; @B@Se&vv%\mmwml 8 Septenber 2002 MOVI NG Pl CTURES ENCODI NG W TH
CONSTANT OVE Field of the invention 5 The present invention

relates to a net haghoddd apparatus for encodi ng noving pictures. In
particular, the present invention relates to a nethod argiSeptesaitar@90Ror
perform ng vari ablgghtt race control in a digital video encoder while

mai ntai ning a particular overall bit-raze. Background of the Invention 10

mmmmaced by industry dealing with digital video

One of the mai
processi ng, st%&&\j}\ﬂ nsmssion is the | arge anobunt of data needed to
represent anal i'deo in the digital domain. Accordingly) digital

conpr essi i en._anpl.i Vi ] i e tion in
Foqui red QY bRCRERESHi ORISR AERECONSIEIV QEEdARY Bir BE0KE 1 °1
conpression techni ques can be derived fromthe | SO 1EC MPEG St andards, the
ISOIEC 11 172-3 (MPEG 1)) the ISOI1EC |3818-2 (MPEG 2) and the MPEG 2 TMS
'(test nBigkd obite ideangboped by the Mving Picture Experts Group of the

I nternational Organisation for Standardi zation. The di scl osures of those

st andards docunents are hereby eacpressly incorporated into this

speci § UPRd pRieminVediieh 9858s oMPRGhbd b AgpBraRRITEF &%5HIRE vk G:0 Hsed in

Vi deoCD while MPEG 2 is the video conpression standard used 1 n DVD and nmany
di gi t al pasHoalde.abe pragensyinveaan refars wREGhadandapgarass éer feyfooming vdrigbieynt a. ~

1 i eribCRE O b R A LA RSyl SR 85225 1 or m o

encoder may be enployed as long as the resulting bitstream conforns with
-he specified syntax. In _certain applications such as video storage device
¢ recor ddackereyndiof thpyinvieplioR t 0 use variable bit rate (VBR) encoding. A VBR
encoger is able to vary ics output bic-race over a large: 30 range than a
CBR encoder. and this woul d generate an out put which has a nore constant
SUBSTI TOHE oSidterhain dbigtacle facdd by industeniealifewic? @il vide@brogeingt ¥ior288 exanpl e
of a VBR encoder .is described in United States patent nunber a650, 860)
enuded 2NSgBRRSTRESIQY, e Rrgermouny of dararaededotoraprssess Andlogrides utekligital at e

al | owedy hyaithe, Sk:Q LGE: : : Lt whi ch
enabl egdl nput %‘F%’E %rﬁ@yégld%%%gggf%hggl@%%ﬁ lller@litst gng\%yg é Igég(%e Sgttboafigg‘;eeeaé pace,
such VBedactdader equired irssmission bandwilth orrswoabersizep d3reevarietynoft sueht i r st

N i
refer enpﬁﬁg?t@&{ﬁam Qhéfs%i?}'% m@@ax@fﬁ@@t) Ing ﬁermﬁazs. SR {10 moliee

det er m ne i'sation onnation Is then 10 used to 5enerate a bit
budget $ordevelohedby e Movigg Sicture Esperts Gioap ofi thedneerraddbnal drgetisatiomfer of bits

to code.t he sequence.,is,. fixed fadtha ti maxi num bit rate | s not
vi ol at e%'fans?fdé%&%' t ﬁtdlsﬁllofurfﬁ?l Sr Ry ”Fﬁggf}‘ﬁf‘fsc?ﬁe EQY FrERyess not close
to thatincefdrh@d il thid §RRiRhddh by Reerick. MBIEGT is MeLfingrERHBn! fighdhédr St codi ng

pass nust be repeated with an adjusted reference quantisation step-site.
‘The RApusedsiogVigae@DiwhiteddBEGi hisahe Yiden cqmpressioni stagdardaisebinePY 2 andi t 15

budget | r hon .t hi the target bits or overall bit rate.
wul ti pl ﬁgs@%&%ﬁgﬁ? ?%?ég’éim res large storage nenory for internediate
bit utilisation information, and | ame conputation needs for the additional

passes and bit budget generation. Furthernore, such a VBR encoder cannot
pr ocess ThaMdPESwndaeds $¢ciy oaly the isyrsaoef Be coraprgssee Qitpgeams angimethod of

appl i cagl . S Hgg[ f .t At i j nt

i nventi g% 0 *‘p‘rgw e@!h é)%sqt%%&g@gérg{s?&dr@g? 4 %x}cﬁéer\?tg}e?g{gﬁgé 8?%(&;%? 'e%%i ncoder
far rmovidign pf eaddiesSmay be empRyedaiond By 6 tres@fting ersipées edtiformiyv@Rhiden to

provi de variable bit rate encodi ng of noving p~ctures such that the change

in encofRFIPHEEFINA-qual ity from one scene to another is ninimsed. A
further object is to provide a real-tine

In certain applications such as video storage device (recorder), it is possibie to use variable
bit rate (VBR) encoding. A VBR encoder is able to vary its ourput bit-rate over a larger

30 range than a CBR encoder, and this would generate an ourput which has a more constant

SUBSTITUTE SHEET ( rule 26)



gariéble bit rate encoding al gorithm which produces a constant overall bit
race. 30 In particular, the present invention encodes an input noving

pi ctures sequence one SUBSTI TUTE SHEET ( rule Z6 ) 18 Sept enmber 2002 -3
segnent at a tinme according to a target encoding quality1ﬁﬂ§cqﬁi

determ ned by a target segnent bit race. The target segnment il nﬁgwgog? a
current segnent is preferably derived fromthe differences between the
target segnent bit races and the actpal coding bit rates of previous or
previous few encoded segnents. 5 To “hai ntain consistent encoding quality
for all pictures within a segnent, the actual target bit rate for encoding

st he t SPERARIR o SRR 943 VAR RO G AEt oo 5 HEEH SR PRER Bt ng
qual ity 9les63R0, SRR NAdhRivEWliahti2ioRaS 84 offkr kdifrattirdihel ﬂ&ﬁﬁ%a@@ﬁ\éﬁ%“ the

target and the actual bit rates of previous or previous few encode

segnent sallavad yhtha gegefstaragegleviceras wdilray aguierailybif-rasenwahicinemables mpregnent i s
made rel ati velehjsnooch cog%)ar ed tot.tgat of a Consta%@i t-Rate..Encoder, and
furt her mFBYS SEREERGHP BF SOF INf7 deThed SIATAZR FG°T SURR VR FrRotere S ant . 15 In
accor danggiupid bncbliRgpagegnt invention, there is provided a method for use

in a noving pictureS encoder for encoding a sequence of segnments each
having at | east one image) conprising the steps of: a) determ ning an

Il bit r f di ng _t.h f i . 20 b
ot er mi oI oo Bast B Sl R OFRTEY SR Abl! Hepa P Tencodi ng
a first spdPtiredn aﬂana?méa@n@é. Th _mdé@r%eg;iagtmé Pdf&recd| fiidh@daih USI NG

said overal |’ targe_t bit rate, c) encoding sai irst segment using a
vari abl estep siz¢ srediszRligitheyVRdtavoerohcthe detagnined biiailisatiparinfgrmatdrsiatiiesn st ep™

o 2%, S5l SBEHL S Rol  SLS6E LEEER LUE RSl ekolisd oo

di stribugf tigs daode thefstq@ueRtcis txed, afiethhixhe REOEhng HCraieRYlor edEared!bEequent
segnent to determ ne a subsequent segment bit allocation; t~ determning a

new t ar geaseytiahbir yulisasen inferpagipn ebrineddn aelsinsg @ Bairaqurddobeenstasiag segnent

he basi i ' I i TUTE
ST (PRt Gk, SEYLIBnRE nE PRRRG oR e mitbE (BB By MR ok V1
di stri buyeshrididfoheteprsize;, Ehednpyc sequencd is-oded th & fiaslesuse 0fing e@gng@htravdibig a

vari abEe bit raze encodi ng net hod ) )
15 budget informaton to achieve the target bits or overall bit rate.

Multple-pass VBR encoders requires large storage memory for intermediate bit utilisadon
information, and large computation needs for the addirional passes and bit budget
generation. Furthermore, such a VBR encoder cannot process input sequences in reai-time

20 as required by certain applications. {

Summaryv of the Invention

It is an object of the present invention to provide a single-pass real-time variable bit rate

(]
L

encoder for moving pictures. It is also an object of the present invention to provide
variable bit rate encoding of moving pictures su:ch that the change in encoded picture
quality from one scene to another is minimised. A further object is to provide a real-time

variable bit rate encoding algorithm which produces a constant overall bit race.

30 [n parucular, the present invention encodes an input moving pictures sequencs one
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according to the new target quantisation step size;, wherein variable bit
«(rate encoding is enployed for encoding pictures wthin a ~ segnent whil st
mai ntai ning a substantially constant bit rate over said sequence. The
present invention also provides a method for encoding noyg 89 tghﬁ}f,lrz%gzi n a
novi ng pi ctures encoder wherein a sequence of imges are pro?n ed as I'nput,
t he sequence of inages conprising a plurality of segnents each having a
plurality of images, the nmethod 10 including: a) determning an overall
target bit raze for encoding the seguence of inmages; b) maintaining a
distribution record of bits fromat |east one previously encoded segnent

al l ocated for use in encoding at | east .one se nt .tq be encoded; c

det er nvni KEMENE 4 AfHPe %“é"ﬁﬁgﬁ‘ﬁ t%tﬁi RrepLEncodipg qaig’gg’ﬁ@h‘s ggtcpwéxe g’éideﬁ&%% of 15

| mages orn g@eném ke OTTht Bfge Ve@hdhd bit ARO6E a Birtent Sdgtnenb & greferdbly AbBvédhange
cal cul at ea romthe corresponding al located bits fromthe distribution
record; dyomshediffanénsgs betweanghks targey segment bic ou¢sRpddieipgrual codimgabit raestadr get
segnment bit rate recedi ng,targe egnment bit rate and a preceding
target seifat'@nt °"e%%‘6§’.“ﬁ§”ﬁ%f§?‘fetd§??‘“§h% 20 e) encoding the i mages of the
segnentsaccording to the target segnent encoding quality using a variable

bit rate encoding technique taking into account scene conple;cities of the
i mages i nl@ Ay roRsiseRitacading qralipiiar all pighuses Witkn JSEEHERY 8% 303 yeet

i ncl udes 1.0 : of £ ‘?n% EEHH‘#TPJ fendNal ; encode
a parti cu@gﬁég&%ﬁ?dlg%glet*‘gﬁrgﬁﬁber tggﬁ%ﬁn? é&g a g%%?é%%o@@i%g%éﬁ% t he
parti cul awel$ g thentrgenerichding gsdlity of the begneme.get segnment encodi ng qual ity.

According to the current Invention, a noving pictures sequence is divided
i'nto segnents. The size oC each segnent nmay be suitably determ ned. Ea~:h

segnent; i i t i i i its
t ar get 12 eérsreﬁ%tg%?? e&é@%ﬁxﬁﬁrp?g%lﬁese%?f&?ga?lgm(ﬁg/%g%%ﬁgg‘% ¥ﬁuf1j;|§£%clg|gET ( rttie

26 ) 18beswptetioaarz200®@ théacarat bideates of previbissadreviousniewdacodas segmenist
according,to,its target encoding gquality. The target segnept. bit rate of an
i tial | SEBREAES U BHELIRENRS REILIOT et I SR R A PO o
After enceghpsted RethaeONBbdsthiBit Riafed B BA&C aRPTMBLANAB LA GvEAlL Bt Fad gCe 5

used and the target segnent bit race is obtained. This difference is

pr opagat eendodinghe madained cagstant. f ew segnents to be coded. This process is

repeatelg for each segnent; therefore, for each subsequent segnent, a new

target segnent bit race is determned fromthe user defined target overall

bit rate apgecobfintl Wi tegreenbiaiedeion, thee il pfaeled 3a66REd fo?iuse ifh @Sovidpd

actual bit_ races of previous or previous few segrren,ts. 10 The present
i nvenuon PisrurREenceAer fog ercodingase@gngent segmentorachigvipeat KRstngtimagei n a
novi ng pi %l;dﬁﬁﬁnﬁé}feog@ﬂs Jdar encoding a sequence of Inages COmLISILIg a

plurality of “seghents ‘each having a plurality of inmages) the nethod
i ncl udi ng) far apach dsegnirink an overall target bit rate for encoding the sequence of images;

20 b) determining a bit allocation and target quantisation step size for encoding a
first segment on the basis of a segment target bit rate calculated using said overall
target bit rate;

c) encoding said first segment using a variable bit rate encoding method

according to the target quantisation step size;

[
wn

d) determining a difference between the number of bits used to encode said
first segment and said first segment bit allocation;

e) distributing said difference for use in encoding at least one subsequent
segment to determine a subsequent segment bit allocation;

f) determining a new target quantisation step size for encoding a said

30 subsequent segment on the basis of a new targst segment bit rate calculated using
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determning a difference between a nunber of bits used for encoding a
previous 15 segnent and a nunber of bits allocated for encoding the

previ ous segnent; calculating a bits distribution fromthe determ ned bits
difference and a predeterm ned distribution function; caqe latin (4
rate change fromthe bits distribution and a predetermn %%ﬁgmeerg%&qznages
in the segnent; 20 calculating a target segnent bit rate fromthe bit rate
change and a predetermined target overall bit rate for the sequence of

i mges; and determ ning a target segnent encoding quality fromthe target
segnent bit rate. The present invention further provides an encoding

qual ity adjustnment Drocessor r ner.at | 5 se' menc encodi ng
quality val uesﬁ S%Fnﬁ%'@i?"’r{gag)l“c%%r@é%%@é%ébr&%d(;&f%ﬁ%ngé‘i %{? a series of
segment s eachgfavi Bftoding! SRiStubQAQerit RBGRettSisG Dvardibia@bik ead bhicdd@igemedisPdi Ny

schene whil st "maintaining a substantially constant overall bit race)

conpri sing: a2qsPrdingiq themeWdarsebaHNtios$19Pesizis coupl ed to receive a
segnent encodj bi b dsat | l, gqﬁam .5 .rate and
generate ther ‘evﬂrglgr’# gargaltb%és&?iﬁ% g&@ﬁ'%@qgﬁ’%@gﬂyg%tfﬁgﬁégg’m. ng egt&'dfhﬂ 8rence in
bits akl aeaiend whiler Mhinsinised sitztandaityociriting bragrriver sditS&teddd[E SHEET (
rule ?6 ) 18 Septenber 2002 -6 a bits distribution nmeans coupled to the
bits difference conputation nmeans for conputing at |east one bits

distribu -  figesd & AS¥Ing pREGESHES Hoh

distri bu??éc:ﬁ}{%%{gﬁ%%%?gip?é rlaecsgd @%@?gggﬁ%ﬁgag%ﬁput at ?gn rresgnsi glgug‘ged to

t he bi t spidtuses enmotieowheremrssefaencs of omypes iangprovided msipun) the rsequence 6f er ence
fromthe ac | east one bits distribution, val ue angi %ﬁ:?gdet er m.ned hupjber of
i mages | AN3BeS SHMBREINS A RISRHR OLSERREnT 3 Davinga BT HRagrsa e 8 ed to (™
the bify [Ri&isl-fference conputation neans and the bits difference

conput at 1 on nmeans for computing said cazget segnent biz rate fromthe
segnent bit ra)e didefeanmmgeancowirall @rged bitarwei foe dndodingethe seqeadd ofhimtagésy. , , 1
10 rate for t sequence. of se nts; an s._encoding quality conputation
means coupl edtl]’?o tﬂ%a"?%a @‘é‘gﬁgﬂ?n ﬁF?f‘f’%‘?‘é‘“ﬁj"&@fﬁ%ﬁP%ﬁi‘W@}/ conput i ng
a target segnMfAtodedGesthé alsdkdd! fhr U iGnko @i 32 st heG8imERIF®B lenfided; at €.

15 The present invention further provi des a noving pictures encoder
conpri sing: c) determining a target segment bit rate for a segment of the sequence of

15 images on the basis of the overall target bit rate and a bit rate change calculated
from the corresponding allocated bits from the distribution record;
d) determining a target segment encoding quality from the target segment bit
rate, a preceding target segment bit rate and a preceding target segment encoding
quality,; and

20 e) encoding the images of the segment according to the target segment [
encoding quality using a variable bit rare encoding technique taking into account
scene complexities of the images in the segment;
wherein maintaining said distribution record includes determining a difference

berween the number of bits used to encode a particular segment and the number of bits
25 allocated for encoding the particular segment on the basis of the target segment encoding

quality.

According to the current invention, a2 moving pictures sequence is divided into segments.
The size of each segment may be suitably determined. Each segment is encoded with a

30 target encoding quality derived from s target segment bit rate. A variable bit rate (VBR)
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a codi ng processor for encoding picture data based oa macrobl ocks accordi ng
+to a quantisation step size; a vinual buffer processor coupled to the
codi ng processor for tracking a nunber of bits used for encodi ng successive
rnacrobl ocks in a picture and a nunber of bits used far'ﬁﬁségﬁﬁﬁﬂéﬁéooz
successive pictures in a group of pictures; a quantisation step Size
processor coupled to the codi ng processor for determ ning said quantisation
step size froma target nunber bits _allocated for a picture and the nunber
of bits already used for encoding 8cr obl ocks in that picture: a picture
bit allocation processor coupled to the quancisation step size processor
for 25 deterninin? aaid t%r et nunber of bits aIchateg.for a picture from
a t ar getNERAEr iSERISEAEC £RR0 ﬁgf?tfégmfﬂ‘ FGrerding (o9 SEEFORIGE WHIB i ng pi ct ures
in a current group of pictures; a bit rate adjustnent processor coupled to
the picture bit allocation processor) the visual butter processor and the
quant i s&tiecargst sggnesng bitpato ot e itif segruesttds nbwingd from a usesdghnedoiarget ace from

chr nunber rb.bi ts ?tfr ead useLg fo;neeﬂc di rsuc.;%essi V'%Bﬁ?.i Ctak' es in the 30
current °§Ff?®'p thyauyi AYTEF SR50dINE G M8l Ba HE TR A PEM LSRR él df%e and an
aver age yekBRId dThrgetiamhet HithRe Bblained] STHRRFFERIe 18 BRddagaled BUAOREgAL | ON

step size for pictures in the current group of pictures; and a target
encodi n@raesnies sagmentsso dp cedede Thivpewsses is genegied dot eachisesmeant; thereéore,

e e Y S P e R S

bit rat glefifed tdgeryvabhelr biofadindshSdifeeshckd bewire thengrgd: RepeRdingudgraadp of
(pi.ct ures. Brief Description of the Drawi ngs The invention is described in
great er ageyahpit rp@s af Awvious or PRPVIRMS fe3¥ SeSM@ER-e only, with 10 reference to
t he ai:d:orrpanyi ng draw ngs, wherein: Figure | is a block diagramof the
constant bit-rate controller based on TVi~; Figure 2 illustrates the

di f f er erfle gretane énvearidmfiugeer friovidad & aethddforzontralingbit ubécahon &n g arsingpt i on
at macrohl ock qu\}fl far one frane éa%gégi cture i.s chose ,foE this case))
wher e, djPIFETSSIRECAS TRREICBURE rSequsnts A4S PP YR B PEth St SFE¥S| S

Fi gure i 1|8 i (& i @dhEJ t er with constant
overal | Beba}:i'??ra‘élthéq?g%ﬂxﬁﬁﬁ ur Eeﬂéﬁ%gégﬁg:loc 4 ?ggérzgéeég?&?he const ant
overal | bit - rdetermioimg ragifference between a number of bits used for encoding a pravious

15 segment and a number of bits allocated for encoding the previous segment;
calculating a bits distribution from the determined bits difference and a
predetermined distribution function;
calculating a bit rate change from the bits distribution and a predetermined number
of irmages in the segment;
20 calculating a target segment bit rate from the bit rate change and a predetermined
target overall bit rate for the sequence of images; and

determining a target segment encoding quality from the target segment bit rate.

The present invention further provides an encoding quality adjustment processor for

8]
U

generating a target segment encoding quality value in a moving pictures encoder for
encoding a series of segments each having at least one image using a variable bit rate
encoding scheme whilst maintaining a substantiaily constant overall bit rate, comprising:
a bits ditference computation means coupled to receive a segment encoding bit
utilisation value and a target segment bit rate and generate therefrom a bits difference

30 value representing a differsnce in bits allocated and bits used for encoding a segment;
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Figute Sillustrates how the difference in bit count for the |ast segsent
is redistributed over the next four segnents (e. g. f(m =1 /4}; and 20
Figure 6 is a flowchart of a VBR algorithmw th constant overall bit-rate
control. Detailed Description of the Preferred Enbodineanfén a tagﬁ&gd
MPEG conpl i ant vi deo encoder, a sequence of noving pictures ?Qi'd;?r 0)
25 is input to the encoder where it is conpressed with a user defined
target bitrate. The target bitrate ig_set according to the comunication
channel bandwi dth in which the conpressed video is to be transmtted, or
the storage nedia capacity in which the conpressed video sequence is to be

stored. A typi 5 i I Iy i I [Ci} on.
Inter/Intra cfgg‘éfi%@gz&q&r %@\é@gﬁ@(ﬁ)@ﬁ%h@@gﬁ% %%%ﬁgﬁkgghput ation,
quant i sagdrRpItng 18P oss NBingbun vk fomahgbhs diffdfenge azide ant - control .
SUBSTI TUTE SHEE_Té rule 26 ) . 18 Septenber 2002 _g. Several different

for ms of Pregeferinga Hisribwion feR/Edndependi ng upon the character of the input
pretures, refgfiadd rinls bl mBrRlGiHECH, hObirSaRithutlbR Sneald for

| -pictures are 1 ntracoded pictures used mainly for random access or scene
updat e5 JorepRing « segmesit bis eate diffwerde fon dre Prieadi ortei biss diodbutiprvw e ameff 21 ence
to previousl codgd | -, or ictures 5 (anchor pictures), and the

. P-
B- pi ct ur BEIGEERIS H‘“W\‘?\Btr‘g’aﬁgﬁmb%ﬁﬁgmpﬁ notion predictivelinterpofative
coding with rgfgbengdnar fif BYd &JSinhel@Hhs cotledRhe bitt88 diffsrehbier nore, a
group of pictures (GOP) is forméd i n encoded order starting with an
| pi ct ur ecamputanch mpans sdd thé bitpdifferanee bemhputatiommeans)for compusingrsaid wrgehe
sequence. .., 10 Th ictures are partitioned . inta smaller and .
non- over FESAT G IRECREN R FEREN Ha e diferings pad p STsRRR S cHEs prl e
encodipg ra:E36dkhe 4Bplenih PseBmeds; Brddi cture is subjected to a notion -
estimati on process in which forward notion vectors, and backward notion
vectors in thengaerding quality pampuirtonNReans£ouplad tethaiarest saemars. bit efter ence
pictures fr i=fer. The LafL J L U icture
st cnad e HRlF tomp e Bt 3ikn AL QBl Pyl Foftlf e
pi cture, sggmer[mtrm&l,ock that best matches the target nacrobl ock is used as
t he predicted macrobl ock. The position of This predicted nmacroblock is
specified by a sec of vectors known as notion vectors) which describe the
ver~ic i ] ' g redi cted
macr ob og%?' dquér%%&%-@ é)‘?é:nt @lr’tg% ﬁﬁ?@?%@ggﬁ%%%%%@égﬁ%gﬁ%%er e are two
ref erence pi ctagoding proeésssr Pt efaodig pléutendmabaed by mprmbiutks gecwnding ed howi ng
the B-picture. f ' . mWth the determ ned notion vectors) notion
conpensatf8R§aEoRaFEPH#%ed where the infra-or inter-picture prediction node
of the htB is {yikghl 6@FRHRBEE: @&Sb?édjﬂorlﬁe £Odihg BroRessd ﬁ?&a@iin%*&%uﬁ%k gn
vectors round, followed By generating the necessary predicted M.
| - pi ct ur d¥susedifar encoding suaaessivecuateablodkislin afpiyturP andd nBmbec olibigsysed fereci si on
on V\hemer iLncra or inter caoding wl I,E be used (at macrobl ock level) is nmade .
depend gen89|d"\%ﬁi FFERBY TGS I 2E P QN RIEMES a nore etfcient codi ng. (.
Transf or mat i ona @iariigr JiBtdpMeQrhcddSdrtdupleDed tHeoling Pravassor €5t @ddrnifinghr 8x8
pi xel bl ocks 30 within chr macrobl ock. Fur ~ncra coding) the actual picture
data is ceifbauanipation stepotize fiersra (SgBSumberbistecnied fou Rk @icrere)and tllssmsegnre nber

. Gk . et o gcgeyand (e
quant 7 Sat T PRt LR} RleoRRe Taclind B IRAE B, ool ves & qua, ~ti sauon

matri x and a qugitturedid Dachioapredeidr cdiisied| taihs iqaadisaef fdpcsignp@casser fonen
nm | engt_h encoded with variable | ength codes. . .
25 determining said target number of bits allocated for a picture from a target bit rate and the

number of bits already used for encoding pictures in a current group of pictures;

a bit rate adjusmment processor coupled to the picture bit allocation processor, the
virmal butter processor and the quantisation step size processor for determining said target
bit rate from the number of bits already used for encoding successive pictures in the

30 current group of pictures, a target encoding quantisation step size and an average
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5 The resultant bit usage and statistical data are passed onto a rate
«control nodule) which is used for allocating a target nunber of bits used
to encode each picture and each nacrobi ock within the picture. This is an
i nportant nodule in the encoder as it plays a major rol egd i iI{NARg t he
quality of the encoded picture. 10 The rate control in ?¥¥§8&%n$%§ékpgodel
~ (TMb) conprises the steps of allocating the target anmount of bits for
codi ng each picture, deriving the reference quantisation paranmeter (Q) to
be used on each nmacroblock in a pictﬂre) and nodul ati ng the Q- based on the
activity masking |l evel of the surrounding bl ocks of the correspondi ng

macr obl ock to obtain the nodul ated quantisation step size (Mjtuzrer) used
to quant AYFSREOREER SBF SRAPICHYISS A th|SHERAL BFRUPYT RIFHEEST 3% controller is to

ensure all pigt J i i m : f i L saﬁg gﬁﬁs hat
t he subjecti veca %{FSF?@H@%@B%@%%?@%%{A?O& g‘?ééi’&grcgg@gé\k Memqblll,lta?léfl WIn[&h a
si ngl e nprdressoY andescvirhabuffyr practwor it Qeuainsining Kaidstargecemsdiagt parti cul ar

to a picture type and Q. s the quantisation step.size for the pic¢ture being
coded. TRHRNGS3TOR FED Sige fTaMea BESAEBRINGS 2hger qurﬁl?%ttdarﬁ@eémunmo 819 owi ng
equati @n; = ; _Jéédi%? & ichltbscripts i) p, b refers to |, P) and
B- pi ct (gr gs%iygés}&c%!g?f)gfanete?s I%-Ia)?%ll(a and Kb are experinentally

determ ned constants for all 1) P, and B pictures respectively, and K,

usual ly is. rri.alis taq the value of I. ?5 Figure | illustrates a bl ock
diagramg'—'—gﬁﬁigﬂiﬂ-&w S éé%ﬂ%& the TV(~ rate controller. A

group-of -pictures (GOP) is a collection of one | picture, sonme P pictures
qmd B pictures. arid serves as a basic access unit with the | picture as
he ent r Thedinventios is describadsingrexerdistalSeRSRitey Y By eexample oy 2With 18
Sept enher 2002 - to _access. T(Qe controll.er conprises three |evels of

or oces AGETSICBEpURATEPmRAYIng Arawings, WRErGiy o 1 10, and a nmcrobl ock (MB)
Level 109. At giBgrestt @ralbigtk @XM dTens sdktamibit-fate édadoll@Vigdsed ot TMS;2 GOP bit
al l ocation process 100 conputes the total nunber of bits (Rd~) . allocated

for the GOP. THiguspa) WaswaesRhe Hiffesenge bemvesya tsger-bitaliocatonanggp actugi ditsur e
rate -1~ c%nwﬁét?orpittmic%b?oéksle\rréﬁort @r{e%ebqatP-éi%?e fs go%ﬂ%fjhﬁkgcars C Wikt Ur e
re rare 1s the nunber of pict e

sequence, plcr res co per second, and ; _ N
is the taféd theognexl boffepfutihess @s a pariectar instiee; GOP. The remaining bits (R
for the is_determned at. the pjcture vel 110 a.remaining | O biu
det er mhat i on PEBEeSS &gk Fl%"a%‘ﬁj&%eﬁ“ o DUt RHREACRAET yuth gonstaps overdll hor e S

i's the nyihgele efndiit S used by previously coded pictures in the GOP, and R =
R + Ray ;Hgtr) aener\l/v GOoP. |~ Wth the conputed val ue of R a picture bit

al | ocati on pr oFiges 4 312 Blbck diegraimcefithecdnstaed ovetd! biexte conmolierss a target bit

val ue (~ all ocated the current . .picture,accordi ng to the equations bel ow
for corres pondf'%rq$ﬁpsg?te§3txopw ﬁ}euq'l erF%ép bl_ R tidfpi&’&tlgs‘: |spgmq{}g;|l_s p + NoXb ' K
x protur erefRbEuPoveKiheTnext o sBerinits (2 € =4 YlKandb ' K x pretcere rate (-
"\) 20 Figure 6 is a flow chart of a2 VBR algorithm with constant overall bit-rate conmol.

Detailed Descripton of the Preferred Embodiments

In a standard MPEG compliant video encoder, a sequence of moving pictures (e.g. video)
25 is input to the encoder where it is compressed with a user defined target bitrate. The
target bitrate is set according to the communication channel bandwidth in which the
compressed video is to be transmitted, or the storage media capacity in which the
compressed video sequence is to be stored. A typical MPEG encoder involves motion
estimation/prediction, [nter/Iatra classificaton, discrete cosine transtorm (DCT)

30 computation, quantisation, zig-zag scanning, variable length coding and rate-control.
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SUBSTI TUTE SHEET ( rule ? 6 ) 18 Septenber 2002 -11 T = mR ~ bit rate b
‘N + NpK~('"o K x picture rate b XoKF ( ) where T" Tp) Tb Represents target
bits for the next picture (I,P,B) Nb, 1VP Represents the renai ni ng nunber
of pictures (P,B) inthe GOP 5 X;) X~, XS Represents gl o %x?b}s
measures and gives a neasure of the actual nunber of b|t 2
represent the picture (w thout conpression), and X1=Q xS 10 Xp QxSa Xb =
D x "~6 S;) S-, Sb are the actual gunber of bits used to code the previous
I/PIB frame. 15 Kis a constant (e. g. 8) After conputing the target bits
for the picture, a reference quanti sadon step-size (Q) conputation 102 is

I ed t _at.. | 109 f h ] ' t Th
Val e or g5 it oy W Gotind S Bhe Ryl BB g Dottt Creden® Bl on
TP, 20 o \T@bu:@x?éi eetdreddf s flchures P-yiohued, 0el B)pictaash THe Lpientdyr L€ ifiact ure

types has a vinual buffer associated with it and these_buffers are updated
af ter corpidag pécnems wigd meninly deneapdont pReeHs QT SaRRe ERAGE. abROF tiGTyres ¥se he

20 )" rECE R Rorsdy e oling o efrdnel g proo G B P T (o ®

X U 1) 5 Y(anchdr picrres)Ybfd (81B-pibors uldy both rbhw&rznﬁlbadkward mmionbuffer ful | ness,
d~ is the virtual buffer fullness when coding B~.r is the

act ual HRFESICHYHFUGTRRY3TYS qoEing it TFEITeRFe g p{qwqqsiy q?r-‘flsd é@rﬁrwwa@d 5 by a .

vi rtual Ib‘g.m Sadl E j.Bs in the
pi cture. éﬂt:nl onsag%%po&gjq&%% gﬁé@c?%e trac tdhcgge énces&bet ween the
act ual rpmﬂmee and erdlitgswinis e piometetbators afegek: Bpicauralid dreasbq.dmcand t hese

differences are then added to the respective 10 virtual buffers which are
used to conpute Q. This allows the rate controller to control the bits i

al | ocqhi Pl BRARE L0 pLREHANSHY an@para%%r&eafaoﬁlﬁgbm; BF FixelQard Sufe@mPUL d

from Phess Vi a the equat |
macroblocks (\«IBs) before encoding. Each ‘{B rrom a P- or B-picture is subjected o a
motion estimation process in which forward motion vectors, and backward motion vectors
in the case of a B-picture MB, are determined using' reference pictures from a frame
buffer. The target macroblock in the current picture is marched with a set of displaced

15 macroblocks in the reference picture, the macroblock that best matches the target
macrobiock is used as the predicted macroblock. The position of this predicted
macroblock is specified by a set of vectors known as motion vectors, which describe the
vertical and horizontal displacement between the target and predicted macroblock. For a
B-picture, the process is similar except there are two reference pictures: anchor pictures

20 immediately preceding and following the B-picture.

—~——

With the determined motion vectors, motion compensation is performed where the intra-or
inter-picture pradiction mode of the MB is first determined according to the accuracy of

the motion vectors found, tollowed by generaring the necessary predicted MB. [-pictures

19
La

are always intra coded while for P and B-pictures, a decision on whether intra or inter
coding will be used (at macroblock level) is made depending on which method will give

rise to a more etficient coding.

Transformation of the macroblock using a2 DCT is then carried out on the 8x8 pixel blocks

30 within the macroblock. For intra coding, the actual preture data is coded. while for inter
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Q= (dJ x 31) I r =d~ x constant (8) |5 where r is a reaction paraneter =
2 x bit rate | picture rate The reaction paraneter) as the nane inplies) is
a factor that can conuol the sensitivity of the algorithmfroma change in
d~. Large r will cause the reaction to be slower, which t

target bits and actual bits to differ significantly, but |§eg%ﬁﬁ§e§iae)@gut a
nore ?0 gradual race of change in bit consunption which is favourable for
scene changes. On the othCr hand) a,small r cruses the controller to br
nore reactive to changes) giving ri%2 to a ~l user target anti actual b~cs
val ue, but a raster response also neans a | ess gradual change SUBSTI TUTE
SHEET ( rule 26 ) 18 Septenber 2002 - i3 guri ng scene change which is
.not desicPgingehe NESF&BF\"VP‘] ‘aé?q"ét ﬁ'ﬁs isrfoligyred BY @Y ‘B‘éi‘%%’ﬁcfﬁg’ fils get bit
al | ocat i Fi gure
2. The o T e el Bl P Ml e o R BT T8« S0
to give @bﬁuﬁ:drmelﬁﬁic&nsdmmammn-bagthcencmiedpmsh variabMjasgth coddssi cal | y) the
spatial masking abili.ry of the macrobiock is used to place a correction
factor onto the conputed Q value. Spatial masking ability is the ability
to coni apy RQLSA: H@ﬁi@%@' atd Qﬁﬂshmﬂmvdé?%seéxﬁtheanﬁte egﬁﬂ'bpﬁbhﬁ'le AMicnga wth
conpl ex texture w | ave a lar correction factor than an area ." wth
si npl e tusgd foraallobasingey, tanger rM}thnpf bitf\usedrte e;(cqq;e e@@)plmeér gnd\eagbre is the

lised val b | |
et ween sttt By bR TS FAR et Barif % FRP5niRieR f st ng
process thdr kdle REFER WBQuSlic 3¢ iEsHcedd slederd. S conpressed according to

t he MPEG standards. 20 A the end of coding a picture, the bit count S used
for coding the picture is used to performa VBV check 107 and to conpute

the r 'nin bi Rf t r.ent ac_the r

deter %5% (%g'ﬁ%‘fgﬂw2 &%&c?ﬂ}??gﬁ r_@:”?%qs og%jlgf%u c\P}‘?rtual
buf f er ecaweam&gutoh@:@foatcbtﬁnoéachmc:d@chm@gbtw‘ie@érencift@aht&yn@ﬂneck (10~ 1iS
perfornmed to detect any overtlow or underilow of the decodi ng _buffer with

r ef er encRATEBEEHE} B faisehon eaphanacsablockienpicy . ﬁgd Aqsiularing ehes@AAsec wi t h
varyi ngenﬁg%%‘&r e;%’ékﬁfs'l vkt bt ﬁe%ﬁ’ﬁ?ﬁ& i%&d GHiefle @%oﬁgﬁggﬁ&o‘bﬁ)cm@bl eto

vary th te acc?or Ing tot ene conp eX|t results In
scenari Ocsbtm/neheﬂnydlslamblqmmmne&ears&e&quaﬁ) ﬂdecm)rcpahms!eshé macrobiogki red whil e
conpl ex 3~ scenes are allocated insufficient bits, and ~heretore results ~n
a vartatiun oC out put visual SUBSTITi JTE SHEET ( ruI e 76 ) 18 Sept enber

2002 An objective of this rate controller is to ensure all picrures maintain a similar level of

Py

quality. It assumes that the subjective quality of a single coded picture can be qualified
with a single number V, described by factor K/Q where X is a constant particular to a
picture type and Q is the quantisation step size for the picture being coded. That is, the

20 rate controller will try to preserve the following equation:

X K K
V=»>=£2z=_2
Q‘ QP Qb

The subscripts i, p, b refers 1o [, P, and B-picture types. The parameters K, K, and K,
are experimentally determined coastants for all I, P, and B picrures respectively, and X,
usually is normalised to the value of [.
25 Figure 1 illustrates a block diagram of' a known embodiment of the TM3 rate controtler.
A group-of-pictures (GOP) is a collection of one [ picture, some P pictures and B pictures,

and serves as a basic access unit with the { picture as the entry point to factluate random
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- 4 quality between scenes of different conplexities. An enbodi nent of a
novi ng pi ctures encodi ng apparatus according to the present invention is
illustrated in block diagramformin Figure 3. The encodi ng apparatus as 5
illustiated is arranged in four levels corresponding to p essi st ages
in the bit rate control process) nanely a segnent |evel éﬁggeﬁﬁﬁigéﬂ t
312, a picture level 311 and a nmacrobiock (N B) |level 310. An input noving
pi ctures sequence is encoded in such a way that on the average, or at the
end of encoding, the output bit rate!ds close to a user definable t ar get
overall bit race (overall BR) 320. The input sequence is divided into 10
segnents and groups of pictures (GOP). The purpose qé a segnent is for

moni t or i BEFEST A0¢ peRtrHier comprsesjtanre fevels of prasessingi RO dyval ?“BR,P‘%EHG t he

pur pose j i N faf | m[&a& g!:.,q,argeﬁp e nt may
be defi ng%e[ 2@'%&1@3@5%%{5%%?& é)A%I%%Sn m%go t eéﬁgeﬁ[&ngpgrrrs of
frequencyevef 1M GOP tigalahgust pracéss 16@ compaethSdtalcumiser a€Sica®R, L past an

| -pi cture and optionally one or npre P-pictures andlor B-pictures. 15 Each

pi cture iBogsed QEahe GO8. nkher wiHoRi’0df SIFREVS for encoding. Hence, a nethod
of rate control according to the current invention nmay contain processes at
the segnent level 313, GOP |eveh 3t2pitptate wr¥ | evel 311, and finall g)t

macrobl ock level 310. Wth a newfdr oyacesafe pret ures, a GOP bit all ocg ion
processor 300 conputes the nunber of 20 bits allocated to the current GOP
(Rd~) as follows: Rgp = BRx N~ { 10) picture rate where: ~Ya"~ 'ts the
nunber 0 LLt ures gy Bredtit r ool f pictures

coded pjefrw%g&cond) ggg’.‘%&;gBR I s’eg b?ar?getter f)r?:%&rng'?%é lgi"T:'tk‘llgy'%ggllrgégnectg’ bit rate BRis
determ ned t'or eagliciwiectats is the nywhberalfipicpure$ cqded tpar exohd, aadbit rate a2
SUBSTI TLTTE SHEET (,,rule Z 18, Sept enber, 2002 - adj ust nent processor '~
306 which is descri%EdL%@Fzgi“%iB@FBWP‘K‘BF%r?B ?ﬂﬂdg“n&ﬁ#gr of bits (R) for the
GOP is determned at the piceure level 311 by a remaining bits

determ nati on processor 308, which carries out the steps of: 5 (a) before
encodi ng Thheehiingtg pirsciRfar the GORSBRieteantjned tat thg pRétumei level d LdbyvaReinaming + =

R doP, and then set. BRA = ( otherwise if the picture to be coded is
not the £iF dFePPRAEPR PIsee q%%t&n‘ﬁn‘& %ﬂﬂsi’@di‘tﬁ BBt bit race BRis

determ ned, then adjusting R with the new BR according to: R += N ~ (BR -
BR~~), and then set BRa~ = BR prcture rare where N is remaining nunber of

pictures in tHe=c8rrent GOP (Wherafids the momberpofhiistised by prsviogslysededy t he
| ast coded picture S fromt hgg@@yhﬁg%{@ét value R, hence: 15 R =R -S
0 rctir'e

The conputed R is then pass it allocation processor 30l to
conpute the R =R +R, for a new GOP.

13
With the computed value of R, a picture bit allocarion process 101 ar the picture level 110
then computes a target bit value (7) allocated to the current picture according to the {

equations below for corresponding I, P ar B picture type:

T = R bit_rate
' NX, N, " K x picture_rate )
XK, XK,
T = R hit rate
p =M NKX ' Kx lc_ture rate -
N - . " : p - ())
£ Xpr
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target bit (~ allocated to a current picture co be coded. For exanple,
v equations (2), (3) ?0 and (4) described herei nabove nay be used for that
purpose) with the paranmeters Kp. Kb. Np, Nb and Pict type being suppli ed.
Dote that the tower limt of bit ratel (8*picrure rare) i i and
may be adjusted if necessary. At the macrobl ock (~tB) Ieiaelgéby?_rﬁgéﬂam
reference quanti sation step-size conputation 25 processor 302 conputes a
ref erence quanti sation step-size Q for each htB using the conputed target
bit allocation T and a bit utilisatibn parameter B determined by a virtual
buf fer update processor 305. An exanple of a nethod t'or conputing Q for
they'" ~tB of SUBSTI TUTE SHEET ( ruie 2b ) 18 Septenber 2002 - t6 the
current picture is represented by: K, x DJ x Fictrcre rate K ,xBR (11)
where K, and K= are constants (eg. 31 and Z respectively)) BRis the
determ ned target bit race, picture rare is the nunber of coded pictures
per second, and 5 D~ isra_vjtdual Buffer fullihesre The virtual buffer
full ness of the j~ 14tzf is teryvrkbixnetjmy:piarug Reret B _ T X (] -K~()‘) (12)
MB Cnt where D~ is an initial |byffe ul I ness beforejcoding the current
picture, ie. Df at end of theipre &ﬁrs picture. 10 BJis the bit utilisation
informati on supplied by the virtual buffer update processor 305) ie. bits
used to code the In 1~IBto (j-k,)mMB) MB Cnr is the total nunber of MB in
t he currea;d_ picture) and K, is a constant (eg. 1). 1 S Three independent
current ¥¥d®initial virtual buffers fullness values (D~', Dp) D;) Da, Do ,
Do ) may be npi @t,ar,,neqteér%&en% bb@eroPintd ﬁpgc\s&eix,élmp' ctures, P-pictures,
nd B-pi ctures).”The cohput ed may al so be turther scaled by an activity
ski ng procedsay, 303 Rapresanti the remainingmsikibeg of pictuors (@B )keinrtha &DMy t he
surroupdi ng t'ééi y lLevels of1 %aI]e MB to formthe final quantisation
step-sPze, elfiqdfertt , FEBESTLH AR CREPEHY SRESHEs T SRETDETRD Baski ng

factor determ nation gapalbRmiber Bflbitdrenphitedicores e ke e M EHdud V5.

Macr obl ock coding (304) is then performed to encode the current MNB.

mac: r obl ock codi ng pr 6e@Bgeiogandray enpl oy, roc exanpl e) methods according
to the MPEG 1 or MPEG 2 vi deo encodi ng standards. Such encodi ng net hods

i ncl ude necessary notion SUBSTI TUTE SHEET ( rude 26 )

Xi=0x§
10 X =0,x8,
X=0,xS5,

S,y S,, S, are the acmual number of bits used to code the previous I/P/B
frame.

15 K is a constant (e.g. 8)

After computng the target bits for the picture, a reference quantisation step-size (Q)
computation 102 is carried out at the MB level 109 for each macroblock wichin the
picture. The value of Q, is computed based on the determined target bit allocation (7, 7,,
20 or T,) and a buffer fullness value (d). Each of the three picture types has a virtal buffer
associated with it and these buffers are updated after coding each macro block of the

picture type according to the following equations:

g oegepg JLECD .
A o ®
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18 Septenmber 2002 _ |7_ conpensation, discrete cosine transform
quantisation with the determ ned quanti sati on step-size, and run-|ength
encodi ng wn vari abl e | ength codes. The nethods al so i ncl ude necessary
decodi ng processes such that notion conpensation can be pggfornmed, The
nunber of bits utilised by tae macrobl ock codi ng processofé§@ ¥?Bb%6a3x%ach
MB is passed 5 to the virtual buffer update processor 305. In applications
where a maxi mum and/or mninmumbit rate nust be nmintained for encoding) a
VBV checki ng processor 307 is utilt$®d. User dennabl e maxi mum and/ or

m nimumbit razes (maxIlmn BR) are input at 321 to the VBV checker 307, a
nmet hod of 10 VBV checking according to the MPEG standards is used to

exanm ne bit utilisation information fromthe virtual buffer 305) and
necessary correcaons are made to ensure conpliance and that the output biz
race is within the defined nngnip BR. A%, rie-lend or" coding a pickgre or a
plurality of pictures, bit raté ﬁdfh e B Bappl ied by I S the bi® rate
adj ust ment processor 30fi to provide any netessary correction to the
current target bit rate BR The correction is based on a target encodi ng
quality provided by a target segnent quality adjustnent processor 3Q and a
resul tant encodi ng quality of previously coded pictures) such that the
overall encoding qualities of pictures wftpkp4§ segnent are relatively
close to the target constanuf ¥h€’neBHLLdnL_encoding qual ity may bg)20
determ ned by the average value of tHe réRr@Hdce quantisauon step size (ie.
average_Q-) of the previously coded picture(s). A nethod of target bit race
(BR) determ nation can be derived froma rate-quantisaci on nodel as given
by: K~ x (average O- - target 0,) BR = current BR + (13) average O- where ™
current BRis a current estimated bit rate) or current BR=S, + N-, x S? +°~
Ns x Ss, S;, vagre @, inithe ipidekvigsddubigr prilagssously coded |, P, artd 8-pictures

respectivdy, Np, re.to er.or' P and B-pyeeures in thr current
GOP) average Q- i s‘jl\?/sh@eg'\l/%'}%g'gf%a %esalwhalc ‘ﬁnpfhg\-/i gﬁ%’l y coded piccure(s)
SUBSTI TUTE SHEET (B,} W die 2Bl bits k8nsoeiidaipherand @tuding §-1)* ME)@E pidvided t he

target_encoding quality or target value of Q) K~ may be a constant, or a
factor3 of previ oudPYBRYyirrakbysfer update gracesst 108Rand K, nmay al so be separately

determ ned for 1, _A% énpis%“&@%?%f%mﬁhggm‘i mum and/ or m ni nrum bit

rates can be applied~to the according to application
requi renments. The nr~rimrc BR input at 322 are used as given by: i f (BR >

max BR) t hen =rrtax BRif (BR< mn B then BR = min BR, .10 It is
50 poESHBRER @ Haich STEEYAY R A firtorges REVer O aERaL BIORRE QL8 o
I ncr easgsed hhd HRNEEePbird MR G dandBASI Gt énceks R hé Sled & teSreyiRbvdy the
ref erence quanti sat’ion scep
10 virmal buffers which are used to compute Q,. This allows the rate controller to control the
bits allocation based on the consumption pattern of the picture. @, is computed from the

buffer fullness via the equation: f

Q;= (d; x 31) / r = d; x constant (8)

15 where r is a reaction parameter = 2 x bit_rate / picture_rate

The reaction parameter, as the name implies, is a factor that can control the sensitivity of
the algorithm from a change in d,. Large r will cause the reaction 0 be slower, which
may cause the target bits and acrual bits to difter significantly, but it brings about a more
20 graduai rate of change in bit consumption which is tavourable for scene changes. On the
other hand. a small r causes the controller to be more reactive to changes, giving rise to a

closer target and actual bies value, burt a faster response also means a less gradual change
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si ze conputation processor 302 as a lower limt of the output reference
*quantisation step size Q such that when this target (quality) is reached
at the biB level, bits are saved for 15 future encoding i Mmediately. In
this case) the output reference quantisation step size di ng
to: if (Q < target Q), then Q = target Q. 20 The ta?gété)%?té%g?gﬁ% IS
adj usted continuously with reference to a fixed target encoding quality

wi thin each segnent. In turn at thglgegi rmrtg of each segnent, the target
encoding quality is adjusted so chat'”"a target overall biz rate is achieved.
A segnment may contain a few groups of pictures depending on the need in

ternms of frequency, of nitooring oytput bit rate.. A new segnent may al so be
defi ned BYRTE S8R ENEIRA GRS ofctteistilb o BiPP HEiine S SRBACS BRESE hange
det ect or 4 bl efbig il 6hibR RO hedihiBles AfbciBewamaalfre @ SRRV REGFRALL. the

target segnefit qual ity adjustment processor 309 executes a cheCk on the
overall bit-race based on bits usage and nakes any necessary adjustnents to
thr targ encodi.ng.quality for the bit race adjust t processor 306 so
hat | 30 T HeVOREPLLY i enstedi B bR vt SRR R A T Ve g et over al
bi t - r ak emadditafe@ViRlaftidariBiTdiep BN JHI ERILERT, QhersPitﬁJ #asking aé'iﬁrysn?rpﬁ'xfnber 2002
- 19 An eranple enbodi nent” of a constant overall bit rate controller

i npl ementriaengbtdel is aseged phegyavatreayioalfadrgr ontp thetcomputep bralss Spattaldi ng to the
present inventi glil. i Ssvél Ibu§trat ed .in bl ock,di ﬁgr mformin F'_gtque 4. The bit
count di PREPRHARUBLE BeA’ %é"&%’i‘ﬁ‘&l“%ﬁd“?&?‘{; miuEmal SHESY BT difj ~ for
codi ng ofysicilly§\inOAtea WRE OB Mplek fextab Gl dhosla Dged chrrdctiod tictRBAC SN Brea

onput ati on processor 401) utilising the steps of: a) obtaining the actual
i'ts (bi WEISEBPEHEYUEsE88Ctor coding the previous segment according to the
input ;Rit utilisation of pictures (S~ 400 in the previous segnent) .: and
10 b) conmputing the value of bits diff based on a correspondi ng target
segnent bit rMgeadD6 Ysegrept BR} for the previous segment) accordigng to:
bits cliff -= segnment BR X NJeg",tnt _ bits segnent (14 picture rate )
where. | Vs~~ is the nunber of coded pictures in the previous segnent. 15 The
bit count dif ' L ffeadyd 3 i .1 '

di fference di g@%ﬁﬁ?‘f%% %Egg}ergil%?d ﬁ%ge é\f)gx;lcx{oﬁlgélﬁﬁec%%§e§§ln%}e{irrﬂ%;?hﬁsv§ganent S
using a bit dvslueiofbeiwaen @.9rantdi2on, , f (n), expressed as: delta bitsm= Vim x

bits di_f~ ( 15) 20 where m=1,...,k, EK f(m =1 , delta bitsmis the bits
differlénce distributed to next m" segnent. 35 For an exanpl e case of k=4
and f(m =11k) Figure 5 illustrates how the bit count difference (bits

dif,~ of an encoded segnent is distributed over the next 4 segnents. The
With the computed Mguanz, the macroblock coding process 104 is performed where the

macro block is compressed according to the MPEG standards.

20 At the end of coding a picture, the bit count S used for coding the picture is used to
perform a VBV check 107 and to compute the remaining bits R for the current GOP at the
remaining bits determination process 106. The VBV (video buffer verifier) is a virwal
buffer emulating the status of the decoding buffer. The VBV check (107) is performed to

detect any overflow or underflow of the deceding buffer with reference to the target bit

9
tn

rate.

When coding a picture sequence with varying scene complexity, a constant bit rate (CBR)
encoder is unable to vary the bu-rate according to the scene complexity. This results in
scenarios whereby simple scenes are allocated more bits than required while complex

30 scenes are allocated insufticient buts, and theretore results in 2 variation of ourput visual
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period of k segnments used for bits conpensation is referred to as an

adj ustnent interval. SUBSTI TUTE SHEET ( rule ?6 ) 18 Sept enber 2002 -20 A
delta bit-race conputation processor 403 (Figure 4) accunulates all bit
differences (delta”bits) distributed from previously encoﬂigpse ments co
the current se~neat to be coded) and conputes a delta seg Pig bﬁraRQm(

. segnent *BR) based on the ~"unul ated delta bits and the nunber of pictures
in the current segnent to be coded. Tae delta 5 segnent bit-rate and a user
definable target overall bit-rate (.aserall BR) input at 408 are used by the
target segnent BR adj ustnent processor 405 to derive the target ~e~nment bit
rate (segnent BR) 406 fo r the current segnent. The value o f seg nera BR
c~a be exphasIREvRA scdds SLGMBRAr fnpleq@r al | BR + Gsegnent BR ( 16) A new
target encoding quality (target Q-) 407 for encoding of the current segnent
is then determned fromthe target segnent bit rate using a BR-Q- nodel | ing
proces. . 404. ..The - O~ .npdel Lin .0cessor. er at f or exanpl e,
accor di ngf’t%?""é"?‘s?‘g"?t% T%V”.’g %tc%xggge%.gnﬁc{ln%@p%gq%%&)w)cgé Preseft; x segnent
BR " ( idkentio aetiuéParsd hd@RidNant (82@rin(Fidu@)3. TheSewdeing sbpiagls .0 ~ is the
target Q of the previous segnent, segnercr BR is the target segnment bit
rate of5 illustjsred\is atrangsd dmriour levels gatresponding 2o proressiagtstagns whihe Hit fate

e: cperinent al,l ermned. A maxi | i pl ac det erm ned

S O oo Enolafededt e fregteoeidld Tt BRE R oiale B MR PTL AR

segment  fracBySIREMBY el dl GU0.C mrihp@ﬁovan#?i@@@@s&e@,@nv@rmbbdedbihtsu&mevaWBR)
encoding with constant overall bit SUBST|I TUTE SHEET ( rule 26 ) 18

Sept enmbefhap@pzhe gverags: er adir ensl ofRreediag  he OWPHIPIBTAERD i SR 8fUsthe i nventi on

is illus j [ : i 1Ll igpathon . i : ters is ¢
first ca??%@ﬂeolﬁtpgégtoggagggéﬁé?6%@%7,3%25 "65)'t ggégg,lﬁ,?gﬁé@%ap&gggé e (Eagr3 m nes E
whet helll pegmessambgrioapsadt fidneres (GOP). oThapurpvsegrtalyegmenis ¢ohesiti®)f or not .
Where a new GOP is determ ned, step 602 is carried out, by updating the ~

bit al | oCHPHEREFHYE V! ref%wcwi.hemfrggné@ PHVBF FEPOTERT tBe Bt ISPTBEHp Ut at i on
of the i | L QG | R Szae ' 42l i mé@ ibed

her ei naﬁgﬁgﬁ%ééccunu ‘%'?Sls'néé %eﬁﬁ%ﬁg&?ghggﬁﬁgﬁg@%%é rtdgqalég{espt he R

for the depen@i2 orfFthe neatin iimstaffeequency loé mumitoang oGER, biardar ath KQP

al l ocati on val ue is determned at step 10 603, and thi be conput ed
Sccor di nGomg RS A dsdsna Fpicuid g opaandll dhe oF meaes BaiTIreS AHoR BLeRBHEan0h

Macr obj soGEgch RBichlt® iPHHIdeA S Phab RbRICRNEEHiLI S Fdrl ehBSHRR: . S HRReeS IaZBe ol f rate
determ ned using the conputed target bit allocation T, such as by the

process rceprelsasperdingyy tRpwatenvinyeqtbn)maynepntai® procggses atithe sagesik tayehdh3, al so
be inclu KN fhis step. The macrabl ock of . the. pi e is then encoded at
step 605%@?#’6’3{2 "’cpé%%tl%vﬁpghlar‘?f’ijgg‘?‘?%ﬂmgrtogt?cgl%eg#tazé, and steps 604 and
605 are repeated for all of the tnacroblocks in the picture until the end

of the picture is deternmined at_ _step 606. Wen the _end of the sedttence of
novi ng piWithrd gk of Bichedsng GOR bigadogaton peeesser 3Qthsasnpusesdrae sumbeedf at

step 7 I r.m r .Step 611 upon that occurrence. )
60Y thesHilbEded &' L BRHES GOP(PT, 948 Bus: (.

R BR Nooo 10
= X —
gop picture_rate (10)

where:
N, 1s the number of pictures in the GOP,
picture_rate is the number of pictures coded per second, and

25 BR is a target bit rate.

The target bue rate BR is determined for each picture or piurality of pictures by a bic rate

SUBSTITUTE SHEET ( ruie 26)



20 G herw se, the process continues to step 608 where it is determ ned
whet her the end of the current segnment of pictures has been reached. Wen
the erd of a segnment of pictures is reached and processing of a new segment
about to begin, the target encoding quality is adjusted 09 IS
is perfornmed by firstly 25 conputing the difference betm3§H§%ﬁ§"ﬁﬁﬁ88550f
bits allocated for coding the previous segnent and the actual nunber of
bits used in coding chat segnment, such as by the process represented by
Equation (14). This quantity) bits-4%d) represents extra bits which are
| eft over fromthe previous segnent of pictures, and may be distributed for
use in encoding the ensuing picture segnents. The left over bits bits dijf
are di st adjbsunect frocessos 06 whichos deserib&Dhereinbelowg v memmaindngonuinbey of dita bi t
di stribugjion functjon, an ex | e of which_.is described SUBSTI TUTE SHEET ({
fure 26 (09 b aBE R e RRaGaD s 58 eftiurt drvrbal § BhE FFHARE B G RgOn |
essence, p{Lesheids, W4Rih dies Jaf A8 stdp§ 0BT €vi ous segnent are divided into a
pIuraIit@ of k, preferably equal) anounts and allocated co the follow ng k
segnents for encoding with. The dividends allocated froma!l of the k
previ ous pr ssed se S are acc ated and,,used ta termne a
Changes ¥ segRERE Braditapeirs Ras e A Car iR R B8 3 B cumis at ed
bits difference and the nunmber of pictures in the segnent to be coded. This
can then be used to conmpute an allocated bit rate for the segnent to be
coded accor di Rg*1 Raquatd gigncetiBR.. FiBRally ) a target encoding quality,
target Q-, can be conputed according to Equations (17) and (18)) for
xanple. 10 If the end of a segnment has not been reached at step 6@8, or
after thg)t ar glerwaseal ieypierdieuts tharbiedol ndt e HiDictufecot AGPR, afdialnetvy and t he
actual quality of encoded pictures is conpared, and a new bit rate for
encodilfg t he ?‘/T‘ég?l‘ bigirare BRes dereapingditben BHdEBEh iK' Ei TPPR ACOAINgI% st ep
can be carried out as described in relation to Equation (13), for exanple.
The procedure thep returnd’to st RBREOIpR deStyi Mg sébgre. 1pgln sunmary,
enbodi ments of the prepenireiraeentt on prd¥’de nethods affi apparatus for
encodi ng noving pictures with a variable bit rate whilst maintaining a
consi stent output encoding quality according to a determ ned target
qual i ty. The LALESYistehining dupniR bPﬁiﬁﬁﬁeﬁh thi'Gurl&f\gtyp ng of every moving
pi ctures segnent according to a bit distribution function to 24 ensure an
overall bit rate that neets a defined target. Furthernore) the segnent
based bi{ .t - _djistribution function,provides ot h and. fl exi bl e. podul ati on
of "t he elfoct A SRV PEARRE Sl R Bt B ol FERERFE S tm BB and i
the ability tgieng@dR &Bndenput noving pictures sequence in one-pass at
real-time. 25 It wll be readily apparent to those of ordinary skill in the
art tHat the foregoing detail ed description or the present invention has
been presente%,@y wg; of exanple only, and is not intended to be considered
limting to the 1nvention as defined in the clains appended hereto. In
particular, it ~s envisaged that nunerous variations to the enbodi nents as
descri bed can be nmade wi thout departing fromthe spins_and scope or the
i nvent i ofhegompueGR| wURen Essadno @ piepiee Bipaljocatiarpprosgtsarn Bl toxompuie hg
Thr ougho Js Infel [ j I , S (4\he
cont ext gy SO0 A RaleaiE Y AR bt RelolRy LRk Mt TR AT o
" conprits esd (frdscribedherefiabgte maybe Lsedforithdepuposed with thephyantetees Kndf,usi on of

a stated . n er or step or gro f integers or steps but not the
oxol st ofot SPIGABF S RE SuRticty Nate 1o PP BeR R of Mo fEr S Bt dne)

is oniy optional and may be adjusted if necessary.

At the macroblock (MB) levet 310, a reference quantisation step-size computation
25 processor 302 computes a reference quantisation step-size @, for each MB using the
computed target bit allocauon 7 and a bit utilisation parameter B determined by a virwal

bufter update processor 305. An example of a method tor computing Q, for the j* MB of
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SUBSTI TUTE SHEET ( rule 26 ) 18 Septenber 2002 24 d ossary: VBWi deo
"buffer verifierVBRvariable bit race5CBRconstant bit rateMPEGWvi ng Picture
E: cperts G oupDCTdi screte cosine transform@0OPgroup of

pi ct ur esMBrmacr obt ock10Qquanti sation paraneter (picture

qual i ty) Q-quanti sati on paraneter for ma,;roblock jQ, Q),Wgsﬁﬂ?rwk?%ra%qq;n
paraneters for |I. B and P type picturesRaynunber of bits allocated for
encodi ng a group of picturesbis racetgrget bit rate for a picture
sequencelbpi cture rarenunber of pi ctiPes coded gee secondNtotal . nunber of
pictures in the group of picturesNo, Npremaining nunber of P,B pictures in
the group of picturesR R remaining nunber of bits for encoding a group of
pi ct ur es SheiAwEeNtPicie: i§ represesfed blised in coding a group of pictures?0T;, TP)
T6t arget nunber of bits for codiln(g next I) P, B type pictureX;) Xp,

Xbgl obal conpl exity measures for &y x P, x@i¢ypergst ct uredf, Divirtual buffer
full ness when codi ng they"' Crobroc ay., g ROT N Tial visual buffer (11)

full nessBJ_,actual bits used up to and“including (j-1) "

caacr obl ock. 5MB_Cnt nunber or macrobl ocks in the picturerreaction paraneter
( =2 x Nk age | PGl Ne B i macr obl ock activity

| evel ~~i 3}111%%{5 n%‘dllﬁda"t?’ezg"g%%ﬁ%l%gg%i f)ﬁgéctﬁégésg?ézdgé t(%j: | Y acts x Q )overall
BRdef i nabl e t aBR&tthederahinedacgerdfi@RBRt ar get bit rate SUBSTI TUTE SHEET (
rule 26 j 18 Septenmber 2002 - ?5 B bjt utilisation ~ntarmation (eg, bits
used to code p?‘@(f?%ﬁ%‘elkﬁ‘ﬁg pmbes ek GRded PEHFER SBR€ufient estimated bit raw
' average_Q aMet 39RmyAlbHReCfulHsINt | sation parameter for previously coded
pi ctures targer’ %} guanti sation paranmeter value for target encoding quality
5 mar BR maxi mum pernmitted bit rate min BR minimnumpernitted bit rate birs £
diff diffgrence het act arget bits used in coding previous o
segnent sﬁ&r&‘ﬁ?‘f&ﬁ%?@%%&&h@%gﬁFﬁm“ﬁph segnent actual number of
bits used in coding previous segnment 10 yr,~f'~ u nunber of coded pictures
in previous segnent delta bi 1[:)Dsn; %m?g 0 %i/rfek ence bits avail abl &zt)o next
m-' segment fpm bits distributiofd functigp esegnent ~BR avail abl e
difference in segnent bit rate SUBSTI TUTE SHEET ( rule 26 ) 18 Sept enber
2002 -?6 Cdains: |I. A nethod for use in a noving pictures encoder for
encodi ng @n&equﬁo& iﬁftiaﬁ&ﬁ‘f@?!?ﬁﬁn&%&b&adﬂdﬂ% @k cheaf ik, [dTBY8: erfiOSTAE S| NY
the steps ot': a) dete.~tnining an overall target bit rate’for encoding

t he sequence ofreVigugREMIH) determning a bit allocation and target

auant 354100 FPusll iR RSN R gl of S MR A lligtesle?
encodi ng sai d $05,4¢. saqiE®to dode rige & MB oapk)® MB, rate encodi ng net hod 10

according to the target quantisation step size; ¢d) deteymning a difference
bet ween the nu¥iPefnpisthe o nymbge PBN@n@dB%C%?fHPEW@t aI§£gment and said
first segment @i @édn?ﬁﬂt{)(ieQ”i) e) distributing said difference for use in
encodi ng at | east one subs&quént segnent to determ ne a subsequent segment
bit allocation; I S f) determning a new target quandsation step size for

encodi n sai,d, subsequent segnent on the _basis of a n rget segnent
bit r atle SHIEREPE %&F%&%%‘g}%‘éﬂﬁ@maﬁ Pufigritubpess Y @medb?h@?&m ¥but ed
di £f er ences» ang meREAtiNG: £8ifes YRIGAYAN (BRUIRA! PUALAGtaiPE bRl EYDI !

rate encoding method according to the ne et quantisation step size; 20
wher ei n vahe sbinputed O, may alserheduither scaleé bplaosetvifyomaskingplioegysqri3®Bur es wi t hin

2 eaggﬁgt acmcl:ryrclﬁﬁé tonglrxgla%%hg Ifa%gorade%e%%e rg[yl ngle lSergL% lsr{[gaag'%ivf%}" ‘evglgto?th%vﬁﬁ tgal d

form the final quantisation step-size, Mquant, tfor coding the current MB. A method of

20 masking factor determination can be tound in the aforementoned MPEG-2 TMS.
Macroblock coding (304) is then performed to encode the current MB. A macroblock

coding processor 304 may employ, tor example, methods according to the MPEG-1 or

MPEG-2 video encoding standards. Such encoding methods include necessary motion
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2. Anethod as clainmed in claiml, wherein the steps d) to g) are carried
‘out iteratively using the nunber of bits used to encode the subsequent
segnent and the 25 subsequent segnment bit allocation for determ ning said
difference. 3. A nethod as clainmed in claim1 or ?, wheregj gaﬁp segﬂﬁgt
conprises at |east one group of pictures having an |-pict § B H“EH ally
ac least one P andlor B-picture. 30 4. A nethod as clainmed in claim2 ar 3,
wherein the di PferencC brtweCn the nunber SUBSTI TUTE SHEET ( rule 26 ) 18
Sept enber 2002 of bits used to encodE’ t+he tirsc segnent and said tirst
segnment bit allocation is determ ned according to: hits difj ™ '= Overall BR
x Nf~g"""r - hits segnent ~ picture rare = where: bits diff is said

di f f er enggmpénsatied, aditcriRcosind transtoret, auhndsatigeivithithe datrenined quandsatibe nunber
of coded inmages in the first segnent, and itjTflef bits set nerit is the
act ual nsi¥BesiZeo AN NiNslensiBEnEasling Wyd & afipile f§ngth cadsynd Ae metiodsalga inchieas

clainmed in. clal : | I I L i i R&L ing 10to:
delta bi tng%%é%%@dﬁ%ﬁog.sgﬁs@ b%? érfogéﬁ?ggﬁgért&gt?ﬁr?éﬁtt%gﬁ g?t S dlefrfl? erence

di st ri buthethbepohieixs udtised de greembcrbbiotihendirgprenessor 34=tokpde eack MR is passad
positive integer, and 15 f is a it distribution function, where E ~~m
DO 65 10 fict TiBHA uTeer HpiAseID °ﬁe~’t§P%é‘%-5, where fi:m = 1/k. 7. A nethod as
claimed in claim5 or 6) wherein the steps d) to g) are carried out 20
iteracively using the nunber of bits used to encode the subsequent segnent
and the dolsgltpadots whempmrmadintmadndoraninomuridit tdegt oustibaimanainedifodi f f er ence.

s - o i Ty
R) Kx rﬁiﬁﬂ'ﬁ@'ﬁtbiﬁgtes fH%%}HiJ HRE araHEfuE at 38 ULPhEG/BY chéeBerSNt @ R0 202 _~S_

target 0 = target DO where tarp et Qis the new target quantisation
step siZ&/BY chedinmaccBringstotthe MREG standasds Isiused ot expming ijeytilisatidns t he t ar get

guanti sat.ion ste ize of t r di ng.seanen e nt BR_is the tar?et
degnent - o ORRIEP P Re Ysmal SRS phERR B R kR AR p el felS. A
rrerhod agnfpliahd¥ethd arch@bithut KIE ralb isWHETiCtHR defihe@A@iyrinBREqUENt segment the
di fference between the nunber of bits used to encode the segnent and the

segnent bit allocation is deternined according to:
At the end of coding a picture or a plurality of pictures, bit rate adjusmment is applied by

15 the bit rate adjustment processor 306 to provide any necessary correction to the current
target bit rate BR. The correction is based on a target encoding quality provided by a
target segment quality adjusunent processor 309 and a resultant encoding quality of
previously coded picture(s) such that the overall encoding qualities of pictures within a
segment are relatively close to the target constant. The resultant encoding quality may be

20 determined by the average value of the reference quantisation step size (ie. average_Q) of
the previously coded picture(s). A method of target bit rate (BR) determination can be

derived from a rate-quantisation model as given by:

K, x (average_Q - target Q)

BR = current BR ~ (13)
average_(

-
where current_BR is a current estimated bit rate, or

current BR =5 + N, x§, + N, x §,,

[19)
w

Siv S, §, are bits used by previously coded [, P, and B-pictures respectively,
N,. N, are wowal number of P and B-pictures in the current GOP,

average_(J, is the average value of Q of previously coded picture(s)
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bits diff -= segnment BR x Nr,~s.~r _ bias segnent picture rate 10 where:
"bits did" is said difference, segnent BR is the segnent target bit rate,

Nf ~s", ~"~ is the nunber of coded images in the segnment, and bits segnenr is
t he actual nunber of bits used to encode the segnent. 15 é? ?, nmethod as
claimed in claim9, wherein said difference is distributelf 6PEALI0E:
delta bits, _, fpm x bits diff where delta birsmis the bits difference
distributed to next m" segnent in the sequence. 20 m=1,...,k, kis a
positive integer, and fim is a bit distribution function, where Ek fim =
| . 11. A nmethod as ciainrd in claim10, where fpm = 1/k. ~5 t_ SUBSTI TUTE
SHEET ( rule 2b ) 18 Septenber 2002 -29 L. A nethog for encodi ng novi ng
pictures in a WEFQ Hrhetamesencadisy araligner Srgrt Yute§h@hce of inages are

 ded . - , P S | ] f
Ponced 2, i S ST At RSN ML, A Sl

det er mi ni ng anmay &isabé sdparagsy deeimingd for { OP, Eddddicnge types.sequence of i nages;
5b) , mintaining a distribution record of bits fromat |east one
previ ously encoded segnment allocated for use in encoding at |east one

segment. t a?iﬁn 80mirf iEFRd R j ?ﬁd‘ﬁ ra
segmentao t e&g%enﬁé&%};&?&ﬁgggg&ﬁgﬁ %ﬁ%ggfgm??&?ﬁgﬁg?gﬁ: tzgtget bi t
rat e and appbcitonateuichrenge Twl mad/mineBR fnput drd@thardresed@s gbepdndi ng al | ocat ed
bits fromthe distribution record; 10 d) determi ning a target segnent

encoding quality fromthe target segnent bit rate, a preceding target

segnent bit rafegRRd 2 PBRK YKHNBR LAKgeBREegment encoding quality,; and e)
encodi ng the i nages of The segnent according to the target segnent encodi ng

qual i ty using & (&&r<s ait BRI thenBR=emivoBRNg t echni que tal Q ng into account (™
15 scene conplexities of the inmages in the segnent; -
It is also possible to make use of the rarger_Q, at the macro-block level to increase
efficiency of encoding. Basically, the targer_Q, is used by the reference quantisation step-
size computation pracessor 302 as a lower limit of &e ourput reference quantisation step-
size Q; such that when this target (quality) is reached at the MB level, bits are saved for
15 future encoding immediately. In this case, the output reference quantisadon step size may

be set according to:
if (Q, < targer_Q), then Q; = targer_Q,.

20 The target bit rate BR is adjusted continuously with reference to a fixed target encoding { "
quality within each segment. In turn at the beginning of each segment, the target
encoding quality is adjusted so that a target overall bit rate is achieved. A segment may
contain a few groups of picrures depending on the need in terms of frequency of
monitoring ourpuc bit rate. A new segment may also be defined by a scene change

25 detectable by any conventional scene change detector with a given range of time.

At the onset of a new segment, the target segment quality adjustment processor 309
executes a check on the overall bit-rate based on bits usage and makes any necessary
adjusuments to the target encoding qualiry for the bit rate adjustment processor 306 so that

30 the overall bit-rate converges to a user detinable target overall bit-race 320 (overall_BR).
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wherein mai ntaining said distribution record includes determning a

~ difference between the nunber of bits used to encode a particul ar segnent
and the nunber of bits allocated for encoding the particul ar segnment on the
basis of the target segnent encoding quality . i 20 13. i med
in claim12, wherein steps b) to e) are carried out |terat|vg?gﬂpé?2§g?d
sequence of segnents. 14. A nmethod as clainmed in claim]l 3, V\/nerel n each
segnent conprises at |east one ZS gr gup of pictures having an I-picture and
optionally at |east one P and/or F}I cture. 15. A nethod as clainmed in
claiml2, 13 or 14) wherein the target segrrent encodi ng qual ity is

cal cul at ed accor 0 =ta y ~rrent BR ) K
segnent 'ﬁﬂ%ﬁgﬂg}q ?C?nwtgv?éfg)b" rafgogg%lfeémg e% gB8 theqateat get O
target Oge ﬁi‘henpqﬂm@i 8djuRee prodess aéJ&?dxﬁgﬁEcQ@&: ﬁ&gﬂﬂﬂ&enﬁﬂﬁ@ﬁillﬂﬁrﬂé@ld ty)
segmetu BR is the target segnent bit rate) rarget Q is the preceding
target skigelediageant &fhin Ggereid yThﬁsblgﬂm dBR!fCIICQ berweep m:@mahgmn targpa it

segnent bjt imed in claim
o oer Qe QU P e dntos BeR pBR e meneds R B e S BB Rc o o
parti csl @ym@megieiiroadsdort 408, DHINGY thefsteps bS: aI I ocated for encoding the
particul ar segnent is determ ned according to: segnment BR x N eg~,e"r brts
diff = - bits segnment pccture rate 10 where: bits difj ' is said
di fferenge) sgaoeat, heSiatl t he
nunber o% codec nﬁ’g@g a%:t'r%\mtiﬂg (gg%{nbg%g@golrt &mé%ﬂe%remfougﬁ?méggt ual
nunber of bi ts:cdﬂ:ﬂﬂﬂ’ td)thennpmdbutxslnasaﬁgrmlpﬁcmrﬁ(ﬂﬂoom thetgredowdsssegingnmed i n
gralrn 16, wherein The allocation of bits in the distribution record is
al cul at ed ac®¥t di ng to: delta bitsm=jam x bits diff where delta~bitsm
|s thggbits difference allocated to next m" segnent in the sequence, 20 m
1. .. ,kK, kis a positive integer) and fim is a bit distribution
funct| onb) whecan@iting) the vilue mezmd@b&aﬂoas coitespoRing targétaegmdnt, bivda@re fim

=1/ k' 25 SUB§a'é steEr-Ir-z-!e-n _§Eﬁ%r d‘ie prevmus seg}nent. according to:

X

segment BR x N,
bits_diff = il g™ - bits_segment (14)
picture_rate

where N, e 15 the number of coded pictures in the previous segment.

15 The bit count difference (bits_diff) is then redistributed by a bit difference distribution
processor 402 over the next £ number of segments using a bit distribution functon, fm),

expressed as:

delta_bits,, = {m) x bits_diff (15)
20
where m = 1,...,k,
X fm) =1,

delta_bits,, is the bits difterence distributed to next m” segment.

(B8]
w

For an example case of k=4 and fim)=1/k, Figure 5 illustrates how the bit count
difference (bits_diff) of an encoded segment is distributed over the next 4 segments. The

period of k& segments used for bits compensation is referred to as an adjustment interval.
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18 Septenber 2002 -31 19. r~ nethod for conaolling bit allocation in a
nmovi ng pi ctures encoder for encoding a sequence of inmages conprising a
plurality of segnents each having a plurality of imges) the nethod
including, for each segnent: deternining a difference bet n unmher of
bits used for encoding a previous 5 segnent and a nunber ﬁgsﬁ@ N0t ed
for encoding the previous segnent; calculating a bits distribution fromthe
determ ned bits difference and a predeterm ned distribution function:
calculating a bit rate change from-2fe bits distribution and a

predet erm ned nunber of images in the segnent; 10 calculating a target
segnent bit rate fromthe bit raze change and a predeterm ned target

over al | Aidelaadierateocomnuativaquenssser 403 (Tigyrest) aggwinulaee alibitidifferancesr get
segnent odj n uality.fromthe target, seqment hit rate. 20. A nethod as
o o med (R i o e P et SRS s Bl R iremERe Y505 b ¢ <
used for encoding the previous segnent and the nger of bits allocated for
encodi ngcedss- ﬁ?‘b?ﬁ?rﬁ%e%éSﬂ@rﬂ’g’f‘%"‘g’é‘r@?@rﬁ%éﬁ’"%cggh 384 08 S HSHEWIAIR X N,
(nr bits difl =- " ~"" - bcts segnent - picture rate where. bits di, ff is
sai d di f FEfRARe 2EBHBHPOER PETRRINGAR GG SSHBEM Of 5P¢rs: Hiq delie e, 20
Ns, a, ~2" Lagl X r ad. i i : Iou t bits
sel mantD %esg%rfe}gx’éﬂgé%a srz;’ulgl rec%gg'?g%i tg S’sseétl tbt(l)ngﬁlegdgg%elﬂa? th)BE‘gg?%u‘tso Sgaggnent.
21. A netuseddbyarie cdrgeneegmem BR adjusuPene prbeessoir 05 he déritesthd icaged segtnieonbit s

cal cul ated accordi to, .25 delta birsm=_f X bits diff where delta
beta, s eﬁﬂﬁ’ffeggbf"& for (e Qrrepkiegment Sﬁlqugé%& %fgseggzeﬁzeé’t? cr"'ﬁebe segnent in
the sequgfra&ed 2JBSTI TUTE SHEET ( rule 2G) 18 Septenmber 2002 -32 m =
1,....k. IS a positive integer) and (“

10 segment_BR = overall BR + Asegment BR (16)

A new target encoding quality (target_Q) 407 for encoding of the currear segment is then
determined from the target segment bix rate using a BR-Q, modelling processor 404. The
BR-Q; modelling processor may operate, for example, according to:

(segment BR - segment_BR')
K, x segment_BR'

AQ, = target O, x (17)

target Q = target Q) + AQ, (18)

15 where target (' is the target Q, of the previous segment,
segment_BR' is the target segment bit rate of the previous segment. and

K, is a constant which can be experimentally determined.

A maximum {imit may be placed on the determined 4.0, so that there is no drastic change

20 in output quality trom one segment to0 another.

A tlow chart for a process of variable bit rate (VBR) encodiag with constant overall bic-
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fpm) is a bit distribution function, where ~'" fin) = 1. 5 22. A nethod as
~clainmed in claim?2l, where~n) = 1/k. 23. :~ nethod as clained in any one of
claims 19 to 22, wherein the target segnent encoding quality is calcul ated
according to: ~0 = target D x ~Seg"'ent BR - segnent B&éslé %%rﬁﬁ%f‘%?ﬁnquR
target O = target 0' + 00 where rarget~Q is the target segneR enco
quality) 10 segnent BR is the target segnent bit rate) target Q is the
previ ous segnent target segnent encqoding quality) seg~rrterrt BR is the
previ ous segnent target segnent bit2tate, and Kis a constant. 1 S 24. An
encodi ng qual ity adjustnent processor for generating a target segnent
encodi ng quality value in a npving pictures encoder for encoding a series

of segmefRe CRUEH AeQHNG 1 an embedimentofiths uenpqnyy illpsgraed b Figuss 6. r at e

encod ”guﬁﬁﬂf‘sﬂﬁo&‘afbgeh B e R i SHAS EAREl 3Lt ¥ s&g’”ﬁo@f‘fheg\’%?{e bic
race, conprising: a FES dITfiarence conputation neans coupled to receive a
segment 60L a@i procdss ide@tninés whestet ipestessidguis aate smrt af ge¢w gampest-pibturesr ace and
generate therefroma bits difference value representing a difference in
bits al | feQFar gy hihese 32e300P8 s detedrinedy sipd facried ogt By pRdafingtthe but i on

means goyp! t i h tati a . £0 i at
asc oniRisffeda BFudeh GO TRETGE GORRL) Bl R Mo A L AP 2
pr edet er bitnddcationt R i, p atdooiingf wrimadgoy (18BSTHiedIEerSHEOVe (and at@infiaging t0l8

Sept enber_ 2002. - 33. a bif rate difference c utation nmeans coupled to the
bits di sH5BHATHRE FEIALE R %‘B‘ﬁﬁ\ﬁté rfgr §’e§}§§’n§§?'bit race difference from

the at | east one bits distribution value and a predeterm ned nunber of

{-mages in a segment: a target segment bit rate adjustment nmeans coupled to
he bit Far eacli fitwreincthe sureshBOParitergeniinaliocation vHee Biis determtined ahesep

conputati.Qn neans for,c uting said t e t_hit.r fromthe
ceoherfd 615 ECER et of SR -G Rloe SRR I TR 4R (Bl SRR ' Voce for
the sequemeg, P escYMBAbLbIociRdhe pictudd) LieeRelicaduantahtidy stePBReRisi on means
coupled to the target segnent bit rate adjustnment neans for conputing a

target s&gwERinedNcHE heycaqupareditgreedivdlocaden Tasughian Oy dhe proress gormasensidt rat e.
e 9% : y o TR . g
et ur o ShnBAEAHOTT R K PR Rl Gr Palf B BREE B RR e ML 17001 1O

macroblock of the picture is then encoded at step 605 using the computed quantdsation step

15 size, and steps 604 and 605 are repeated for all of the macroblocks in the picture until the
end of the picture is determined at step 606.

When the end of the sequence of moving pictures which is being encoded is reached, this
is determined at step 607, which terminates the process at step 611 upon that occurrence.
20 Otherwise, the process continues to step 608 where it is determined whether the end of the

current segment of pictures has been reached.

When the end of a segment of pictures is reached and processing of a new segment about

to begin, the target encoding quality is adjusted at step 609. This is performed by firsdy

[
wn

computing the difference berween the number of bits allocated for coding the previous
segment and the actual number of bits used in coding that segment, such as by the process
represented Dy Equation (14). This quantity, birs_diff, represents extra bits which are left
over from the previous segment of pictures, and may be distributed for use in encoding the
ensuing piccure segments. The left over bits birs_diff are distributed for use over one or

30 more segments according to a bit distribution function, an example of which is described
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I S a vinual buffer processor coupled to the coding processor for tracking
‘a nunber of bits used for encodi ng successive nacrobl ocks in a picture and
a nunber of bits used for encodi ng successive pictures in a group of
pictures; a quantisation step size processor coupled to t codin

processor for determning said quantisation step size fro aSQQiEG%ErBQ%er
bits allocated for a picture and the nunber 20 of bits already used for
encodi ng macrobl ocks in that picture; a picture bit allocation processor
coupl ed to the quantisation step st#®-processor for determining said target
nunber of bits allocated for a picture froma target bit rate and the
nunber of bits already used for encoding pictures in a current group of

pi ct ur esin conbedtionavich Baljatien it [pesserxes the lefiwybrbitst toomithe pregtows gegrndnt

al l ocation pr.ocessor), the 25 virtu buffer processar and the quantisation
st ep sizsew&‘%}a@ﬁ%a%’wﬂﬁ%t’g?vﬂfﬁﬁeﬂﬁlk%ﬂ 4 36’1§t P‘é:lt%gfor‘gw? Refber o
P bits ofeshRAMNOHERDdIG Wil CORH NEidSHEHRRIANME fBICAINS B ikprbBudy!l F €Nt group
of pictur@s, a target encoding quantisation step size and an average

quant i saproossset sgnEnBerd ancupiilatedragd usad tohdetarmincenthagge ipseginept bit mates: and a
target encodi ng quanti sation step size pcocessoc coupled to the bit rate
adj ust frentseghenpr R, exsarding ol thehrecumnuihed thit differencprand @ssmumiierrof piaeresmioni ng
said target encodi ng SUBSTI TUTE SHEET { rule 26 ) 18 Sept enmber 2002 -34
quant i sathegegras¢remo sé zedelir OThisicaarisshciecsadne dompuig et ativeatad bit bdck forahe and t he

nunber of bits used for encoding a_ precedin ro of pictures, SUBSTI TUTE
SﬂEET ( qegp{gng@uge coded accord?ng tlo gquatig)n (16). IFixgall%. alizgget engcla intl,zJ quality,

0 WA QAE A By 15 A1 gl 10 A0

a]J ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C\
c”a] calcha )

A, T cal 2&) . .
ooV Tholthe B oL Sethni e Ror peen ceached ot sten 608, oy e e careegelifea cal cal cal
C?1]7F?I]I Baéﬁﬁﬁiﬁ]mgﬁg o @] %\?ﬁtﬁnﬁgﬁh]q(?gl]lélao]rceg]c%dae]dcpéﬁ%{ae]s (1:Sa] cal] callc
a] ca] ca] cuhpats hd & new binfacsafor apendingathe apxflicmieciaremperai dajedadrctg ca] ca! ' ((x
# R R +& ., U---1....</TL/0900] wr mhc” ]

] oni Lk distorencs] ThCasp s b cadietapiss aerfrast B ilifen d EglaEBh R ol cal cal €
a] ca] ca] exaingAd.C The plaeaduraliea ! retink 1d g 203 3833AbaArebe5557666- 7777, 80888P99|
wr mhb] X] ] ca] ca] c*af ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] caJca]c
a] ca] da] ca] ca] ca] ca] ca] ca] ca] ca] ca! 9: N; n;

;5 <&>?AAF F3G Ht HHHz.| ~ |

] ca] ca] Cgfgg%g%hg%%ﬁ R ‘gﬂéﬁ@ﬁpﬁf‘@%ﬂd&@é{éﬁéﬁﬁﬁfg’;ﬂ ga] cal ca

a] ca] ca! eddodiligndwidgrgitdutes with a variable bit rate whilst maintaining a consistent output

K5KKKJLKL} LLMVWMVIVWILN>NgNNN| wgl f a\ W xr mhc] X] ca] ca] caV] ca] caV] ca).caV] ca

V] c”a] catfesreraliy) 89T mé]t@&]démééﬂféﬁkﬂ\@ﬁ%aﬂ%aﬁﬁqyégy dgadjusted at

g\\zl gg\fl C e LA HRERRE Ble ks e B Qe YO Qb h ARG Mol T VI ¢
20 ensure an overall bit rate that meets a defined target. Furthermore, the segment based bit L.

distribution tuncdon provides smooth and flexible modulation of the encoding quality.
The method can be implemented at low cost and with the ability to encode an input

moving pictures sequence in one-pass at real-time.

25 [ will be readily apparent to those of ordinary skill in the art that the foregoing detailed
description of the present inventon has been presented by way of example only, and is not
intended to be considered timiting (o the invention as defined in the claims appended
hereto. [n particular, it 1s envisaged that numerous variations to the embodiments as

described can be made without departing from the spirtt and scope of the invention.
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V] c™aV]ca V]c”aV]ca V]c”taV]calcalcalc a UV caV]ca W]ca V]cnaV]caV]ca
W] caV]ca V]craV]ca V]c”aV] ca V] cMaV]ca] ca] ca] ca] caQRQLQLORSRRRRRRRR* SGSST
TDTLTRTVTr TXTTUSUUUUU| vgkfa\VQ ] c
aV] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] cal] ca l{%ﬁ%@ﬁﬁﬁﬁﬁ}
UV] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] caUV] ¢”auUUUUUUUUU
WANUXy XX~yt o] d_ZTfa\VQ ] c
V] ca] ca] caV] ca] ca] ca] ca] caV] ca] caV] (;?] caV] ca] caV]ca]caV]ca V] c™aV]ca
V] cMaV]ca V]c™aV] caV] ca -
WV] caV] ca] ca] c™a] ca] caXXXXX[ Y_YeYQYLZ[ & 8[ ?[[[I\t\\\\\T1]]1]11]11/ M _~{vqkf
a\w . e . L .
V] | ca] caPEHERaY] B Ps5iESAPL e it alfton ich (o) Wit B CarEaTadfa) ca] ¢
a] ca] ca\liprkeB Vine addra VL 6adeRY) &@&l ¢@iations such as "comprises” and “comprising”,
NI ANNT Raab( b: b@r bcydddd(eNeVef f : g~gghh h&hS%zupj c"Xc Vf] V] Cta] ca
V] i:’\a}/] od]l dm]undeaswiod ap imply avg nejusidnod]acssaBd mfagat eadtempe ajoop bt mkegaisaa) cal cal
ca] ca] calcalcalc ca, . . . -
3h: h@ahg H{?Hﬁh}“é%%&\)g FACHISIO; 9t SRYIOHRAE BRSO SR BRRNReR P IS RESS ST 8reps.
V] ca] caV] caV] ca] ca] ca] ca] ca] ca] ca] caV] ca
V] cfaV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]caV]ca]ca

BW

anmmm nknnnnnnnn8oXoj opoooooop) pYp”p{ ppppp- q0g>qg~yt ni c* XS] caV] ca] caV] ca] caV

] ca] ca] caV] ca] caV]ca] ca] ca] caV] ca

V] c”a] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] caV] ca] ca

>qPqqqr 5rrrrssEsssssFttt QuYukuquvBEwwwm=xxxx: y~xsni d*Y] caV] caV] ca] ca] ca] ca]c
V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] caV
caJca]ca yyzF{R{{{{{]| [& .[UK|p|lu]l]]

}}10}3}Rir}}}}1}} 1} xsnhc] Xni d*Y] ca] caV] ca] caV]ca] c

a) ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] caV] ca] ca]ca]c

aV] ca] ca] ca] ca} ~~~~~ \ ~~~~~ % 2?1 Ls} Z*-: DTR~yt ni c"YT] ] ca] ca] caV] ca] caV] ca] ca]

cal] ca] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV]ca] ca] caV] ca] ca] ca] caV] ca]caV]c

aj caV]ca RWG Q250Y}wpj c] Vi c”YT]] UWV]caV]ca V]chaV]ca

V] cMaV] ca] caV] ca] caV] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca]ca]ca]c

aV] ca] ca] ca] ca] caRn| ' 0: @VvdpWs| vgl gb] Xi cAYT]] UV]ca]ca]ca]c

a]J ca] caV] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] ca] caV] ca] ca] caV] ca]

caV] ca] caV] calV] c*a>K} 1: RU{ 3u" +zupj e_ZTi c*YT] V] ca] caV] ca] caV] ca] ca] caV] caV]

ca

V] cMaV] ca] ca] caV] ca] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV]

ca+tnD6@Xc " kNQzuoj e [ W]]ca] ca] ca] ca] caV] ca] ca]ca] caV]ca]ca]ca]ca]c

a] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ZoUOQ, 4 | zuoj

d Yje [W]]cV]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]c

aJca]ca]calca]c a]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca

W $U] al @l } xsnmhb] Woj d_Yj e [ W]]V] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca]

yca] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV]ca]caV]ca]caV]ca]caV]ca] ca(Ua

& )MA3Se{vql gh]We [W]]V]ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] caV] ca] caV]ca] caV]ca] caV]ca

] caV] ca] caV] ca] ca

YOFf MI'sylgS~xsni d_ZTl gb] We [ V] ca] ca] ca] ca] ca] ca] caV]ca]caV]ca]caV]ca]ca]ca

] caV] caU] ca] ca] caV] ca] caV] ca] caV] calU] ca] ca] caV]ca V]c”aV]ca

V] cMal ANT\ CIV#bl v7: {upkfa[ VI gb]We [V]]caV] ca] ca] ca] ca] caV] ca] caV] ca] caV]ca

] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV]ca] caV]ca]caV]ca]c aJca]c aV]ca

V] cMa<u9%M (W 17zupkfal W] ]]ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c

aJ cal ca] calcallca]ca]ca]c

a] ca] ca] ca] ca] ca] caV] ca] caV] ca! X/ AF foK' 4: >f p| {upj e_ZTzupkf a\V] ca] caV] ca] ca

V] ca] caV] ca] caV] ca] c”a] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca]ca]ca]c

aV] ca V] cMaV]ca] ca] ca; >bc3\: +/ <Bzupj c] Vkfa\V] V]c”aV]ca

V] cMaV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c

a] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca Bbi u! O; [ nt zuohb\ Wj c] Vkf a\ V]
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V] caV] caV] ca V] c”MaV]ca] ca] ca]ca] calca]ca]calc
"a] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca%iRi n{

sJ&} xsni d_ZUWV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca caJcaVlca! v& M
T]]U]]]]]]]]]]]W]W]Wfsagepgemb\grzoo,z[
bU: k} xsni d_ZUV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] caLcwi D!, " 10%Q& ()-4 10%&& () -
109 ()-f1l0%a& ()- 310%&& ()- fLIOB& ()-wPyWs! 3l . f#109%&' ()-!qg ##109& ()-!
##109& () -! S@&L10%&' ()-! S@&10%H& ()- hS@&10%& ()-1C ~ a b c u

Jro\=1110% ()- 10@ 10@ 10@ ~?10%& () -

Y6#10%QI& dspart# Y6#10%&' () -G h3l . f#10%&' ()-u FZ

A2g\ =l L O& ()-!'cY(10%&' ()-L "10%&k ()- y9!109%& ()-S SH10%& ()-!S

SH109&' () -] ;

TdEg\ =! ° &' () -) YHRY&R bl r var ROV () - S&L0%&' () - $3"10%& ()-s! F109%& ()-Ta
cdEg\ =! ,X%%%&' ()-%‘Jfgég”gf%{ﬁeq't%gw ()-L3-

109%&' () - VBIRLOY&' () varidblOBgrdte - cbhCl @10%&' ()- ! 10%&' ()-s10% ()-!10%& ()- 10
10 10@QL?s109%&' () - Z2QIdEbC! s! 109%&' () -!10%&' ()-y3

109&' (?-%@@&' ()-f! SORURANE PLIrABog' ()-J°

aBbC , S1 =€) - ! T Mk plehire EQ¥Birs(Groudl 0%& () - $

10% () - WS e ()ﬁcaéﬁ%@é@%ﬁ“&%? 0%’ (§ ) one ()-/"10% ()-! P/ " 10%
() - F. 109&RJT - 9VWKYKIsCess ddbfe&apyfobh10% & ()- 10 10 10L?10%&k () -49"10%& () -

o/R' - 0, | ) ! - 0, ! - 0, ! - 0 ! -
7109 () ;2 dEbO L 10968 () - L@ 10% & () - SF10% & ()-9510% & ()-&

MB macrobiock ("
10 @ quantisauon parameter (picture quality)
Q; quantisation parameter for macroblock j

@ Qs @,  quandsation parameters for I, B and P type pictures
Reor number of bits allocated for encoding a group of pictures
bit_rate target bit rate for a picwure sequence

15 picture_rate number of pictures coded per second

N total number of pictures in the group of pictures
N,, N, remaining number of P,B pictures in the group of pictures
R R’ remaining number of bits for encoding a group of pictures
S number of bits already used in coding a group of pictures
20 7,7, T, target number of bits for coding next I, P, B type picture (
X X, X global complexity measures for [, P, B type picture
d, D, virual buffer fullness when coding the * macroblock
d, D, initial virmal buffer fullness
B, actual bits used up to and including (/-1)* macroblock
25 MB Cnt number of macroblocks in the picrure
r reaction parameter (= 2 x bit_rate / picture_rate)
N_act, normalised macroblock activity level
Mquant modulated quantisation step size (= N_act, X Q)

overall BR  definable targer overall bit rate

30 BR target bit rate
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10%-€ ()- &

10% & ()-z| QaBbCl s&10% & () - "10% & ()-""10%& ()-,L!"10% & ()-L10% & ()-!K
(109 ()-0., { cDbCl/!110% & ()-3.109% & ()-,10% & ()-*10% & ()-,'t' 10%& ()-
Tt 10% & ()- 17111 D b e d"dE / 10/

10/12° 10% & () - 3y9#10% & () - 7s! 10% & () - L6! 10% & () - 31095% EPeaues200% & ()
CdUe"w {""#$" WS/ | vSI0%& ()-F! #100%IU& ()-! #109kK& ()-

10%r€ () - 10%r€ ()-! 10%T& ()- 10/ " %888E0 &p&EIEL/

| vS10%s! 10061& () - : 109%1& () - &MLO%I&" @91 109%1&' () - " 10%1& () - | 10%18’ ()-& ' ' ""
((dEL/ 1vS10%0+g10%m8 ()-y)" 10%1& ()- & 10%m& () -, &FL0%TE () - $

10918’ () - #10%1& () - ((x((#)2))"*dEL/ | vSI0%@s610%N8’ ()- L4" | 10%m& () - L&3-
10%1&' () B1M 10%re’ O)t-utilismaentoymatipggpg: Rits-used torcode pieviigs INBS 0vpicwe)

U& ()-!'10% U& Gh- Q 2-10%m& ()-&d!10%& ()- 8S
10°/a(rn)&' 0O)F ’[’g’ié?e, , %@%@f@%‘%@%%&qu&- (§) @10% U& 8 & 10% U& ()-9 10%
U () - &&ad&lp,( ) -averdfAdife ¢f)quantdationlparihieteCir\pEsioush0%6ded pictures

targer_Q; quantisation parameter value for target encoding quality
5 max_BR maximum permitted bit rate
min_BR minimum permitted bit rate
birs_diff difference berween actual and target bits used in coding previous segment

segment _BR target segment bit rate

( \ bits_segmen: actual number of bits used in coding previous segment
10 Noogmens number of coded pictures in previous segment

delta_bits,  number of difference bits available to next m* segment

flm) bits distribution tunction

Asegment_ BR  available difference in segment bit rate
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-26 -
Claims:
1. A method for use in a moving pictures encoder for encoding a sequence of

segments each having at least one image, comprising the steps of:

5 a) determining an overall target bit rate for encoding the sequence of images;

b) determining a bit allocarnion and target quantisation step size for encoding a

first segment on the basis of a segment target bit rate calculated using said overall

target bit rate;

c) encoding said first segment using a variable bit rate encoding method
10 according to the target quantisation step size;
d) determining a difference between the number of bits used to encode said

first segment and said first segment bit allocation;

e) distributing said difference for use in encoding at least one subsequent

segment to determine a subsequent segment bit allocation;

15 1) determining a new target quantisation step size for encoding a said

subsequent segment on the basis of a new target segment bit rate calculated using

said segment targert bit rate and the distributed difference; and

g£) encoding said subsequent segment using a variable bit rate encoding method

according to the new target quantisadon step size;

20 wherein variable bit rate encoding is employed for encoding pictures within a

segment whilst maintaining a substantially constant bit rate over said sequence.

9

2. A method as claimed in claim 1, wherein the steps d) to g) are carried out

iteratvely using the number of bits used to encode the subsequent segment and the

2
h

subsequent segment bit allocation for determining said difference.

3. A method as claimed in claim 1 or 2, wherein each segment comprises at least one
=)

group of pictures having an [-picture and optionally at least one P and/or B-picture.

30 4. A method as claimed in claim 2 or 3, wherein the difference between the number
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whera:
bits_diff is said difference,

wh

overall_ BR s the overall target bit rate,

N exmens is the number of coded images in the first segment, and

bits_segment s the actual number of bits used to encode the first segment.

5. A method as claimed in claim 4, wherein said difference is distributed according
10 to:

delta_bits,, = fim) x bits_diff
where delta_bits,, is the bits difference distributed to next m™* segment in the sequence,
m=1,....k,

k is a positive integer, and

fm) is a bit distributon functon, where XZ* f{m) = 1.
6. A method as claimed in claim 5, where Am) = 1/k.

7. A method as claimed in claim 3 or 6, wherein the steps d) to g) are carried out
20 iteratively using the number of bits used to encode the subsequent segment and the

subsequent segment bit allocation for determining said difference.

8. A niethod as claimed in claim 7, wherewn the new target quantisation step size is

calculated according to:

AQ = target O' x (segment BR - segment_BR")
- - K x segment_BR'

(]
n
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where targer_Q is the new target quantisation step size,

segment_BR is the new target bit rate,
targer_Q' is the target quantisation step size of the preceding segment,
segment_BR' is the target segment bit rate of the preceding segment, and

K is a constant.

W

9. A method as claimed in ctaim 7 or 8, wherein for each subsequent segment the ("
difference berween the number of bits used to encode the segment and the segment bit
allocation is determined according to:

segment BR x N

bits_diff = sagment - bits_segment
picture_rate

10 where:
bits_diff is said difference,
segment_BR is the segment target bit rate,
N eemens is the number of coded images in the segment, and

bits_segment is the actual number of bits used to encode the segment.

10. A method as claimed in claim 9, wherein said difference is distributed according
to:

delta_bits,, = fim) x bits_diff
where delta_birs,, is the bits difference distributed to next m* segment in the sequence.
20 m=1,...k,

k is a positive integer, and

Am) is a bit distribution tunction, where 2* Am) = [.

11. A method as claimed in claim 10, where Am) = l/k.
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encoded segment ailocated for use m encodmv at least one segment to be encoded;

c) determining a target segment bit rate for a segment of the sequence of
images on the basis of the overall target bit rate and a bit rate change calculated
from the corresponding allocated bits from the distribution record;

10 d) determining a target segment encoding quality from the target segment bit
rate, a preceding target segment bit rate and a preceding target segment encoding
quality,; and
e) encoding the images of the segment according to the target segment
encoding quality using a variable bit rate encoding technique taking into account

15 scene complexides of the images in the segment;
wherein maintaining said distribution record includes determining a difference

between the number of bits used to encode a particular segment and the number of bits
allocated for encoding the particular segment on the basis of the target segment encoding
quality.

20

13. A method as claimed in claim 12, wherein steps b) to e) are carried out iteratively

for said sequence of segments.

14. A method as claimed in claim 13, wherein each segment comprises at least one

2
w

group of pictures having an [-picture and optionalily at least one P and/or B-picture.

1s. A method as claimed in claim 12, 13 or 14, wherein the target segment encoding

quality is calculated according to:

AQ = warget O' x (segment BR - segment BR')
- - K x segment BR'
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targer_(Q’ is the preceding target segment encoding quality,
segment_BR' is the preceding target segment bit rate, and

5 K is a constant.

16. A method as claimed in claim 13, wherein the difference between the number of e
bits used to encode a particular segment and the number of bits allocated for encoding the

particular segment is determined according to:

segment_BR x Nugm-m

buts_diff =

- bits_segment

picture_rate

10 where:

bits_diff is said difference,

segmenz_BR is the segment target bit rate,

N pment is the number of coded images in the segment, and
bits_segmen: is the actual number of bits used to encode the segment.

15 {..
17. A method as claimed in claim 16, wherein the allocarion of bits in the distribution
record is calculated according to:

delta_bits, = fim) x bits_diff
where delta_bits,, is the bits difference allocated to next m” segment in the sequence,
20 m=1,..k,
k is a positive integer, and

Am) is a bit distribution function, where Z*¥ fm) = 1.

18. A method as claimed in claim 17, where fim) = 1/k.
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sequence of images comprising a plurality of segments each having a plurality of images,
the method including, for each segment:

determining a difference between a number of bits used for encoding a previous
segment and a number of bits allocated for encoding the previous segment;

calculating a bits distribution from the determined bits difference and a
predetermined distribution function;

calculating a bit rate change from the bits distribution and a predetermined number
of images in the segment;

calculating a target segment bit rate from the bit rate change and a predetermined

target overall bit rate for the sequence of images; and

determining a target segment encoding quality from the target segment bit rate.

20. A method as claimed in claim 19, wherein the diffarence between the number of
bits used for encoding the previous segment and the number of bits allocated for encoding

the previous segment is determined according to:

segment BR x N,

bits_diff = S - buts_segment

picture_rate

where:
bits_diff is said difference,
segment_BR is the previous segment target bit rare,
N gment is the number of coded images in the previous segment, and

bits_segment s the actual number of bits used to encode the previous segment.

21. A method as claimed in claim 20, wherein the bits distribution is calculated

according to:

deita_bits,, = fm) x birs_diff
where delta_bus,, is the number of bits difterence allocated to next m™ segment in the

sequence,
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m=1,..k
k is a positive integer, and

fim) is a bit distribution function, where Z* Am) = 1.
5 22. A method as claimed in claim 21, where fm) = 1/k.

23. A method as claimed in any one of claims 19 to 22, wherein the target segment

encoding quality is calculated according to:

AQ = target Q' x (segment_ BR - segment BR") F\
- — K x segment BR'

target _Q = target_Q O' + AQ

where target_Q is the target segment encoding quality,
10 segment_BR is the target segment bit rate,
targer_Q' is the previous segment target segment encoding quality,

segment_BR' is the previous segment target segment bit rate, and
K is a constant.

15 24. Anencoding quality adjustment processor for generating a target segment encoding
quality value in a moving pictures encoder for encoding a series of segments each having
at least one image using a variable bit rate encoding scheme whilst maintaining a
substantially constant overall bit rate, comprising:
a bits ditference computation means coupled to receive a segment encoding bit
20 utilisation value and a target segment bit rate and generate therefrom a bits difference
value representing a ditference in bits allocated and bits used tor encoding a segment;
a bits distribution means coupled to the bits difference computation means tor

computng at least oae bits distribution value from the bits difference value and a

predetermined distribution function;

SUBSTITUTE SHEET ( rule 26)



10 s/10% h& ()-"-10% h& ()-° S,y 10% h& ()-)' 10% h& ()-!)' 10% ()-L' G'10%
h& ()-UxnbC 1! 10 L!10% h& ()- 10 h 10 h 10 h ?ML0% h& ()--, ; 10%

h& ()-143"10% h& ()-2"10% h& () - OnopgxmbC 1! 10 110% h& ()- 10 h 10 h 10
hL?  10% h& ()-Z@10% h& ()- "10% h& ()-10% h& ()-i KIC S1Q% 0%
h& ()-,S10% h& () -, SL0% h& () -, & 10% h& () -L10% h& () - ij% g«%ﬁt&g}?berﬁ%
h& ()-, S10% h& ()-, S10% h& ()-,' YS10% hé& () -, S10% hé& () -, #oP1CS10%

h& ()-, S10% h& () -, S10% h& ()-.' YS10% h& () -, S10% h& () -, S10% h& () -, #$% :
<=@ R3CS10% h& ()-, S10% h& ()-,"' YSIHBRH& ()-, S10% h& () -, S10%

h& ()-,' Y@LOQe{ | kMBCS10% h&' ()-,' YS10% h&' ()-, S10% h& () -, S10%

h ,' YS10% h&' () -, | kL. C YS10% hé& () -, S10% hé& () -, S10% h& ()-,' YS10%

, S10% hé& i} raté mr&m&acﬁﬂm:m&' rhdans Safech®y i} Jo;:sm%mxﬁo(x)mcahmm%

S10%he () SI0%NE ()2 \ ] MESCSLO%NE () S1Q%NE () - Yo10%
Sl@%ﬁﬁ‘&né P S‘%&W H&m(g ):hﬁ'er CR ERES EisoRt II\%"Z‘S@ e Dits f{jﬂues%%
'S M¥GKL.. C YS10% h&: () - SlOfV h& () -, S10%
, @fw&ﬁ@ nu\%l%oﬁ% %9 m %PfCSl%% h& ()-. S10% h& () - . S10% ’
, YSlO%mrargey sqgsm%xn&r< 3djuEDes6 theins FeyplRN (RE GBTa%Hdifefehee $10%

YS10% h& S10% S10% hé& - CS10% h&' "YS10%
él@%%&“@?(r&%%dh e ?é3“@%%%4%“%}&&#@6@%@3%@ i taggeh oy,
gl{l orBe Hid race ¥SrhQA RBmedr biSHAAiRkrdnte add a?ﬂd’é&%@g& a&w@}m £30%

10% h& () -, YS10% h& () -, S10% h& () -, 510% hé&' () 10%
h& () -, S16% ﬂQ&ﬂ'(e)Seqﬂefl&@%eEmtm),—arSIO% h& () -, S10% h& () - Y| 0bAS1

& | 10% & 10$10$10 s’?&lO - S10% ' YS10% h& -, a : ObA
(940% & () - ¥ H‘ﬁ%{%‘% b uglgy ’?emﬁ i‘ﬁ%“(& (‘5“ S 563/“‘3‘(‘&“? SaPJ [
&10% ' ' &' {djusener: iddas Srl:@ ﬁxr& a(ﬁaré]e@s rﬁ&t enchding qualigdfite frém(shid taroet
10% ' ' & ()- sn%d0% & ()- N4 0%z x - &0 [g% , (10% ) _& () -
, (109419" Feppa@uraEe0uK_Ke () - @ >, (10%& () @10% $' & ()-
10%$ & ()-KM[:bU4 ~10%3$ & ()- nv) (10%& ()- y&l0%$' & ()-
"10%$c& ()- "10%U& () , (10%c& () - @3PQRS| [ NA410' $' 10' $' 10" $'
f2°10% $' 8.() A:ﬁbi&%ﬁcu&re(s)encad& copfising () - 1@O0% $' & ()- s90
10% $' & () - Se9f { ZINM10 KF#10%4& ()-Z kF#lO%& ()-Z H&F#10% h_ & ()-Z +0
109K K& () -z aqmqepresassorlfe%r&owf' PRCSE dRpabpsed QUaNagTahipgks gecordipg to 2

10% & () - g@g S10% & ()- s& 10% & ()- L F#10% |
& ()-z1lgsTiNAGT 10% & ()-- 3110% & ()- n,s-!109%& ()- Vv,s-!110% & ()-

&* 1%@& ()- & vioassbufier pto@hksbﬂcou@;lé(td(ﬂmdmg 1B0cASSRY cr)aekmgafrﬁﬂdb(n) of
1 109 & 10" f.?210% & \V;: U4 &#109 09&'
10088 (| b ied forgherding MeGEvA SAFBOIOELY By APIEBTR A &GPt bt Ushd gy

encoding successive pictures in a group of pictures;

Yy

() -
& () -
() -
() -
() -
() -
() -
() -
() -
() -
() -

>SOSSSISTSSS O
0 R0 R0 R0 R0 R0 R0 R0 Ro Ro Ro Ro

a quantisation step size processor coupled to the coding processor for determining

said quantisation step size from a target number bits allocated for a picture and the number
20 of bits already used for encoding macroblocks in that picture;

a picture bit atlocatdon processor coupled to the quantisation step size processor for
determining said target number of bits allocated for a picture from a target bit rate and the
number of bits already used for encoding pictures in a current group of pictures;

a bit rate adjustment processor coupled to the picture bit allocation processor, the

25 virtual buffer processor and the quantisation step size processor for determining said target
but rate from the number of bits already used for encoding successive pictures in the
current group of pictures, a target encoding quantisation step size and an average
quantisation step size for pictures in the current group of picrures; and

a target encoding quandsation step size processor coupled to the bit rate adjustment

30 processor and the virtual butter processor for determining said target encoding
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