusted for each picture / pictures. Preferably the target bit allocation

is adjusted to achieve a target bit rate, determined on the basis of said comparison, for each

picture or plurality of pictures in the group of pictures.

25 The target picrure encoding quality may comprise a target encoding quantization step-size,

wherein different target quantization step-sizes are selected for I-, P-, and B-pictures.

In one tform of the invention, the method may include measuring an average quantization step-
size for at least one previously encoded picture, predicting a bit rate for a previously encoded

30 [-, P-, and B-picture, and determining said target bit rate based on said predicted bit rate and



Figure 1 is a block diagramof an MPEG conpliant constant bit rate video
encoder constructed according to the prior art; Figure 2 is a block diagram
of a variable bit rate noving pictures encoder according 25 to one

enbodi ment of the present invention; and Figure 3 is a block ﬂégg&q&ng a
novi ng pictures encoder according to an alternate enbodi nent of the present
invention. Detailed Description of the Preferred Enbodi nents 30 13 July
2002 9 A bl ock diagram of a generalized MPEG conpliant video encoder 1 SO
~s illustrated in Figure 1. A sequence of noving pictures (e. g. video) is
input at 100 to the encoder 150 where it is conpressed with a user defined
target bitrate provided at 111. The target bitrate is set according to the
comuni cati on channel bandwi dth in which the conpressed video is to be 5
transmtted) or to the storage nedia capacity in which a target duration of
the conpressed video is to be stored. Input pictures) which may be

pre- processe(gr.ff or _ngi se reduction alrn otugl%r atourg)oses argJ%cl abel I(?d as either
| - pi ct ur es 2 PHRERFLPREGERSPe BIESH EPQAHEe TUATRFALY by RIS P dRESHET £EY 2801 .
accordi ng ggmﬁgmnﬂ1@$QQ&ing and processing needs. The |-pictures are

i nfra-coded pictures used mainly for random access or scene update. The
P-pictures use forward notion predictive coding with reference to

previ ously P D C i - Bz i res
Cse both § aPoararengPfiecuRigh Haf inl ARGl b aiee P dEnE BHELMLET
ref erenceé twovingpirogs apd owddying thegneapurpd difigramse infpictuieesnaodieg qualigy omheof

pi ctures ( a%ofitge;v%;@d.c%eqﬁ ded order 15 starting with an |-picture and
ending wt the 0] etiee Pt it 1y before the next I-picture in the
sequence. In the case of an MPEG 2 encoder, the input picture segquence nay
be either g field or frame structure sequence derived for an interlaced or
progr essi véNEFSER:, INKpRioR; 3o, proyidss éo‘b‘éfﬁt%p??r&ﬁ’édof ft BI0¥IRg| Pisurg spcoder.
non- over | ap@hmir@:ocks of pixel data called 20 Mac; robl ocks (MBs) before
actual encoding. Each MB froma P- or B-picture is subjected to a notion
esti matilén pr ocasigpui(er eceiving & targes piciure ernotlingqualyt or (s), and backward

noti on vectors)ar;i%rutttglgregellslg of e?‘arl?-l?)i ‘%P yre NF’m' ar eddeterm' ned usi ng

ref erence pi ctures? fPomm T hee FPahd dDu1W er 11 ™ % he det ermined notion
vector(s)) notiad &eomenisatirorentOiBing Shepatcbdsrndtaswhameodehs left lo@e piture
inter-picture redictiog,nﬁde,of th VB jshlﬂrst determ ned 25 according to
t he accur a8§OBRELRa Fet POATRFAETLRASTI PHAHGN2Y Bift st RISy ENG WRRSF 309 19F7eT Rk
necessary piefil,@dmyBre feincddify §aSie Gifth@ft 1basPoreledbSielBictireiwlin e BRER VB,
the predicted MB is the input N i.e. no prediction). The predicted MB is
subj ect eld pigurh efepdingqualy; Ard adiush SR ArEeL(tGipcation oamke ST of saif cp@paien 30
quanti zati . ization matrices (QVW and quanti zation

st epsi ze- ( )&%@g&fg&ﬁﬁ}@%boz 10 that for MPEG 2, tield or franme based
DCT can be selected in 104. The quantized DCT coefficients of the MBis

then run-1ength encoded wi.th variable l.ength codes LC) at. 106 and
Ul U1 pl exe SAEALY e R PTG TR FE G T OBR A e P BB
not i on vectRgiantidBicn O iREnEBAS Bicnéladli,| sndtuineriSthe RShtidller BdrBrike®a BN Gate
sequence |nformat|on? to formthe output 5 bitstream The bitstreamis

stored i3 senteHeoerepled (@ pARTObEF MERNUFRIPNISEP SHF§of e @RNtmp, 2 quantzation step
size comparator for comparing, as a measure of encoding quality, an acmal quantization step

size with a target quantization step size based on the target picture encoding quality, a bit

allocation processor coupledﬁto control the bit rate controller according to a number of bits

remaining for encoding a group of pictures, and a target bit rate estimator coupled to receive

25 the upper and lower bit rate limits and coupled to the bit allocation processor and the bit rate

controller for controlling the quantzation so that the required bit rate for the quantized picture

data is within the upper and lower bit rate limits.

The present invention further provides a video picture encoder comprising:

30 a picture nput for receiving data for a plurality of moving pictures;



Local decoding is perforned by inverse quantizing the quantizsd DCT
coefficients (109)) followed by inverse DCT 110, necessary notion
conpensation-103, and finally storing the reconstructed MBinto frane
buffer 101. Local decoding is perfornmed such that the referenge g goigot ures
used by notion conpensation 103 is identical to those to be used by an
external decoder. The quantization stepsize (QS) used in 118 for quanti zing
the DCT coefticients of each MB has axirect inpact on the nunber of bits
produced at the output of the run-length VLC 15 encodi ng process 106, and
therefore the average output bit rate. It has also a direct inpact on the
encodi ng quality, which is output picture quality at the correspondi ng
decoder. In general, larger QS generates |lower output bit rate and | ower
encoding quality. In order to control output bit rate and picture quality
so that the resulting bitstream can satisfy channel bandw dth or storage
limtations as well as quality requirenents, rate control and quantizarl on
20 control algorithms are used. Previously used nethods for rate control
and quanti zat i ohERHIARYIY HRRE BErCHYURg 3 A eEHRANPEGBUTENRT ¢rredsd ABHES: 5) |

whi ch can be sug}ﬂ@,{.’ i t is the bit allocation
process 112 whic é"ggiggjr‘{ UE%Pgﬁgg?ﬁgﬁﬁén%Cg;épgﬁu%%g'(T,. TP, or TB
respectivel y) fobitararelnitinpuf forPeceoringBapper atdifoaver ditlretedoviedtor Teeericadeaget
nunber of bits can be conmputed as follows. T =ma R, Bit Rate 1 + NP Xp +
NB XB 8 xPP‘E?‘ﬂ?éa[ﬁate X~ Kp X~ KB 13 July 2002 17 TP=max R Brt_Rate NB KP
XB ' 8 XsPi ct urgtrRajescyNRistormiKEroddssot BeniréuBidy_tRak @ i eticdding<Benipe datBibinct ure
Rate a KP Xa where Xr ~ "Sr Ch XP - sp QP~ XB ' "SBA @B~ S S,, SP, SB are
nunber of BEPETYFE RSt ed by previously encoded |-, P-. B-picture
respectively as; GasfgiieRd iR 06K qhdfhkidg’ ihe FRcbRdapiBnd )aaY &lcaaendp Used by
previously encoded |-, P-, B-picture respectively as conputed by bl ock 1

i 3) Bit RafWAnfZORSIEPiZgedndBitrate supplied at 111 10 Picture Rate is

nunmber of pict d . }q{;ﬂ . e tSan( -4..0 and
1.4 respecti veIu{/;B,rQt %% %ﬂggﬁé té’?g écalr?gr%‘ggt?md 5 %[e %L%gg%glg?cs?egrgéeg?re#gi ni ng
i n the dorccefficieGORianter bas¢de theemgenquality rso niee theadnc dadet su@ssregraad widid the GOP,
where R is uppdatc[eld as, fol Ilovvs: 15

upper and lower bit rate [imits.

The video picture encoder may further include a frame bit counter for a number of remaining
bits available for encoding a group of pictures, and a bit allocation processor for controlling

15 the bit rate controller according to the remaining available bits.

The video picture encoder may further include a quality comparator for comparing the target
quality with a measured encoding quality, and wherein the bit rate controller controls the
quantization step size based on a difference between the target and measured qualities.

20
In one tform of the encoder, the measured encoding quality comprises the quantization step

size.

The video picture encoder may further include alocal decoder for decoding the
25 quantized encoded picrure data, and a quality measurement processor for determining a

quality difference between corresponding input and locally decoded picrures.
In another form of the encoder, the quality measurement processor determunes a ditference

in signal-to-notse rauo  Alternatively, the quality measurement processor may determine a

30 mean square error.

SUBSTITUTE SHEET (RULE 26)



After encoding a picture, R=R- Sr,P.B where S,,P.B is the number of bits
generated in the picture just encoded (picture type is |) P, or B) 20

Bef ore encoding the first picture in a GOP (an 1-picture): R=G+tR G=Bct
Rate*N Pi cture Rate 13 July 2002 12 N is the nunber of plthgQﬁl quae
GOP. In the second step, rate control (115) is perforned. Ba5|cal i
step involves calculation of a referenge quantization stepsize S, ~ for
each MB based on the target bits (T,, TP, or TB) S for the picture) the
accurnul ated nunber of bits used fromthe target bits, and a virtual buffer
nodel as given ~n MPEG 2 TMS. Adaptive quantisation 118 is used in the
third step for quantization control. In this step, the Y calculated Q5~~ is
scal ed according to the local activities of the MB as generated by an MB 10
activity calculation process 116) and the average MB activity of the
previously coded picture (or optionally current picture} as produced by a
frame activity average process 117. This scaling is done according to a

| evel of nhséxnasgblestees gppbcan@@ﬁmﬁgnfyoa B@xiFEnhbfreae mdrwpmltyna frorimMBDi t h
high or 1o S

exanpl e of }’Xéef]ﬁ-g %éﬁidle\g/ e S\%%%Htp |q %g OIB(L)%H %%ﬁau%hgo\éw? sxgg%w%ﬁgheﬁdmﬁ ates
Pat ent nuntrepackerfoBifinicdios newadpwitly ear@bannsnazxa;hmm 'blt raied e dlsoamatimbimcount

nodul e | 14 ontain .a vjdea. buffer verifier (V which is a virtual
el Sot -arisht R deduth SRRl SRk AP STialintnd Fidrebiiet that e ol 3 | 1
such a waybd ddaiprasseden fehlQinAneH eRUBHIE] IO RERcBEIRY BN e@stding Quhiot thaky udehe
MPEG standard to ensure target bit 20 rate | 11 is maintalned. Techniques

for under f ofgMEhers 6Rqoding ahEErpiPE: ddf RISA 2RRYIea o shenresestimdentionUS pRyideran
nunber 5, 630, BB0Hi A% alBOb Pl %r@:ﬁ]'t?m{ B ﬁab@%%%ée%o@%&x He %%J&ﬁmﬁccount
of the actu ? or varying conplexity o €0 scenes con al ne n the

i nput pi ctandemsemmhcatelliwnd@)nseqma‘gtda;vplzdsmbme perceptual quality of the—
resulting pictures may vary from good to annoying fromscene ' to scene
according to scene conplexity. Variable bit rate (VBR) coding may be

t her ef ong Wail@patddatk e inpaelinyiviigapicaRgBqlesicedfthd PeesBiiCinvéRio CDHEARARY
depending on its scene conplexity to maxim ze bit rate allocation and

encoded pi BeaTHES ﬁaaqsmtny; ergRding RICUHE MRt FPrRRAVASHigl tisdefinebfarges anaAigy - opd m)r e
conpl ex s ) %Qm% r i

such as tﬁgﬁgﬁﬁgb %§ﬁ§Qﬁ9&%§:Pat df %yg §§é%9?¥gg?§g£%% %f%b%ﬁén%o g
passes' toa de,'topérrhgmmum:bnt\}atb wn@ @ 0@nitdum ibgtrae lautoedm@toaa Beftred mfgd:ttempdcbd pass
VBR encoder. ui.re e stora t he intermedi ate bit
Ut pat s et R e G R ThE drrb B B B P S e R B
passes aslolpokheletuna alludiga@t}ﬁ rgeQAtand fninfmen bliriB of Merergsiluphiit iehAarones

cannot process  the input sequence in real-tine. 5
violated.

Brief Description of the Drawings

20 The invention is described in greater detail hereinafter, by way of example only, with
reference 1o the accompanying drawings, wherein:
Figure 1 is a block diagram of an MPEG compliant constant bit rate video encoder
constructed according to the prior art;
Figure 2 is a block diagram of a variable bit rate moving pictures encoder according
25 to one embodiment of the present invention; and
Figure 3 is a block diagram of a moving pictures encoder according to an alternate

embodiment of the present invention.

Detailed Description of the Preferred Embodiments

30



Bef ore encodi ng an i nput picture sequence, an encoder according to an
enbodi nent of the present invention is set with maxi nrum and m ni num bit
rate of target application (the mininmnumbit rate for sone applications may
be zero), and a target quality for encoded pictures. An initiqb‘gﬂfg g bi t
rate will then be set or generated. The encoder conpresses the ™1 g %
sequence according to this target bit %ate usi ng conventional bit rate
control nethod. After encoding a pictue or a certain nunber of pictures,
the encoding quality (quarry of encoded pictures) is nmeasured agai nst the
target. If the encoding quality is lower than the target quality, the
target encoding bit rate wll be increased. On the other hand, if the 15
encoding quality is higher than the target quality, the target bit rate

wi |l be decreased. The | evel of new target bit rate adjustnment nay depend
on the current target bit rate and the predicted bit rate based on encodi ng
history so that it is not over adjusted unnecessarily. The new target bit
rate i s al sé bixhkediagdmadaigastalzbdMPED wetliara xidew ancader 150ns iusrdmdtinifaguee 20

Th d i1l th -adj ust | control t ifh 1 t
oIt rate) ahdACHHERRGEPBEREREBES ke RESk ot RIDASHE Soete dpnere s °1 9°

Fur t her nor egorigiess@NGAH & use A Bef@itd UageVBVagOsTBYit@nh: W1t hTEX Ea?%ét Barafeeisheels
using the defined maxinumbit rate and/or the target bit rate. The process
of det er mi nicAeydingve theregaimuaiqatips ekanpel dapdvadthdp sdinribe epmerressgd deops s be
encoded pi i e : ; : i : | | m of
o one. pass Ao, Oy KERE IR A AERERT, if ek T B B B e e
enbodi nent ofectihe presedt i nvention is illustrated. Those of ordinary skill
inthe art will recognise that a nunber of the functional bl ocks
illustrated are common with the conventional MPEG encoder described above.
The input nepicP@opise viick nae el prqeoc2tad B0 nbise REQHeSsesihdipaipotes, &y [qbeltédir e
according to jts possible assigned picture coding type (_I-, P-) . 13 July
2002 't 4 o‘i‘selﬁlcﬁil'elcﬁ’lf@) P-pictpres, R Brpiciuass, surstored (s framg bt‘@?f’p’(?rlé?‘i°lr‘§m%f°ore
the inpu In S i r i I i ;

ot i o8 G B e T R B e
redundancy refidogmadtedsBr segpe hpdate nd e 8-pigruned tiednrvesd moton pred2R mddgmith on

conpensation.203. 5 After n S Y. L on conmpensati on MB IS ected
to di scret & CHOFHa PIF §H§¥ 8?%?’[%%’ pé‘gg}e%ﬁa&d&%%ggﬁ?f & %%?'péfﬁ%fﬁi ‘I’%&t%%h on 205
based on quanvird ahd bickwatd incesn predictivdinterpoddtiveRoding SiRsferace bheevittant i zed
MB of |- or P-picture is inverse quantized 209, inverse discrete , cqgsine

t r ansf or mecfo8ed; OBRRICEYES; FUFBETRAC chETPRR BORERFS (FBF) Bricewidpe Aeafsded®ns so

that the30:auanivie e 1R aire ah@ensd WHE bRDiand ist-RiRdly RecHk e ddkf L@BRouf f er
201 for future notion estimtion and conpensation needs. The quantized M
i s run-| enghihespgered Inthersasgofag YEEEGD preofies nge HPeIRRtHG SeQENEOBY RegifBether

wth all necess @E%rar%g gﬁudé&é%@%c{ﬁ?ﬁéeod}ri%h fo?mﬁté}gmﬁ&}gg%ag%?&gﬁfm of the

i nput sequence. e enco streamis store fer 207 of
the encoder for output at 208 at desired data rates. 15 Methods of notion

estimation 202) notion conpensation 203 ) DCI 204 coefficient
quant| zat 1 GAT AT 8 RETGPRS VALe SERLGC e RRE Jeos L s SER 57 o)
and i nvensemeXdbigckd (VMBY teRrd £2emPerndedihd) €HachnB Gforah POWER-phdiurk Neubjeldd &C
MPEG Z or MPEG 2 standards. 20 Before encoding) a target quality of

encodi ng ( 2 TPtigmhestimadppracess d0mimvBich foritaed moden vegros(sy end bagkwaideRPHRfim and

m ni num bi t 3 ~acE - " MR, SheV Lk hng the
boundary bi \{&@gtg Zg'( t&/ng?icéc":sfel 0? E% @E{g%edaé{r ?ﬁaﬁél&r{gg]g?g%gg %?%re%ﬁ&%?ﬁgs)ﬁéhet

qual i ty defirame buffer édtod¥ih e daigranivpdamptign vestar(s) hmotoncodepensstien 1103 & get

by constant|y.adjustin .tar it t i,fhin th iven_ bi

boundari es. p#ﬁoémlﬁalr‘ﬁ ﬁ{i’%{‘%i‘%“%? gﬁ“#ﬁ%}“ﬁ% pgeed[%uttog I{goedfa 8? H%SM nt ?fséfi%‘%"ﬁ{‘ t'e"adr get
bit rat e 28siccéraing @nthe 3duridy ofxie petidroveolels)famedfolibeedt gdnaragey thenedesdayy and
the max/mn bit rates to generate_an initial target bit rate (BR O, R~ ).
Such i niti aprediged YR eFamie pase B&%&P&Hﬂ%ﬁ%?q ipamede B hepradisedMB isdbf

val ues whi ch maypnPE. & feGtdopyrel ate to the

The predicted MB is subjected to discrete cosine transform (DCT) 104 and DCT coefficient

30 quantization 105 based on quantization matrices (QM) and quantization stepsize (QS). Note



,pictures) to be coded. Wth the target bit rate) the bit allocation 212 is
perfornmed to 30 determine a target nunber of bits for the picture to be
coded (T,.P,B}. Arate controller 215 13 July 2002 15 determ nes a
reference quantization step size (QS,~) for each MB based onﬁ@umﬁggo@ated
nunber of bits for the picture (T,. p,B) and the bit utilization by the
run-length VLC encoder 206. The @S, ~ ofgeach MB in the picture to be coded
can be computed, for exanple, as follows: 5 ~S~e f DrpB " Kr (2 X

BR~Q ,ge~l ptcture rate) where D,,P.Bis virtual buffer fullness of
corresponding |-, P-, or B-picture, updated (after coding each MB) by the
difference between the bits used by the MB and the bits allocated to the MB
based on the corresponding T,,P.B, a set of initial values for D, DP, DB
may be assuned at sequence start, and 10 K, is a constant (eg. 31).
Adaptive quanti zation 218 may be applied in which the determined QSr~. is
scal ed according to the |local activities of the MB as &enerated by MB

activity cath@hfatNMBROP: deldser foape bared Phd caPdieaiecRBimidd v?b‘yql@ﬂ“%‘ﬁ’eDCT
previously codededosf tﬂmfpﬁ%érymﬁuerrg@mncpa&t»umarameqa E6fds FVL%)SaLt 138

frame activity average process 2| 7. Exanple inpl errentatlons 0
activity camdumsltmlmdm )allnwsseryasmemfpwnme‘ﬁfaqmgueBeletawdmamacmes, MB

quantl zati on P uanti zati on
depsi o ( RHLAGES, AlaBl S sRYTS Wl R ol miOSpAPhRyat 3 i,
encodi ng 3 mﬁ:ﬁme The BRstedmtie srorti ibikh sncofer, difat bufferrlioe sponmpuig: V8. ue for

-, P-, or B picture) generated by encoding the picture is accunul ated by
Frame Bit-Count 214, and the quantization stepsize (QS) is averaged by

Frame Q St egoc%)’ Gécﬁgﬁé%slﬁﬁrﬁfrﬂ‘é@% invERE RRRRHRINP kL& BE‘:@' do%bﬁde%z@(‘l@?)

determ ned Frane ty Measure 220 process. One net det er m ni ngr
t he encodedfOﬂipwchbsequ@mDW 119, pgcessdary mowanagpapeadatien 493, tah@ﬁndfyest@mthe -

quant i zati on C I,.C

T cat os. rBEaRTS ERaE B iFEe Brehadh L ebRinaP Bty R B e ur e
In this net ﬂjl@ﬁirestxh;ed Ibﬁ.l‘ngﬂibn qumbmsytmetomt id2hfcal %o thefd wesk \sd bfllanteal’e@&il
reference quanti zation stepsize (Q5~"8e,). Three different Q5~, R~, val ues
13 July 200@°3‘1‘?r'may be set at 219 for corresponding |-, P-) and B-pictures;
al ternanvely, the values can be determ ned by: QSrarget for I|-pictures =
G~ r~~r QS QB~, far P-pictures = Kp * QSu"R 5 QSntrRe~ for B-pictures =
KB * Q5~, R-Thestventizaniqn sepsizx@QDrused kB Lon auaptiziog the DCHeoesfigients oerchME

det er m ned &a%xaaméc? 1;§Bact oxjr LlQe number of bits produced at the output of the run-length VLC
15 encoding process 106, and therefore the average output bit rate. It has also a direct impact

on the encoding quality, which is output picture quality at the corresponding decoder. In

general, larger QS generates lower output bit rate and lower encoding quality. In order to

control output bit rate and picture quality so that the resulting bitstream can satisfy channel

bandwidth or storage limitations as well as quality requirements, rate control and quantization

20 control algorithms are used.

Previously used methods for rate control and quantization control can be found in the MPEG-
2 TM5 (Test Model 5), which can be summarized in three steps. Step one is the bit allocation
process 112 which assigns a target number of bits (T}, T}, or T respectively) for a new I-,

25 P-or B- picture to be coded. The target number of bits can be computed as follows.

R Bit Rate
Tl=ma
- N, X, N Xy " 8xPicture _Rate

XK XK




and K8 =1.4). | O A further condition may be applied to the final QS~,r,
for B-pictures such that it is not Lower than the QSQ ~, n~~ of the | ast
coded |- or P-picture so that bits can be eft7ciently used to inprove the
quality of anchor I- or P-pictures first before inproving theb:gya iolgg20f
the B pictures. 15 In the process of Frane Quality Measure 220 process, the

target quality QS,~, ~~, is conpared t%fi fe picture quality QSa~~r (B~.
Since a higher value of @SQ ~,aa~ inplies higher quantization noise and
therefore | ower encoded picture quality, when the value of QSo,~rn~~ is

found to be higher than Q5~, R-" the difference of the two values wll be
used to increase the target bit rate (BR~,rR~,) at target bitrate esti nator
222. On the other hand) when 5~,~, Q-~ is lower than =~ , 20 QS~rR-"
BR, Q ~~, is decreased at target bitrate estimator 222. Optionally, the
value of Q-,R~-, may be used at the rate controller 215 as a lower limt for
the final output QS,~ value so that when this target is reached (target
quality reached), bits are saved for future encoding i medi ately. Hence)
the output reference quantization stepsize at rate controller 215 may be
set according to: 25 if (Q§’§m§x QS~"R~,)) thehr RBe~ 3QS, ~,aa . For target
bit rate estimtion, a ratefquanti Z8f iKQny Medelcnk-ORaeNanpl e one devel oped by
Wi Ding and Bede Liu) "Rate Co Nptrl—EeF—P:ﬁ?EG Vi deo di ng and Recordi ng by
Rate 30 Quantization Mdelling"l |IEE sTrans. on Gircdit and Systens for

Vi deo Technol ogy) Vol . 13 July 2002 17 6) No. 1, Feb. 1996, may be
adopted. To avoid large estinmation error or conplex local fitting of the
rate-quanti zation nodel, an alternative enbodi nent of the present invention
may consist of a method of target bitrate estinmation_conprising the steps
of predicttng a bitrate (BRp, =, =r~) &t a Bit At BaPredi ctor 221 based on
bits used for encoding the fas |')N,PK5 ,\apmgxa'ampg ®hune, and estimating a
new target bitrate (BR-,r~~,) a Nghe—t-??;get bitrate estimator 222 based on
the said predicted bit rate andithe 8F f'8er ence bet wegn @o, .rrnR- ~d

S, Q,~.,. The predicted bitrate (BRpr~,~; ~,~dl and the new target bitrate
(BR,~rR~,) may be conputed as follows: (SI+npxSp+nsxSB) BR predicted - ~ 1
+n p+nB) _wWhereSaverage O Stnrget) BRtarget BRpred~cted~' K2 x Q SQVerage 10
if {BR~rd~, > BR",;_,S enXB&fSB r=§R‘~L,S~ yf (BR~rg~, < BRn,;n), then BR~r~-~,
= BR ~rt where S, , $5” Sg’"are"gﬁ’nbe"r of Bits generated by previously
encoded I5-, P-)S,BSpisstermmbiboftRtsigsndrined bopreliongiyrieodeaf 1- PPpiBepicoues i n t he
current GOP nB.igth_e totg}a ntm"t;)?g of B-pictures in the current GOP, and
K: may be d°PSHAERM)OBPUSI PREPSF 16t BRor~d, ~r~d, BR'"~, or BR~rB~,. The
new target bit DA, OBRrerteajerf@QI@ed bYPrlRUsIakhREeENCPiBIgicRACh picture
or after 20 encoding a certain nunber of pictures. The bit allocation
process 21XespsefveedSCamBuUEDRY Plock é43:215 are updated with the new BR-, r~-,

val ue once it ig;deLeisMdBlgeMirORQPiARAL19f the bit

10 Picture_Rate is number of pictures coded per second,

K, and K} are constants (e.g. 1.0 and 1.4 respectively),

N, and N, are the number of P- and B-pictures remaining in the current GOP.

R is the remaining number of bits assigned to the GOP, where R is updated as follows:

15
After encoding a picwure, R = R - S;,5
where S, ,p is the number of bits generated in the picture just encoded (picture type
is I, P, or B)
20 Before encoding the first picture in a GOP (an I-picture):
R=G+R

G=But_Rate*N/Picture_Rate



allocation process 212 conprises the steps of: a) Before encoding the first
picture in a group of pictures (GOP), determ ning R which 13 July 2002 18
is the renmaining nunber of bits assigned to the GOP: R+= N xBR then set BR
=BR prcture rate target' o(d-target target where: Nis the nunjpgm Q002
pictures in the GOP 5 R = 0 before start of sequence, and + = %/

accunul ate function b) G herwise, if t picture to be coded |s not t he
first picture of a GOP and a new target bit rate (BR-,rRe,) is determ ned,
then updating R as given by: 10 R+- (Np NB) x(BRrorger - Bl~ald rarger~ ,

| heYl set BRold target-BRrarger picture, rate where: Np and NB are the
nunber of P- and B-pictures renmaining in the current GOP ¢) Qbtaining the
average quantization stepsize~(Q QP or QB) frorn prev2ously encoded 15
pictures (lI-, P-, or B-picture respectively) as determined by Frane Q Step .
aver age process 213, d) Qotai ning fromfrane bit-count 214 the value of the
nunber of bits (S, or $) usedbt}] code the past |-, P-, or
B-pictures, and Wéﬁﬁ’ﬁl“H@b?ﬁPrthé%m’S?m ?Q sed by the |ast 70 coded pi cture
(Sr, f,Q0) from R) hence: R-=S/if last coded picture is an I-pictureR -=
Spi f | ast coded picture is an P-pictureR -= SBif | ast coded picture is an
B-picture Inmte sagpyd sppopate gongrol Hil Ahisipphtodeade mBasisialyy thisetep amgpéntes nalntationof
bits (T,) Ty t urren Tl . TP, or
TE for T espiit IepEhiallh Yagadt SEUGMBREHNE B BT Foor B
Ne X~ | + s+for. Lhe~p1(,ture~thé ad(j:mtlﬂﬁked(nuriﬁﬁr&t bits usedR{rbim~the Mager'bRs. Xadk v1mBLl ’oE’rt&W R B
N+ NF K$ X~ a |~p % S~ ~~~ ~'p = ~P fir. ~'s '"" ~s~ ~e~ Kp
and Ka are E’8ﬂ§taént"§“ tm PR EM?um value (T ~"n) may be set as the | ower
boundary for T,) TP, T~. Far

o+
P

Adaptive quantisation 118 is used in the third step for quantization control. In this step, the -
calculated (S, is scaled according to the local activities of the MB as generated by an MB

10 activity calculation process 116, and the average MB activity of the previously coded picture
(or optionally current picture) as produced by a frame activity average process 117. This
scaling is done according to a level of masking effects of coding noise by human perception
for MBs with high or low activities within a picture. As previously mentioned, an example
of an adaptive quantization technique can be found in United States Patent number 5,650,860,

15 "Adaptive Quantization".

The frame bit-count module 114 may contain a video buffer verifier (VBV) which is a virtual
model of an input buffer of an external decoder. The VBV is maintained in such a way that
underflow and overflow are prevented as required by the MPEG standard to ensure target bit

20 rate 111 is maintained. Techniques for underflow detection and protection may also be found
in US Patent number 5,650,860.

As mentioned, this form of encoding does not take account of the actual or varying
complexity of the video scenes contained in the input picture sequence 100. Consequently,
25 the perceptual quality of the resulting pictures may vary from good to annoying from scene
to scene according to scene complexity. Variable bit rate (VBR) coding may be therefore be
applied on individual segments of the picture sequences depending on its scene complexity
to maximize bit rate allocation and encoded picture quality, and the bandwidth saving used
for coding of more complex scenes, tor example. However, existing VBR contro!l algorithms

30 such as that disclosed in US Patent 5.650,860 require multiple encoding passes to properly



exanpl.e: ~Rrcrger , wherelf3 is a carrstant (eg.8} K-xPieture Rate Figure 3
is a blocfc diagramillustrating anat hes enbodi nent of a one-pass variable
bit rate noving pictures encoder 350 according to the present invention. In
this enbodi nent) the encoding quality 324 is determ ned by conﬁﬁghng 6%e
original input picture taken frominput I S 3a0 and the locally e%oge
picture 325. Conventional nethods suchyfs the nean square 13 July 2002 20
error ( MSE) or the signal-to-noise ratio (SNR) neasures can be used as
conparison. This nmeasure is further conpared at Frame Quality Measure 320
with the definable Target Quality 319. Wen the encoding quality is |ower
than the target quality, the target bitrate estimator 322 wll set the
target bitrate higher; on the other hand, if the encoding quality is higher
than 5 the target quality) the target bitrate is set |ower. An input
picture or a given nunber of input pictures are first encoded with an
initial sec of encodi ng paraneters. Each of these pictures nmay be given a

pi ct ure codilisgibuty gata bits. dylulkiple-prss VB encesler Bapire hugeestoraggenemerydphgonkecthai que
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di scret e cosadehetbiahsipes pedddjon DA ebértrioed anh WhAGhdszAhnA prdd@ss thameput un

| ength VLC encodi ng 306 for tenporal, spatial, and statistical redundancy
reducti on. ﬁ@P?ﬁﬁﬁgﬁﬁk?@? 301 is used for storing the input pictures for
re-orderingg and processing needs. 15 Before each picture is coded) its
target anount of bits is set by bit allocation process 312 based on the
initial secBefPrewygpding painaneRiehEs saguenrd. |an gacodenaceqrdiag éel an gmopdimeniont the om
Frane Q Ste r: Agll r r ad | t-coun . ol l er
315 determ ggeﬁ?é?‘gbg%cg %Egﬁt?iéa |§rﬂdasn§ e@gﬁg@ ;bgrrqgacfhék%t \?E?} fcgmggglgng t he
pi cture. Comuwemuinobialratadapidmecapplicanbne aty ba z8HB addi < barghe prnlits ton edddded
activity cal.cul ation .3%6 ang fran.g gcti vity average %0 317 can be apgl i ed
to each ref BFuffte AU 5 PO HSYE SN Lo FERERET e TRF ARICELOMATSSESi Bh

st epsi ze 1H0mplithequeade 406kiingQel @i iarRf bid B usTipRoRRABEhAD b trite @8niddl endugaal | Y
decoded by inverse quantization 309) inverse discrete cosine transform 310,
i nverse of the notion conpensation 303 to formthe |ocally decoded pictures
25 325. It Iy Ny a8 i I - f I
prediction ﬁggﬁ%r?g$9%% F\%‘é}@pﬂrcat ur eg;ﬁp&gﬁe&%&gﬁgﬁ %gric%glgg ‘{L)Ilg{%ftyu(rwéisﬂmg%% are
used with refcedashpietutes) tsheeasuredyigamist the panget pilcthe epwd 3@ Quilay ieloowediteg thual ity

determ natign 324.. The determ nged encadin uality is, . compared to th
Carget qual Frg Ghoiy B kg SOl RLEELR o8 ctadh DR BERRLSIabE 1
al so possisbéodifg @idligets hidher ¢iet ek trpeduaig.oHt Reget bidkité WilDYe HaRedabdt e

activity (ACl~, ~",~~) before 30 the conparison so as to take into account
the maski ngle¥§ichey Breet RS TAE FANSTERLREY dSpenkaR ths curreat yrgey bigas 24 theye

average | evekdiOtd 66 fatetiabed O\Mehwdﬂﬁhﬁ@qpio%ﬂriﬁs nbtve LB dCurnbeds e neRdi ng
quality is determ ned by the peak signal-to-noise rafio) then the resulting
encodi ng quesw tayeed bit fasg esrpdse checked against the defined maximum and minimum bit rate.

20 The encoder will then re-adjust its rate control system with the new target bit rate, and
continue to encode the rest of the input sequence. Furthermore, the encoder can ensure VBV
compliant with existing methods using the defined maximum bit rate and/or the target bit rate.
The process of determining new target bit rate based on encoding quality of past encoded
picture(s) is repeated as needed.

25
In Figure 2 a block diagram of a one-pass variable bit rate moving pictures encoder 250
according to one embodiment of the present invention is illustrated. Those of ordinary skill
in the art will recognise that a number of the functional blocks illustrated are common with
the conventional MPEG encoder described above. The input moving picture sequence 200

30 is processed picture by picture according to its possible assigned picwre coding type (I-, P-,



(SNR,,~) at the output of franme quality neasure 320 can be given by: 5
"SNR ~;g = SNR ~~R~r - (SNRyr~,. + Ks x A C?"~~.e,e~) where SNRp,y,~ is the
out put of encoding quality neasure 324, SNR~~,e~, is the target quality
definable at 319) 10 Ks is a constant (eg. 0.018)) and ACTa~13(QRy 2002 he
average MB | um nance bl ock variance. One nethod of adjusting BR-,a based on
SNRd~. at the target bitrate estimtof4322 is given by: 15 BR-~R-~ =

BRp.~,,~,~~ + K6 X BR~,~~~,~ x SNR, I t' (BR-"~R~-, > BR',a,~), then
BRRn, R~, =BR ~as if (BR-rB~, < BRmrt), then BR~~R~, = BR ~" 20 where
BRp, ~dn~ is the result of bitrate predictor 321, BR-,~~", is the previous
val ue of BR~, ~~~, stored at current bitrate 323 nenory, K6 is a suitable
constant, 25 BR',~, ~ and BR-"~ are the maxi numand mninmum bitrate set at

311. The bit allocation nmodule 312 and the rate controller 315 take the
updated BR~"R~, fromthe target bitrate estimator 322 and perform necessary
bit allocatign and bit rate _conqslrol such that the resulting conpressed
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on feedback of EREEH RFPE™4UA 11y, the encoding quality will al ways
converge #0 a detined target quality In such a way the encodi ng
accommodates variable hit rates. in [Jggl,-ti nme e\lgl thin single cor%)ut ﬂ?t)(;j:/onal
pass, and tWE' BRESSIY AGUNrSrpesaion adb i ubiscied in dicrets ©RaR GRS Htving
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encoded bitstream of the input sequence. The encoded bitstream is stored in an output buffer

207 of the encoder for output at 208 at desired data rates.

15
Methods of motion estimation 202, motion compensation 203, DCT 204, DCT coefficient
quantization 203, run-length VLC encoding 206, inverse quantization 209, and inverse DCT
210 may be those defined and/or allowed in the ISO/IEC MPEG-1 or MPEG-2 standards.

20 Before encoding, a target quality of encoding (219) and maximum/minimum bit rate (211)
are set. The maximum and minimum bit rates (BR,.,. and BR,), given as bits per second,
define the boundary bit rates which the encoder shall operate at, and the target quality defines
the encoded picture quality that the encoder shall target by constantly adjusting a target bit
rate within the given bit rate boundaries. The minimum bit rate may be set to zero.

25
Initially, target bit rate estimation 223 may be performed based the set target quality and the
max/min bit rates to generate an initial target bit rate (BR,,,.). Such initial estimate may be
based on experimentally determined fixed values which may not directly relate to the
picture(s) to be coded. With the target bit rate, the bit allocation 212 is performed to

30 determine a target number of bits for the picture to be coded (7, . z). A rate controller 215



.13 July 2002 23 Cains 1. A nethod for variable bit rate control in a
novi ng pi ctures encoder) conprising. selecting a target picture encodi ng
quality; 5 selecting upper and lower bit rate limts; encoding at |east one
picture according to a target bit allocation based on an init4iza)yphbos at e
Wi thin the upper and lower bit rate limts; conparing the encoding quality
of the at | east one encoded picture w4th the target picture encodi ng
quality, and 10 adjusting the target bit allocation on the basis of said
conparison) for encodi ng subsequent pictures. 2. A nmethod as clained in
claim1) wherein the pictures to be encoded are arranged in groups of

pi ctures conprising an |-picture and at | east one P-picture and/or
B-picture, and 15 wherein the target bit allocation is adjusted for each
picture or plurality of pictures in each group of pictures. 3. A nethod as
claimed in claim2, wherein the target bit allocation is adjusted to
achieve a target bit rate for the picture or plurality of pictures in each
group of pi égtaimigesyhiaerencs qantFatiey fitméide 6@Syhéorisadi MBobassdod theoesymated on.
4. A et hod | Qi i i1, . in.t i codi ng
ual i Uy 1o, Bt EbAE R Ul e i) Sndhe b JEGREIhy RS i BAlh S RERRE

clai med in 206i Thd OS2 ofread) MBhiertkd pictune tbe toted camoe domputedabi tyanipse, based
on a nean s&gare error. 6. Anmethod as claimed in claiml, 2 or 3, wherein
the picture®%A¥ding quality is based on a signal-to-noise ratio. 30 13
July 2002524 7. A nmethod as clainmed in claim5 or 6, wherein the conparing
step includes neasuring a difference in picture encoding quality between
correspondi ng i nput and locally decodedDBjciuqes. 5 8. A nmethod as cl ai ned

in claim7, including neasurié@ggﬁ—avgfagg;gfé%ﬁ%e—activity for the noving
pi ctures, and nodifying the measur@d* &idsef ﬁ@?JPW)picture encoding quality
on the basis of the average picture activity. 9. A nethod as clained in
claim8) including neasuring a. signal-to-noise ratio for. at 10 |east one
previ ousl y &% é-aﬂbﬂ:'f‘lﬁ‘ilé’,”%ﬁfr@ﬁf’ i°ﬁ§°fée588?cﬁ%['- %i't"fr%f"ésuf%ﬁtﬂd%fé‘? &% ni ng
sai d target bit coaiag caasRm) W) B ddfepdme ibeivadn Chel FigNlsed by tealB SHAELOBitd

di fference between the neasured signal-to-noise ratio and a target

si gnal - t 0- noi se 28afed taghedMB dasedogebe pareaseendingnbedi ng qual ity. 10. A method
o o T2, AR o eng el o8 ALl 07 1
(SNRPi cr h® e + K&Kk econstanir(egc)l). ~S~+npxSp+naxSB) BRpredrcted ~I tnp+nB) 20
BR, ar Fcr = BRpredrecC + K6 X BRaurnu x 5~~, ~ where:

Adaptve quantzation 218 may be applied in which the determined QS is scaled according

to the local activires of the MB as generated by MB activity calculation process 216 and the

average MB activity of the previously coded (or optionally current picture) as produced by
15 the frame activity average process 217. Example implementations of the MB activity

calculation 216, frame activity average 217, and adaptive quantization process 218 are found

in MPEG-2 TM5. The output quantization stepsize (QS) is used to quantized DCT

coefficients of the MB.

20 After encoding a picture, the number of bits (S, » , corresponding value for I-, P-, or B-
picture) generated by encoding the picture is accumulated by Frame Bit-Count 214, and the
quantization stepsize (QS) is averaged by Frame Q Step Average 213 process. The encoded
picture quality is also determined by Frame Quality Measure 220 process. One method of
determining the encoded picture quality is by the average value of the reference quantization

25 stepsize (OS,,...) used for coding the picture since it indicates roughly the amount of
quantization noise in the encoded picture. In this method, the target quality set at 219 is

defined as the target reference quantization stepsize (QS,,,.). Three different OS5,

urger V2IUES



SNRp, r",rr is the nmeasure signal-to-noise ratio, 25 SNR',r~~, is the target
signal -to-noise ratio, ACTQ ~, Q-, is the neasured average pixel activity,

K, and Kd are constants. SNR "~ is the neasure difference in picture
encoding quality, 8~,~ ~ ~ 1S the predicted current bit rate,180ulp2002~, S8
are nunber of bits generated by said previously encoded I-) P-) B-pictures)
13 July 2002 25 respectively nP is a tpgal number of P-pictures in the
group of pictures. n8 is a total nunmber of B-pictures in the group of
pictures, BR-",~",~ is a previously determ ned BR,~,s~,, and 5 BR~"a~, is
said target bit rate. 11. A nmethod as clainmed in claim4) wherein said
target picture encoding quality conprises a target encodi ng quanti zation
step-size. 10 12. A method as clained in claim1l1l, wherein different target
guanti zati on step-sizes are selected for |-, P-, and B-pictures. 13. A
method as clainmed in claim11l or 12) including neasuring an average

quanti zati on st ep-Si or at | east one previously encoded picture,

o edi ot | ng BRLbF Sark 67 to7aftsrolfte e PadPeEhpRb Ry ARGy oBE VBT Sade
based on sajderpfigdimted current bit rate and a difference between the
target encodi ng quantization step-size and the nmeasured average

quanti zati on st &@Sad-Aer I-pigures TéShed as clained in clai m13, wherein

maxi mum and m ni gEm %IIP-EEEJ‘?& ar Qgssel ected corresponding to the upper
and lower bit raté™imtS, and wier €I fi*t he predicted current bit rate and
the targef bit r@fg, doeBgetwen+igd* @8cording to: ~Sr+nPxSP+naxSa) BR
predred - ( 1 +n p+nB) _ ~~ Sawage O ~rargsl) BRrQ ger- BRPrsdrcrsd+ KZ x
O ~nveraRe i t (BR~"~~, > BR',~) , then BR~"~~r = BR',~ if (BR-"~~, <

BR ~",), thefr8R, £t K,zreBBstants wHich dihl B¢ eXP&Emelfeal hHeteemBRY (example ),/ S 15@i d
predicted current bit race) BR-,a~ is said target bit rate, BR',~ is sai ¢
mexi mum bit rat énd Kz =1.4).

10 A further condition may be applied to the final QS,,,.. for B-pictures such that it is not lower
than the QS,...,,. of the last coded I- or P-picture so that bits can be efficiently used to
improve the quality of anchor I- or P-pictures first before improving the quality of the B-
pictures.

15 In the process of Frame Quality Measure 220 process, the target quality QS,.,,., is compared

reet

to the picture quality QS,....,.. Since a higher value of QS,,,,,. implies higher quantization
noise and therefore lower encoded picture quality, when the value of (5,,.,,.. is found to be
higher than QS,,... the difference of the two values will be used to increase the target bit rate

(BR,.e) 2t target bitrate estimator 222. On the other hand, when QS, is lower than

verage

rget

20 QS e BR,. is decreased at target bitrate estimz‘itor 222. Optionally, the value of 0§,
may be used at the rate controller 215 as a lower limit for the final output QS,,, value so that
when this target is reached (target quality reached), bits are saved for future encoding
immediately. Hence, the output reference quantization stepsize at rate controller 215 may be
set according to:

25

if (QS,y < QS then OS, =08, -

For target bit rate estimation, a rate-quantization model for example one developed by Wei
Ding and Bede Liu, "Rate Control of MPEG Video Coding and Recording by Rate-
30 Quantization Modelling”, IEEE Trans. on Circuit and Systems for Video Technology, Vol.



5 BR'"" is said mninumbit raze Sr SP SB are nunber of bits generated by
said previously encoded |I-. P-. B-pictures, respectively nPis a total
nunber of P-pictures in the group of pictures, n8 is a total nunber of
B-pictures in the group of pictures, and IO Kl is a constant g jg fzggtzor of
BRp",d;~,~. BRr~) or previous 6R-,.,~, |5 A nethod as cl ai ned. | n claim
inor 14, including determning a nunbe of bits R remaining for encoding
the group of pictures conprising the stéps of: before encoding a first
picture in a said group of pictures, determining R according 15 to R+= N
xBRl a~~r then set BRa~ rQ~~r=BRrQ-er picture rate where: N is the nunber of
pictures in the group of pictures) picture rate is the nunber of pictures
encoded per unit tinme) and BR~-,dn is said target bitrate, 20 and before
encodi ng each subseduent picture in the group of pictures) determning R
accordi ng to R+= ~N Ngl X(BRrarxrt ' BRuld ra.garr5~then set BRold

rarger’ ~RcorXrr picture rate ° where: NP and 1V8 are the nunber of P- and
B- pi ct ures Pem@i Ai figh.il79¢.hmax be peaptedgr bupvad largel Sstigahgn UEorXpRiles lg¢ats)
BR~r~n is a t ) r,

or 5B accor HHE o U M SBH S MAE S sE ke BhbodiBbEor Wb achnBAGo e’

16. A net hocomssst of aimeemdiofi trgaibitralbestitratibhesmpringrthe s dfipeedidtmaps drate

obtaining a age tiz S from previ gusl
oncoded - ) Uy ich Biret TrrElatesT g o Wk ise P Aitecine St Py B-
al l ocatiop Jxl:ﬂxre-riﬂd éEQmBL@Hg PneWREREYRALe (Bﬁ eat ﬂh%!@a:éet)mt%te) esﬂfnaéb@ 28 passd ur e

according to: T= 1 + NP XP + NB XB X P Xl N + NB KP XB P
on the smd predlued bit rate and the dlfterenc.e between QS and QS,,,,f,, The predicted

avernge
bitrate (BR,, 4.} and the new target bitrate (BR,,,.) may be computed as tollows:

_ (S, +nx8,+n xS y)
predicred ( 1+ np +n3)
(QSavcra (] OS“"' E')
BRlarger = BRpred)cfed M K2 02- £

=~ average

10 if (BRyrges> BRogs), then BR,,,.., = BR,.,
if (BRiurger < BRyin)s then BR,,, ., = BR,;,

where
S, Sp, Sp are number of bits generated by previously encoded I-, P-, B-picture,
15 np is the total number of P-pictures in the current GOP,
ng is the total number of B-pictures in the current GOP, and
K, may be a constant, or a factor of BR,,4ctear BRpnaxr OF BRyrger
The new target bit rate (BR,,,.) can be computed after encoding each picture or after
20 encoding a certain number of pictures. The bit allocation process 212 and the rate controller
215 are updated with the new BR,,,,., value once it is determined. An embodiment of the bit

allocation process 212 comprises the steps of:

a) Before encoding the first picture in a group of pictures (GOP), determining R which



KB XP Ra N+ NP KB XP B KP XB where X~ =Sl Oh Xr = SP Q- Xe °~ Sa, Qa | S
K~ and KB are constants. 17. A nethod as clained in 16, wherein the target
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+ = {s the accumulate function

b) Otherwise, if the picture to be coded is not the first picture of a GOP and a new target

bit rate (BR,,,.) is determined, then updating R as given by:

10
Re= NS op  pa h
+’W ( targst { ald_targer) , then set B Rold_largw:B Rrarger
where:
Np and Nj are the number of P- and B-pictures remaining in the current GOP
c) Obraining the average quantization stepsize‘(Q,, Qp, or Qp) from previously encoded
15 pictures (I-, P-, or B-picture respectively) as determined by Frame Q Step average

process 213,

d) Obtaining from frame bit-count 214 the value of the number of bits (S,, S,, or S,) used

to encode the past 1-, P-, or B-pictures, and removing number of bits used by the last

20 coded picture (S, » 5) from R, hence:
R-=3§, if last coded picture is an I-picture
R-=5§, if last coded picture is an P-picture

R-=§, if last coded picture is an B-picture



13 July 2002 29 22. A control apparatus as clainmed in claim?21l, whercin the
pictures to be encoded are arranged in groups of pictures conprising an
| -picture and at | east one P-picture and/or B picture) and wherein the
controller adjusts the target bit allocation for each picture or plurality
of pictures in each group of pictures. 5 23. A céhtrol apparatus as clqbqu
in claim22) wherein the controller adjusts the target bit allocation to UY2002
ac3ueve a target bit rate for the picture or plurality of pictures in each
group of pictures which is determ ned on the basis of said conparison. 10
24. A control apparatus as clainmed in claim?21l, 22 or 23) wherein the
picture encoding quajity_is based on encodi ng quantizati oa step-size. 25. A
control apparatus as claﬁmwg(%% claim21) 22 or 23, wherein the picture
encoding quality is basgg_on a HE@Mgag are error. ' 15 26. A cont xol
apparatus as claimed in cFﬁfmmaénﬁzz or &Bnumpaer ei n the picture encoding
quality is based on a Sxaggal-to- Gi@eoﬁ;atfi 0. bitgy oAt rol apparatus as
claimed in claim?25 or 26, Wﬁgfein the cén ?@#k@n incIGd@@Zam%% | oca
pi cture decoder and a conparator for neasuring a 8#fﬁéng e,in;ﬁ%ﬁﬂwghh
encodi ng quality between corresponding i nput and locally d@%@meﬂe i ct ur &g the
28. A control apparatus as clained in claim?27, wherein the contr Vfrerfor
includes a picture activity processor for neasuring an average picture
activity for the nmoving pictures, and/25 _wherepn the controller nodifies
the neasured difference in picture encodfﬁﬁqugLLixﬁon the basis of the
average picture activity. 29. A control ég?étggdg,as clainmed in claim 28)
wherein the controller includes a signaltoiys cessor for neasuring a
signal-to-noise ratio for at |east one previousl¥4“encoded 30 picture) and a
bit rate predictor for estimating a current bit rate, and wherein the
control |l er SUBSTI TUTE SHEET ( RULE 26) 13 July 2002 30 adjusts said target
bit allocation based on the estimated current bit rate and on a difference
bet ween t he measured signal-to-noisé& etatio gnd a target signal-to-noise
ratio as said target picture encoding qﬁaﬁf%i\§§ 30. A control apparatus as
claimed in claim?21, wherein the novin¢, t']u% encoder includes a
frequency transform coefficient quantizefﬁ%ﬁﬁrquantization of the encoded
pi cture data) and wherein the controller conpfises a bit rate controller
coupled to control the quantization step size of the quantizer, a
quanti zation step size conparator for conparing, as a treasure of encoding
quality, an actual quantization step size with a target quantization step ~
, 10 size based on the target pi&tur engodi ng quality) a bit allocation
processor coupled to control the bifg?EIEFmeﬂroller according to a nunber
of bits remaining for encoding a gr&é K&Mﬁtures, and a target bit rate
estinatoﬂ”@nupled to receive the upper &npg-Tower bit rate limts and
coupled to the bit allocation processor anl the biz rate controller for
controlling tHes X ntization so that the required bit rate for the
quantized pigture ‘at alsiss awi-thin the upper and 1S lower bit rate linits.
31. Agvideo pfﬁ%bﬁﬁugggode? COMQHL§i g: a picture input for receiving.data
for a pIuraL4bM%@f novi i ct ur es™? »target quality input for receiving a
target qual jty ﬂBumkk{fm' encoded pictures; 20 a encoder output for
suppl yi ng ef@Bdkd pictur@“d@@akSmasm
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a bit rate limt input for receiving upper and lower bit rate limts for
the encoded picture data; a frequency transform processor for frequency
transform encodi ng picture data fromthe picture input; 25 a coefficient
guanti zer for quantizing the encoded picture data according t 93 3uly 2002
quantization step size; and a bit rate controller for dynam cally
controlling the quantization step size,Qf the coefFcient quantizer based on
the target quality so that the encoder output remains within the upper and
|l ower bit rate limts. 30 SUBSTI TUTE SHEET (RULE 26) 13 July 2002 31 32.
A video picture encoder as clained in claim31, wherein the pictures to be
encoded are arranged in groups of pictures conprising an |-picture and at

| east one P-picture and/or B-picture, the bit race controller including a
frame bit counter for a nunber of remamining bits available for encoding a .
group of pictures, and a bit allocation processor for controlling the 5 bit
rate controller according to the remaining available bits so as to adjust a

target bit ator6MaE) enthesienaeopy ceif SNy Prasiras Fanbeoisehatiampessann Bith
group of piglules fuder chnpdrddeR FFHn?et(‘f)UaﬁryeMEé%ﬁ’r@_r32@§zicﬁ|tﬁé 8B a0 TG Fﬂ(?ﬂa:ﬁ% or
32) including a quality conparator Tor “conparing the target qug 1ty th a
measur ed erid8diWign dheatinceding guatitywie dovedrrihantbe target qualiey, 10e taoget biohieestiroaon r ol s

t he quanti ion step size based on ifference between the .target and
measur ed qég?i‘%“? &L the .getﬁ"{?fe “"Ejioé’ttt%1 %hgern%%g‘el?%se“&ﬁ?% s ﬁﬂg iy

i ncl udi ngs ahétaadet fyaliGQ MRG0 bithRris e@n@adri ng the target quality with a
measured encoding quality wherein the bit rate controller 15 adjusts the
target bit allocation to achieve a target bit rate for the picture or
plurality o i i i i } t.er: m. t he
basi s of an‘{nog‘?g{ﬁiéﬁlr%odr%qs%@%‘h%%*?tg §/91 gdror%gt%taé% %lrse. mg%&la%e\?i gloa%plF%ltglﬁéré te@'ﬂ '
encoder as eotagdingpdraimaterst diaph Gf3hese pBaireswhay ke giverhepineascndey merecddither 120

sl med oro B oo el S8n3t B dlned Y W RERS G PRRES "

quant i zeth emmaade iy berailided. a, Suwhdteahrggiek | ihgludee amtioe reetiharphoB2s sastidnar
determ ning a quali tg difference b%sg‘i co(fc_&r_)espondi ng i nput _.and locally
decoded pi cpmPasanop 303 discrete, Gosiag T} e bawicient gratizEen;3hd 3r4ine36)
wher ein t hqe@e@wcygﬁé%aﬁgraemaﬁ 1eRipBFaE Spatial dBALEIHNES rBauAbddce TediEfor. NA
signal -to-noi'se ratio. 38. A video picture encoder as clained in claim36)
wher ei n t hdrameaduften30iisesad &restaringGhpinpetepierures dutrendenios and proeassisg)oeeds
error. SUBSTI TUTE SHEET ( RULE 26)

15 Before each picuure is coded, its target amount of bits is set by bit allocation process 312
based on the initial set of coding parameters as well as any updated information from Frame
Q Step averaging process 313 and Frame bit-count 314. Rate Controller 315 determines
reference quantization stepsize for each MB while coding the picture. Conventional adaptive
quantization 318 which depends on MB activity calculation 316 and frame activity average
20 317 can be applied to each reference quantizatiqn stepsize to generate final quantization

stepsize for the DCT Coeff quantizer 305.

The coded pictures are locally decoded by inverse quantization 309, inverse discrete cosine
transform 310, inverse of the motion compensation 303 to form the locally decoded pictures
25 325. It is stored in the frame buffer 301 if necessary for future prediction use (ie. anchor
pictures). The locally decoded pictures 325 are used with reference to the original input
pictures 300 for encoding quality determination 324. The determined encoding quality is
compared to the target quality given by 319 at frame quality measure process 320. It is also

possible to offset the determined encoding quality by the picture activity (ACT,,,,,.) before

verage.

30 the comparison so as to take into account the masking effects of the human visual system to



13 July 2002 32 39. A video picaure encoder as clained in claim36, 37 or
38) including a picture activity processor for neasuring an average picture
activity for the noving pictures, and wherein the quality neasurenent
processor nodifies the nmeasuxed difference in picture encodi nqg ElHIZ'ZUOY on
the basis of the average picture activity. 5 40. A video picture encoder as
clainmed in claim37, including a signgh-to-noise processor for neasuring a
signal-to-noise ratio for at | east one previously encoded picture, and a
bit rate predictor for estin:~ating a current bit rate) and wherein the bit
rate controller adjusts said target bit allocation based on the estinated
current bit rate and on a difference between the ,~ , 10 neasured

signal -to-~noise ratio and a target signal-to-noise ratio as said target

pi cture encoding quality. 41. A video picaure encoder as clainmed in claim
31, including a quantization steg size conparator far conparing, as a
measure of .encodin ality, an actual. quantization s size 15 with a
Target - quntTeraerish fwabp! sy BsR g Piefll’s EPhBtam: dLE DHEOM RETRM | ty,
a bit all ogabinifedByose p&R sigaluipl ke trtid AR @k rdsORInPiehcdadiLquanntdi Gretue
according to _a nunber of bits remaining for encoding a group of pictures,
and a t ar ge¥VRaptat thetou et of iraecoauaipupeastret P0rcae &f giveR Be: upper and | ower bit
rate limts and coupled to the bit allocation processor and the bit rate
controller for controlling the quantization so that the required bit rate
for the quanti zZ8RprciNR.g., 205MR3La +Kwl 46T RLhe upper and lower bit rate
limts. SUBSTI TUTE SHEET ( RULE 26) 13 July 2002 33 AMENDED CLAI M5
[received by the International Bureau on 12 March 1999 (12.03.99); original
claims 1 t@hge 9, 13 to 17, 21 to 23, 29, 31, 33 to 35 anended; renaining
cl ai s unchangreﬁvé 11 pages)] 1. A nethod for variable bit rate control in
a single pass sy 1HiNe OUPRsofsResiRg qualighpeasyiend4 5 sel ecting a tar get

pi cture encodi ngyEualddys 1 d lower bit rate limts;

encodi ng at | east "’6‘hles %%%{%Ei&gysedngﬁpg{%gpget bit rate within the upper
and | oweP bit r&tieakonsians(egpd.8th)caidng a current bit rate and an encodi ng
quality based o he resul t of 0 e di ng.step; conparing Lfie

encodi ng qual i t%‘F’"tﬁ “HC1%eas é@ﬂénaenﬁ%g@g%v%m@fﬁre with the target

pi cture encoding qu<~liry; adjusting the target bit rate within the upper
and | ower hQit r&cg hi mts 2§cordi ng t he result of said co rison and
the predi cPBUMERPY Qhidtine £Rere, D38 O 3 PeSAIBERR TR ESHRPLP 2d!S ]V8M and
repeat i ng,b;:or each picture in a sequence of pictures, said encoding')

pr edi ct ilgg,

BR,py. = BR

predicted

+ Kd X BRcurrent X SNRdrff

it (BRorpe> BRogo), then BR,,.., = BR,,.
if (BRyyrg < BR o), then BR e = BR,

min.

20
where
BR,.4ciea 15 the result of bitrate predictor 321,
BR e s the previous value of BR,,,,, stored at current bitrate 323 memory,
K, is a suitable constant,
25 BR,,.. and BR,,, are the maximum and minimum bitrate set at 311.

The bit allocation module 312 and the rate controller 315 take the updated BR,,,,, from the

targe!
target bitrate estimator 322 and perform necessary bit allocation and bit rate control such that
the resulting compressed moving picture bitstreams will have encoded bit rate close to BR,,,,..-

30 Existing techniques of VBV (video buffer verifier) underflow detection and protection may



conparing and adjusting steps. 2. A nethod a5 clainmed in claiml, wherein
the step of encoding at |east one picture 20 based on the target bit race
includes determning a target bit allocation for the at | east one picture
using the target bit rate. 3. A nethod as claimed in claim 2, 1@anﬁ20@g:he
pictures to be encoded are arranged in groups of pictures c:onprisi,ng an
| -picture and at |east one P-picture gpd/or B-picn.tre, and 25 mherein t he
target bit allocation is adjusted for each picture or plurality of pictures
in each group of pictures. 4. A nethod as clained in claim1, 2 or 3
wherein the picture encoding quality is based on encodi ng quanti zation
step-size. 30 AMENDED SHEET (ARTI CLE 19) 13 July 2002 34 5. A nethod as
claimed in claiml, 2 or 3, wherein the picture encoding quality is based
on a nmean square error. 6. A nmethod as clained in claiml, 2 or 3, wherein
the picture encoding quality is based 5 on a signal-to-noise ratio. 7. A
net hod as Iai g i.n @Ia|n1 or 6,.w@ere|n t he conparing step includes
neasur i ng e MEIAE ERin 2HE FEfFENEMUDTTIY SGEHIF |”le)r}8 HrEoPr O B ng

i nput and bgﬁﬁhﬁMSQQgggggd~y~ pictures. 10 8. A nethod as clainmed in claim
7, including measuring an aver age picture activity for the Ioving

pi ctures,. and nDdlfylng the nmeasured difference in picture encodlng
quality on i er r. Y O

Ul U ook fbRg 8 B BHSLI0E RGNS R o Bathar o

| east one pmaaw msalngodemomdlayl wp)li ﬁitmysa,onaﬂsrge cbei e¢tined kanget gaiidy t & geh ab\tal}/ rate
based on s redlcted curr entaﬁ rate a.ﬁ on a difference between the
measur ed s?ﬁﬁﬁ oding afeRmuBOqass variahlbip rates g Seal LimpnkiuR §inplsco@PREEqN3! RSS s 4 d
target pi Chl BedneQ s dg”'gro%@'chﬂ Ye betdr hlhed Ab m%@&%%%mg@m@%s sBen lc8h:E:9)
wherein the predicted current bit rate and the target rate are 5‘
det er m nedcE@ieNYi Age preralipeaiepualgugliget the ersc@ﬂdcrm\en%plmrex sequenc@\vetidge)

~Sr +n?xSP+ I - BRPr,.,rierM+ Ke x
BRet nrrnr &EQN%}f?gﬁﬁaﬂgﬁgﬁgggméNHBPgﬁgﬁ%d?5%%he measur ed S|gnal-to noi se
rati o, AWENDED SHEET ( ARTI CLE 19)

Embodiments according to the present invention can accommodate simplified models for
estimation of target bit rate based on feedback and prediction. Overall impact to
implementation and computation complexity as well as memory storage requirements of the
encoder is minimized.

15
The foregoing detailed description of embodiments of the invention has been presented by
way of example only, and is not intended to be considered limiting to the invention as detined

in the claims appended hereto.

20



13 July 2002 35 SNR~,ra,~ is the target signal-to-noise ratio) AGIo, ~, ~S~
is the neasured average pixel activity, KJ and KQ are constants) SNRd,~ is
the neasured difference in picnire encoding quality, 5 BRFr~;~ is the;
predicted current bit rate, S,, S~) Sg are nunber of bits gen%ghgﬂzd@g sai d
previously encoded |-, P-, B-pictures, respectively nP is a total "nunber of
P-pictures in the group of pictures, nB3s a total nunber of B-pictures in
the group of pictures, I OBR-"T~"~ is a previously determ ned BR-, a~, and
|3R~ra" is said target bit rate. 11. A nethod as clainmed in claim4,
wherein said target picture encoding quality conprises a target encodi ng

quanti zation step-size. 15 12. A nethod as clained in claiml |, wherein
different target quantization step-sizes are selected for F-, P-, anal
B-pictures. 13. A nethod as clainmed in claiml | or 12, including neasuring

an average quanti zation 20 step-size for at |east one previously encoded
pi cture, and,deten-nining said target bit rate based on said predicted
current bit and a difference between the target encodi ng quantization
step-size and the nmeasured average quanti zation step-size. 14. A nethod as
claimed in claim13) wherein maxi rumand mninmnumbit rates are 25 sel ected
correspondi hg t oAtrhethepfrsvaadide bibus canro!l ina movingpicriresgnebdahap@pnsithie

predicted current_ bit rate an Dit rate are determ ned
according. to: c%‘i‘%)cl“}f&%%épi@i%%gﬁc%%3‘@%1#égtrd ~ ( t11P+n8~ AMVENDED SHEET
(ARTI CLE 3%9) 1&ickuiby ug@d 2nBwer biOraalimitggs O St ar ger ~ BR, argu BRprrdi eud+
Ki %~ sav~rags 1 r (BR~rdn ~> BR',~, then BR~ra~ - BR',~ if (BR-,a~, <
BR ~, ~, then BR-FOCAAIDE BRFASt QR QICRISAaRIBINg a2 targel bisallerapipn Bised 42 HHEAY b t
rate, BR-, Spud §ifii e hgsed@hd River a6 18RS, ~ IS s<~id maximumbit rate) BR-;
" is scud mninumbit rate Si, S-, SB are nunber of bits generated by said
previ ousl y encodeunparingphe emoging qualey of [he 3t deaseernei epeddpd picture with the target
picture encoding quality, and
10 adjusting the target bit allocation on the basis of said comparison. for encoding

subsequent pictures.

2. A method as claimed in claim 1, wherein the pictures to be encoded are arranged in
groups of pictures comprising an [-picture and at least one P-picture and/or B-picture, and
15 wherein the target bit allocation is adjusted for each picture or plurality of pictures in each

group of pictures.

3. A method as claimed in claim 2, wherein the target bit allocation is adjusted to achieve
a target bit rate for the picture or plurality of pictures in each group of pictures which is

20 determined on the basis of said comparison.

4. A method as claimed in claim 1, 2 or 3, wherein the picture encoding quality is based

on encoding quantization step-size.

25 5. A method as claimed in claim 1, 2 or 3, wherein the picture encoding quality is based

on a mean square error.

6. A method as claimed wn claim 1. 2 or 3, wherein the picture encoding quality is based
on a signal-to-noise ratio.

30



NP is a total nunber of P-pictures in the group of pictures, nBis a total
nunber of B-pictures in the group of pictures, and K= is a constant or a
factor of BRPr~;~~, BR'~) or previous BR~,a~r. IS 15. A nethod as cl ai ned
inclaimlOor 14, including determ ning a nunber of bits R reggyRisupX or
encodi ng the group of pictures conprising the steps of: before encoding a
first picture in a said group of pichures, determning R according to R+= N
Y8R then set BR =BR pictclre rate rarge ald rarger target where: 20 Nis

t he nunber of pictures in the group of pictures, picture rate is the nunber
of pictures encoded per unit time, and BR',r~~, is said target bicrate) and
bet ore encodi ng each subsequent picture in she group of pictures,

determ ning R AMENDED SHEET ( ARTI CLE 19) 13 July 2002 according co 37 R+=
(NP+NB~ x(BR~p~.r ' BRord_ro~.~) 'S then ser BRora rag~r=BR~Q ~s picture
rate where: NP and hl are the nunber of P- and B-pictures remainin' in the
current group of pictures, 5 BR-rs~ is a subsequently determ ned target bit
rate) and, Ss gn b OF 1 j ) 0 G- e of t he
previ ousld/y en(?‘o & 5dpiﬁc"tlatjfr%ea. lg%léu.ﬁﬁ %@ﬁgﬁ?}%&ﬂgéﬁe&oﬁg@@ %Ep (r:n(lsg?%(ﬁorf%f”?'?ﬁ_t her
conpri si ngditfesnsd epsicrofe enotuting qualiy bareeangergsponting dtpuoand leepl s tdededd , QP,
@ from previously encoded |-, P-,B10 pictures, respectively; and

det er mi niPH"the target bit allocation TI, T~) TB for a subsequent
respective I-) P-) or B-picture according to: Tr = R 1+NP XP+NB XB XI KP X~

KBTRP=N+NBKPXs PKBXP TB =R NB + NP KB XP KP XB AVMENDED SHEET
( ARTI C15E819) A method as claimed in claim 7, including measuring an average picture activity for

the moving pictures, and modifying the measured difference in picture encoding quality on

the basis of the average picture activity. PN

9. A method as claimed in claim 8, including measuring a signal-to-noise ratio for at
10 least one previously encoded picture, predicting a current bit rate, and determining said target
bit rate based on said predicted current bit rate and on a difference berween the measured

signal-to-noise ratio and a target signal-to-noise ratio as said target picture encoding quality.

10. A method as claimed in claim 9, wherein the predicted current bit rate and the target
15 bit rate are determined according to:
SNquf = SJVRIM,(:I - (SNRpicmre + K5 x ACT,

awrage)

_(SxnpxSprngxSp)

predicted

(1+ny+ng) -
20
BRiper = BRyresiced + Ks X BRurrens X SNRyy
where:
SNR, cur. is the measure signal-to-noise ratio,
25 SNR aree 15 the target signal-to-noise ratio,

ACT,,..,. is the measured average pixel activity,

K, and K, are constants.

SNR 4 is the measure difference in picwre encoding quality,
BR,,iiciea 15 the predicted current bit rate,

30 S, Sa Sgare number of bits generated by said previously encoded I-, P-, B-pictures,



13 July 2002 38 where XI - 'Sl Q~ xP ' SP QP~ XB - 'sB~ 1G& KP and KB are
constants. 5 17. A nethod as clained in 16, wherein the target bit
allocations T,, TP, TB have a lower |imt Tmn determ ned according to: T _
BRt ar get KSXpicture rate where Kf is a constant. 18. A nethod %SJL@%@;d in
any one of clains 1 to 17, wherein the target bit allocation 1'O1S used to
encode an input picture, conprising t steps of: deriving nmacrobl ocks from
the input picture; calculating a quartTzation step-size for each said

macr obl ock according to the target bit allocation and its utilization;
perform ng notion conpensation if necessary to each macrobl ock; 15
frequency transform ng each said macrobl ock or notion conpensated

macr obl ock; quanti zi ng each transformed nacrobl ock using the cal cul at ed
guanti zati on step-size; and coding the quantized nmacroblock. s , 20 19. A
method as clained in claiml18, wherein the target quantization step-size is
used as a lower |imt for the determ ned quantization step-size. , 20. A
nmet hod as cl ai r’rl%g%icmepl aim 18 or 19, wherein the determ ned quanti zation
step-size for ead mecr obl ock is modul at ed by a correspondi ng nmacr obl ock
activity nmaski ng, if aedmumB& cPdpithres queawtgraptaf ivairss,per f or med usi ng t he
nodul at ed quanti za.tion step-size. 21. A control apparatus for a single
pass noving pi ctaif 88w REEECf BRiAHFGs 47 HY:ErubeBissir £|EET (ARTI CLE 19) 13
Jul'y 2002 39 a_”BRCD,B,,Uits afppgviguggQ,ieeé}rﬂige@_gkgrﬂggﬁd pi cture encoding quality; an
input for receiving upper and |ower bit face limts; and a controller far
control | Png t heBRune duweid Brgetddt | encode at | east one picture according to a
target bit rate within the upper and lower bit rate limts, predict a
current bit rate and an 5 encoding quality based on tile result of the
encodi ng, tbnpakemtthed encladiedgingelain ¥y vdferdimaidttarget picture encoding quality

comprises a target encoding quantization step-size.

10 12. A method as claimed in claim 11, wherein different target quantization step-sizes are

selected for I-, P-, and B-pictures.

13. A method as claimed in claim 11 or 12, including measuring an average quantization
step-size for at least one previously encoded picture, predicting a current bit rate, and
15 determining said target bit rate based on said predicted current bit rate and a difference
between the target encoding quantization step-size and the measured average quantization

step-size.

14. A method as claimed in claim 13, wherein maximum and minimum bit rates are
20 selected corresponding to the upper and lower bit rate limits, and wherein the predicted

current bit rate and the target bit rate are determined according to:

(S, +npxS,+n xS ,)
BRprcdlcud = (l+n n )
P B
(QSGVCH‘I € = QS ar C)
BRlarxcr= BRPrcd:cr¢d+ KZ X Og e

=“average

if (BR,,,,> BR,.). then BR,, ... = BR,..

nrges

if (BRyprger < BR,»), then BRypy = BRo



least one encoded picture with the target picture encoding quality, and
adjust the target bit rate according to the result of said conparison and
the predicted current bit race for encodi ng subsequent pictures. 10 22. A
control apparatus as clainmed in claim2l, wherein encoding thg giybeegt one
pi cture based on the target bit rate includes determning a targe¥ bi t
allocation for the at | east one pi ctu§§ using the target bit rate. 23. A
control apparatus as clained in claim2Z22) wherein the pictures to be
encoded are 15 arranged in groups of pictures conprising an |-picture and
at | east one P-picture andlor B picture, and wherein the controller adjusts
the target bit allocation for each picture or plurality of pictures in each
group of pictures. 24. A control apparatus as clained in claim?21, 22 or
23, wherein the picture encoding 20 quality is based on encodi ng

guanti zati on step-size. 25. A control apparatus as clained in claim?2l, 22
or 23, wherein the picture encoding quality is based on a nean square
error. 25 26. A control apparatus as clainmed in claim?2l, 22 or 23, wherein
t he pictureh&scoding quality is based on a signal-to-noise ratio. . 27. A
control apparataéj as .clfagci rreg. ia claim.25 or 26, wherein the controller

i ncl udes a | oc A pieet'tii RECGHECUIRY W @6mpar at or for measuring a
dift'erence in ggctw@idangedsingpgual tty 30 between corresponding i nput and
| ocal Iy decoded pi‘Ctures. AMVENDED SHEET (ARTICLE 19) 13 July 2002 40 28.
A control appar ds gaid @REMWEYDIE MBI ai m Z7, wherein the controller includes
a pictureg activigdy. I for asuring an average picture activity for
t he novi gg pi ct'élfsr”’ésls,osr anrgﬁlv%ﬁ%?eh?tnraﬁe controller nodifies the neasured

di fference in @ Shuf;areanober ofcpinggandrargd oy saithpreviduslyiescafed ttheP-aBgicages.

pi cture activi tr¥. 29.l A control apparatus as clainmed in claim28, wherein -
the controller THEMGEs a si gnal -t onoi se processor for neasuring a '
si gnal -t 0- noi sen, lied tofal habértot Pepisluredne ter @uipotsdistugecoded picture) and a
bit rate predictor for predicting the current bit rate, and wherein the
control ler 10 ddjt3ic&l §5§Paert°5rﬂg@gm5?5tmrﬂ§t?é°%%fdﬂc%¥?stHEI predi cted current
bit ratqpand ork as dcdds@hEfCLrPBE YEBR [ Ne BRRRSHN el ids =i, 0- noi se rati o and
a target signal-to-noise ratio as sar gt arget picture encoding quality. 30.
A control apparatus as clainmed in claim?2l) wherein the noving picture
encoder 15,4 ni4iflasd o LRUMENGYcLARRL AUMERGHL) SLENN-ANAIRE! of AL R
quanti zati on of e encoded picture data, an Wherein thée controller

conpri ses mmiairfngrfat encoding thel grevp ettpighied compridng thelstephet:quant i zati on step
size of the quantizer, .a nti.zati.on step size .conparator. for, conparing,
2 a nmeasur e 0Pt SHPHGE R RSFIredR 248K, HPOR LRI Par SSIrURES RATEEGE -
target qgyagti zation step size based on the target picture encoding quality,
a bit allocation processor coupled to control 20 the bit rate controller
according to a nunber of bitg renmgjning for encoding a group of pictures)
and a target bit rate}%*s'?m;;dm%rﬁd’}f% 688 e R wpper and | ower bit
rate limts and coupled to the bit allocation processor and the bit rate
controller for controlling the quantization so that the required bit rate-
for the quanti icture data is within the upper and lower bit rate
limts. 25 31. single pass variable bit rate video picture encoder
conprising: a pY sty mumbepof picarresrie el gromgofipit@rdspr a plurality of noving
pictures: a target quality input f'or recelving a.target quality nmeasure
t' or encoded pipg?’tffe@fe ‘él‘l‘}/ee"ﬁ‘gg’ﬁéi’%%‘ﬁ?’ﬁﬁte“?wdgg"p ‘Wrﬁg ®coded picture
data; 30 a bit prat eiddiichrgbiWttheel ' Or receiving upper and lower bit rate
limts tz'oor thr encoded AVENDED SHEET ( ARTI CLE 19) 13 July 2002 41

and before encoding each subsequent picture in the group of pictures, determining R

according to

_WerN)

picture_rate

Re= BR YS.then set BR

rarget - oid_targetr.

BR

ald_targat” =" “target

where:

Np and N, are the number of P- and B-pictures remaining in the current group of



picture data; a bit rate predictor for predicting a current bit rate; a
frequency transform processor for frequency transform encodi ng picture data
fromthe picture input; 5 a coefficient quantizer for quantizing t he
encoded picture data according to a quantization step size; ?qyy%g?
quality estimator for measuring an encodin~ quality of quantrze ncoded
pictures; and a bit rate controller fqQr. dynamcally controlling the

guanti zati on step size of the 10 coef R’ci ent guanti zer based on the
predicted current bit rate and a conparison of the target quality and the
measured quality so that the encoder output remains within the upper and

|l ower bit rate limts. 32. A video picture encoder as clainmed in claim31,
wherein the pictures to be encoded 15 are arranged in groups of pictures
conprising an I-picture and at | east one P-picture and/or B-picture) the
bit rate controller including a frane bit counter for a nunber of remaining
bits available for encoding a group of pictures, and a bit allocation
processor for controlling the bit rate controller according to the
remai ni ng avai l pisheeshits so as to adjust a target bit allocation for each

picture or pluraglity of pictu u ictures. 20 33. A video
pi cture encodergggt'tlféisr‘rgsaqlie a’(’:? ?le%gég Pﬁ“?‘lcalngdl ng a quality

conpar ator for Ligapasi e, ohs, dedrfieg wotipicie tpd ¢t tﬁehféremaﬁy efddargiadieng
quality) and wherein the bit rate controller controls the quantization step
si ze based on a difference between the target and neasured qualities. 25
34. A Vi deQqgpi CRURGhE S8 edh Ghidd rBectuﬂﬂrbr%abmr theisRpb Heli ng a quality
conmparator for conmparing the target quality w he nmeasur ed encodi ng

qual ity wherei nolttﬁenbiateragatqeanea@pr SR Eres 4 @st% ftorrepr@‘ap\geer engpdeddt.IFodht i on
to achreve g% rate for the picture or plurality of pictures in
each group pI ct res |ch is determ ned on the bass of ~.n output from
said 30 quality conparator AVENDED SHEET (A RTI CLE 19) 13 July 2002 42
35. A video picture.encqder i m 3 32 wherein
the measured enSTTFHYDE T4 758 %ﬁbﬂg¥?¥¥% ﬁeyaﬂg' ?égﬁﬁgﬁr§?3ﬁvg 58 %% A
vi deo plnﬁgqﬁueﬂggd@ﬂngsoclalned in claim33, including a |ocal decoder for
decoding 5 the quantized encoded picture data, and a quality measurenent
processor for determning a qualtty di ff erence between correspondi ng i nput
and | ocal ly decoded pictures. I'A‘VﬁaeQTEREtyre encoder as clained in
claim36) wherein the quality neasurbneht—préed%sor determ nes a difference

in signal-to-noise ratio. 10 XK X
T, = R

- NB KP XB

: KB XP
ro. R
N, K, X,
Nyt i

K, X

where

X,=85Q, Xp=50n Xz=S50

15 K, and K, are constants.

17. A method as claimed in 16, wherein the target bit allocations T, T,, T have a lower



3%. A video picture encoder as clainmed in claim 36, wherein the quality
measur enment processor determ nes a nmean square error. 39. A video picture
encoder as clainmed in claim36, 37 or 38, includinG a picture activity 15
processor for measuring an averse picture activity for the noy3 pgly@00Rur es,
and wherein the quality nmeasurenment processor nodifies the neasured
difference in picture encoding quality on the basis of the average picture
activity. ,. 40. A video picture encogigr as clained in claim37, including
a signal -to-noise processor 20 for neasuring a signal-to-noise ratio for at
| east one previously encoded picture, and a bit rate predictor for
estimating a current bit rate, and wherein the bit rate controller adjusts
said target bit allocation based on the estimated current bit rate and on a
di fference between the neasured signal-to-noise ratio and a target
signal-to-noise ratio as said target picture encoding quality. 25 41. A
vi deo picture encoder as clained in claim31l, including a quantization step
si ze conparator for conparing, as a neasure of encoding quality, an actual
guant i zat iliomt Bl.aptesnipg apgordingatot ar get quanti zati on step size based on the
target picture encoding quality, a bit allocation processor coupled to
control the bit rate controll 3r accordRpg.to a nunber of bits 30 remmining
for encodi ng a group ot~ pictures, xandiaueattget bit race estimator coupl ed
to recei ve AMENDED SHEET (ARTI CLE Ié) 13 July 2002 43 the upper and | ower
bit rate [imts and coupled to the bit allocation processor and the bit
rat e cont mikteek, sarcomant rol | i ng the quanti zation so that the required bit
rate for the quantized picture data is within the upper and |lower bit race
limts. AVENDED SHEET (ARTI CLE 19)
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a lower limit for the determined quantization step-size.

20. A method as claimed in claim 18 or 19, wherein the determunea quantzagon Siep-sie
for each macroblock is modulated by a corresponding macroblock activity masking factor, and
20 the quantization is performed using the modulated quantization step-size.

21. A control apparatus for a moving Pictures encoder, comrising:
an input for receiving a target picture encoding quality;
an input for receiving upper and lower bit rate limits: and
and a controller for controlling the encoder so as to encode at least one picture
26 according to a target bit allocation based on an initial bit rate within the upper and lower bit
rate limits. compare the encoding quality of the at least one encoded picture with the target
picture encoding quality, and adjust the target bit allocation on the basis of said comparison

for encoding subsequent pictures.
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0 $hr 10 24. A control apparatus as claimed in claim 21, 22 or 23, wherein the picture encoding
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quality 1s based on a sig -to-noise ratio.

27. A control apparatus as claimed in claim 25 or 26, wherein the controller includes a
20 local picture decoder and a comparator for measuring a difference in picture encoding quality

between corresponding input and locally decoded pictures.

28. A control apparatus as claimed in claim 27, wherein the controller includes a picture
activity processor for measuring an average picture activity for the moving pictures, and
25 wherein the controller modifies the measured difference in picture encoding quality on the

basis of the average picture activity.
29. A control apparatus as claimed in claim 28, wherein the controller includes a signal-

to-noise processor for measuring a signal-to-noise ratio for at least one previously encoded

30 picture, and a bit rate predictor for estimating a current bit rate, and wherein the controller
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the bit rate controller according to a2 number of bits remaining for encoding a group of

pictures, and a target bit rate estimator coupled to receive the upper and lower bit rate limits

and coupled to the bit allocation processor and the bit rate controller for controlling the

quantization so that the required bit rate for the quantized picture data is within the upper and
15 lower bit rate limits.

31. A video picture encoder comprising:
a picture input for receiving.data for a plurality of moving pictures;
a target quality inpur for receiving a target quality measure for encoded pictures;
20 a encoder output for supplying encoded picture data;
a bit rate limit input for receiving upper and lower bit rate limits for the encoded
picture data;
a frequency transform processor for frequency transform encoding picture data from
the picture input;
25 a coefficient quantizer for quantizing the encoded picture data according to a
quantization step size; and
a bit rate controller for dynamically controlling the quantization step size of the
coefficient quantizer based on the target quality so that the encoder output remains within the
upper and lower bit rate limits.

30
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5 bit rate controller according to the remaining available bits so as to adjust a target bit

allocation for each picture or plurality of pictures in each group of pictures.

33. A video picture encoder as claimed in claim 31 or 32, including a quality comparator
for comparing the target quality with a measured encoding quality, and wherein the bit rate
10 controller controls the quantization step size based on a difference between the target and

measured qualities.

34. A video picture encoder as claimed in claim 32, including a quality comparator for
comparing the target quality with a measured encoding quality wherein the bit rate controller
15 adjusts the target bit allocation to achieve a target bit rate for the picture or plurality of
pictures in each group of pictures which is determined on the basis of an output from said

quality comparator.

35. A video picture encoder as claimed in claim 33 or 34, wherein the measured encoding

20 quality comprises the quantization step size.

36. A video picture encoder as claimed in claim 33, including a local decoder for decoding
the quantized encoded picture data, and a quality measurement processor for determining a
quality difference between corresponding input and locally decoded pictures.

25
37. A video picture encoder as claimed in claim 36, wherein the quality measurement

processor determines a difference in signal-to-noise ratio.

38. A video picture encoder as claimed in claim 36, wherein the quality measurement

30 processor determines a mean Square error.
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target bit allocation based on the estimated current bit rate and on a difference between the

Py
o

10 measured signal-to-noise ratio and a target signal-to-noise ratio as said target picture encoding

quality.

41. A video picture encoder as claimed in claim 31, including a quantization step size
comparator for comparing, as a measure of encoding quality, an actual quantization s‘tep size
15 with a target quantization step size based on the target picture encoding quality, a bit
allocation processor coupled to control the bit rate controller according to a number of bits
remaining for encoding a group of pictures, and a target bit rate estimator coupled to receive
the upper and lower bit rate limits and coupled to the bit allocation processor and the bit rate
controller for controlling the quantization so that the required bit rate for the quantized picture

20 data is within the upper and lower bit rate limits.
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AMENDED CLAIMS
[received by the International Bureau on 12 March 1999 (12.03.99);
original claims 1 t0 3, 9, 13 to 17, 21 to 23, 29, 31, 33 to 35 amended;
remaining claims unchanged (11 pages)]

1. A method for variable bit rate control in a single pass moving pictures encoder,
comprising:
5 selecting a target picture encoding qualiry;

selecting upper and lower bit rate limits;
encoding at least one picture based on a target bit rate within the upper and lower bit
rate limits;
predicting a current bit rate and an encoding quality based on the result of the
10 encoding step;
comparing the encoding quality of the at least one encoded picture with the target
picture encoding quality;
adjusting the target bit rate within the upper and lower bit rate limits according to the
result of said comparison and the predicted current bit rate, for encoding subsequent pictures;
IS5 and
repeating, for each picture in a sequence of pictures, said encoding, predicting,

comparing and adjusting steps.

2. A method as claimed in claim 1, wherein the step of encoding at least one picture
20 based on the target bit rate includes determining a target bit allocation for the at least one

picture using the target bit rate.

3. A method as claimed in claim 2, wherein the picrures to be encoded are arranged in
groups of pictures comprising an I-picture and at least one P-picture and/or B-picture, and
25 wherein the target bit allocation is adjusted for each picmure or plurality of pictures in each

group of pictures.

4. A method as claimed in claim 1, 2 or 3, wherein the picture encoding quality is based
on encoding quantization step-size.

30
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V& ()-1sY'10%\ & ()-v????- @@RIELCSF' ! YY1 10% & () -

/t10% & ()-VY3. 10% & ()-,"10% & ()-F) 10% & () - Yf &10% & () - @O AAAAAAACE: /
10\ 10\ s<d:0% &A(Tethadasciaimed in chimobaZeor 3.-whesein g gicfure ancpdingsauality is based

2° 10%&%(@%1—@%&%&010! 1098 ()-110%& ()-! "10%}& ()-!

"109& (3 -S16 -S%- 109" () - 10\ DDQFF GbGGJE4/ 10! 103+ 10%& ()- (10%& ()-y&
109& ()-$F"109%& ()- 10%& ()-Z"10%& ()- GHxl | 0JQJIJdE4/ 10! 10: 10%& ()-7

109%& ()-96 109%& ()- 43" 10({/&'4)- Y. 10%& ()-s, Y'109&' ()-JKKKKKK}LL @ .

104" 10%g- & () - Amedngrbgs cpimgd frelaim 5 or 6, wherein the comparing step includes measuring

a difference in picture encoding quality between corresponding input and locally decoded
pictures.
10
8. A method as claimed in claim 7, including measuring an average picture activity for
the moving pictures, and modifying the measured difference in picture encoding quality on

the basis of the average picture activity.

15 9. A method as claimed in claim 8, including measuring a signal-to-noise ratio for at
least one previously encoded picture, and determining said target bit rate based on said
predicted current bit rate and on a difference between the measured signal-to-noise ratio and

a target signal-to-noise ratio as said target picture encoding quality.
20 10. A method as claimed in claim 9, wherein the predicted current bit rate and the target
bit rate are deterrnined according to:

SNqur = SNRmrgﬂ - (SNRpimtn + KJ X ACTavzrage)

_(SprnpxSp+ngxSy)

BR =
95 predicted ( 1 +nP "'ng)
BRmrger = BRprr.dicr:d + Kd X BRcurrml X SNRd:/]‘
where:
30 SNR,, e 1S the measured signal-to-noise ratio,
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#10%g& ()-13 "100%W& ()-!3 "10% & ()-

SNR,,, . is the target signal-to-noise ratio,
ACT,, e is the measured average pixel activity,
K, and K, are constants,
SNR 4 is the measured difference in picture encoding quality,
5 BR,,.icea 1S the predicted current bit rate,

Sp Sm Sg are number of bits generated by said previously encoded I-, P-, B-pictures,
respectively
np is a total number of P-pictures in the group of pictures,
ng is a total number of B-pictures in the group of pictures,

10 BR rene 15 2 previously determined BR,,,,.., and

BR,,,,« is said target bit rate.

11. A method as claimed in claim 4, wherein said target picture encoding quality
comprises a target encoding quantization step-size.

15
12. A method as claimed in claim 11, wherein different target quantization step-sizes are

selected for I-, P-, and B-pictures.

13. A method as claimed in claim 11 or 12, including measuring an average quantization
20 step-size for at least one previously encoded picture, and determining said target bit rate based
on said predicted current bit rate and a difference between the target encoding quantization

step-size and the measured average quantization step-size.

14. A method as claimed in claim 13, wherein maximum and minimum bit rates are
25 selected corresponding to the upper and lower bit rate limits, and wherein the predicted
current bit rate and the target bit rate are determined according.to:

_(§,rnpx8prngxSy)

predicted - ( 1 *np *ng)

BR
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109&' ()-#3,109%& ()-i(jjjkk"l aBVK@ 10!
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109 ()-'!10%& ()- @ 109 ()-L$10% ()-9nnnnCopppdB4@ 10

10! Ys: Y" 109&' () -zY7#109%& () - 6! %%%&' ()- 41&@’4L),g.2 O, 0) - F1! 109&' () - PPPPP

qoqgH@ 10 10! 9" 109%&' () - 'Ok P BkABIR )™ &' ()- 10

10qqqrurrrdEH@ 10 10! 109 ()- s10%&' ()-s!10%& )gﬁ"sﬁﬂ%&' ()-3, 10%& ()-
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if (BRyrger > BRooo), then BR,,,,, = BR,..
if (BRypge < BR,), then BR,,.. = BR_.,
where
5 BR, egicrea 15 said predicted current bit rate, éj
BR,.. is said target bit rate,
BR,... is said maximum bit rate,
BR,,;, is said minimum bit rate
Sp Sp Sgare number of bits generated by said previously encoded I-, P-, B-pictures,
10 respectively
n, is a total number of P-pictures in the group of pictures,

ng is a total number of B-pictures in the group of pictures, and

K, is a constant or a factor of BR,,icets BRmazs OT pPrevious BR,,..

15 15. A method as claimed in claim 10 or 14, including determining a number of bits R

remaining for encoding the group of pictures comprising the steps of:

before encoding a first picture in a said group of pictures, determining R according

to
N
R+_piChh"€_ra[e xBRmrgeﬂ then set BRald_rarger=Banrge:
where:
20 N is the number of pictures in the group of pictures,

picture_rate is the number of pictures encoded per unit time, and

BR,,.... is said target bitrate,

and betore encoding each subsequent picture in the group of pictures, determining R
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@oY%&' ()-!'109%& ()-|}!I~[~"~~~aB:/ 109! 10%& ()- 5z10%& () -

sl 4109&' ()-210%& ()-31! 109& ()-!{ $$10%xX& ()-~0bC

10! 10%9&' () - @0%& ()-&$l -10%9& ()- 10 10 L09<m' 10%&' ()-:!10%&' ()-Rr, =}~<bC
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10%99& (hedordiiBlo

(Np+Np)

picture_rate

R+= BR

old_target = target

x(BR - BR

target old_largcr)

-S, then set BR
where:

N, and N, are the number of P- and B-pictures remaining in the current group of
pictures,

5 BR 1, 1S 2 subsequently determined target bit rate, and

Sis one of §,, S, or S, according to the picmure type of the previously encoded picture.

16. A method as claimed in claim 15, further comprising the steps of:
obtaining average quantization step sizes Q,, O, Q5 from previously encoded I-, P-,B-
10 pictures, respectively; and
determining the target bit allocation 7, T, T, for a subsequent respective I-, P-, or

B-picture according to:

T = R
!
e X Ny X
X}KP Xl KB
- R
=
e K &
2K X,
T. = R
8
N, K. X
NB+—-——-—-—-;< i\’ £
P 8
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5 17. A method as claimed in 16, wherein the target bit allocations T, T,, T have a lower

limic 7, determined according to:

BR

T - target
™t Kjxpicture_rate

where K Is a constant.

18. A method as claimed in any one of claims 1 to 17, wherein the target bit allocation
10 is used to encode an input picture, comprising the steps of:
deriving macroblocks from the input picture;
calculating a quantization step-size for each said macroblock according to the target
bit allocation and its utilization;
performing motion compensation if necessary to each macroblock;
15 frequency transforming each said macroblock or motion compensated macroblock;

quantizing each transformed macroblack using the calculated quantization step-size;

and

coding the quantized macroblock.

20 19. A method as claimed in claim 18, wherein the target quancization step-size is used as

a lower limit for the determined quantization step-size.

20. A method as claimed in claim 18 or 19, wherein the determined quantization step-size
tfor each macroblock is modulated by a corresponding macroblock activity masking factor,

25 and the quantization is performed using the modulated quantization step-size.

21. A control apparatus for a single pass moving pictures encoder, comprising:
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910% "' & tgsed lon mewgéc b& fade-includes determining a target b1t allocation for the at least one

picture using the target bit rate.

23. A control apparatus as claimed in claim 22, wherein the pictures to be encoded are
15 arranged in groups of pictures comprising an I-picture and at least one P-picture and/or B-
picture, and wherein the controller adjusts the target bit allocadon for each picture or plurality

of pictures in each group of pictures.

24. A control apparatus as claimed in claim 21, 22 or 23, wherein the picture encoding

20 quality is based on encoding quantization step-size.

25. A control apparams as claimed in claim 21, 22 or 23, wherein the picture encoding

quality is based on a mean square error.

25 26. A conrrol apparaws as claimed in claim 21, 22 or 23, wherein the picture encoding

quality is based on a signal-to-noise ratio.

27. A control apparaws as claimed in claim 25 or 26, wherein the controller includes a
local picture decoder and a comparator tfor measuring a difference in picture encoding quality

30 berween corresponding input and locally decoded pictures,
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& (()2, s zUU @%\%&@ﬁg qvgi’ %@Iﬁht%l %ua&?zz% % /@#s(xfe&w LP! a target quantization step
size based on the target picture encoding quality, a bit allacation processor coupled to control

20 the bit rate controller according to a number of bits remaining for encoding a group of
pictures, and a target bit rate estimator coupled to receive the upper and lower bit rate limits

and coupled to the bit allocation processor and the bit rate controller for controlling the
quantization so that the required bit rate for the quantized picture dara is within the upper and

lower bit rate limits.

25
31. A single pass variable bit rate video picture encoder comprising:
a picture input for receiving data for a plurality of moving pictures;
a target quality input for receiving a target quality measure for encoded pictures;
an encoder output for supplying encoded picture data;
30 a bit rate limit input for receiving upper and lower bit rate limits for the encoded
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pictures; and
a bit rate controller for dynamically controlling the quantization step size of the
10 coefficient quantizer based on the predicted current bit rate and a comparison of the target
quality and the measured quality so that the encoder output remains within the upper and

lower bit rate limits.

32. A video picture encoder as claimed in claim 31, wherein the pictures to be encoded
15 are arranged in groups of pictures comprising an I-picture and at least one P-picture and/or
B-picture, the bit rate controller including a frame bit counter for a number of remaining bits
available for encoding a group of pictures, and a bit allocation processor for controlling the
bit rate controller according to the remaining available bits so as to adjust a target bit
allocation for each picture or plurality of pictures in each group of pictures.
20
33. A video pictre encoder as claimed in claim 31 or 32, including a quality comparator
for comparing the target quality witl; the measured encoding quality, and wherein the bit rate
controller controls the quantization step size based on a difference between the target and

measured qualities.

34. A video picture encoder as claimed in claim 32, including a quality comparator tor
comparing the target quality with the measured encoding quality wherein the bit rate
controller adjusts the target bit allocation to achieve a target bit rate for the picture or plurality
of pictures in each group of pictures which is determined on the basis of an output from said

30 quality comparator.
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37. A video picture encoder as claimed in claim 36, wherein the quality measurement 1.

processor determines a difference in signal-to-noise ratio.

38. A video picture encoder as claimed in claim 36, wherein the quality measurement

processor determines a mean square error.

39. A video picture encoder as claimed in claim 36, 37 or 38, including a picture activity
processor for measuring an average picture activity for the moving pictures, and wherein the
quality measurement processor modifies the measured difference in picture encoding quality

on the basis of the average picture activity.

40. A video picture encoder as claimed in claim 37, including a signal-to-noise processor
for measuring a signal-to-noise ratio for at least one previously encoded picture, and a bit rate
predictor for estimating a current bit rate, and wherein the bit rate controller adjusts said
target bit allocation based on the estimated current bit rate and on a difference between the
measured signal-to-noise ratio and a target signal-to-noise ratio as said target picture encoding

quality.

41. A video picture encoder as claimed in claim 31, including a quantization step size
comparator for comparing, as a measure of encoding quality, an actual quantization step size
with 2 target quantization step size based on the target picture encoding quality, a bit
altocation processor coupled to controt the bit rate controller according to a number of bits

remaining for encoding a group of pictures, and a target bit rate estimator coupled to receive
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the upper and lower bit rate limits and coupled to the bir allocation processor and the bit rate
controller for controlling the quantization so that the required bit rate tor the quantized picure

data is within the upper and lower bit rate limits.
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