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, e3e$#! \ h8#6N#T#, t  y 13 July 2002 ONE- PASS VARI ABLE BI T RATE MOVI NG
PI'CTURES ENCCDI NG Field of the Invention 5 The present invention relates to

a net hod and appar agmullumnlnllmulmmng noving pictures. 1n parti ¢glygyy.2002e
present invention r i thod and apparatus for perform ng variable
bit rate control for a digis+al video encoder. Background of the Invention
10 Digital conpression has been applied to noving pictures for the purposes
of transm ssions banﬂ ] rage size reduction. One current art of
such conpression tec ummw]mmMMMEe derived fromthe 1SO | EC MPEG St andar ds,
the |1 SOIEC 11172-3 (MPEG H), the | SO I EC 13818-2 (MPEG 2) and the MPEG 2
TMS (test nodel 5), developéed by the Moving Picture 1 S Experts G oup of
the International Organisation for Standardization. The di scl osures of

t hose standards docunents are hereby expressly incorporated into this
specification by reference. In_a standard MPEG conpliant video encoder, a
sequence of mviﬁﬁfpﬁ’fﬁ%P’MJ@BWwW@Y%tﬂ}%m@w&here it
is conpressed with a user defined target bitrate. The target 20 bitrate is
set according to the conmunicati on channel bandw dth in which the

conpr essed Yieldled thesinventivpe transmitted, or the storage media 'capacity in
whi ch the conpressed video sequence is to be stored. Several different
forms of coding can be enpl oyed dependi ng upon the character of the input
2~ pi ct ur esThe geent BiledtRnadliates B £ndihes andPaft €4l RS en@difd BbEhi bRRresTHE

| -pictures are intra-coded pictures used mainly for random access or, scene
updat e. TheP3Pichiap the RiesenidRYeREAN RIS RotMEBRODRRRPRIaNS TRDRETTRITIAL 1A Btence
to previou = R- . Ri s (anchor pictures), and the B-prctures
use both lejraavévafr%gﬂgg%lj %g@&%rxd r?g%c%a(%fne predictivelinterpolative coding with
reference to previously coded |I-or P-pictures. Furthernore, a group of

picture ( ,ig ?aofforfred in encoded order starting with an I-picture and
endi ng mtmw BeEE8Re the next f J 13 July 2002 2 1-picture in

t he sequemce. The pictures are partitioned into smaller and non-overl appi ng
bl ocks of pixel data called Macrobl ocks (MBs) before encoding. Each MB from
a P- or B-p'&tdlcempessigihhasbeatianpded ISMAYNg fif s hipAtIcoPHPPBE BSELIRISHARE h
forward Moty Qnide6f Qbride SAGlRGINBAOLE dRfehP i ¥PGIA B s%iBﬁ'te?l%ﬁ 1@t arbe
B-picture NNB, are determned using reference pictures froma frame buffer.
V1% i t h~ t lderikdtrormhe B/ Tast MERG\Sezdards., thend§QGBCAdAp2A < MAESH 1), sheg&P/HEST ned
where the iQtfar inter-pi gt iction e . of th hs. fir .

det erm ned Ié%:lggzr@{i%%&%')omfj%eec%ggﬁflﬁggé?e tsgtrl’?gde%? [ %EHC‘SB%%E%% sefr\?jol}'ﬁA(f,ﬁ%%lel owed
by gener g iBagertsGroupasf @isSlateshafivnadD b shridfBfor SBindireizfriondi THeadlscM3uies of these

subj ected to %Ié crete cosine transform (DCT) and DCT coefficient

quant i zat i 6% CHRETHLAADFERY FERESY PR Hedi)io SHY SREGAIGRIOPRY 815 S e psi ze
(QS). The quantized DCT coefficients of the MBis then run-Iength encoded
with variable I ength codes (VLC) and nultiplexed with additional '

i nf or mat i odn g sEngardAdPEG ceropliant vigro eppodesca sequenck/Bl moBing pddtergs (ol e/sdeo) 1s

quant | zat i o5t eRSIAE) ARALLT. RLEHIEE A0 SLQP k4L L MALLEN ik Qubor m the
out put bitstream focal 4é¢s ing 1S perforned by iMverse quanti zrng®the
quant i zexh bBitarcBabf dceordhigo tHeadolrommitatiyn tine¢lSandCitih mnhititHe@ompressed
conpensation. Local decoding is perfornmed Such that the 30 ref ergnc%

pi ctures u¥BiE0 iht Pl ARSTHIEA: LDHSTIaES BRTA CaPCHEAR MUl the cOmBESSe 31458 by an

external  gequence is to be stored.

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

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



decoder. The quanti zation stepsize (Q) used for quantizing the DCT
‘clefficients of each MB has direct inpact on the nunber of bits produced at
t he out put of the VLC encodi ng process, and 25 therefore the q@jﬁ}ggoggt put
bit rate. It has also a direct inpact on the encoding quality) ichis
output picture quality at the correspofding decoder. In general ) larger (5
generates | ower output bit rate and | ower encoding quality. In order to
control output bit rate and picture quality so that the resulting bitstream
can satisfy channel bandwi dth or storage limtations as well as quality
requi renents, rate control and quantization control algorithns 30 are used.
13 July 2002 3 Sone nethods for rate control and quantization control can
be found in the abovenenti oned MPEG 2 TMb (Test Model 5). These net hods
conprise generally a bit allocation process, a rate control process, and an
adaptive quanuzation process. In the bit allocation process, a target
number of bpicaiIrg i 148 88qyeed. for a new picture to be coded according to a
nunber of 5 previously determ ned and preset paraneters. The rate control
step then cal cul ates a reference quanti zati on stepsize S,~ for each MB
based on tThe piangatarbptsitibosd inkesmpiltet uneé nohloeemappbrer blodksftpixehldaadyedised
fromthe target bits in encodi ng, VBs f_ﬁo]g]ﬁtrhat p{jctu e, and a virtual
buf f er nod¥eCraRlogis MBS heigprencodipgs, Eqc T AB T Ve BRIETEi s HVSIHFIPP deess)
the cal cyl @bRd eRPnatbn boct B aIwaEIRIRHRGROTSH NEidr® 2h@badiwasd invlidd @%@ int he

MB, and an average MB activity 10 determ ned fromthe previously coded

pi cture. The sasecld Brgiciuse ddheara deeraingd) usiag scfpwne pierasdein agragefées of
coding noi g, B AUBLBGHSERYENR:S! HoubfP Wbl s BE-rlhy AGEHVHL IES o Lhi 0
a picture. An exanple of an adaptive quantization technique Is disclosedsin
Uni t ed St diwerspiétategmédicrionbesdef @0V BGO firenleietrhindd 2ddaptyg wah€ antacy af then" . A

video buffer, verifier (VBV al so be enmpl oyed in su way t hat
under f | ow%?mnds%‘PF|f5wda?‘\éﬁ°&@%éﬁF%% ‘?’%“F‘e‘ém B{Td{Sgng‘ﬁlg- MPEG standard to
ensure fhe target bit, rate is maintained. Techni ques for underfl ow

detection and protection are al so disclosed in US Patent nunber 5,650, 860.
It is appdmentedickdtMB isehdn sebigcieffedispieterpsiae tianifpren PeEeand G kpgiGeieshove
has littl . r i.anshi . Act wal \L Vi C X {ethe
Video scons AR REY oSkt RS (i 2he AR SR Y ol Tt e
i s act ual lqyandedd DET chpjfididres caherivill s abenonndérgunerdcotimingin dirtapledenglly cadee

qual 1y o VERG AR A G TR e iy oS P B G0 P

annoyi nis th@ifg sREEE ghanisafReEpeiesr Midng piaucan e:qends! iefhytion2 o fopin the
applications where picture sequences are conpressed for storage and
retrieval PuPBYbiSKkS# e DVD (Digital Video Disc or Digital Versatile Disc))
variable bit rate {VBR) may be applied on individual segnents of the

pi cture sequences depending on its scene conplexity to nmaxim ze bit rate
al | ocat i ofocahdecediop theparfpimed (ny énvgrsa lqianpizinPethe qrntizednB§ T lbeefficidus.cfdlldwed | ess

conpl ex scene to storage space and increase.potential recordi
dur ati on %?' ’?Y‘Feserrég:i\%gﬁfé SPU5F CPﬁger?ﬁé‘éolﬂ't :LﬁcgaJ sa{ef)ordgg’elsspﬁvjf)%edc%lﬁ BE i &%d t or

codi ng mf rﬁ&é@e?@ﬁ@és&%&cﬁiﬁ@ﬁh@ﬁoﬁon cbmperisat DRSS QAR4iZcal o, those'to be by an external | ' ~
" .13" July 2002 Simlarly, VBR can also be applied to other applications
such as adf®Pt% channel video broadcasti ng network. Such channel bandw dth
may be dynamically allocated to individual video sequences to be

mul ti pl exed together so that higher percentage of the bandw dth is used
adapt i vel Yhbyuswigesamcsepsize t(BSkcustp el qurnsnas theeRCIt oatjicisBR oaelr HB has

al gorithns. such as that discl,Q I P [ i pl e
encodi ngngggcéggpaftoonp %?)Lg? e§/°1{ﬁ1§$ ?ngél}fl? 8’5?0 E'ﬁ%} P émgl%'%?%é:g%ﬁg E{O%%%gﬁldg pass,
t he bi tasutidréfért thervemagosupititiraies dateslsd neit=diampaach usceaneding qgeaop, ‘
picture in the input, picture sequence. This ma%/ be done\y@/ f}ﬁi ng the

r ef er ence “GiFAnt PURM PisHrasqualin iab Be SHEFSRANS IR GEFRSIEE h & 2mephVA@eey 8FIC 3R

det er m negh, i to Wb liZatel K8 160EUHEBdiHO BudiFy .t 18Brdee (Hhbol uP@NSY Atary bi t
budget for each 'scene or picture such that an overall target nunber of bits

to code thEuseqeliveso thaf iheedjulingdbisereah anan ssangl ichannebpandpidte oF s1arege
violated. ;To BCCORENSR il reqhfiGndid, REAGGFo150E (SAAMBhL ShMES aigorithms

30 are used.



1 ~is nodified so that the VBV buffer does not underflow. In cases that
‘initial bit utilization information obtained is unrealistic for generating
the bit budget, steps fromthe first coding pass nust be repea|t3e\g1|yvizgdjgan
adj usted re:erence quantization stepsize, The input sequence is coded in a
final pass using the generated bit budget information to achi eve the target
bits or bit rate. This formof nultiple-pass VBR encoder requires very

| arge storage nmenory for O storing the internediate bit utilization
information, and | arge conputational capacity for the additional passes and
the bit budget generation. Furthernore, such V BR technique such as tr~is
cannot process the input secuence in real-tine. Sunrrarv of the Invention
?~ An object of the present invention is to provide a one-pass variable bit
rate control techr_ique for coding of noving pictures. In accordance with
the invention, there is provided a method for variable bit rate control in
i a singl eSpesmetheds fagrap wnupkandemeeiration eappl tai brgfousd insibe eaviemgntnedir get
picture en = RA'Y lceCtri . Jower_hit.r imts...1 . S
O TRREGTETERA T oRT 550 TG RS B4 YRl b o WBdoTyliRtses
-5 encodi ngraatcohed procese apd ah udpubageciuonioa praveget Intthe bit atiecavibd piotest,he
upper and lower bjt rate limts; predicting a current bit rate and an.
encodi ng @&t PV“%’HS% 8rs Fﬁég“F@,'g‘ﬁ'lac”%‘f Ptcﬂ'ge EhBsardrg %F@Bf“gﬁoédf‘r‘ﬁ’gﬁ g the
encodi ngs taliddsly deferrhifed &id fre@BparSRGrENTRIGH BhidIWes uithicBchiARs b 3¢ eRhee
picture encoding quality, adjusting the target bit rate within the upper

and | ower dvaptizzaerestepsidet @S.aduotadh MB based he theasnget bissffos tiegpiasompaeing®ATand
the predi C&f%qts%Wegﬁn%seglﬁorﬁ %Seetarje? Bitseiﬂce%géd}' 24 ﬂﬁgsf?&}i'%tt gpc::ng%,ugr%sé yi%g 10

repeating, for eac Icture in & sequence of° pictures, said encodi ng,

pr edi ct i ndhufferomguizi asngjvenid MREGRTIMG bittbpsdaptive quetifaiompodcetdy ehel maicelateidon,

t he picturg.encqdin ality is based on a an square error.

Al'ter nat i V&g 1> LB HREL 4o Une Suith GExiiet 9! fthyMBe BASBEVEREG MB vy

si gnal - 1®-de@hfiRed &ohOihe BreiQisBloded Ficiuhe TRNBAihH % &inBRcddd@hslel N@veRASUr i Ng
a difference in picture encoding quality between correspondi ng input and

| ocal |y deeasgeg epeets of eeding Hoige gaﬁlw&waﬁcempnfpbﬁ% et gl AT fo¥h acVHES

pi ctures e ﬁr‘%r ralelcle QHBé ; ' res: rihghddgq an

| - pi ctur et"g%%?g?%lggs%rg%e -h{ol ct uérééhafbﬁgj;uor EI%II tcc?{lf?é& 13?1“ E%rlgﬂl It he 20 _
t ar get bi tStads|Racat nombdrss, 66d)j, 866 extitfedr” Adamive Quahiizagont. Alvideal Huffyr ofrifisi ct ur es

in each gr of pictures. Preferably the target bit allocation is,adjusted
to achi egﬁg% g}aggglhsometen;péqyg,d laégcgrar%ﬁ'e@atun erflow and overflow are prevenied 3¢l

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

underflow detection and protection are also disclosed in US Patent number 5,650.860.

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

to scene according to scene complexity.

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

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



on the basis of said conparison, for each picture or plurality of pictures
“in.the g§§g@%$%%fictures. 2~ The. target picture encoding quality may

conpri sée encodi ng quanti zation step-size, wherein SLLIe 8% t ar get
quanti zation step-sizes are selected for 1-,'P- "and B—plctJ es. ?ﬁ ne fore
of'the i nvention, the nethod may include neasuring'an average ‘quanti zation
step'' size for at |east one previously encoded picture, predicting a bit
rate for a previously encoded 30 |- 4P—, and B-picture, and determ ning
said target bit rate based on said predlcted bit rate and a difference

bet ween t he target encodlng quantlzatlon step si ze and the neasured aver age

t.. ~~y ~~1 ~ %''t' " -6 13 Ju antization
st ep- si z%lmﬂlaﬁt%’ r’?é?ﬁo‘amo‘? 5¢ IL?% aiPHU%dnfq BH’eﬁﬁ‘PPt‘??@loﬂﬂéu%% Gr WnHBl g?“&Q’eV’Q@%

pi cture activstye howyokhe sttpytrema' bRk n@a@%e@mﬁrxeartg 138208 85 i RGual
difference in picture encoding quality on the basis of 5 the average

pi cture wded sequynceThebpmedipitxed maetier onthatl Bighpr peviadege o7 centandividip passad us
for a single S, Jloving pi ture? encoder, conprising: an input for
receivinﬂgﬁufgy éﬁEBP%Futg“ﬁﬁﬁgﬁtﬁdcaﬁﬁr.ty, 10 an input for receiving
upper and lower bit rate limts; and a controller for controlling the
encoder so as to encode at Ieast one picture accordlngéto a target bit rate

wi t hi n t haistippefBRfenIrghalgopiims i 35 tet disclopehin (USaPRGRY ePOBI%P fegtige and

an encodjng, aq‘ié'%é& ncbg%%’s R}npxtoggrl ﬁ?sﬂ-llﬁuté’fdattahcﬁtse”fioﬁﬂe%t 858?9@‘ Bssl I&% bit
encoding qual ity of t at lea

t one encoded picture wth t ar get
picture ennmmongnfpmiatmly is dadradpddor el t@nger dach piate ﬁBthacmpmdplnglrto
the result of said c son dt edi cted current hit e for
e ot Bt abits SRR R by AR 8 rPh Pl e Rep Bl A PRI the

|ncluq@sV@\f§@gﬂﬂncy transfornt coefficient quantizer for quantization of
t he encoded picture data, and wherein the controller conprises a bit rate
20. controller coupled to control the quantization step size of the

QuaNt | 286 e B QNI AL kAR 8) £RSERSCRITRALAAIRA OF (EOMBRL o AY: BRARUr ©

of encodlng qua actu guanti zation step §|ze W t ar get

guant ~zatdeoa os peplrs iseah tbasaelcbvorallttafget aunge:tr itdts up eoénthedequengel &l fited, ard bi t
al I ocati on ocessor co the bit .rate controller ccordlng
Fo o nunboriht HREah afarRi et SiSRc Shiery e ah ik e ol Bi e st A

t ar get; sbist mbaifedestthaho VB WBpifeddded doeeetsrgo? toheaserpper inand diowaizabbi
rate limts and coupled to T~~e bit allocation grocessor and the bit rate

contr ol IEPIRFOnAEiRes isiyPgealinge I-2cRET2HAE RSP BLdgshtsienidTome g RSECHiRe rat e
for the ﬂ&@%ﬁ&@g eGB! & (%hs?ed’\fet'éyeﬂcetéﬁn%ﬁh iz OVBF i Qgt.tt sk e’ice

limts. e present invention further pfovides a |n91e pas
bit rat eisviafed iprdinal paseiciogdhe Snecaserpbit Phaget lefophnatian @ dchpye tttmtargeeces VI ng

data for of bfg lrzlt{re.a lIthtsy fO(I)'I];l ultn ﬁe B%s%t'\"ﬁf ﬁCO(dEI' reqtnrgs very large storage memory for

20 storing the intermediate bit utilization mformatlon, and large computational capacity ior the
additional passes and the bit budget generation. Furthermore, such VBR technique such as

this cannot process the input seguence in real-time.

“Summary of the Invenrion
25 An opject of the present invention is to provide a one-pass variable bit rate control technique

for coding of moving pictures.

In accordance with the invention, there is provided a method for variable bit rate control in
- a single pass moving picrures encoder, comprising:
30 selecting a target picture encoding quality;

selecting upper and lower bit rate limuts; -



oS Ty s Tmi3t~, a s - =T, it SGS/ 50242 13 July 2002 a target
quality Sé@%?é% receiving a target quality. neasure for encoded pictures;
out pu

an encoder for supplying encoded picture data,; a‘bit1%ﬂt§&%kﬁ%t

i nput for receiving upper and lower .bit rate limts for the" E dett“pi cture
data; a bit rate predictor for predicting a current bit ' rate; 'a frequency
transf orm processor for frequency transform encoding picture data fromthe
picture input; a cbefficient quantize for quantizing the encoded picture
data according to a quantization stép size; 10 an encoding quality
estimator nor neasuring an encoding quality of quantized encoded pictures;
and a bit rate controller for dynamcally controlling the quantization step
size of the cORFOLINBMAL 1378ORE PIEUIseERd A2 Eaﬁéﬁtr?r“edef‘cWégmdb? PBPAT a5dtlow sk kit and
a conparhﬁgﬂngé;the target quality and the neasured quality so that the
encoder output remains within the upper and 15 lower bit rate limts. The
vi deo pi ct ur e peadinide i coayntbismatehad an axdodhe galitydasedoort the otsnttef teemcadinginber
of remaining bits available for encoding a group of pictures, and a bit

al | ocat i 3fPprocessor for controlling the bit rate controller according to
the regui ni ngcavphtidbhR Qicbsing ZQallderfthsl@p)dabCdd ehc8RGPERurBBYiH tHel et
include a quality conparator for conparing the target quality with a

measur edpiengodhengiegiadality;, and wherein the bit rate controller controls the
guanti zati on st.ep.si b di f.ference en_the target .an

measur ed qua|?®P§§%t5?“§§§$%f%%§ﬂ 5%%¥§?B%H§dg§%%ﬁ%?7n?ﬁguﬁéggﬂpgﬁqgﬁg%ding
qual ity geGRbLE S8 cohparifoaRhd ZRtpratictsd epTal bRt ratfNfor ehelRdn Piutkeuenesicasar My
further include a | ocal decoder for decoding the quantized '' encoded

pi cture #ta, and a qual ity neasurenment processor for determning a quality
30 di fiper ence HRIMBE NOE RLEIEIRANEI iAda is&iRiehcABE phReRl | YaidlReeGBHg PhELISS,;

cyl L e~~~y SGS/ 502427,

comparing and adjusting steps.

In one form of the invention, the picture encoding quality is based on a mean square error.
Alternatively, the picture encoding quality may be based on a signal-to-noise ratio. Preferably
15 the comparing step including measuring a difference in picture encoding quality between

corresponding input and locally decoded pictures.

In a particular form of the invention, the pictures to be encoded are arranged in groups of
pictures comprising an I-picture and at least one P-picture and/or B-picture, and wherein the
20 target bit allocation is adjusted for each picture or plurality of pictures in each group of
pictures. Preferably the target bit allocation is adjusted to achieve a target bit rate, determined
on the basis of said comparison, for each picture or plurality of pictures in the group of

pictures.

.

25 The target picture encoding quality may comprise a target encoding quantizarion step-size,

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

In one form of the invention, the method may include measuring an average quantization step-

= size for at least one previously encoded picture, predicting a bit rate for a previously encoded

30 I-, P-, and B-picture, and determining said target bit rate based on said predicted bit rate and
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a difference between the target encoding quantization step-size and the measured average



Ut )y, ~3July2002 - 7A In another formof the encoder, the quality
neasUremgég :2@§550r determ nes. a difference in signal-to-noise ratio.
Al t er nat {§5 e quality neasurenent processor may . deterq&g& aggﬁgn
square error. P'9 a: ~ ~~, 6 ~_ ron"" ~~~f. i,a~;;"'~ W 8 It
i s possible ~n nost applications that only a maxi mumbit rate -and
optionally a mninumbit rate are specified. Such applications may incl ude
a random y accessi bl e recordi ng nedi um or packetized comuni cati on network
with variable insancaneous bit rate Hfut al so a maxi mum bandwi dt h
specification. In addition, such applications may al so require that the
| nput nust 5 be conpressed in real-time, for exanple, live broadcasting or
| i ve recaquditzgtiempaptsizeake use of nulti-pass encoding. Therefore. it is
al so an object of the present invention to provide an . _., encoder which
can be operated in real time in a variable bit rate made within the maxi num
and m ni myeigdasfendiauadidnnagfinélbe: medsgshg apperagtpiaire atvy forhhd Roving
encodi ng an input noving picture sequence, the present invention
cont i nuoB¥TyreEsdFedifting ‘fieefﬁlﬁﬂstﬂ‘ieﬁ‘gdlgﬁ@dﬁ‘i HgP! ﬁ‘iu&%“icé’diﬁ‘&aﬂ‘-iailﬁ?f’ O} Bigpasis £Fi t
to a def and adjusts the encoding bit rate accordingly.
By varyiH%ggﬁgﬁ%gﬁggﬁy%#$h¥ate of the encoder wahin a defined nmaxi mum bit
rate and a mninumbit rate according to a defined target encoded picture
qual ity d the scene.conpl exit coder nsures onsi stent pi.ctu
qual 11y dRem-eeehERRirE R Gy 4 R PR EE R Rl b ST R R e
of the tapapter afptdréaid:on are not viol ated. Brief Description of he
Drawi ngs 20 The i nvention is described in greater detail hereinafter, by
way of exanpl anordy fomfeceivingfaciaeget pictuyecReObRT BNy ng dr awi ngs) wher ei n:
Figurensl is a_hl: o copstant bit rate video
encong constFgé@%gfgég%égg%gk?gpmggggF?ggqg??ﬂﬁﬁigﬁ?e 2 is a block diagram
of a vari abl e almobtroddrdonoantrogingi the em@dersicode reneazort dangoRkspitmroaeording
enbodinent of t i nventio n i agram of a
movi g pRct GFEY Brbaerin AOHReh 5t AR S Ml drislisd et B PR AT, B an
i nventi Olancda%iga?tla@@/ EXRe€ bh e @BulDdf thB@ntidi € robepateniie ehdRIM Squatity of thdGt 73
Juiy 2002 9 A bl ock diiagram of a generalized MPFG conpliant video encoder

150 i s i MaskeneAoeefedpigiuguy e the LEERISHTEC SPCqMRE gl &il%?%gst(t%ﬁ GrehPUEys i s
i nput @t 100410 e SRGHIG sal POWELIBn ahd tBe predicted current bit rate for encoding

subsequent pictures.

Preferably the moving picture encoder includes a frequency transform coefficient quantizer

for quantization of the encoded picture data, and wherein the controller comprises a bit rate

20 controller coupled to control the quantization step size of the quantizer, a quantization step

size comparator for comparing, as a measure of encoding quality, and actual quantization step

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

ailgcation processor coupled to control the bit rate controller according to a number of bits

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

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

controller for controlling the quantization so that the required bit rate for the quanti-zed picrure
data is within the upper and lower bit rate limnits.

= "I_‘he present invention further provides a single pass variable bit rate video picture encoder

30 comprising:

g
.. . . Pt
a picture input for receiving data for a plurality of moving pictures, .’.";’;i:‘
e
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conpressed wth a user defined target bitrate provided at 1l 1. The target
'bitrate ggsysp2ezcording to the conmuni cati on channel bandwi dth in which
the conpressed video is to be S transnmtted) or to the storﬂ?g pgﬂ%@
capactry tn which a target duratjon:of the conpressed video'qsY¥

stored. Input pictures, which may be pre-processed for noise reduction or
ot her purposes, are |labelled as either |-pictures, P-pictures, or
B-pictures, and stored in a frame buffer 101 according to 10 re-ordering
and processing needs. The I-pictures are intra-coded picrsres used nainly
for random access or scene update. The P-pictures use forward notion
predictive codlqg-t\%gq{efe nce to previ uslﬁ coded | P:; pi.ctures

;. or P: :
(anchor pictu?é% e pﬁf%?ﬂ?%% usé %%?’5?@Fﬁ%F%ﬂﬁﬁﬁc%E@%ﬁﬁ?ﬁmnotion

predictive/inb@@n@ﬁkabhwetﬁ@dhﬂgymgkhaxmaqﬁ@ﬁ@nganto previ ously coded |- or

P-pictures. Furthernore, a group of pictures (GOP) is formed in encoded
order 15 st ar Bitigrasf tiIGPPPL HArCIEERIBIng 1PPenh it P WATtHE T4 ligiitst oF éhe prAdedt el v
bef ore th% @gé&ml-picture in the sequence. In the case of an MPEG 2
encoder) Fhé i nput picture sequence may be either a field or fr ane
struct gre sequefitcetedeedived thopreditihyt entraneisl fite;pr ogr essi ve source. Al
pictures are partitioned jnto smaller and non-overl appi ng bl ocks of pixel
data cal | ed 28 TGHESTYHIGERET PRASSSOh&ToF &SRR L ERENT B IPG RSRIERT MR FiiR 2 P-
or B-pi cfurfcdse Shi;ected to a notion estimation process 102 in which
forward notion vector(s), and backward notion vectors) for the case of a
B- pi ct ure MB, 2a¢eefdierir Apanside (for nipapesiag ene eengpdadupissyref fgm adgerdingire a
buf f er 1&&31.'.&1&Q§ Qgternined notion vector(s)) notion conpensation 103
is perfoFne ete theintra- or inter-picture prediction node of the MBis
first 1deter nmanescodmgapalitytistigiato fdriteeasodny acancoding lyealie tof @antzed efichled
found, followed hy generating the necessary predicted MB. For the case of
an | - pi cPGFEeNB 8r intra-node MB, the predicted MB is the input MB (i.e. no
prediction) . Tng: puedbalefeM3:| ruitiblaa¢ ! eeublindl BE (BLAILA8H e LRAOTE QRN
(DCT) 104 and DCT coefficient 30 quantization 105 based on quanti zation
mat r i cescqafifieanguagtias besedtdnothe predieted eurreXS)bit Meg end a r@mpatiyorp 0D thel@raehat
for MPEG.?,,.fi f ed i.n . e _gquanuzed
bt coot Ptk fa taf ErenbtE o R o st 8RR BLGEL Bl i MU RAE G
codes 16VIidgS)eratit tk@Olimite. nmul ti pl exed wth all necessary side information, for
exanpl e sel écted notion vectors) N B codi ng nodes) quanti zation stepsize,
pi cture and sequence information, to formthe output S b~tstream The
b~t st r eamyk $ideb QiRbkeleRcRr &G Fa@er GatlRita RMbE BT cdbhfed BF a Ot offerla@fnd ocal
decoding is perforned by inverse quantizing the quannzed DCT coefficients (
109) . f obity avaslgblsyfor eRredias ammyupl of Petupise é%dg abiy 2ffo¢alion REOPAIEGTSIAT coRiTalDBE )
and fi naly.V.: i t j ne buffer 101. Loca
decodi ngh%esblgléa% %@nﬁ%ﬁgaéﬁggﬁggé Fﬁergg%@%%ga%%ﬁ ctures used by notion
conperation 103 is identical to those to be used by an external decoder.
The quant] zatjon.stepsize (QS), used in 118 for quantizing the DCT
Coef U1 of SHE VGO GATHBOTES S&YJF%%ED?IH%%‘&“B&W CHPARINDET COTPBIPS e 'BEafE ed
at the oyhpul, OfihbhBedsuial @8R Y& anENEediNtheNiOERS Sod08 er 2Rd i bREaRET Or e
the average output bit rate. It has also a direct inpact on the encodi ng
qual i ty, qwkitehtes siepsgabagidcing éiffgiruce byrween thvatargst pes poatiregqerdticder . I n
general " larger QS generates |ower output bit rate and | ower encoding
quality. In order to control output bit rate and picture quality SO trhat
t he resulli ong fdrint sf the anrader sansisasehdrneddipaodiind t inprisestine ga@antizkidd &tp ons
as well as quality requirenents, rate control and quantization 30 contro
al gorithiA¥®are used. Previously used nethods for rate control and

- quantization control can be found in the MPEG 2 TM5 (Test Mddel 5), which
can be sumarized in three steps. Step one is the bit allocation process
112 whi cAhasgdiegmpicairt angsier maytferthof inplute 2(195a] ddmdenforT®cpeingabt iquattized f or
a nem1i-€'25 k- or B Qicg re toﬁgp codeg. The targgg n%nber.of bits .can be
conput ed CBEHE PERE® ™R B 1U2Ra PSP HEREIPFOFSRET XB CCETREI Gr BT e X

Kp X~ 3(Bdifference between corresponding input and locally decoded pictures.

=X
" :"\,';“.'."3 % %‘v



13 July 2002 11 T =max R, ~ B~~ Rate P ~~ +NB Kp XB 8xPictvre Rate P x6 xP
TB=m'R Bz QE = + NP KB XP' 8.XPrcture Rate KP XB where X~ = sr Q ~'r =
Xg = %%. 5 5S,, SP) S8 are .nunber of bits generated_b revi ously
encoded |-, P-, B-picture respectiveély as. conputed by bLock1§ﬁ%! 2992(}% B
are the average QS used by previously encoded 1-) P-, B-picture
respectively as conputed by block 113) Bit Raze is the Target Bitrate
supplied at 111 10 Pirrzlire Rate is nun &r. of pictures coded per second, KP
and K8 are constants (e.g. 1.0 and 1.4 respectively), lip and NB are the
nunber of P- and B-pictures remaining in the current GOP. Ris the
renainin% nunber of bits assigned to the GOP) where R is updated a5
fol | ows: Ipsnafhes foEn obherrpeadssi geygualityRmeagrreme)t processopifeiesmies R ¢tferenetie

nunmber of._hi gener. i plict L st 2! i [ V. is 1. P,
or B 20 BelBELENGRARAL. ALt RRr e Rkl mERERHRE, SRS Bl etlaa
G=Bi t Ratreédd fuardiereoRat e 13 July 2002 12 Nis the nunber of pictures in
the GOP. In the second step, rate control (11~) is perfornmed. Basically,
this step involves cal culation of a reference quantization stepsize S, ~
for each MB based on the target bits (T,, TP, or TB) 5 for the picture, the
accunmul ated nunber of bits used fromthe target bits, and a virtual buffer
nodel as given in MPEG? TM-. :, Adaptive quantisation 18 is used in the
third step for quantization control. In this step, the ~ calculated Q5,~ is
scal ed according to the local activities of the MB as generated by an MB

O actinry calculation process | 16) and the average MB activity of the
previ ously coded picture (or optionally current picture) as produced by a
frame activity average process 117. This scaling is done according to a

| evel of mashing effects of coding noise by human perception far MBs with
high or Iow activities within a picture. As previously nentioned, an
exanpl e of an adaptive quantization techni que can be found in United States
Pat ent nunber 5, 650,860. 1 S "Adaptive Quantization". The frame bit-count
nmodule | 14 may contain a video buffer verifier (VBV) which is a virtual
node! of an input buffer of an external decoder. The VBV is maintained in
such a way that undertl ow and overf3ow are prevented as required by the
MPEG standard to ensure target bit




20 rate 111 is maintained. Techniques for underfl ow detection and
‘protéction may also be found in LS Patent nunber 5,650,860. As nentioned,
this formof encoding does not take account of the actual or V?@ﬁh&%002
conplexity of the video scenes contained in the input picture sequence 100.
Consequently) 25 the perceptual quality of the resulting pictures may vary
fromgood to annoying fromscene to scene according to scene conpl extry.
Variable bit rate (V BR) coding nay be therefore be applied on individual
segnents of the picture sequences depending on its scene conplexity to
maxi m ze bit rate allocation and encoded picture quality, and the bandw dth
savi ng used for coding of nore conplex scenes, for exanple. However,

exi sting VBR control algorithnms 30 such as that disclosed in US Patent
5.60,860 require nmultiple encoding passes to properly 13 July 2002 13
distribute data bits. Miltiple-pass ~BR encoder require huge storage nenory
for st ori nhygpussibletremoseeipitaiobs thawdniy a zaxinom bnfroe amt omipnabnd niningen bit ,
conput ati on needs for the additional passes and the bit. budgets generation,
Snd T urt he RO E SRR, SO ATt Ra st R s s BB SeristipRotdrune dtp

real -ti me. orpabielifdeoRRuaeiidg nadvotinRith v SleihLarSRepie BR Care 8k SACOHRKimum
according to an enbodi nent. of the present invention is set wth maxi num and

m ni mum bi ¢ EEE BEcilicat et INAFeITORat BrPPHFREOR RPHFA BORIre Hi2k tEGRPY GRSt
appl i cat} aRSoAPMksRE iZRR%.: Al andIar 9RtbrotiRlstiby of Ve RASANE SRS Ak Sse AN
initial target bit rate will then be set or generated. Thé encoder

conpr esseftmvi-ngs enepding. sEpRipEe itds eloe @i wgjctio i presear geentlvintio patvédaai ng

conventional bit rate control. netl After. oding_a pi.gture or .a certain
onber of WhiedpL il bR Sk ATt B ThalRRR SRt e Boufuly o'
measur ed agarnisimuthéirk@ng@idany 6f hbeargficpdiinigogual ity is lower than the ‘.
target quality, the target encoding bit rate will be increased. On the -~
other hand, if the 1 S encoding quality is higher than the target quality)
t he targetywhi il e i te
adl ust ront sy SHRLE (P TRIR SR TR sl PR PR Sordout T i
rat e basedneamrestrobultngenseding pisorire Radlity tcompargsit towalelipetj mrgeequality. and
unnecessar.j. h ew, & ar hit.r o G inst .th fined
ot mm add i B BelE bt PhtBtollsbur 3einl bR lan Y AL ARbel Vel L1
‘control sysfeBnedvnkintufebineie iralr gefinibivin biated aeodingonta detieed argneackded he
rest of the inaéh sequence. Furthernore, the encoder can_ensurs,VB%

conpl i ant PRAFHIEYSpE A S78¢ FRIBRIEXIR; g‘é PR T HE ORI QU BY &NEhd/ or
the t arlg_eboé%lﬂle b 850 FRGNPHRCRRSN AMd ARSI N RS draKe Ea@&éi%pl@aﬁorf aleobased
on encodi hg quality of past encoded pictures) is repeated as needed. 25 In
Fi gure 2 #iohitesek di agram of a one-pass variable bit rate noving pictures
encoder 250 according to one enbodi nent of the present invention is
illustrated. Those of ordinary skill in the art will recognise that a
nunber of BtibeDescriptidnoarfabe Btaodkss i | | ustrated are common with the

conventi onal MPEG encoder described above. The input noving picture -
sequence 200 30 is processed picture by picture according to its possible
assi gned phetieaiaOdi fgerité@an (dreaterPderail hdBindfidry b2002) dfteimdPe BhBL UHig) . A
frame buffer 201 is used to tenporarily store the input pictures according
t o re- or dEfFTAE AR HICHEIRPIBY IRG IFPRERRS, WEBISHY | nput picture is divided into
Macro bl ocks (M f.qr >0 - a7l QPG RSARREY y be
removed by not f%%reggksgg%c?%&g%g%&% not | glr’lmélg%gensat %/kgﬁpaé%gﬁg%y‘ﬁfo tHgTr
necessar ycomtrioed woordggsathegmiorarthB i s subj ected to di screte cosine

transf orm ( DCT). 204.anq ClJ. goefficien& %uantization 205 baéed on ..
quanti zat i on nEBYT ¢ds? URTK YasIAT Y 4 Y3IACIE DIt Targ mosine PicTurgR eNGodel A SHiPaVB of

| - or BspiccdrdleenboginieAVEMBep@thaninvémtbn?@d i nverse discrete cosine .
transfornmed 210, and subjected to correspondi ng notion conpensation 203 so
that the 10 quBibiczel aNBPGkLi3EED 98 U REIPIAHEES SPEHACoRFCPIYET 1oyan; aematéne
buffer 20 : lmation and conpensati on needs. The

gquanti zed &ﬁggﬁﬁﬁ?ﬁgﬁgﬁﬁqgﬁégﬁgg with VLC (variable I ength coding) at
206, together with all necessary side information to formthe encoded

bitstrea ofwt i nput equence. . The ncoded bitstreamis stored in an
out put bu EHgeECHPIGN ISHEY % at 208 at desired data rates.

15 Met hgds of notion estimtion 202, notion conpensation 203,  DCT 204, DCT
coefficient quanttzation 205, run-length VLC encoding 206. inverse
quanti zati on 209, and inverse DCT




210 mpy be those defined andlor allowed in the SO IEC MPEG | or MPEG 2
standa. ~ds. 20 Before encoding ) a target quality of encoding (219) and
maxi mum m nimumbit rate (21 1 ) are set. The maxi mum and m ni gyMRi Jogat es
(BR'"x and BR,~;")) given as bits per second, define the boundary bit rates
whi ch the encoder shall operate at, andythe target quality defines the
encoded picture quality that the encoder shall target by constantly
adjusting a target bit rate within the given bit rate boundaries. The
rninirnumbit rate may be set to zero. 25 Initially, Target bit rate
estimation 223 may be perfornmed based the set target quality and the

max/ mn bit ranms to generate an initial target bit rate (BR Q ~~,). Such
initial estimte may be based on experinentally determ ned fixed val ues
which may not directly relate to the pictures) to be coded. Wth the target
bit rate) the bit allocation 212 is perfornmed to 30 determ ne a target
nunber of bt block drgrahe! pigenenalised M eoonpdidnt(Video Rp@yder P50 igtildustaed imofiBwe 215

13 July 20Q2 15 deterpines a.reference guannzat i step size ~~) .f.or
each M8 based SRUTHE CLEPT TR P STt ey 5P Bt pbfth RAEr g dSOFRTBES ang
the bit utichbinpadsieanwidly atiier asfirel afigehbiviate mociaeen: 206. ThBearg® vraé ieach MB
in the picture to be coded can be conputed) for exanple, as follows: 5 CS, ~
f DB " ~'r 3geereing fg e germuappnicationciaapd bapdie® ip whichghe sompressadyidep isfia pe

ful | ness of S \ ve miRdi Rh Gt ig each
VE) by the d TP e e et bal noake Al ety T R B Al O e erpies

al | ocat ed wislee iretoN® sksaeded on t he corresponding T,,P.a a set of initial
values for D,, Dp, D$ nmay be assunmed at sequence start, and 10 Kl is a
constant (eg. 31). Adaptive quantization 218 nay be applied in which the
det er m ned IfpBy; piciues,setdttedaabepre-gravgssedfot hesd redwatioraart diver tpugmseaf ark hebeNdd as
generated b activity calcul atiaon Eeéocess 216 a

.MB d the_average
STy oY el ritset P o OB FESTES P ek De ot 0l Acsprajes 0

pr oduced obye-didefifardd FHOBs@fS h¥ddsyY BNALAGEePLRCIEES cSded pideXRITLE mainly for
i npl ementations of the MB activity calcul ati on 21b) f|Parre activir~ average

217) and atfapen\aeceguaniceratndsie- pFlsceisnrasuse ferviolmdiompiiinyezoding witihe

t but ! . . . i ) qetfici ¢

the B, 30y Fa KO bR RIoE8 5Pk pRolfEal: SRR SRE R RSy LEbEAY ©

cor r espondfmryandadndebatiovart -motiea pragictBefmretpaiagye crelirey wite deflrgnenc pebvitgsly he
Frane Bit-Count. 214, ntizati

picture is_accunul ated by t.h u i.on
stepsi ze (@fgﬂfrgﬂ?%ﬁédFWhﬂﬁwa@%’Pe% PAFEFA! Z)fé?%ﬂﬁgé‘sg’.wéﬁq@r%eﬁcoded
pi ct ur e 1qughiihy wigh Al ISAcOet Sdehdiag Wik tit pitRirdighidiMelYBRRW Be 350 IPIRGeSS.
One nethod of determ ning the encoded picture quality is by the average
val ue of t iRdhg sefanescla toa casr pfARNBEC 25 neqden dheirpug picaire-seqhenre ggr ge £8r codi ng
the pi cturegsiinge bl adl, EOUEY 4 AR HagLd Zatdon noi se in
t he encodegﬁpﬂldc(rﬁ?rage gIn{r} t%?%%tﬁo , et he t alr get g&gho%y set Zoa{ 219 is
defined as the target reference quantization stepsize ( QS,~, ~~,) Three di
frerent QSKI[%T&UX&S %lreugasmtion%g i‘zlxt%l Q{'na%l(glo ezmd non-overlapping blocks of pixel dara called
20 Macroblocks (MBs) before actual encoding. Each MB from a P- or B-picmure is subjected to
2 motion esumation process 102 in which forward motion vector(s), and backward motion
vector(s) for the case of a B-picture MB, are determined using reference picture(s) from the
frame buffer 101. With the determined motion vector(s), motion compensation 103 is
performed where the intra- or inter-picture prediction mode of the MB is first determined
25 according to the accuracy of the motion vector(s) found, followed by generating the necessary
predicted MB. For the case of an I-picture MB or intra-mode MB, the predicted MB is the

input MB (i.e. no prediction).

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

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



,~S may be set at 219 for corresponding |-, P-) and B-pictures;
alternatively, the values can be deternined by: QS,a,a~, for |-pictures =

B~"~~, B, Qg~ for P-pictures = Kp * Q5,~, ~~, 5 QBb,R~, for 1B RilgR002S =
KB * S, ~, ~er where KP and KB are constants which can be experinentally
determ ned (exanple Kp = 1.0 and KB =114). J 0 A further condition may be
applied to the final QS", for B-pictures such that it is not |ower than
the @Ga, ~",~~ of the last coded |- or P-picture so that bits can be
efficiently used to inprove the quality of anchor |- or P-pictures first

before inproving the quality of the B pictures. 15 In the process of Frane
Quality Measure 220 process, the .target quality QS ~r~~r is conpared to
the picture quality QSe~~raB~. Since a higher value of QSQ-~, Qa~ inplies
hi gher quantization noise and therefore | ower encoded picture quality, when

t he val ue of a, ~ ~r 1s found to .gher than t he dlfference
of the two U@%s’“ﬁﬂj 1 giElge Ffa‘?’BtbiaWB&é@g 51’%:“‘&25 e “Therquapigied DC

at target btaelfﬁet@u@&tﬂhmws Be? rurQBngh en@ube i 388b MR P QB de s (VQC) dtfroé Ower
than 20 QS~, ~~" BR Q x~, is decreased at target bitrate esti mator

Opt i onal | y) aqdrréulvxémé with afhnecessanyngde iplrmRsied. C?Eaﬁ@brsateetedamupolvt@orszwi as a
lower |imt enthlstar IS
reached (taré@g{gggs ﬁﬁﬁé%édh%&%m% tlesé‘?’g%gdég uteﬂ:% M‘F Ty & %Fr?ﬁtpm

i mredi at ebybitstlesig.e The basueainds storeaf @ rae rammdqrummburbaffmommoeps:pzm apgrate
controller 215 may be set according to: 25 if (Qr~ < @S~,r~~,), then @5, ~
=S, ~,sn . For target bit rate estimation, a rate-quantization nodel for

exanpl e one_slevalomag xéoyer%he@bpgn@m &@ﬂﬁhﬂgl e quﬁﬁ‘f[z@d @mf E&kf@émwﬁ@) Vi de?

Codi ng and Recording by Ra Quanti zati on ling”, IE Trans.:
on C rcwt faH@weﬁy@t aerss QICT\A @eaewé@nhmr@cgycommnsauon 1@3.mﬂ>ﬁnamsozonm= € No.’
1, Feb. 0. v I ex

| ocal fi tt| ng f)#@¥ﬂ§&? glgoeﬁ%ﬁg%%ffggé %al g |ﬂr?g§%1ba terna vtfe?éteﬂ? 51 c}gngclﬁt of
t he presehtpidiareentsedby myaomomnsﬂsatmfn ]@3 neideodcabto thargmt bebmieﬂ al enestdriat i on
conprising the steps of predicting a bitrate (BRp,~, ~,~) at a Bitrate
Predi ct or ©%5sed on bits used for encodi ng the Iast -, P-) and

Bpi ct ure, and estimating a new target bitrate (BR-"R~,) at the target
bitrate estimator 222 based on the said predicted bit rate and the
di fference Twetqw@éﬁares@epsxzqa@%hlaedqe 148 Jor quepiizing e Do epepiicienss of each MB

ol Lows! | "2bp HBC LIRSS WERlloel OF 8o bR ot s RIRHAEN T

O Srar Ru)5 BRtodingeiro@Rptéd and edsefdte theGvemes amtagtdm:am i It h{BRoa dirgct h’nﬁﬁ'ﬁ ~
then BR~rB = wher e S,,

S-S ar & RuRbereegpeiriD kR i 2R bk AT b B segaimgniine cprodel S

B- pi cture, pdferdlplargertgSegdneratth ldwsTRtpuObit Pudhid MeseicddihBuality r eRlordedid nB
is the total nurrber of B-pictures in rrhe current GOP, and K= may be a

constant, GPMED! PHPEDPI Fie BIdRChyegyaliggRe that the remiing hitytreaph eanalisTy shgae! bi t
t BR, ~ 0.
rate ( bardwidef @Pst&ﬁ%eg?ﬂ%?&r%% '?%E ?; ﬂHﬁQ&megﬁf Rl Shitsi€ng, uﬂt?z%ﬁor?

encoding a certain nu ocat 1 on process 12 and
t he r at 2@ opmtradalgerithms are used.

Previously used methods for rate control and quantization control can be found in the MPEG-
2 TMS5 (Test Model 5), which can be summarized in three sieps. Step one is the bit allocation
process 112 which assigns a target number of bits (7}, T,, or T respectively) for a new I-,

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

T= R Bit_Rate
,=ma
- N, X, N Xg "8xPicture _Rate

XK XK



215 are updated with the new BR, ~, ~r, value once it is detetTriined. An
enbodi nent of the bit allocation process 212 conprises the steps of: a)

Bef ore encoding the first picture in a group of pictures (CII§139§&g&ﬁbning
R whi ch 13 July 2002 18 is the remaining nunber of bits assighed’to the
GOP: R+= N XBR then set BR =BR pICILIrf~rLrIe rrgen old-rorger rorgrr
where: N is the nunber of pictures in he GOP 5 R =0 before start of
sequence) and ' + = is the accumulate function b) Qherwise, if the picture
to be coded is not the first picture of a GOP and a new target bit rate
(BR, ~r~~,) is determ ned, then updating R as given by: 10 R* - ~Np NB) x
~'~~rargrr ' B~c~d rarger~ , zhen sei Bl~old rargar-BRrargrr prcture”raze ,
where: NP and NB are t.5e nunber of P- and B-pictures remaining in the
current GOP c¢) Obtaining the averace quantization stepsize~(Q, Q, or B
from previously encoded 15 pictures (I-, P-) or B-picture respectively) as
determ ned by Frane Q Step average process 213) d) Qbtaining fromframe

bi c-count 214 the value of the nunmber of bits (S,, SP, or SB) used to
encode the past -, P-, or:P;R{cturesR and remavkang nlinber of bits used by
the last 20 coded picrure (3 T%18) W o B " BeREer, Ret S i1f last coded
picture is an |-pictureR -= SPifhﬂasﬁ—stéd picture 1§ an P-pictureR -=
SBi f | ast coded picture is an B—pictdﬁe*r 13 July 2002 19 e) Finally)
detenninng the target nunber of b~cs (T,, Tl.) or TB) to be used tbr coding

the current picture. T,, Tp, or TB for respective |-, P-, or B-picture are
given, for exanple, by: T, R 1 * Ivp.YP* NB:Ya Xl KP XI KB5 TB =
where T- RP _ NBKP XB NP+ KB XP RNP KB XP NB+ KP XB XI ~ Sl ~l~ XP -
SP ~P~ XB ~ ~B~ ~8r 7 =m R Bit_Rate
s " N Ky X, "8xPicture_Rate
K, X,
where
X=850 X=50 X=350
5 S; Sp Sgare number of bits generated by previously encoded I-, P-, B-picture

respectively as computed by block 114,
Q, Qp Q are the average QS used by previously encoded I-, P-, B-picture
respectively as computed by block 113,
Bit_Rare is the Target Bitrate supplied at 111,
10 Picture_Rase is number of pictures coded per second,
K, and X, are constants (e.g. 1.0 and 1.4 respectively),

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

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

15
After encoding a picture, R = R - S5,
where §, ., is the number of bits generated in the picture just encoded (picture type
is I, P, or B)
20 Before encoding the first picture in a GOP (an I-picture):
R=G+R

G=Bit_Rate*N/Picture_Rate



KP and KB are constants. 10 A mninmumvalue (T"rt) nmay be set as the | ower
“boundary for TlI, TP, TB. For exanple: T . - BR ,x'r , whereK is a constant
(eg.8) mm K3 X picture Rate Figure 3 is a block diagramill ust1r3a3lj|)ngooz
anot her enbodi nent of a one-pass variable bit rate noving pictures encoder
350 according to the present inventionsoln this enbodinent, the encoding
quality 324 is determ ned by conparing the original input picture taken
frominput 1 S 300 and the |l ocally decoded picture 325. Conventi onal

met hods such as the nean square 13 July 2002 20 error (MSE) or the

signal -to-noise ratio (SNR) neasures can be used as conparison. This
measure is further conpared at Frame Quality Measure 320 with the definable
Target Quality 319. When the encoding quality is |ower than the target
qualit3~, the target bitrate estimator 322 will set the target bitrate

hi gher; on the other hand, if the encodi n}g quality is higher than 5 the
target quality, /ﬁ/r‘r%‘hfal“@é%r%e?ﬂ‘é‘ffésfﬂgép ower. An input picture or a given .
nunber of input pictures are first encoded with an initial set of encoding
paranmeters. Each of these pictures may be given a picture coding type of
either |-) Pthe sgrorB-sgpctae epntﬁﬁh@léhtswd'rfngmtdechmcqllg &:wcsltepaisvctlhasxaladlaﬁbmed
by the WEG 1 or MPEG 2.10 standar ed Such .tec

i ncl ude not ?r&refégepfw%ﬁnweps%@fmm%ﬁggwg %@é)tara?[sbérﬁége Ccf’§

t ransf or ms3Qéjhe Blzﬁrsmea‘zmmﬁmd flietat bizsitsi Bed 8@51 the gt Wits | Slaat hrrMLl@utTer
encodi ng 306 for tenporal at| al, and statistical redundancy reduction. A
frame buffePoghas $’§3’U%‘éﬂpft—@ EMor | ng the input pictures for re-ordering and
processi ng needs. 15 Before each picture is coded) its target anmount of
bits rs set by bit allocation process 312 based on the initial set of § >
codi ng par afdsperesiuarsisyion|118ds ueay inughd shiedisiemfos igrentizeviorf ¢ammokr MISwaBté‘p T

| |
oter P zmas OFERE 5 s daied PR G AOHRL sdyidye s e W e Bleddig YRe
pi ct ur e. 1Canwentcaloradonaepisi V€, apd abme avzﬁaecb.mB AdBrimhireke pepRods (.Qfedhmﬁ.lre

activity c | cul ati on 316 and frarre r avera e 20 317 can be _applied to
each refer Bhelétloﬁﬁlg(‘hf‘-irie&f PSRTQ3E PEY %ééﬁ@?ea%c Vify AvAraggUPIRtssy at - o&hls

stepsi ze fQrahPR dobel 2Oz (HUARLEl 8 Maskihis effelg o@QQé—’lﬁ% RbSL Y RSmas serlcaﬁ@hl y

decoded by i nverse quantlzatlon 309, inverse discrefe cosine trar~sfonn
310) inver Jer MBs tvﬁléhlrsbtoiréw Wﬁwmrbmplwae t &s pravinuslyendroiondd, wn ¢azeried

pi ctures 2 i f f or
future pr eg)i %%I on us t Ie. BS%CJH@} %ﬁg% Eoﬁlgggh%ﬁ%d ﬁeégi%l}enlt élélgg gﬁgé%:’%étour es
325 are Usdddmtivh Quafimagorc’e to the origma! input pictures 300 for encoding

quality determ nation 324. The determ ned encoding quality is conpared to
the target quality given by 319 at frame quality neasure process 320. It is

al so possi ke frae Bft-Last mbéige dRtasdonah SNERduREr detaidri VBRY whi® iPh 64rtifae
activ ity (ACT , ~~) before 30 the conparison so as to take into account

the maski ngnodelfaten g buffpieo i Al §epaRcTs yBeeYiB Y ds mairmainag ip spgopwan thahe
|
average | eygi. @y, frﬁlt Yiah¥ a}flﬂ eﬁr@'eﬂ i B€re aféd‘%fmo'i?ﬁa%@%’ir@ tdnéenﬁﬁ{éem%gé:ﬁfj' ng

quality is etermn by t pea sl g isera he “resul
ti ng encidiraglduamaimgindil. Téchnignesdor(BderflRy, defectin dnd @ raxedtjputmayf alfor tenfieunfual ity
~ll ll~ + KT X

Kecgsgifr 2383 Baﬁﬁé‘?&gt gﬁ%?é?%?@%?\l?he gut_pﬁ'lt\le;, eR;E:o;Ji ggNﬁgéhr y neasure 324,
SNR~, ~~, is the target quality definable at 319,
As mentoned, this form of encoding does not take account of the actual or varymng
complexity of the video scenes contained in the input picture sequence 100. Consequently,
25 the perceptual quality of the resulting pictures may vary from good to annoying from scene
to stene according to scene complexity.  Variable bit rate (VBR) coding may be therefore be
applied on individual segments of the picture sequences depending on its scene complexity
1o maximize bit rate allocation and encoded picture quality, and the bandwidth saving used
for coding of more complex scenes, for example. However, existing VBR control algorithms

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



10 Ks, is a constant (eg. 0.018), and ACTQ-~rQ~~ is the average MB | um nance
bl ock variance. One nethod of adjusting BR ~, a~f based on SNRd~ at the

target bitrate estimator 322 is given by: 15 BR-, ~~, = BRp.~,, 13y 200%6 X
BR~""~", x SII~R,, it (BR'"~~, > BR',at), then BR'"~, ~, = BR', as t#
(BR~,B~, < BR~"~), then BR ~,~~, = BR{3 7?0 where BRPr,,~,~ is the result
of bitrate predictor 321, BR-",~", is the previous value of BR~"R~, stored
at current bitrate 323 nenory, K6 is a suitable constant, 25 BR',~,, and
BRmr are the maxi mum and m ni num borate sec at 311. The bit allocation
nodul e 312 and the rate controller 315 take the updated BR~"~~, fromthe

target bitrate estimator 322 and perform necessary bit allocation and bit
rate control such chat the resulting conpressed noving picture bitstreans
wi || have encoded bit rate close to BR~"R~,. 30 Existing techniques of VBV
(video buffer verifier) undert7ow detection and protection ma 13 July
2002 22 be digphuedntalyisndivrpie-pass ¥BRianeoder fagpich bugetsiarageanemp o BASAFeS e
maxi num b~t. he.. ! bstr j i ar get
bit rate. s NGISR thoRidih BRI L Bl Pl Elty P SRR B
qual ity, t aedeheobdibadgauigdnetayion dnd fahhay® reconi eschiriqias @anniafprosds trariget
quality. In such a y. the encodi ng acconmobdates ~~ariable bit rates in
real -time WPHPeF lQir\FI%“é“‘éconput ational pass, and the encoding process can be
better tuned to changes in noving pictures scene content conplexity. The
overal | perceptual quality of the encoded noving pictures sequence will be
rel ati vel y BefnTgieatoding ami \eppt pidnese seauenceoan preogrsfacensding 49 geembedimeabdhtrent s

et imati onPertPrOEfRRly st BF bR TR FRARRIR B1x2 it AR Py "

i npact to mnrpineme witataicofor aome appipatiatsiroay borngrbent y @sgevebblimstomemnordsd
storage requirenments. of the.encoder is mnimzed. |~ The foregoing detailed
descr Lt | ofl b e LR ALHES BT RAT IS0 RET G EREC b T P LeET CARR RS o
exanpl e 1ninpht Giaderics altBFdind iRl eded1®itere GOIME LoRAEbnkl Bit Fdré Gorkifd] nivghod.
invention as defined in the clains appended hereto. 20 SGS/ 50242 '
13 July, 2002 "' 23 ~-~~"'" " Cains 1. A nethod for variable bit rate

control inagesbRAGkifeRASISADY DNERICIMERS of PERAR! meGRERILS 4Gty 2q88hest i ng a
target picture encod%ﬁ% quality; selectl ngBuppef a%&%vﬁerq %Ilr{§? at E}BI imts;
encodi ng atndodad picomes) pi measnred Bparsd thertarget alf gt enbdding quadityvist loivar the thepper
and lower bit rate limts. predicting a current bit rate and an en i ng
dual ity baS58Ft S e S Q’?f?g%i’ne%%ow;ﬁn@ increaséd. Off he Bifer Rahd, Fed
15 encoding qualiry is higher than the target quality, the targer bit rate will be decreased. The
level of new target bit rate adjustment may depend on the current target bit rate and the
predicted bit rate based on encoding history so that it is not over adjusted unnecessarily. The

new target bit rate is also checked against the defined maximum and minimum bit rate.

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

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

30 is processed picture by picture according to its possible assigned picture coding type (1-, P-,



10 step; conparing the encoding quality of the at | east one encoded picture
‘wWth-the target picture encoding quality; adjusting the target bit rate
within the upper and lower bit rate limts according to the ré8duly 2002sai d
conparison and the predicted current bit rate, for encodi n~ subsequent

pi ctures; 15 and repeating, for each pigture in a sequence of pictures,
sai d encodi ng, predicting, conparing and adjusting steps. 2. A nethod as
claiTned in claim1l, wherein the step of encoding art |east one picture 20.
based on the target bit rate includes determning a target bit allocation
for the at |east one picture using the target bit rate. 3. , A nethod as
claimed in claim2, wherein the pictures to be encoded are arranged in J_
groups of pictures conprising an |I-picture and at |east one P-picture

and/ or B-picture) and 25 wherein the target bit allocation is adjusted for

each picture or. pluralit f . .pi res in each gro f pictures. 4. A
o hon as & A HeBely A it ParrE o s Sed i aiiaraistehs the.et altoge #soda i 1y
is based ' vo@foRBERLENIDrELEANAS AHON EatR RS BiurdR ofvidet ihﬁbdMﬁéoslb@\ism);n_

. |

claim1, 2 or 3, wherein the picture encoding quality is based r.3_.
.~ ~ni ~ ~i .beforgencesigg. TemmegredpyanyrofeagrobdB Bgude eeraved by motion Fstmatign 2002

6. A net ho@o@%&h@h&%&é{spgn%i_g{x %3{_) 2 or 3) wherein the picture encoding

quality is based on n O-noise ratio. 5 7. Anmethod as clained in
claim~ o 6, wherein the conparing step includes neasuring a difference in

pi cture encqdin ual ity bet~.veen correspandi .nput and | ocall oded
Dl tur os. | TOeRM s o SIErER R VB PR T e dearm R C L
average pi bdlegi BCTicobfiiiehOfuahiiftith 20f Gafel GhlfuesizafdtimaAREEd Md@hahdk@rion
nmeasured difference in picture encoding quality on the basis of the averé&ge

pi cture ac#ieRyitey. Toe quunized B ofdl- oF £-PEwMTS i BVerFnaEtizscdAPdiimGr heldEE ng a
si gnal -t o- pgy | S T eVl . §h3nd A and
detorm i ng L a Tar ol T slep e e T SRR, e

and on alldiqedngeshd boevwmemudidteantesisigd ddcadly gnaframeobuftdrslr fat ifigueenuowont ar get

signal -to-noise rati,o as said target picture encodin ality.. .1

rethod as CTETHIEN T CRPRTHLST ALY of I EHEUERe M Lt P Ao e KCand
the target (\2fabl®ildngthadodingy @1 D64, abgenedvids 80 mdtdaghr} eide INBHhation 15 fONRter ge: -
~S~' ~p~cture T K, X A CT~Yernge) ~s!+n pxS, a' naxSB) BRpredtcted ~| _+nP+nB>
7J ~~~nr gefneodegiiiesam of 8 ITPUKBINETERC T SipCed bR FrStaTpb e BRH ST e s

the nmeasur egh & 18&HcodR YO ULt 2PE080ar dBBlredlRld fafeget s the target o
signal -to-noise ratio, ACT~~ernge is the neasured average pixel activity,

.~~~ " 443 4~ r:~e~b ~9 ~ 's
Methods of motion estimation 202, médon compensaticn 203, DCT 204, DCT coefficient
quanuzation 205, run-length VLC encoding 206, inverse quantization 209, and inverse DCT
210 may be those defined and/or allowed in the ISO/IEC MPEG-1 or MPEG-2 standards.

20 Before encoding, a target quality of encoding (219) and maximum/minimum bit rate (211)
are set. The maximum and minimum bit rates (8R,... and BR,.,), given as bits per second,
define the boundary bit rates which the encoder shall operate at, and the target quality defines
the encoded picture quality that the encoder shall target by constantly adjusting a rarget bit

rate within the given bit rate boundaries. The minimum bit rate may be set 10 zero.

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

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



SGS/ 50242 ~ ~ ' ' 13 July 20b2 * 25~ ~ . . ,., , KS and K6 are constants,

'SIVRd, ~ is the neasured difference in picture encoding quality, BRpredrcted
1S the predicted current bit rate, S,, Sp, SB axe nunber of bii:? g&rzﬂo@?t ed
by said previously encoded |-, P-, B-pictures, respectively np 5’ al

nunber of P-pictures in the group of pictures, nBis a total nunber of
B-pictures in the group of pictures, BRurreru i S a previ ously determ ned
BRt ~B~r, and BRrarg~, is said target bit rate. 10 11. A nethod as cl ai ned
in claim4, wherein said target picture encoding quality is based on a
target encoding quanti zation step-size. 12. A nethod as clainmed in claim
11, wherein different target quantization step-sizes are 1~ selected for
|-, P-, and B-pictures. 13. A nethod as clained in claim1l1l or 12,

i ncl udi ng nmeasuring an average quanti zation step-size for at |east one
previ ously encoded picture, and dete .;n;ng said target bit rate based on
sai d predi cldegr@iies @Ntrebinke GadnBzaNA fepdiizd EOSICRr REIMEENbABE oh Ak dumated
encodi ng quanti zation 20 step-size and the neasured average quanti zation
st ep- si ze. DYMPN Gt doF B8 PiEfuas e 2 HWdchapihutiBzatigRdy ehth upalenar Mldnencadeni mum

bit rates ab\%seﬂh.@césedoﬁ%ﬁ %»?ﬁ"ﬂ{‘gie’}gcrhx% e Jéol%tgﬂ:axﬁﬂg cx]Jrgth%F]d.%F cizé'ﬁp?ebiaf

limts, and erein the predicte current rate an e target

rate are defadlomisned according to: _ ~S~+nPxSp~naxSa) BRpredicted rl

+yl p+n~> ER = BR + K x \CSaverage O Starget) 1 ' target predicted 2 05,
average 25 , n b p~ ~ P4 7?7~ Tdb~ , ~ SGS/ 50242 1 ~ July 2002, , ,.. , ,.
,. " ., -26if (BRrars~r > BR',a~) , th BR, zrs-~r = BR',~if (BRrr,rget <
BRmn), then BRrarB~r = BR"",pyhe ee is said predicted current
bit rate, BRr~ g~r is said targé? @ & BRYL.5,/pBRir¢ raiep said maxi numbit rate,
BR ~" is said mninumbit rate S,, Sp, SB are nunber of bits generated by
said previously encoded |-, P-, B-pictures, 10 respectively np is a total

nunber of Pwptretlreds vimualhwfigr SuipessfofgioresnoadingrIB B-s oa Brpttate, mpadiest (afér

B-pictures in the.gro | .ChLUIE i s.a,constant .or f act or. of
BRp, ~~, ~: ~d, BRQ,%E!Q? e%glg R%Br)gg\yl %gsd?fgﬁ;%?ga&lt(»}ieen the bits usedaby 8" MB 2hHhPbics

allocated 10 the MB based on the corresponding 7, , 4,
a set of iniual values for D), D, Dy may be assumed at sequence start, and

10 K, is a constant (eg. 31).

Adaptive quantization 218 may be applied in which the determined QS,; is scaled according
to the local actvides of the MB as generated by MB activity calculation process 216 and the
average MB activity of the previously coded (or optionally current picture) as produced by
15 the frame activity average process 217. Example implementations of the MB activity
calculation 216, frame activity average 217, and adaptive quantizartion process 218 are found
in MPEG-2 TMS5. The output quantization stepsize (QS) is used to quantized DCT

coefficients of the MB.

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

25 stepsize (0S5, used for coding the picture since it indicates roughly the amount of
quantization noise in the encoded picture. In this method, the target quality set at 219 is

defined as the target reference quantizauon stepsize (QS,,,.) Three different 95, ., values



15 1~. Arrrethod as clainmed in claim10 or 14, including deterrni.ning a

nunber of bits R remaining for encoding the group of pictures conprising

the steps of: before encoding a first picture in a said groupq8jy@Edares,
t

determning R according tor R+ ~~'~ XBRrarger' |hen set BRoj~ Targe
BRtarget picture rate where: 20 , N is;ghe number of pictures in the group
of pictures, ._ piczure_rare is the nunber of pictures encoded per unit

time, and BRtarger is said target bitrate, and before encodi ng each
subsequent picture in the group of pictures ) determning R ?~ according to
_(w+,~t )y  RT Ps X(BRtarger B~oi~ larger) s~ then set BRald Larger
BRrarger picture rate rt ~~~r~t'GV1-~a SGS/ 50242 , , ~, " 13 July
2002 where: NP and NE are the nunber of P- and B-pictures renmaining in the
current group of pictures, BR ~rg is a subsequently determ ned target bit
rate, and 5 Sis one of S,, SP or SB according to the picture type of the
previ ous| y T cRsdEH apt 18 faF eorresgondingnkt Ro @ S-RiFuTesedlermativglyi e valpes qaptbeer
conpri si ng d&gﬁnﬁfz@gzz of : obtaining average quanti zation step sizes Q, Q,
Ca from previously encoded |-, P-,Bpictures, respectively; and 10

det er m ni ng t he QSag.gbr Hpicura$ Fo@aj.j.on TI, TP, TB for a subsequent
respective |-, R © - piLcture cording to: T =1 NP XP Na XB 1T , X~ KP
~Xf KBRP _ NB-ns-""NB{DRE- ESKBKE% T — = NB+ N~ RrB XP KP XB where . 1 ~
Y, =8, 50, X @Sz, S6rChickRs= B> @8, . KP and h'B are constants. 17, A

met hod as clainmed 1n 16) wherein the target bit allocations T,, Tp, Ta have

alowr E~~~ ..e;.~~~a ~a~.rrP~i:~ ~ii~a SGS/ 50242 ~ ~ ~ ~ . '
- T 5 whérd RYhn BOPLconsmn which oan be experimentally determined (example K, = 1.0
£
and K, =1.4). ¥

10 A further condition may be applied to the final QS,,,., for B-pictures such that it is not lower
than the QS,..,q, Of the last coded I- or P-picture so that bits can be efficiently used 1o
improve the quality of anchor I- or P-pictures first before improving the quality of the B-

pictures.

15 In the process of Frame Quality Measure 220 process, the target quality 0S,,,,, is compared
to the picture quality QS,...,,.. Since a higher value of (S,.,,,,. implies higher quantization
noise and therefore lower encoded picture quality, when the value of (S,,,,. is found to be
higher than QS,,.. the difference of the two vatues will be used to increase the target bit rate
(BR ) 2t target bitrate estimator 222. On the other hand, when Q5,...,,. is lower than

20 QS ecr BR,,pe 15 decreased at target bitrate estirnz‘nor 222. Optionally, the value of 0§,
may be used at the rate controller 215 as a lower limit for the final ourput QS , value so that
when this targert is reached (target quality reached), bits are saved for future encoding
immediately. Hence, the outpur reference quantization stepsize at rate controller 215 may be

set according to:
if (@S, <OSureer)s then 05, =08, -

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



L, limt Tn"" determned according to. BR | arger mm K3xplcture rate where K
is a constant. 18. A nethod as clainmed in any one of clains 1 to 17,
wherein the target bit allocation 5 is used to encode an input1pngQ032
conprising the steps of: deriving nmacrobl ocks fromthe input picture;
cal culating a quantization step-size fqr;, each said macrobl ock accordL-~g to
the target bit allocation and its utilization; perform ng notion
conpensation if necessary to each nacrobl ock; 10 frequency transform ng
each sai d macrobl ock or notion conpensated macrobi ock; quantizng each
transfornmed macrobl ock using the cal cul ated quanti zati on step-size; and
codi ng the quantized macroblock. 1 ~ 19. A nethod as clained in claim 18,
wherein the target quantization step-size is used as a lower limt for the
determ ned quanti zati on step-size. 20. A nethod as clainmed in claim18 or
19, wherein z1'~e determ ned quantization step-size for each macrobl ock is
nodul at ed b§. Hocdr Fels JGRG mey Baedamtcoc o areid aney eximaiongrioadf 6pmpIgRPcal
t he; quartization.} e : i t u i i Lep-size. ?
1 sant r g8 B ® SRR MR RSB e B s BRIy SRR Rl
conpri fsi Nng: comBist apalnethod of &Eﬁl;bitﬂﬂe &gﬁx&ﬁigﬁtorﬂ%ﬁ:ﬁmﬁ exeerm@gdi prgdiguireg 2 biyxlmean
i nput for regeivin per and lower bit rate limts; and 25 a cqntr er
for controléﬁ%gmvhgaﬁﬁ@@ﬁé?mgﬁ°hﬁﬁtU”@ﬁﬁ%gésE?dﬁ%%ﬁFoﬁﬁ%“ﬁﬂé?ﬁ? 'aﬂ@&*ding
-1 1 10 2 diah@ehndRbdmdrdb & nbiut Bigl: bidieUBRE! ) 3D ghe L ORI bilhit edi@dRorl 220ibhsed
predict a current bit rate and an encoding quality based on the result of
t he encodi i} he sfriedciehet miecaditgdiffaenia Servtent BS..at 21d@8t.-ondhepedidEd
pi cture wi tgf arg i i ual | i target bit
Pate o treEtah o AP vl LR OBLE) bhy be BRERAR WoibRE. | BTOC1
SGS/ 50242 ; , ~ ~, 13 July 2002 ,. , , according to the result of said
conparison and the predicted current bit rate for encodi ng subsequent
pictures. 22. A control apparatus as cl§rred,+mxEpHai m 21, wherein encodi ng
the at |east one picture 5 bas€dmamed iz LgeLPprt rate includes
determning a target bit allocation for the %Iﬁfeast one picture using the
target bit rate. 23 A control apparatus as clained in claim22, wherein the
pictures to be encoded are arranged in groups of pictures conprising an
| -picture and at | east one P-picture and/or B10 picture, and wherein the
controller adjusts the target bit aIIocatiggSfor eagh picture or plurality
of pictures in each grouBRQf, PBRLUS s K24. —<fparatus as cl ai ned
inclaim2l, 22 or 23, wheréln the picture enc@iwg.quality is based on
encodi ng quanti zation step-size. 15 25 . A control apparatus as clainmed in
claim?21, 22 or 23 , wherein the picture encodin uality is based on~a
‘near sqfare e: Ffd%fz > BRyg), then BHopye = B, 74 g

if (BR,,, < BR..), then BR,, .= BR,;

arge arget

ryet

where

S, Sp, Sy are number of bits generated by previously encoded I-, P-. B-picture,
15 np is the total number of P-pictures in the current GOP,

ng is the total number of B-pictures in the current GOP, and

K, may be a constant, or a factor of BR,,.scwar BRuaxs OT BRypryer

The new target bit rate (BR,,,.) can be computed after encoding each picture or after
20 encoding a certain number of pictures. The bit allocation process 212 and the rate controller
215 are updated with the new BR,,, ., value once it is determined. An embodiment of the bit

allocation process 212 comprises the steps of:

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



26. A control apparatus as clainmed in claim?21, 22 or 23 , wherein the
“picture encoding 20 _quality is based on a signal-to-noise ratio. 27. A
control apparatus as clained in claim25 or 26, wherein the cag_kiy 2602 er
includes a |l ocal picture decoder aid a conparator for neasuring a
difference in picture encoding qualitydetween corresponding input and
| ocal |y decoded pictures. 25 28. A control apparatus as clained in claim
27, wherein the controller ;ncludes a picture activity processor for
measuring an average picture activity fer the noving pictures, and '~
wherein the controller nodifies the neasured difference in pictur a
encodi ng quality on the 30 basis of the average picture activity. f9 r~r~'V
l L~ 'aidnf ~ S~ ~~~~u ~~e SGS/50242 , , "t .t o~y ~ 13 J;ul'y |
2002 -30- " ", ., , ,29. A control apparatus as clainmed in claim2S,
wherein the controller includes a signal-tonoi processor for neasuring a
si gnal - t 0- noi se!St3k feg12{TRe BHm eéagp”so%@g‘ﬁﬁdéf?it%é ‘encoded picture, and a
bit rate predictor for predicting the current bit rate, and wherein the
controller adjusts said target bit race based on the predicted current bit
rate and on a difference between ~ the neasured signal -to-noise ratio and a
target signal-to-noi seRtatip—as—s&¥ R .arket sopifdturr.c8Caging quality. 30. A
Cpictyre. rate o . . . .
control apparatus as clained n ¢laim 21, wherein the noving picture
encoder includes a frequency transform coefficient quantizer for
quanti zation of the encoded picture 10 data, and wherein the controller
conprises a bit*F&te controller coupled to control the quantization step
size of the quantsiBELhumiRr ¥ pRkIrEah HRGOPep size conparator for conparing,
as a neasure of encoding quality, an actual quasitization step size Yvith-a
target gtianti zdt Fdhbeferepiasi of segigsedd abh t he target picture encoding quality,
a bit allocatiaqn_ to control the bit rate controller
according to aﬁnuﬁ%%%eag‘/fﬁ%ﬂ@gwéﬁ%} ning for encoding a group of 15
pictures, and a target bit rate estimtor coupled to receive the upper and
| ower bit rateimts.and coupled to the bit. all ocati.o ocessor and the
bit rate ¢dntr gd?eé‘?“sef’éﬁﬂ%@ﬁwegt? ;g? ﬁ%foeg ﬁé‘oh%ﬁﬁfﬁtiﬁﬂrﬁﬁfégcﬁ Aog 2 PR & ui r ed
bit rate for tBRrasamr zed deleahide® REatupdhisngR ki Eiveh Byt he upper and | ower
bit rate imts. 20 _ 31. A si ngl e pass variable bit rate video picture
encoderIQ:orrpri sing: a picture input for receiving data for a plurality of
novi ng pictures; a target quality input for receiving a target quality
measure for encoggg Wﬂ%?eg n e_nfcg%der utput fo suppl%g encoded
picture data; a |Tp,g@;g,l;,bnqﬁ g put’ poerze’ec F?/isﬁ’gbﬁﬂépew‘ erdeiover bit rate
limts for the encoded Z5 picture data; a bit rate predictor for predicting
a current bit rate; a frequency transform processor for frequency transform
encodi ng pictuwierdata fromthe picture input; J y a coefficient quantizer

for quantizing the encoded picture data according to a 30 quanti zauon step
size; an encodMngldet® 3F BEEReh Branf SrPifuES JFTHGINgrn shcedreagCRRal i ty of

quanti zed Pncoded .. H,. ~r.~~y~"~~ ~ '"r' ~'=~JiF
c) Obtaining the average quantization stepsizel(Qp Qp, or Q) from previously encoded
15 pictures (I-, P-, or B-picture respectively) as determined by Frame Q Step average

process 213,

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

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

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

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



SGs/50242 ., ., ;" ;" ", ~ 13 ,July 2002 -31 - ." " ., pictures;
“and ‘a bit rate controller for dynamically controlling the quantization step
size of the coefficient quantizer based on the predicted currqggugk%ﬁﬁpte
and a conparison of the target quality and the neasured quality s at the
encoder output remains within the upper_and 5 lower bit rate limts. 32. A
vi deo picnire encoder as clained in clB¥m 31, wherein the pictures to be
encoded are arranged in groups of pictures conprising an |-picture and at

| east one P-picture and/or B-picture, the bit rate controller including a
frame bit counter for a nunber of remaining bits 10 avail able for encoding
a group of pictures, and a bit allocation processor for controlling the bit
rate controller according to the renmaining available bits so as to adjust a
target bit allocation for each picture or plurality of pictures in each
group of pictures. 33. A video picture encoder as clained in claim31 or

32, includig)g a muRl! daersmmpahaiafer dumbef O biG QIPEL I}§ Db @e®r cOR iHeY

w th the nmeasured encoding quality, and wherein the bit rate contr oller
control s the quaHITER¢teNs- sh.ep of %efObagewian l-a Fdi 61f Bipéutere apregivkse ot he
target and neasg&ggmgu%yities. 34 A video picture encoder as clained in
claim32, including & quality conparator for 20 . conparing the target
quality with the nmeasured encodi n~ quality wherein the bit rate controller
adjusts the target bit allocation to achieve a tar get bit rate for the
picture or plurality of pictures-in each group of pictures which is
determir_ed on the basis of an ot put ngm1$a[§*quality conparator. ._ 2~
3~ A video picture encoder as ClainEHhiﬁféh Pm-31, 32, 33 or 34, wherein

t he neasured encoding quality is based ofet ‘ﬁuantization step size. 36. A
vi deo picture encoder as clainmed in claim33) including a | ocal decoder for
decodi ng the quanti zed encoded picture data, and a quality neasurenent
processors for determning a 30 quality difference between correspondi ng

i nput and locally decoded pictures. G~ .~ ~~~ ~  ~~ ~ ~~ ~Yy ~s . ~a-
SGS/ 50242 ~ ', Y, o~ o~ 0, 'T~_, ; '"R13 J,~ul,y 2Q02 .,. , " ", ,~,
-32 37. ~ A video picture encoder‘fas clagyngd xn claim36, wherein th

gual ity neasurenent processor deternng%é%;%}ﬂference i n signal-to-noise
ratio. 38. A video picture encoder as clarngd in claim36, wherein the

qual ity nmeasurenent 5 processor determ nes a nean square error. 39. A video
pi cture encoder as clainmed in claim36, 37 or 38, including a picture
activity processor for neasuring an average picture activity for the noving
pi ctures, and wherein the quality neasurenent processor nodifies the
measured difference in picture encodi_ng gRlality 10 on the basis of the
average picture activity. 40. A vifdeo PiINtKL e encoder as claimed in claim
37, including a signal-to-noise proc = measuring a signal -to-noise
ratio for at | east one previously encodedﬁm‘éture, and a bit rate predictor
for estimating a current bit rate, and wherein the bit rate controller
adjusts said 1 ~ target bit allocation based on the estimted current bit
rate and oWheredi fference between the measured signal-to-noise ratio and a

t ar get signal-tg-gqizf f§£t959@,5%hq=%?tget pi cture encodi ng
J 1 v 4 4

K, and K are conszants.

10 A minimum value (T,,) may be set as the lower boundary for 7, 7,, T, For

example:

BR

targer

K,xPicwre_Rate

min , whereK, is a consiant (eg.8)
Figure 3 is a block diagram illustrating another embodiment of a one-pass variable bit rate
moving pictures encoder 350 according to the present invention. In this embodiment, the

encoding quality 324 is determined by comparing the original input picture taken from input

15 300 and the locally decoded picure 325. Convenuonal methods such as the mean square



quality. 41. A video picture encoder as claimed in claim31l, including a
“quantization step size 20. conparator for conparing, as a neasure of
encodi ng quality, an actual quantization step size with a targ@‘{
guanti zati on step size based on the target picture encoding qua |t a bi t
al l ocation processor coupled to contro the bit rate controller accor di ng
to a nunber of bits rernair~ng for encogl ng a group of pictures, and a
target bit rate estimator coupled to receive the upper and lower bit rate
limts and coupled to the bit allocation processor and the bit rate 2~
controller for controlling the quantization so that the required bit rate
for the quantized picture data is wthin the upper and lower bit rate
limts. . .,~,~"S ~~~il~~3 .a" ~c~y3 'S 13 July 2002 33 AMENDED CL
Al MS [received by the International Bureau on 12 March 1999 (12.03.99);
original claims 1 to 3, 9, 13 to 17, 21 to 23, 29, 31, 33 to 35 anmended,;
remai ni ng erar h@sﬁh@m@ng@@alctomonsega@bfss)f‘imlmcaqurﬁé@ﬁbap #s6d 2y earipRbEan. bTHIS r at e
control in i ing a
Carger pi cOaParCd St Eh e Sl Ol BiEREREa0 v AP LB MR TR SOUERY 0.
encodi ng atily.esien tlnaencpjdmng.ehistww@mhzm tharaggedt qbam} JtAé ey bi‘miare etsmkaoxupper
and | ower raze limt ictin rate and an, encodi ng
qual ity bag M Heiqq%mf@ég’l”?g(ﬂ‘g ‘F\é’”f’% 3“81"&“ ‘% g’t"’eﬁﬁ"o%%ﬁﬁ*‘iyn‘@h’tbﬁ@ [E%Odl ng
qual ity of HehgreatquhBestheQR@eehEREeesRidiedr € Wi th the target picture

encodi ng qual i ty, adjusting the target bit rate within the upper and | ower
bit rate limts according to the result of said conparison and the

prodi cf ed Uik ERbicfiit of Befuen rAbENEATbNG RS EAYEALPLGEL Uil hBaABhr
repeating, for picrtre in a seqguence pictures, sald enco |nj, g
predicti ng}ncomnppmmm_ranﬁa@chfulsdse pigrusss ey beZiveA angtheccodmgaymiafedhdrd-,cl ar-m

1, wherein tl ng. at | east cture, 2

target bicFP rQngl'cﬁJJF @.&% 8‘?8@ TR SHE %fr‘g cghz By @63’1“?@?%%% “at
| east one Rhfdardseriddi ieg uifid! arsued Bihhicuéd encludle MotidH RQMnaAen Cloal MRgiohn
claim2, wherein the pictures to be encoded are arra_z'ed in &noups of

pi crsres cWﬂ%ﬁ"-‘r@oéndlﬁJﬁF eesinerngprn 4. DédstoeBinienPaysrdzaipe 3ehane fun-
B-picture,, N t, ) Rbdiapl g qr ﬁach
pi cture or pT ura | ty 51?‘;{ p?c%dt]%rre?{]?% ea%‘llgl gr oufoga&r(t)1 ‘9%. t%ﬁ?%w%ggcﬁfo thod a
cl ai ned i nfroheabufied3012s osedFpr sthengihe itfve pisiuctsuioe reevrd et gnapd puatiesstng nesqucsed
on Cncodi ng quanti zation step-sire.

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

stepsize for the DCT Coeff quantizer 303.

The coded pictures are locally decoded by inverse quantization 309, inverse discrete cosine
wansform 310, inverse of the motion compensation 303 to form the locally decoded picrures
25 325. It is stored in the frame buffer 301 if necessary for future prediction use (ie. anchor
pictures). The locally decoded pictures 323 are used with reference to the original input
pictures 300 for encoding quality determination 324. The determined encoding quality is
compared to the target quality given by 319 at frame quality measure process 320. Itis also
possible to offset the determined encoding quality by the picture activity (4CT,,,,,,.) before

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



30 13 July 2002 34 5. A nethod as clained in claiml) 2 or 3, wherein the
‘picture encoding quality is based on a nean square error. 6. A nethod as
clainmed in claiml1, 2 or 3, wherein rape picture encodi ng qualidtjuly 20®2sed
5 on a signal-to-noise ratio. 7. A method as clainmed in claim5 or 6,
wherein the conparing step includes ngasuring a difference in picture
encodi ng quality between corresponding input and |ocally decoded ~
pictures. 10 8. A nethod as clainmed in claim?7, including neasurlng “an

average picture activity for the noving pictures,. and nodirying ~' ~e
measured difference is picture encoding quality on the basis of the average
picture activity. I S 9. Anmethod as clainmed in claim8, including

measuring a signal-to-noise ratio for at | east one previously encoded
picture, and determining said target bit rate based on said predicted

current biige L9l ARei0f fhf LRERNBE MebheeRol bemastied Bhanabyly ol se

ratio andatargt Sl noise ratio as sal "Eosre
quality. Zﬁteh&)mcd\bmm agndhadinoie ra, Glh@lrméresmhﬂgehfbdxrhESquIQddlthredce

current bi ate and the tar it rate r erm ned according to:
S-1 hLot - kg 5, B publior il elymidig TG Ehanay (& rna xSo 3 X
S8) 7' B ~predrer~d - 1 +n +n P B) BRrnr;~r - BRpr.~,er~r Xr, X

BRrrrrr.,tr X SNR ,;~ where: 30 SNRP, ~""~ ¢s the measured S|gnal-to noi se
rauo, 13 Jul YNBQO2 BR.sl VidWRam, 1 & #itLakget signal -to-noise ratio,
ACl-a,~rnt~ is t~' ~e neasured average pixel activity, K and KQ are
constants, SNRd;~ is the neasured difference in picture encoding quality) 5
BRpr ~; ~ i swhefee predicted current bit rate, SI, S~, Sg are nunber of bits

generated by s previ ousl ncoded |-, P-) B-pictures, respectively nPis
a total nurroeSlMg’fﬂ“"lj ec‘f”l?r‘%g‘?f”?fog’l?é q{i_?lbtﬁﬁ“ ”rf)i”é ures) n$ is a total
nunber of B-pi §AR[ €95 1h8 tdrf® gAY ReMhabR £I3UDES,

10 K is a constant (eg. 0.018), and

ACT 4eraye is the average MB luminance block variance.

One method of adjusting BR,,,., based on SNR,; at the target bitrate estimator 322 is given
by:
15
BRypg = BRy it + Ko X BRoyrens X SNRyr

it (BRyrger> BRpgs). then BR ..,
if (BRyy. < BR.,). then BR,,

= BR,,
= BRW"

argel min reel

where
BR, caiea 15 the result of bitrate predictor 321,
BR rens 15 the previous value of BR,,,,, stored at current bitrate 323 memory.
K, is a suitable constant,
25 BR,.. and BR_, are the maximum and minimum bitrate set at 311.

min

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

wrpel
target bitrate estimator 322 and perform necessary bit allocation and bit rate control such that
the resulting compressed moving picture bitstreams will have encoded bit rate close 10 BR,, .-

30 Exisung techniques of VBV (video buffer verifier) underflow detecuion and protection may



.10 BR~,~r"r is a previously detenrined BR~-,a~r, and BR-,ra,~ is said target
bi t rate 1. Arzethod as clained in claim4, wherein said target picture
encoding quality conprises a target encoding quartization step3gup@0025 |2.
A method as claimed in claiml I, wherein different target qua_2tization
step-sizes are selected for |1-, P-) apg B-pictures. 13. A nethod as cl ai ned
inclaimll or 12, includuzg rr:easuring an average quantization 20
step-size for at |est one previously encoded picture, and deCerm ntng said
target bit rate based on said predicted current bit rate and a difference
bet ween the target encodi ng quantizati on step-size and the nmeasured average
quanti zation step-size. 14. A nethod as clained in clairn |13, wherein
maeimum arid mninmumbit races are 25 sel ected corresponding to the upper
and lower bit race limts, and wherein the predicted current bit rate and

the target_bit rate det er m ne ccordr ~S| ' ' | 7PxSP~] TBx SB~

B pr edntr J A it B eoeh e DT Bt e martym BESS dots
~~, Savt r agtsiear @meeliblaBdl a t| B R rtdi. ttd+ K ~. ~~avsrage 1 t (BI ?2~r a~,
>BR',~, then BR~r~~ =B ",~if (BR-ra~,< BR',;"~, then BR~r$ = BRmn
where i .wn 5 BF.pr~,;~~ is said predi cted current bit rate, BR~r3~ IS
sardtarg tam ARS S Jgua@

m ni num br%%“ms% tﬁeg&%ers@?rgggﬁ’é" ﬂdﬁ Q@Gm bi t@%ggétsgég t@g aﬂ(séaﬁ (5‘ pr eVi ousl y

encoded S qualiB, theBnpoditguqasty wtn)amespecmvengelnyam@hnat rarotmtmlrryndrrbeuh ofay

tPh gi ;t ure | nﬁ#“@ﬁ&%&’%&%ﬂ %imﬁ ¢ bit 6%%‘?‘3[:"1‘% tgpé g.&tgb il &bcgmp%%?% pigiures in

BR', ~, oOr agy ﬂr\él@p@dtﬂﬁpf@tds cah Be baxermﬂmtzhedmﬁss & Abv¥ing pﬁﬁhrésnsc.SrlealoﬂﬂeﬁtO or
4, ircludi::d deter:ninig a nunber. of bits . remai ning for encodr ng the
group of MTRHEs é%ﬁp?fiﬂé?fﬁﬁpfdﬁeq‘ét‘@/p%f 13§ en%é%meve&arsarrrfgseauer’rfrvgt 8%i cture

ina sardegarqy] ok Hérﬁtv\H ferBRL &f ik Rk finedRa@ecordin' to R pichlre rite
BRI a~er thelftpt o Lfﬁgreéer-BRl argelevrha%?e 20 N is the nunber or

picturé8 in the group of pi ctures,
Embodiments according to the present invention can accommodate simplified models for
estimation of target bit rate based on feedback and prediction. Overall impact to
implementation and computation complexity as well as memory storage requirements of the

encoder is minimized.

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

in the claims appended hereto.



.picture rare is the nunber of pictures encoded per unit tine, and BR',r~"
is said gasmiogytrate, and betore encodi'ng each subsequent picture in the
group or p~~~tures, determn~ng R .~~~n S~E~r raR~~r. F ~ 3@:)32685y 2002
according co f R+ - ~Np Ns~ x (BRrcrK.r,:picture rate wher

$Rol d-rarysr~ S~ then set BR | d target ZBRrargsr Np and 1~ are thé nunber of
P- and B-pictures remaining in the current group of picn:res, 5 BR~-rs~ is a
subsequently determ ned target bit rate, and Ss ene of S,, SP or Sg
according to the picture type of the previously encoded picture. 16. A
method as clainmed in claiml15, further conprising rl :e steps of: obtaining

aver age i;an i zat-ion step sizes Q, Q) @ frompreviously encoded |-, P-,B
10 pictu respectively; and determning the target bit allocation Tr,
T~, T8 for a subsequent respective |-, P-, or B-picture according to: R Tr

=1 + NPXP+ha Xs X, KPXt Ks TRPN+ Ns KPXs ~s XPT Re rV$ + NP
KB "~ KPl.xa ANENBEDSTETai@ie bCLEte] gyntrol1ig 3 gingle2pB2 Bevinh@ieudés encSierQr  xr
= SA Q@ Xa = ]&Qs | CP and KB are constants. 5 17. A nmethod as clained in
16, V\herceorrr‘Prf%e’tar get bit allocations Tr, Tp, TB hwe a lower limt Tnt,
det er ny ned acedddling@ thiget BRues endodiﬁ'g)@jaﬁt‘y.jr e rate

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

comparing and adjusting steps.

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

picture using the target bit rate.

3. . A method as claimed in claim 2, wherein the pictures to be encoded are arranged in

-~
A

groups of pictures comprising an I-picture and at least one P-picture and/or B-picture, and
25 wherein the target bit allocation is adjusted for each picture or plurality of pictures in each

group of pictures.

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

-

on encoding quantization step-size.

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



]
Where K, is a constant. 18. A nethod as clained in any one of clains 1 to
17, wherggid)spbas target bit allocation | Ois used to encode an .input
picture, conprising the steps of; deriving nmacrobl.ocks fron1%§e %ﬂﬁg%
pi cture; calculating a quantization:step:size far each sai d Mok
according to the target bit allocationzand its utilization; r ”~ pérformng
noti on conpensation if necessary to each n:acroblock; I5 frequency
transform ng each said nacrobl ock or notion conpensated nacrobl ock;
guanti zi ng each transfornmed macrobl ock using t:~:e cal cul ated auanti zati on
step-size; and coding the quantized macrobl ock. 20 19. A nethod as clai ned
in claim18, wherein the target quantization step-size is used as a | ower
limt foPT@HeCHet®MH fI8Y - quanti zation step-size. , 20. A nethod as cl ai med
inclaim18 or 19, wherein the determ ned qurntization step-size for each
macrob(ock is nodul ated by a correspondi ng nmacrobl ock activity maski ng
Factor, 85 anch tiethoduanizimed inmipinsl, georf o rwiedeio shenpjctuheemrodink apelity is based
quanti zation.st £5§ige.tz | . A control apparatus t'or a single pass noving
pi cturesogﬁcsbﬁé, CoMpfiing AM'IUTCTGTI'T. 'L / ADTTAT T~ ~ w13
July 2602 39 an input for receiving a target picture encoding quality; an
i nput for receiving upper and lower bit race limts; and a controller for
control | Fng t HeMEREEde FlagBpehid dagmeheliote jir e R db% EOTRREING| SEPUP € N aRSCBPAIFHBS t 0 a
target bit,: it hi t= e 4 : | L i L
carrent Bt e pe A e e o e TR op P Sy e
encodi ngpiccoapare the encoding quality of the at | east one encoded picture
with ti'~e target picture encoding quality, and adjust the target bit rare
according to the result of said conparison and the pr_dicted current bit

rare fior gencoqy pEmpubseauard irPdisily SicludtheZBeastrif©Bh hOtradPpRurdbétSvidStor
claimed in claim2? , wherein encoding the at | east one picture based on

t he t ar g&te BPYingaigurese parhesdidens themprsyscchdiffareget Thpictuf LRSSt OF he

at | east j Levdsidgitihe.Ligget bit rate. 23. A control apparatus as
claimed in clsgangnftgz,v\/\%‘ér%cn t%et ;l)'rctures to be encoded are 15 arranged in
groups of picn:res conprising an |I-picvirs a.-!d at |east one P-picture
andl or B_picture, .and erei.n the_controller adjusts the target bit

o ocat 1 8h { o BERAs EREE Belaih o BRIEPaPsREbes SenfSakih oot tres

pi Ct Ures ond frevi@BNédcoticdafpRtatU8 dagraindh S1ead tgdbad 1itedase?dn 04id 3edinBer €i n
the picture encoding 20 quality is based on encoC ng_ quanci zation

g . .
st ep- si zEWITEBE DIATHBADE OF AHPATCARLESHEC T INAiTREAAUICH SSITRI-FA-Dalse ppiopnd Zgtarget
wherein tsicn%Fto%&EéJfa%o%@%Qi@' t?%ﬁﬂ%!@%uké é’ndoﬁin%acgﬁiﬂtyon a nean square error. 25

26. A contT apparatus as c dinclam 22 or 23, ‘wherein the
pi cture encoding quality is based on a signal-to-noise ratio. 27. A Contro

appar atus.as cj ai in,claim25 6, . rein. con | Ler includes a
preiatpbinde ¥: Ot Rt QU A R S R
pi Ct ur® encatH 419 dateamidey a3€rbeween corresponding input and |ocal ly decoded

pi ct ures. .
S]\]Rd.yj“ = SNRmrge.' - (S‘IVRplclurz i Kj X Aaﬂvernge)
R -~ - (SI+nPXSP-LanSB)
predicted
(1+n,+ng)
25
BRmrgzr = BRpredlc.'ed + Ké X 'BRcurrcnt X SAerlﬁ'
where:
~ SNR e IS the measured signal-to-noise ratio,
30 SR 4 18 the target signal-to-noise ratio,
ACT . rage 15 the measured average pixel activity, i .'{;f:é
o
B0
Y



AMENDEI ') SHEET (ARTI CLE 191 13 July 2002 40 28. A cont, ~ol apparana as
ef ai med §RsP4G4B 27, wherein the controller includes a picture activity
processor far neasuring an average picture activity for theﬁfywigg
pictures, and wherein the contraller nodifies the neasured 1'% Rge in

pi cture encoding quality on the 5 basi 950f the average picture activity.
29. A control apparatus as clained in clairn 28, wherein t.~:e controller

i ncl udes a signal -tonoi se pr ocessor for nmeasuring a signal-to-noise ratio
for at Least one previously encoded _ picture, and a bit rate predictor for
predicting tl=a current bit rate, and wherein the controller 10 adjusts
sai d target b%;éﬁﬂkﬁ based on the predicted current bit rate and on a

di fference befwBBh"s AE 1388 ed signal -to-noise ratio and a tar get

si gnal -t o- noi SER! AfsliBe BreadudddditRraet iPpichité en@RGRdGingual ity. 30. A
control apparar?ss as claimed in claim2? , wherein the noving picrsre
encoder 15 i'n8Rudes 1atferreediersé gurreRirdf ¥ coefrici ent quanti zer for

quanti zation @f cth d pi [ =3 € GONgLr

dompri ses o bt ragd Lat i Fof UhBaiahey sRIGAIIEIE Rebsfa b Ponasi S,
size of the quapeduzely, a quantization step size conparator for conparing,
as a neasure of encoding quality, an actual quantization step size witi~~ a

target quanti ZaisioiRtad PEBIDET Skl BHEEAS ShibEBEORPIRIEMFiSenl re encoding quality,
a bit allocat}on DR4¢83@Er OBRI@G S &) G o2Pchikg bit rate controller
according to a number of bits rernainirg for encoding a group of picn:res)
and a tar;et BRL,.Jdbe pestipysiit dstermongd BA..4.0 décei ve ~e upper ar~d | ower bit
race limts agg co%pl%Fatot&Qeapit al | ocation processor and the bit rate
control I er foP eentr 89 PR tHé*Guanti zati on so that the required bit rate
for the a~-tantized picture data is within the upper and lower bit rate
limts. 25 31. A single pass variable bit rare video picture encoder

] P
conpri si hly:  a’pPERAr &S FIRARRAC 10 CHI fe FOFATH Y GEF 81 PETVE SFARE B30 BR8EH ng
pi cturesyn g 4,308 coatd! dubdridaNBh srepQlzer €1 - ~€~ving a target quality neasure
t' or encoded pictures; an encoder output for supplying encoded picture
data; 30 a bit rate lima input t'or rCCeiving uppCr and lower bit rate
l~mts f the encaded . .13 Ju 02.41.pi.cture data: a.hit rate.predictor
for predieti ng Bogar roreait ®ate 1T b R e R B b SBE S A
f r equaBcyeltcren sirdr PenadBi-pigupEsct ure data fromthe picture input; 5 a
coefficient quantizer for quantizing the encoded picture data according to
a quantizaci-on step size; an encoding quality estimator for neasuring an
encodi ngjgual iat ye@bdayenihaed cengaded 101 Gelia@ss mendridg RhtavEREE (GRNMARAbA er
for dynam cally controlling the quantization step size of the 10
coef fi ci BBP-SHAAPR 31285t (Rgael Ins Lt cecodedrietdice prdidgierrifg Spifttargal et Egibaged
conmparis f:a.3 ' Loos | S L he
ncoder - S0rpo PeRrRLHEh: BB e B0Grb bR AR P B Ak bt Rp ML
vi deo 0i efepistzeemdabe measired avenmd quantdadbms@p)sizeherein the pictures to be
encoded 15 are arranged in groups of pictures conprising an |-picesre and
at |east one P-picture and/or B-picture, the bit rate controller including
a frame Rt coURMBRod QF cRiRAHTRCELAE 15 € AERN ik SmayAl ndlkerf of: ;anpsoding a
group of pictures, and a bit allocation processor for controlling the bit
rate conselgtteércosrsepanding § te Upper rEhEIWAr Y railimtl enbitirrso the profdied] ust
a targel® i, rtnaéil ga%g%oo&efté){geterﬁ{’Pate%%tcfé{e?mﬁ)ﬂedpic&‘&%ldgttX; of pictures in each

group of "picture
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33. A video picture encoder as claimed in claim31 or 32, including a

‘qual i'ty or for conmparing the t3.rget quality with the neasured
encodi ngg%zifﬁ‘% and wherein tire bit rate controll.er contyro ﬁ éa
quanci zation step size based on:a difference between the té‘r.sng{Y §2
measured qualities. 25 34. A video pictye encoder as claimed in' claim32,
including a quality conparator for conparing the target quality with the
measured encoding quality wherein the bit race controller adjusts the
target bit allocation to achieve a target bit rate i'or the picture or
plurality of pictures in each group ot'pictures which is determ ned on the
basis of an outuut t'rorn said 30 quality conparator AMFNT1FT1 CFi FFT A
RTTI"T F t D1if (BE3,.Jul BR2002edBRS,., sABR,Ldeo picture encoder as clained in
claim 31, 32,. or 34, _ wherei he measured encoding quality conprises the
guanti zati on gﬁégfﬂsi'féR@é’. thgn é’fea _g‘légt”ﬂre encoder as ciainmed in claim33)
i ncluding a focal decoder for decoding 5 the quanti zed encoded picture
data, and a quality measurenent processor for determning a quality
di f f er en®BeMet ween correspondi ng i nput and | ocal |y decoded pictures. '1 37.
A videg pictupg encodefy ?& A Eﬁﬁgedt%itcrhéi m 36, wherein the quality
measurement '~ _PPfYcesso éiet ermnes a difference in signal-to-noise ratio.
10 38. A videBRpj cisael mrgeodgnratas el airned in claim36, wherein the quaiiry
measur enent péﬁcessor deternm nes a nean square error. 39. A video picture
encoder as clafmed T EREPHBEL 8% or 38) i::cludir.~ a picture activity |
S processor fgp nraguimthiANPYErAge picture activity for the noving
pi ctures, and whtrein the quality neas, ~remeat processor nodifies the
measur ed di f f & EA~Gere AUPPartal LEs EprpaEh §Y qaidipresiowwy etredpdsi $- oB-pidreres,
averagg pi C”:fe'% actbyity. -_ 40. A video picture encoder as clained in
claim37, inc Uai ng signal -t o-noi se processor 20 for nessring a
si gnal -t 0- noi sgisraatot2d nhmberatd P-pastres methpreevipospiyruesscoded picture, and a
bit rate predictor &gr %S;ti ing a current bi{ rate, a%d wherein the bit
rate control | & SZujolfd PET0ET OF PRIGRES 17 eATPHR 8t I Bad8Y en the estinated
current bit rafe Abchsemr ar Qificﬁcﬁ*@me,,%cgg,\mmg, bherevRaswred signal -to-noi se
ratio and a tzfget signer-to-noise ratio as said target picture encoding
quality. 25 41. A video picture encoder as clained in claim31, including a
quantijzatjon St eBuBLES clafRIRACALAN O 1£0IPRAG e ARidn MR AR, OF pROGOUI NG
qual ity, an acttal quantization step Sizeé wth d target guanti zation Step
si ze basethamng Her ¢raogdeg the etoup of eimradts ngmprisihg the, stepskift al | ocati on
processor couBr[ged to gontrol the bi.t rate controller ageor di.ng,t 0o a nunber
¢ bRIRGC §

of bits 30 ref®PH RYFEE HE FBUTTEYP Bi BFUP e CCARTRY Brie TG
rate estiomator coupled to receive 1/ T1Tlvw f.TTTA [/ ~ I~TlIt"'1r T -W
R+=———N————><BR . then set BR . =BR
piC rure_ra te targe: old_rarget target
where:
20 + NVis the number of pictures in the group of pictures,

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

BR is said target bitrate,

targer

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

25 according to
b

(Np+Np)
R+= pic!w'e rate X(BRlargel - BRoid_largel) _S’ then set ‘BRold_targe:=BRmrge.'
— {:&
mﬁ‘{ﬁv
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.13 July 2002 43 cf:e upper and lower bit race lirnics and coupled to the

bit all og&gﬁ&g ﬁ ocessor and the bit rate controller tbr controlling the

quanti za %4 hat t he required bit race for the quanti zegq_a Iéq dat a

is within the uppec and | ower bitt race lirnits, AVENDED SHEETYHN E 19l
.AYAR Al y. A" 2. AY?. A. Al . AHy. A9. AYyR A" 7. %&As A9y A ?. A A& ALy. A&e. Ay&y. AUs.

A(Le.Af.A,a.AnS.A.Af.A y. A u Af. Af.AH.AR A@. A{I. A .A@2. A3ul _. A

UE. AY_. AFY. AFe. AUFL. AL. A3_I " Ead" ~3] ( # &

~xsni d_ZU] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

"a] ca] ca] ca] c™a] ca] ca] cRa] cRaU] ca] calU] ca! S+0% XgB

ceg{vql ga\W ] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]ca]ca]ca] ca] ca]

ca] ca] ca] ca] cahemV] ca] ca] ca] ca] ca] ca] cal M O

+ " IHKHHH# PP S PP Y4 9088 &FE&E d Z
ca] cal] ca] ca] a@]uﬁ %&]%ﬁ@%@&f%ﬁ{@a Ic@fﬂ‘ ]:_ﬂa%é}aéca] ca %‘ﬁ]é&]‘% Lg?]\(
4(((){))Apl*c’fu'ﬂts ,,,,,,,

------ . L/ /{qu gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c
ay] ca] ca] ca] cﬁ]‘?c,a,] rsaa] pdpopEndy] deporibedjacadida] @ eafca! / 00000>111] 22y3D4x447

? E’Z]NEZ 52} 525 R ekt arei a2 B AT R S P R AR5 e

—————=—===7
l<J\/]<](c:<;]< §<6:t<0| ,\,f,s anethod as clamngec% K\lﬁ crlrat.]lrcn 1J %Jﬂ)nﬂrcgo]rgp%!s?n%] t%glstce% o?'] call ca] ca] ca

a] ca] ca] ca] calls;

’7]5@1”]@ ]BBB]B! C!%J&’CEC%%r %DD%EEEEU%%@S%@% J%( ’%/ﬁ?&x%@%; %‘} ca] I50\%] ca cg] 1(?’a] ca]
ca] ca] capicafren]reakcajaty]and] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca]calcalc
2 cal B! LM M YENEENDP] QUOHRSIIT R L0 LA L g, 230, (v 62 o2

V] c”a] c"a]ﬁec\{]ecadcﬁfd]iﬁgtd;ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca UUUUUUUUUVVVWWVEV* V+VEVKVQW VWVWV: WaW WAt oi d_ YTzt ng” ZSI g
U] caV] ca] ca] caV] ca] ca] ca\/] ca] cal.caV] caV] cr] caV] caV] ca V] c”aV]ca

V] cfaV] caV] ca] caV]ca V] c”aV] ca b] c’\a] g,a\{]rca]\;ca;]ca] caWNAKX X

XOXKXXXXXX) YBYVY| YYYYYYUZZZZZ[ | T ~¥s

U] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ch‘J]fca céﬁsca] cal caV]ca] ca

UV] caV] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca ") b6b9becgcd* eee;

fffXggj kkkJI LI'l _nmmZo] oo

prpppp*r}xsni dMY] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal *r-rrrrCsssst

tt=tDttttu#u%u, ubuRuXu_uuv/ v6vRv]"vvv~yt oi 47YTni d*] ca] caV] ca] caV] ca] ca] ca] ca
V] ca] caV] ca
V] cMaV] ca] ca] ca] ca] caV] ca] caV] ca] ca] d\a]»ea%e&q-ca] cal] ca] caV] ca] ca] ca] ca vYww

Ty = _R
< N, Kg X
K, Xy
where
15, X, =50, Xp=S50p X =350
K, and K, are constants.
17. A merthod as claimed in 16, wherein the target bit allocations T, T,, T, have a lower -
: o
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XXXxXxy, yzzzzL{{{{{{]. [ 7| F| Y[ h| x| | || | | {vpke”YSni V] ca] ca

W] caV] § \6 ] caV] ca] caV] ca] calca]c aJca}ca :

UV] ca] cﬁ%aﬁca ca] ca] ca] caV] ca] ca].ca] caV] ca] ca] ca] ca] ca .
[11]1})}s}}#~—-~y~—~~~~~ 3>Yaf n?4 xr mhc”YSni V] ca] ca] ca] ca] ca] ca\ﬁ é‘él}’&gg?ca] cajc
aV] ca] caV] ca] ca W] ca] caV] ca] caV] ca] caykca] ca] caj caV] ca] ca] ca] ca] caV] ca] ca
] 94| %2Jf hi j kemqr | voi b\ U} xr mhc”*YSni V] V] c”*aV]ca V] c*aV]ca V]c”aV]ca

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

UV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caruvxy{!*~wgj d] WRK|] vo UV] ca] cal)] ca
UV] cal] ca UV] caV]ca W] ca] caU] ca] calU] ca] cal ca UV]cal ca U] calV]c™a V]c"a
W] calVv] c*a UW]ca UV]caV]ca V]c”*aV]ca

V] c”aV] damt 28 asGemirgg Raeddingjtd. ZTa] V] ca] ca] caV] ca] ca] ca] ca WV] caV]ca

V] c™aV] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca

UV] caV] calfj ng: >AE+2kn| wr | ga\ V] V] calBrgy] cal caV] ca] ca] ca] ca] caV] ca] cal ca
V] ca] caV] ca] caV] ca] ca] caV] ca] caﬁ;

€ a| aV] ca] caV] caV]caV]ca).ORTY_c
egi j I npgsw} ~xqgi c\ UM wr UV] c*a WV] ca Vi é;ia\ﬁ cﬁi c’\V]a U]\/] c;q c";/]\/] c;/]\/] c?aU\/] c"a
UV] calVv] c”a UV] calV] c™a UV]caV] ca

UV] ca] c"@}l \Agg\gz\;]adnﬁé%(ﬂ] ca] ca] ca]caV]ca] ca) 79WZI | {uoj e [ VQUV] ] ca] ca] ca] ca] c

aJ caV] ca ca] caV] ca] cal] caV]cal] ca WV] caV]caV]ca

WV] caV] caV] caV] ca
e A T PR S e o

ca] ca] ¢asRis&d t6 encode an input plcture comprising the steps of:
ADJU, @ 2zt oj e ZUca] caV] ca] calca] cal caV] ca] caJ ca] ca] ca] ca] caV] ca]caV]ca]ca]c

aV] ca] caV] ca] éaviearea]cbtogke Fpanthe AnuE R]EaV] ca] ca
2NVOQT+1bi { muf Mal M V¥ gld-cakeal GailicatsradaR WG AP GPaccording to te target

bit allocation and its utilization;
performing motion compensation if necessary to each macroblock;
10 frequency transforming each said macroblock or motion compensated macrobiock;
quantizing each transformed macroblock using the calculated quantization step-size;
and

coding the quantized macroblock.

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

a lower limit for the determined quantization step-size.

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

20 the.quantization is performed using the modulated quantization step-size.

21. A control apparatus for a single pass moving pictures encoder, comprising:
an input for receiving a target picture encoding quality;
an mput for receiving upper and lower bit rate limits; and
25 . a controller for controlling the encoder so as to encode at least one picture according
" oa target bit rate within the upper and lower bit rate limits, predict a current bit rate and an
encéding quality based on the result of the encoding, compare the encoding quality of the at

least one encoded picture with the target picture encoding quality, and adjust the target bit rate



.WV] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]ca
AC8" +U\ g§ % ] Wfa\Wa] V] ca] ca] ca] cal ca] ca] caV] ca] .caV] ca] caV] ca] ca] caV

]ca V] c~ 5]5(‘,%@ %}ca}ca

UV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] cal VP g‘VQSor] " PR| wa.gb] V\ﬁdk‘%%ﬂﬂg] cal ca]

cal] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca\/] 02@ callca - ' '

WV] ca] caV] ca] caV] ca] ca] cal] ca

UV] ca] caV] ca] caV] ca] caRSTUWKZ[ ] N c{ #- 2CF| wr mhb] WR| wgl gb] W fa\ W caV] ca] caV] c

a] ca] ca] ca] cal] cal] ca] cal] ca] caV]caV]ca V]c”aV]caV]ca V]c*aV]ca V]c"aV]ca

V]chaV]ca V]c*aV]ca V]craV]ca V]craF[ "rx %A;

$57: ?vs~ysnhc” YTl fa\ W] ca] ca] ca] caV] ca] caV] ca]caV]ca V]c”aV]ca] ca] ca] c™a] ca

UV] ca] cadfcoadina VW clzg ceaVt od]seid\doorgaciadrc anf ] waVicwd] aamoce &it) ra@3okkhopkieg [ Ul f

a\W]V]calc C]ejﬁ \/écg]éca\q ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] cal] cal] ca]

caV] caV] %%\5/] fcra] ca] cna] ca] c*aKMNSTV] i knbsvwyz| ~0;

Zn} wr | gb\ V\Q{vpke [ U faU] ca] caV]ca] ca]caV]ca]caV]ca V]c”*aV]ca]cMaV]c a]ca

cMaV] ca cMaV] ca cMaV] ca] c™a] ca cal ca cMaV] ca cMaV] ca

a c"a>1/] T?&W<>W\Qﬁﬁpbi\1§mw1}\g]%§ LAF mﬂléw\iaﬁeaw\@ﬂamdanvg] & ?k\i/]aU}Sbg]I}Q:m]:@la] calc

ay ca

Q Lies osrt ek oR) R R AR et M L EBR 18, e g

aU] ¢ a] cpiatdke using the target bit rate.

a] ca] ca] ca] ca] ca] ca] ca] calcalca]calcalca]calcaljcal HIACE *jx)I _v

+zupkfa\Wd_zU] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c

aUc a Wjc ay] Grdldl Gppararus as claimed in claim 22, wherein the picrures to be encoded are

arranged in groups of pictures comprising an I-picture and at least one P-picture and/or B-
10 picture, and wherein the controller adjusts the target bit allocation for each picture or plurality

of pictures in each group of pictures.

24. A control apparatus as claimed in claim 21, 22 or 23, wherein the picture encoding
quality is based on encoding quantization step-size.

15
25. A control apparatus as claimed in claim 21, 22 or 23, wherein the picture encoding

quality is based on-a mean square error.

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

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

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

between corresponding input and locally decoded pictures.

o
wh

28. A control apparatus as claimed in claim 27, wherein the controller includes a picture
acrivity processor for measuring an average picture acuviry for the moving pictures, and
Lo

wherein the controller modifies the measured difference in picnure encoding quality on the

30 basis of the average picture activity.



ajcajcaljcaVlc a W]c a]ca]caJca]ca

+690[ ~! L~yt 0 V]]]ca] ca] ca] ca} ca] ca] ca] ca]ca] ca]c aU].c a] caU] c

aV] calc %Q;-] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] c aU]‘c

ali =DnD7=JMB-}xsni d]W1]]V]ca 3Ju|y2002

UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cakeal ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca]ca! &; QX[ eytoid Z caV] ca] ca] ca] caV] ca] ca] caV]ca

W] caV]ca W] ca W]caV]ca W]caV]ca W]caV]ca UW]caV]ca V]ctalc”a V]cra

UV] cal] ca] ca WV] ca] cal] ca#[ e*gj sCF

nzupkf a\ WAV] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] caV]ca] ca] ca
] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca <WZgj knr wx~{ uohc\ VPK] cal] caV] ca
WV] ca] caZSU\/] caldooav] zp@axlanqscaav]aba&d] ioalaﬂv]?@awrmﬁathl:m)mmw] cicqudegvVp seoMoA a

OB v T b TR e AR o LR LG horte BT £230 R one previausty ensptest cag
caV]ca] c &%%@%&@M%L@@U} 6@ MI@ ae\fhﬁamtgvd e SAQ Aeadh W e m@ler

ytni d caV] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca W] caV]caV]caV|ca

W] Ca] Caz}dglas\;q sa/ e gt ONahiedRes] Q;Jat]nga}qg]é(:]t@chmrc@} by rate and on a difference berween

;)/]egig%l Cé %a{y}gg Z;;Mtg ]o%@]rgng ]agél \él I%UCYISIGDQMOQY?OB\Q Pa/t\i%vzlscs%id target picture

encoding quality.

30. A control apparatus as claimed in claim 21, wherein the moving picture encoder
includes a frequency transform coefficient quantizer for quantization of the encoded picture
10 data, and wherein the controller comprises a bit rate controller coupled to control the
quantization step size of the quantizer, a quantization step size comparator for comparing, as
a measure of encoding quality, an actual quantization step size with a target quantization step
size based on the target picture encoding quality, a bit allocation processor coupled 10 control
the bit rate controller according to a number of bits remaining for encoding a group of
15 pictures, and a target bit rate estimator coupled to receive the upper and lower bit rate limits
and coupled to the bit allocation processor and the bit rate controller for controlling the
quantization so that the required bit rate for the quantized picture data is within the upper and

lower bit rate limirts.

20 31. A single pass variable bit rate video picture encoder comprising:
a picture input for receiving data for a plurality of moving pictures;
a target quality input for receiving a target quality measure for encoded picrures;
an encoder output for supplying encoded picture data;
a bit rate limit input for receiving upper and lower bit rate limits for the encoded
25 picture data;
a bit rate predictor for predicting a current bit rate;
a frequency. transform processor for frequency transform encoding picture data from
the picture input;
a coefficient quantizer for quantizing the encoded picture data according to a
30 quantizaton step size;

an encoding quality estimator for measuring an encoding quality of quanuized encoded r:;‘,{::‘



V] cMaV]ca V]c™aV]ca V]cMaV]ca
chaV]c caV] ca] ca] ca& 69’?hlo~ Lpt\” I'|:wr mhc”"YTV] ] ca] ca cajca] caj ca

c/]a] ca]/]c g@%éﬁa] c/]a] c}a\/] La ) - p : V” | cal cal cal cal cal
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109& () - L#" 109%& ( (? " 109%&: (a?
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quality an the measured quality so that the encoder output remains within the upper and

5 lower bit rate limits.

32. A video picture encoder as claimed in claim 31, wherein the pictures 10 be encoded
are arranged in groups of pictures comprising an I-picture and at least one P-picture and/or
B-picture, the bit rate controller including a frame bit counter for a number of remaining bits
10 available for encoding a group of pictures, and a bit allocation processor for controlling the
bit rate controller according to the remaining available bits so as to adjust a target bit

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

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

measured qualities.”

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

B quality Comparator.
25 35 A video picture encoder as claimed in claim 31, 32, 33 or 34, wherein the measured

encoding quality is based on the quantization Step s:ze.

36. A video picture encoder as claimed in claim 33, including a local decoder for decoding

-

the quantized encoded picture data, and a quality measurement processor for determining a

30 qualiry difference between corresponding input and locally decoded pictures.
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processor for measuring an average picture activity for the moving pictures, and wherein the

quality measurement processor modifies the measured difference in picture encoding quality

10 on the basis of the average picture activity.

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

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

quality.

41. A video picture encoder as claimed in claim 31, including a quantization step size

20 comparator for comparing, as a measure of encoding quality, an actual quantization step size
with a target quantizarion step size based on the target picture encoding quality, a bit
allocation processor coupled to control the bit rate controller according to a number of bits

. rermaining for encoding a group of pictures, and a target bit rate estimator coupled to receive
the upper and lower bit rate limits and coupled to the bit allocation processor and the bit rate

25 controller for controlling the quantization so that the required bit rate for the quantized picture

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

comparing and adjusting steps.

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

picture using the target bit rate.

3. A method as claimed in claim 2, wherein the pictures to be encoded are arranged in

groups of pictures comprising an I-picture and at leas: one P-picture and/or B-picture, and

3
wi

wherein the targec bit allocarion is adjusted for each picmure or plurality of pictures in each

group of pictures.

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

30
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6. A method as claimed in claim 1, 2 or 3, wherein the picture encoding quality is based

S on a signal-to-noise ratio.

7. A method as claimed in claim 5 or §, wherein the comparing step includes measuring
a difference in picture encoding qualicy between corresponding input and locally decoded
pictures.
10
8. A methed as claimed in claim 7, including measuring an average picture activity for
the moving pictures, and modifying the measured difference in picture encoding quality on

the basis of the average picture acdvity.

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

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

20 10. A method as claimed in claim 9, wherein the predictad current bit rate and the target

bit rate are determined according to:
SZVRd:j Smmrgn (S[valﬂu'z x ACY-av:mge)

BR _(§yn xS, 4ng%Sy)

"predicted ( ! -, +n3)

58]
wi

BR = BR rardicted + Kd x B Rmrr»-nl X SNRdi/]‘

taryet P

where:

30 SR, o 18 the measured signal-to-noise rato,
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10H 10H, ; ACT, is the measured average pixel activiry,

| " 10948 ()21 91 10948 () - | s6! 10%& () -yl 4! 10%+ () - L310%R& () -1, ! 109%4& () - st
t tt uttu%ux ¥s/and £, are constanss,

100 0% 1 A @A b LA B0 0510962 )
5 BR, euicued 15 the predicted current bir rate,
Sy Sa Sy are number of bits generated by said previously encoded I-, P-, B-pictures,
respectively
n, is 2 total number of P-pictures in the group of pictures,
ng is a total number of B-picrurss in the group of pictures,
10 BR vene 1S 2 previously determined BR,.,,.., and

ER,, e is said target bit rate.

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

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

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

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

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

14. A method as claimed in claim 13, wherein maximum and minimum bit rates are

J
wn

selected carresponding to the upper and lower bit rate limits, and wherein the predicted
current bit rate and the target bit rate are determined according to:

(Sy7npxSp=r15*Se)
predicted -

BR

(Len,+ng)
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average

if (BR,pa> BR,.), then BR, = BR,..
if (BRupu< BR.), then BR,,.. = BR

min

where
5 BR

P
BR,.., is said target bit rate,

.ﬁ,‘
3

&

reicrea 15 521d predicted current bit rate,

BR .. is said maximum bir rate,

BR,,, is said minimum bit rate

Su S» Sgare number of bits generated by said previously encoded I-, P-, B-pictures,
10 respectively

ne is a total number of P-pictures in the group of pictures,

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

K, is a constant or a factor of BR,wiczeas BRpar» OF previous BR,,,....

15 15. A method as claimed in claim 10 or 14, including determining a numeer of bits R
remaining for encoeding the group of pictures comprising the steps of:

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

to
N
R+z—e—xBR then set =
picture_rate targer Sei BRald_r.:rget B Rmrgz:
where:
20 N is the number of pictures in the group of pictures,

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

BR,,,.. is said target bitrate,

and betore encoding each subsequent picture in the group ol pietures, determining R
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-10%vB( &' () Azneth®¥@y claimed in claim 15, further comprising the steps of:

obtaining average quantization step sizes 0, O, O, from previously encoded I-, P-,B-
10 pictures, respectively; and
determining the target bit allocation T}, T,, T, for a subsequent respective I-, P-, or

B-picture according to:

N, K, X,
PR X,

TB
N, &, %,

8
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K, and X, are constants.

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

limit 7, determined according to:

BR

T - target .o

™t K,xpicture_rate

where X is a constant.

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

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

and
coding the quantized macroblock.
20 19. A method as claimed in claim 18, wherein the target quantization step-size is used as

a lower limit for the determined quantization step-size.

20. A method as claimed in claim 18 or 19, wherein the determined quantization step-size

for each macroblock is modulated by a corresponding macroblock activity masking factor,

RV
wy

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

21 A control apparatus for a single pass moving pictures encoder, comprising:
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*$10%&' (lgast one encoded picture with the target picture encoding quality, and adjust the target bit

rare according to the result of said comparison and the pradicted current bit rate for encoding

subsequent pictures.

10 22. A conrol apparatus as claimed in claim 21, wherein encoding the at least one picture
based on the target bit rate includes determining a targat bic allocation for the a: least one

picture using the target bit rate.

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

of pictures in each group of pictures.

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

20 quality is based on encoding quantization step-size.

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

quality is based on a mean square error.

19
W

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

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

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

30 berween corresponding input and locally decoded pictures.
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the measured signal-to- nmse rafm and a target signal-to-noise ratio as said target picture

encoding quality.

30. A control apparatus as claimed in claim 21, wherzin the moving picture encoder
15 includes a fTequency transform coefficient quantizer for quantization of the encoded picture
data, and wherein the controller comprises a bit rate controller coupled to control the
quantizadon step size of the quantizer, a quantization step size comparator for comparing, as
a measure of encoding quality, an actual quantization step size with a target quantization step
size based on the target picrure encoding quality, 2 bit allocation processor coupled to control
20 the bit rate controller according to a number of bits remaining for encoding a group of
pictures, and a target bit rate estirmator coupled to receive the upper and lower bit rate limits
and coupled to the bit allocaticn processor and the bit rate controller for controlling the
quandzarion so that the required bit rate for the quantized picture data is within the upper and

lower bit rate limits.
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31 A single pass variable bit rate video picture encoder comprising:
a picture input for receiving dara for a plurality ot moving pictures;
a target quality input for receiving a target quality measure for encoded pictures;
an encoder output tor supplying encoded picture data;

50 a bit rate limic input for receiving upper and lower bit rate fimits tor the encoded
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10 coefficient quantzer based on the predicted current bit rate and 2 comparison of the target

quality and the measured quality so that the encoder output remains within the upper and

lower bit rate limirs.

32. A video picture encoder as claimed in claim 31, wherein the pictures to be encoded
15 are arranged in groups of pictures comprising an I-pict;xre and at least one P-picture and/or
B-picture, the bit rate controller including a frame bit counter for a2 number of remaining bits
available for encoding a group of pictures, and a bit allocation processor for conwolling the
bit rate controller according to the remaining available bits so as to adjust a target bit
allocation for each picture or plurality of pictures in each group of pictures.
20
33. A video picture encoder as claimed in claim 31 or 32, including a quality comparator
for comparing the target quality wif_h the measured encoding quality, and wherein the bit rate
concroller controls the quantization step size based on a differsnce between the targer and

measurad qualities.

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

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

on the basis of the average picture activity.

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

quality.

41. A video picture encoder as claimed in claim 31, including a quantization step size
comparator tor comparing, as a measure of encoding quality, an accual quantization step size
with a target quantization step size based on the target picture encoding quality, a bit
allocation pracessor coupled to control the bit rate controller according to a number of bits

30 remaining for encoding a group of pictures, and a target bit rate esumator coupled to receive
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the upper and lower bit rate limits and coupled to the bit allocation processor and the bit race

controller tor controlling the quantization so that the required bit rate for the quantized picture

data is within the upper and lower bit rate limits.
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