
;IJKLe3eh$R6Th". . .   18 September 2002 *aooooz* MOVING PICTURES ENCODING
WITH CONSTANT OVERALL BIT-RATE Field of the invention 5 The present
invention relates to a method and apparatus for e..^.coding moving picture
In particular , the present invention relates to a method and apparatus for
performing variable bit rate control in a digital video encoder while
maintaining a pa., scalar over all bit-race.  Background of the Invention
IO One of the main obstacles faced by industry dealing with digital video
processing storage and transmission is the large amount of data needed to
represent analog video in the digital domain. Accordingly digital
compression is often applied to moving pictures to achieve a reduction in
required transmission bandwidth or storage size. One variety of such I 5
compression techniques can be derived from the ISO/IEC BEG Standards, the
ISO/IEC 1 I172-3 (hfPEG-1)) tae ISOIIEC I3818-2 ('~iPEG-2) and tae I~fPEG-Z
TM~ (test model 5), developed by the. Moving Picture Ezperrs Group of the
Irteraational Or?anisazion for Standardization. The disclosures of those
standards documents are hereby expressly incorpora:ed into this
specification by reference. MPG-I is tf:e comaression standard 20 used in
VideoC'D waffle hiPEG-2 is the video cospression standard used in DV-D and
many di~ir :1 broadcasting systems. The MPEG standards saeci'ry only t.~^.e
srnta.~ of r.~:e compressed bitstrea-rns a.^d method of decoding. Tl:e
r.~ew'~od of i:rplementation in t.~:e encoder is lea to the developer, and
any 35 form of encoder may be ernployed 4s long as the resulting bi;sream
conior,^.s wit~a the s~ecitied svncir. Ia cer-.a.in applications such as
video storage device (recorder ), it is posSlblC CO u5C vsri.:ble bit rate
(VBR) encoding. A VBR encoder is abie to vary its output bit-r:~te over a
large. 30 range c:^,ar: a CBR encoder. y~d LhIS would grnrrate an output
which has a more constant S~ tT35TTTT 1TF ~uFFT l rat i P ~ F 1   1 'i 8
September 2002 visual quaiiry. :fin example of a VBR encoder is described
in United Srates patent number ~,6~~7.860) entitled "Adaptive
Quanri~ation". In order to maintain a ma.~irmm bit rue allowed by the
C3.I'~~t 5LOr3~e device a well as a~ over aiI bit-race which enables Input
pictur a seqt:ence to be stored into a defused stora~_ space, ssch VBR
encoders utilise 5 multiple encodir.~ passes. In the rirst encoding pass,
the bit utilisation infortra.don is dete:~i:zed for each scene or each
picture in ~`~e input sequence. This may be done by n:eing the reference
quantisac:on stew size and disablin' the VBV control. The deternzred bit
utilisation info ~. don is c.~en ~, IO used to Vie.^.erste 3 bit budget for
each scene or picture such tl`zat an overall target number of bits to code
t.`~e sequencs is fixed, and that the r n~rimum bit rate is not violated.
In cases that bit utilisation infornation obtained is not close to that
required for generatin' the biz budget, steps from the first coding pass
nust be repeated witlh a.~ adjusted reference quantisation step-size. 'The
ingut sequence is coded in a final pass usin; t':e ge.^.erated bit 15
budget information to achieve the target birs or overall bit rate.
Multiple-pass VBR a^coders requires large storage memory for intermediate
bit utilisation iniornation) and Iar~e computation needs for t~`~e
additional passes and bit budget 



generation. Furl:^e.^.nore, such a VBR encoder cannot process input
sequences in real-true 2J as required by certain applications. Summary of
the Invention It is an object of the prose.^.t invention to prow ide a
single-pass real-time variable bit rate 35 encoder for moving pictures. It
is also an object of the present invention to provide variable bit rate
encoding of moving p~ctures s~_ch that the cf~.ange in e..^.coded picture
qualir~ from one scene to anotf:er is minimised. A further object is to
provide a real-ci.:~e variable bit rate encoding algor,thrn which produces
a constant overall bit r ate. 30 L:~ paracuiar, Ire present invCntion
Cncodes an input movir;g pictures sequence one CstuCTITT ITS CT-~FFT I rule
?6 1   18 September 2002 -3 segment at a time according to a target
encoding quality which is determined by a target segment bit rate. The
target segment bit rate of a current segment is preferably derived from the
differ ences between th.e target segment bit rates and the actual coding
bit races of previous or previous few encoded segrnenrs. 5 To maintain
consistent encoding quality for all pictures within a segneat, the actual
target bit rate for encoding the pictures is node variable according to
their scene comple~cities as well as d:e target encoding quality of the
se~me. t. 10 4s the target encoding quality of each segrn enc is modined
based on~ the differences betweea cfie target and th a actual bit rates of
previous or previous few encoded segments) the change of target encoding
cz:aliry from segment to segment is made relatively smooth compared to that
of a Constant Bit-Rate.Encoder) and furthermore, the overall bit rate of
encoding is maintained cons,,ant. 15 ir. accordance with t,'~e present
invention) there is provided a method for use in a moving pi:cn:res encoder
for encoding a sequence o~f segments each having at Least oae image,
comprising the steps of: a) determining an overall target bit rate for
encoding the sequence of images; 20 b) dete:~ninir:g a bit allocation and
target quantisauon step size for encoding a first segment on the basis of a
segment target bit rate calculated using said overall target bit rate; c)
encoding said firm segment using a variable bit rate encoding method
according to the tar;et quantisation step size; ZS d) determining a
difference be:ween the number of bits used to encode said rust segment and
said first segment bit allocation: e) distributing said diffe.enee for use
in encoding at lest one subsequent segment to deternine a subsequent
se~rz:ent bit allocation; t) determining a ne~.v target quantisation step
size for encoding a said 



30 subsequent segment on ~`:e basis of a new target segment bit rate
calculated using SUBSTITLTTE SHEET ( rule 26 )   18 September 2002 said
segment target bit rate and the disL~ibuted difference; and g) encoding
said subsequent segment usi:^.' a variable bit rate encoding method
according to the new target quantisation step size; wherein variable bit
rate encoding is er:.pioyed for encoding pictures wit(Zin a ~ segment
whilst maiztainir~g a sub5.antially constant bit rate over said seeuence.
The present invetaion also provides a t^.ethod for encoding moving plc ores
in a moving pictures encoder wherein a sequence or images are provided as
input, the sequence of images comprising a plurality of segments each
havin' a plurality of images, the method ~, I 0 inc lulling a)
dete.-:.~.irsing an overall target bit race for e.^.coding the sequence of
Triages; b) maintaining a distribution record of bits f:om at Least one
previously encoded segment allocated for use in encoding at Leas one
segment to be encoded: c) deter.^.uning a target se~eat bit rate for a
se~ent of the sequence of 1~ i.''nages on tile basis of the overall target
bit rate and a bit raze change calculated from the corresponding allocated
bits from the dis~ibution record; d) dete.~runin~ a target segment encoding
quality from the target segment bit rate, a precedi.~g target segment biz
rate and a preceding target segment encoding quality): and ZO e) encoding
the images of the segment according to the target segment encoding quallLy
LSiI:g a va,.~iabie bit rate encoding technique taking into account scene
complexities of the il-nages in the segment; wherein maintaining said
distribution record includes determining a difference between the number of
bits used to ancode a particular se?rrenc and the number oP bit, ?5
allocated for encodin' the partcular segment on the basis of the tar get
segment encoding quality. According to the current invention, a moving
pictures sequence is divided into segrncnts. The size oC each segment m:y
br suitably dcterrnined. Eae:h segrrenc cs encoded with a 30 target
encoding ~ualiry drrivcd from its target segment b,it rate. .~ variable bit
rate (VgR) Ci iRCTTTT iT~' Cu~'FT t r~t~e ~?~ 1   18 September 2002 encoder
is utilised to encoCe the segrnenc according to its target encoding
quality. Tl^.e cargo: sere.^.c bit rate of an initial segment is obtained
f: om a user deFz~ed target overall bit rate. :~fr~r encoding t.':e
segment, the difference between tire actual biz rate used and L':e target
segment bit rate is obtained. This difference is prooa~3ted to the next or
next few seg:r:e.^.t5 to be coded. This process is repeated for each
segt::eat; therefore, for each subsequent segment, a new target soy neat
bit race is dete:mined from tt:e user donned target ove:all bit rate and
the differences between the target segment bit rates and `,. actual bit
rates of previous or previous few segments. 10 



The prose.^.t invention furtfier provides a method far controlling bit
allocation in a rzovirg picrtres encoder for encoding a sequence of images
comnrisin~ a pluraIiry of segmezss each having a pieraliry of irrtages,
ti,.e metvod inciudiag, for each segment: dete:mining a difference between
a number of bits used for encoding a previous 15 segment and a number of
bits allocated for encoding the previous segment; calculating a bits
distribution from the determined bits difference and a predetetrsined
ais~ibution function; calculating a bit rate change from the bits
distribu,ion and a predete.^nined number of images in the segment; 20
calculating a target seg`nent bit rate froth the bit rate change and a
predetermined tar?ec overall bit rate for the sequence of images: and
dete:=nirirg a target segment encoding ~t:ality from the target segment bit
rate. The present invention tvtr~her provides an encoding ~sality
adjustment processor for 2~ genet arirg a target seg:n ent encoding quality
value in a movir.~ picn:res encoder for encoding a series ot'segrnencs each
having ac Ieasc one image using a va.^:able bit rate encoding sczen:e
whilst rnainca:ning a substantially constant overyl bit race, comprising: a
bits difference computation means coupled to receive a segment encoding bit
utilisation value and a target segment bit race and generate chCret'rom a
bits difference 30 v~uC cepres,:rting a di,','errnce in bits allocated and
bits used for encoding a srgn:rnt: SUBSTITUTE S~iEET ( rile ?6 )   18
September 2002 -6 a bits disrs-ibution rlerns coupled to the bits
difference cor.:putation r.~.ears for computing at least or.e bits
dista-ibution value from the bits difference value and a predete:mined
dissibution function; a bit race difference computation means cout;led co
L':e bits dis4ibution means for ~ computing a segment bit rate difference
from the at lest one bits distl^'.budon value and a prrdete.^.rired number
of images in a segment; a target set nent blt rate adjus~nent means coupled
to the bit rate dif:er enc~ computation means and the bits difference
computation means far cotrputing said target se~ent bit rate from the
segtnent bit rate difference azd a predete.~;r.'tned target overall bit ~..
10 rate for t.~-le sequence of segments; and an encoding quality computtion
means coupled to t.~:e target seg_nent bit rate adjustme^t tnear.s for
computing a target se~rzent encoring quality value from said target segment
bit rate. l~ The present invention further provides a moving pictures
cacoder comprising: a codin' processor for encoding picture data based, on
tnacroblocks according to a 



quantisation step size; a virtual buffer processor coupled to the coding
processor for azcking a number of bits used far encoding successive
sacroblocks in a picture and a number of bits used for 20 encoding
successive pictures in a group of pictures; a quantisation step size
processor coupled to the coding processor for dece;-mi.ning said
auantisation step size from a target number bits allocated for a picr.:re
and tl'~e number of bits already used for encoding tnacroblocks iz that
picture; a picture bit allocation processor coupled to the quantisation
step size processor for 25 dete.^.nining said Carve: number of bits
allocated for a picture from a tar?et bit rate and tE:e number of bits
already used for encoding picrlres in a curre.^.t ?rouD of picrlres; a bit
rate adiusnnent processor coupled to ti:e picture bit allocation processor,
4`:e visual buffer processor and the vu3raisation step size processor far
dewrmlnlng said tar5et bit rate t''rom tt:e number of bits already used for
encoding successive pictures in the 3 0 curre:lt gr pup o c p ictures, a
tarjet encoding quantisation step size arid 3a'1 averag= CTIRCTTTT iTF
CHFFT ( rule ?5 1   18 September 2002 _7_ quantisation step size for
picn:res in L~:e curent group of pictures; and a target encoding
auartisation step sip processor coupled to L'~e bit ra:e adjustrzent
processor and tl:e vir:uaI buffer processor for determining said target
encoding quanrisaraon step size fror.. a gredet~-rzined tar get overall bit
race and the number of bits 5 used for encoding a preceding group of
pictures. Brief Descri~aon of the Drawings Tne invent:er: is described in
greater detail hereinafter, by way of example only, with 10 reference to
tl'~e accotr.panyirg drawings, wherein: Figure I is a block diagran of the
constant bit-rate controller based or. ?'Vh; Figure 2 iilusuates the
difference between a target bit allocation and an actual bits consumption
at macroblock level for one frame (a P-picture is chosen for this case),
where dj is the virn:ai buf~er fullness ac a pa.-dcular instance; I S
Figure 3 is a block diagram of the variable bit-rate encoder with constant
overall bit-rate control; Figure 4 is a block dia~rarn of the constant
overall bit-rate controller; Figur a 5 illustrates how the difference in
bit count for the last seg:rent is redistributed over the next four se~ents
(e.a. f(m)=1I4); and 24 Fi'sre 6 is a flow chart of a VBR algorithm wit<`~
constant overa!1 biz-raze control. 



Derailed Description of the Prefezed Embodifnents Ia a standard ViPEG
compliaa video e.^.coder, a sequence of moving picn:res (e.g. video) ?~ is
input to the encoder where it is compressed with a user defined target
bitrate. Tne target bitrat~ is set according to ta':e communication channel
bandwidth in which tine compressed video is to be trara:nttted) or the
storage media capaci^~ in which the cor^pressed video sequeac~ is to be
stored. A cynical MPEG encoder involves motion estimation,'prediction,
IncerIlntra classification) discre;e cosine transform (DCT) 30 comout~auon,
quantisation, zi?-nag scanning, variable length codin' a.~d rate-control.
C1TRCTTTT'T~ CT.~~'~'T l r..3 '7F, 1   18 September 20D2 _g_ Several
differe.^a t'or.ns of coding can b: employed depending upon tl:e charzeter
of t<he input pictures, re:erred to as I-picr,~:es, P-p:cr.:res, or
B-pic:ures. The I-pictures are intracoded picn:res used mainly for randor:~
access or scene update. The P-pic~ ~res use ior~ard rnoc:on predictive
coding with reference co previously coded I- or P- pictures 5 (anchor
picn:res), a.:d the B-picz:res use both forward and back-ward motion
predictive!interpolative coding wi.tr. reverence to previously coded I-or
P-pictures. Furtt:e:more) 3 grOllp Of picr,:res (GOP) is for:r~ed in
encoded orde: stn.-tir~g with an Ipicrsre and ending with the picture
before the next I-pictt:re in the sequence. ..:. . 10 The pictures a.~e
pa.~titiored into smaller and non-overlapping blocks of pixel data called
macroblocks (~~Bs) before encoding. Each `tB from a P- or B-pictt:re is
subjected to a notion esb.~.ation process in which forward motion vectors)
azd backward motion vectors in the case of a B-picture NLB) a: a
dete.^.ni^.ed usin'. reference pictt:res f: om a t'rarne buiier. Tae target
nacroblock in Lhe current picture is matched with a set of displaced 15
macroblocks in the reference picture, the tracroblock t,'~at best matches
the target macrobIock is used as the predicted macroblock. The position or
this predicted n:acroblock is speciited by a set of vectors know:i as
lotion vectors, which describe the vertical and horizontal displace:aent
between ti'~e target and predicted rnanroblock. For a B-picnrre) the
process is similar eYCept there ars two reference pictures: a.-~chor
gicrsres 2G im.-nediately preceding and following the B-picture. With t`:e
determined motion vectors) motion compensation is performed w her a 4':e
intr a-or inter-picture prediction mode of tine NP3 is first dete.^.wined
according to the accuracy of the :notion vectors round) followed by
generating die necessary predicted I~IB. I-pictures '_5 a.re always infra
coded while for P and B-pictures, a decision on whether infra or inter
coding will be used (3t macroblock level? is made depending on which method
will give rise to a more efficient codieg. Trarar'or;~ation or the
rracrobloc:k using a DCT is then carried out on flit 8x3 pixel blocks 30
within the cracroblock. For infra coding. the actual picture data is coded.
while for inter CTTRCTTTT ~TF CT-TFFT ! rule 26 1   18 September 2002 _9_
coding the predic:ion error is coded. This is followed by a qu :,r.tisation
process of the DCT coef:tcients which involves a cua.~tisauon matrix arid a
quantisation step size. The quarrized coef:icie.^.ts are ~':en rut.-lengh
encoded wi~'~ v ariable leagu'~ codes. 5 The resultant bit usage and
staustical darn are passed onto a rate control module) which is used for
allocaur.; a target number of bitj used to encode each picture and each
nacroblock within t~ze picture. This is a.Z impor"..attt rr.odule in the
encoder as it plays a tr.ajor role in maintaining the quality of the
encoded picture. 10 The rate cont:ol in ~I?BG-2 Test Model ~ (T~f~)
comprises t:he steps of allocating the target a.^nount of hits for coding
each picture, deriving the reference quantisation parameter (Q,) to be used
on each r.:acroblock in a picrsre, and modufatina the Q~ based on the
activit-,~ masking level of the surrounding blocks of tike corespondirg
marroblock to obtain the modulated quantisation step size (!hlquanr) used
co quantise t_~:e macroblock. IS :fin objective of this rate concoiier is
to ensure all picn:res maintain a similar level of 



' quality. It assumes that the subjective quality of a single coded picture
can be cualified wi4h a single number V) described by factor KlQ where K is
a constant particular to a picture type and Q is the quancisation step size
for the picture being coded. T:nac is, the 20 rate controller will cy to
preserve the following eci:ation: y, = K~ _ ~~ = Ks D, OP Oo The subscripts
i) p, b refers to I) P, a.^.d B-picture Types. The paramete:s K,. K~) and
Ks are experimene311y det:,~ fined constants for all I. P) a.^.d B pictures
respectively, and IC, usually is normalised to t.`~e value of 1. 25 Fi'ure
I illustrates a block diagram of a known e:r~bodiment of the T~t~ rate
controller. .~ group-of-pictu:es (GOP} is a collection or one 1 picture,
son;e P picn:res and B pictures. arid SCNCS aS 3 b:~ic access unit with t;
:e t pic:tur a as tae ent^r point to ~scilitate random ~I iRSTITT TTF ~uFFT
l ritiP ?~, 1   18 September 2002 - l0 at:cess. The concroiler comprises
three levels or processing: a GOP lrvet 1 I1, a picture level I10, and a
mac;oblock (yiB) level 109, :fit the stsrt of every new GOP at the GOP
Level 1 I I ) a GOP bit allocation process I00 corzputes the total number
of big (R~~) allocated for d:e GOP. The value of Rlop is liven by: _ bit
rate x :4' R~p picture rare (I? S where bir rere is the target biz rare for
encoding the picture sequence, picrure rare is the number of pictt:res
coded per second. and ._ ,N is the total number of pictures coded in the
GOP. The re:naini-ng bits (R) for the GOP is deter.^.iined at the picture
level 1 IO by a remaining 10 bits determination process 106. The value of R
is updated as: R = R - S where S is the number of bits used by previously
coded pictures in the GOP, and R = R + Rt~, for a new GOP. 1~ ~%ith the
cora.puted value of R, a picture bit aII0C3t;On proCesS 101 at the picture
level I 10 tl'~en conputes a trrget bit value (T) allocated to the current
picture accordil-:g to the equations below for cor:esponding I, P or B
picture type: T~ = ma R ~ btr rate I ~ rV~X' T NaXb x x picture rate .xx~
x~xb , T _- ~~ ~ R hit rare rVoK~.~o ~ h: x rcttrre rate :V r P _ (3) ' aKs
CTTT~CTTTT iT~ CL?~'~"T' f rrr~P ~~ ~   18 September 2002 R bit rare Ta =
ma aKb .~a ~ K x picture^rate (,~) 



'vD ~ XeKa where T" TT) Tb Represents tar'ec bits for the next picture
(I,P,B) N" N, Represents tf~~e re..nainiag number of pictures (P,B) in tf:e
GOP 5 X, ?~) X, Represents ~lo bal complexity rneassres and dives a
n:easttr a of the actuai number or" bits rewired to represent the picture
(without compression), and X;=Q;xS; IO Xp=QPxS~ xb=Qbxsd SJ, Sa) Sb are the
actual number of bits used to code the previous I/P!B frame. 15 K is a
constant (e.?. 8) After compudn~ the target bis for the picture, a
reference cuantisation step-size (Qf) computation IO? is c3ried out at the
biB level I09 for each macroblock within the picture. The value or" Ql is
computed based on the dete.^.3ined tar~ec bit allocation (T,) Te) ~0 or T,)
and a buffer fullness value (d!). Each of the three picture types has a
virtual buffer associated with is and these buf:ers are undated atier
coding each macro block of the picture c~~pe according to the toflowing
equations: T,x(j-ll d T B ' ` l~lr3 Cnt (o) S(1BSTITIJTF ~HFFT ( rule ?6 7
18 September 2002 - 12 T x (j-Il d,~ - a P + B _ ~ _ '  ~ .SIB Grt db=d~+B
?-~x~ I) t  '~L NL~ Cnt where d~ is the initial virtual bufrer fullness, d~
is the virn:al buffer fullness when coding they'` MB, B~_I is t;-to actual
bits consuned up to and including (j-1)~' NP3 ~ provided by a v irrtai
buffer update process lOb ) and MB Crct is the number of hills in the
picture. Equations (b) to (7) effectively track the differences between the
actual number of bits used and the target bits allocated) and these
differences' are r~:en added to the respective L O vir~ual busier s which
are used to compLte Q~. This allows the raze controller to control the bits
alloca:ion based on the cocuumption pattern of the picn:re. Q~ is computed
f: om the buffer fullness via the equation: Q;= (d! x 31) I r = dJ x
consent (8) 15 where r is a reaction parameter = 2 x bir_ra:e I picture
rare The reaction parameter, as the ..^.arne implies. is a factor that can
contrrol the sensitivity of the algorithm from a change in d,. L :rg.^, r
will cause the reaction to be slower) waici: may cause the car?et bits and
actual bits to differ s~gnificarltly, but it brings about a more ?0 gradual
race of change in bit consumption which is favourable for scene c:~anges.
On the athCr hard. a small r causes the controller to bC more reactive to
changes, giving rise to a uuser target and actual bits value, but a t'~ster
resoansr also means a less gradual c!~angr ~~TRSTITt ~TF SHEET ( rule ?6 )



18 September 2002 _1;_ during scene c^ange which is not desirable. ~ graph
illustrati.^., the differe.^.ce between the car?et bit allocation and the
acnlal bins allocated within z irar:e is shown in Figure 2. The v~.lue o t
Q~ is turner modiried by an aCLIVIry m3ShlI15 p r ocess 10. to glue the 5
modulated quantisation step size, :~Iqc~rct. Basically) the spatial
masltir.~ abilir~ of L~Ie macroblock is used to place a correction factor
onto d:e computed Q; value. Spatial masking ability is the ability to
contain noise nasked f;onu hu.~~an visual sysems. Typically, an area with
complex texture will have a larger correc::on fac:or c~~lan an area wit.~I
simple tex;ure, hence, 10 Mquanr = N acaj x Q~ (9) where N ac l is the
nocnaiised value ef macroblock activity level arid may have a value of
between 0.5 a.2d 2 15 With the computed :l~fguam, the macrobiock coding
process I04 is performed where the macro block is compressed according to
the MPEG star:daras. 20 At the erd of cooing a picture, t.~e bit count S
used for c~din~ the picture is used to pertorm a VB V check IO i ar.d to
compute ti::e remaining bits R for tt~.e cur: ent GOP at the remaining bits
detenrination process I06. The ~'BV (video buffer verifier) is a virn:al
buffer emulating tl`:e status of c.~le decoding buffer. The ~'BV check
(:0'~ is per:onr.ed to detect any overtIow or underrlow ac the decodir.~
buffer wits: reerence to the target bit 35 race. When coding a picture
sequence with varyirg sc:e.^.e complexity, a constant bit rate (CBR)
C.^,coder is unable to vary the bit-race according CO L~1C sCC:IC
COITIpI~Ylty. This results in scCnarios whereby simple scenes are allocated
more bos than required while compler 30 scents are allocated insuti:cient
bits, a.nd lhcretore results !n a variation or output v~sua! SG'BSTITIJTE
SHEET ( rule 26 )   18 September 2002 - I~  quality between scenes of
different complexities. An embodiment or a moving pic~ ~res encoding
apparatus according to ta~:e present invention is ilIustr aced in block
diagram fore in Figt:re 3. T:~e encoding apparatus as 5 illustrated is
arranged in four Levels correspond:ne to processing stages in the bit rate
control process) namely a segment level 3?~, a GOP Level 312, a picture
level 313 and a rnacrobioclc (1IB) Level 3I0. An i nput movin' picn:res
segue^ce is encoded in such a way Lhat on the average) or at rl`~e end of
encodin') c~':e output bit rate is close to a user definable target overall
biz rate (averal! BR) 320. T'lle input sequence is divided into ID segments
and ?roups of picrures (GOP). The pemose of a seQ:nent is for r..oniterin;
or output bit race wit<'a reference to the overall BR, and the purpose o f
t~'~e GOP is primarily to facilitate random access. ~ segment may be
dei-u:ed to include a nu.^.:oer of GOP(s) depending on the need in corns of
frequency of motutoring output bit rate. Each GOP comprises at least an
I-picture and optionally one or more P-pictures andlor B-pictures. 15 Each
picture is divided into macroblocks of pixels for encoding. Hence, a method
of rate control according to the cur r ent invention rray contai.~
processes at the segment level 313, 



GOP level 312) plc^,:re Level ~I l, and ftralIy macroblock level 3I0. ~%
ic,`t a new group of pictures, a GOP bit allocation processor 300 computes
the number of 20 bits allocated to the curent GOP (R';~) as follows: R'  =
BP, x N~ ( t o) DtC:ur2 !'ate where: Ns~ is ti:e number of pictures in
tY~,e GOP) pictzcre_r;:re is the r:umber or pictures coded per sword) and
BR is a tsrget bit rate. ThC cargo b~c rac_ BR is d;.tcrmi^Cd for each
picture or plurality or~ p~ecu;es by a bit ratr CTrIOCTTTT'T~' C~.IF~"T l
role '?(~ Z   18 September 2002 -l5 adjus~~ne.^.t processor 306 which is
described hereinoclow. A remaining nutnbrr of bits (R') for the GOP is
determined at she picture Ievel 3I I by a remaining bits de:ermination
processor 308) which caries out ti,.e steps of: ~ (a) before encoding u'~e
nrst picture in a GOP, adjusting R' with a new R't~: R' + = R'too, and then
set BRo,~ = BR ,. r (b) otherwise if the picture to be coded is not the
first picture of a GOP, 3rd a new t0 target bit rate BR is deterrli.^.eC,
then adiusting R' witl`t the new BR ac;,ord:ng to: R' += N ~ (BR - BRJ~))
crd then set BRa~ = BR prcture rare where ~N is remaining number of
pictures in the current GOP (c) and removing number of bits Lsed by the
last coded picture S froth the rernaining bits value R', hence: I~ R' = R'
- S The computed R' is t.~tez passed to a picture bit allocation processor
301 to compute the target bit (T) allocated to a current picture to be
coded. For example) ern:ations (3), (3) '? 0 and (4) described h ereinabove
may be used for that pu: pose, with the pararneter s Kp. Ks. l~P, iyb and
pict~rrpe being supplied. Note that the lower limit of bit rarel(8"pic:ure
rare) is only optional and tray be adjusted if necessary. At the
rracrobloclc (1~(B) love! 310, a reference cuantisation step-size
computation .S processor 30'_' computes a ret'eren::e quantisation
step-sizr Q) for each SIB using chC computrd target bit allocation T and a
bit utilisation paramCtrr B det~c-tnin~d by a v:rtual butter update
processor 30~ An cxunplr oC~ a me:had for compuciag Q) tar they''' vlB of
SU'BSTITL~TE SHEET ( rule Z6   18 September 2002 - Io  the current picture
is represented by: 



Ki x D x Fictr~re rate K., x BR . (11) where Kl and K are consta.trs (e~.
31 and 2 respectively), BR is t,`~e de:ermined tar~ec bit rate. picrure
ra.e is the number of coded pictures per second, and D; is a virr,:al
buffer fullness .. The virtual buffer fullness of the j~` NiB is determined
by: _ _ r ~ ti-~,~ D ~ B ~t~lB Crrt ( I _ ) where D is an initial buffer
fisllness before coding tile c~,srreat picture) ie. D; at e;~d of the
previous picture, 10 B is the bit utilisation information supplied by tfie
virtual buffer update processor 30~, ie. bits used to code the Irt MB to
(j-k,)~ bLB) 11-fB~Cnr is the total number of I~IB in the current picture,
and K3 is a constant (e~. I). 15 Three independent current and initial
visual buffers fullness values (D~j) D~', DJ`, Do`, Da , Da') may be
maintained for d:e three picture types (I-pictures, P-pictures) and
B-pictures). The computed Q~ may also be furrher scaled by az activity
masking processor 303 accordin' to a masking factor determined by cue
surrounding activity levels of the MB to Porn the i'mal qua.tcisation
step-size. :yiqcccra, for coding t~:e current MB. A method of .0 masking
factor dete.^.nination car, be found in the aforeme^tioned :IrIPEC-2 TM~.
htacrobiock coding (30~) is then perto,~ed to encode the current NtB. A
r:,acrobioc;k coding processor 30~ may :rnpioy, Cor exarnplc, methods
according to the utPEG-1 or MPG-? video eneoding standards. ~uc:n rncoding
methods include nrcessa~y motion CTTR~TTTT ~TF CF-TFFT ( rule 26 1   18
September 2002 _17_ compensation, discre:e cosine t: a.^.sfonr.,
quantisacion with tt~e de:ernined quantisation step-sire, and r.:n-lrngtb
encoding wm variable length codes. T::e me;t:ads also include necessary
decodir.~ processes ssch c.~:at ,:notion compeasacion can be performed. The
number of bits utilised by t;ze m3Cr oblock codir.~ processor 304 to code
each MB is passed 5 to c~ze visual bur:er update processor 30~. In
applications where a maximuri and/or minimum bit rate rust be maintained
for (r encoding, a ~~'BV ci:ec:c:ng processor 307 is utilised. User
det'tnable rza.~cinum and/or rr:inimum bit r ores (rrr~~Jmi,~ BR) are input
at 3?I to tl:e ~BV checker 307) a method of t0 VBV c:~eclc:rg according to
tre WPEG standards is used to exatnir.e bit utilisation information from
ti.e virn:al buf:er 30~, and necessary corrections are r.:ade to ensure
compliance and chat ~'~e oumut bit rate is witl`:in the del:ned maxlmin BR.
At the end of coding a picrsre or a plurality of picn:res, bit rate
adjustment is aaplied by I S the bit rate adjusunent processor 306 to
provide any necessary corrxtion to the current target bit rate BR. The
correction is based on a target encoding quality provided by a target
segment quality adju54ne.^.t processor 309 and a resultant e.^.coding
qtality of previously coded pi.cture(s) such that ti`:e overall encoding
qualities of pictures within a 



segrneat are r elazively close to the target constant. The ressltar.t
ezcodi.^g quaiiry may be 20 determined by t,'~e average value of t.`te
reference quantaation step size (ie. avers' e_Q~) of ti:e previously coded
picc~sre(s). A ,-ne:l:od of target bii rate (BR) determination can be
derived f:orn a rate-quantisa:ion model as given by: K~ x (average O~ -
tcr,;et 0,) ~.~ = current ~ R + (I3) Gveraj a 0~ where currerr BR is a
current estimated bit rite, or curse^c~BR = S; = y x S? ~- ~V~ x Ss. ?~ S,,
S~. S" are bits used b;r previou5fy coded I. P) and B-pictures
r~spCCtivriy. :Vp, rV, are total number or P y^.d 3-pictures is abc cur:ezt
GOP. everage_Q~ is the avrra~~ valor of QJ o. previousiv coded pture(s)
CT1'RCTTTT ~TF CuFFT f rWP ?~ 7   18 September 2002 - is  target Q~ is the
target encoding quality or target vuue of Q~, Kj tray be a constant, or a
tactor of previous BR, mczt BR, or c~rrenr BR) and K may also be separately
deternined for I. P, and B-pic~ ~re types. ~ Niaxi:.:tan ardlor minimur.^.
bit rates can be appiied to tae determined BR according to application
requirements. The rr:a.:rinin BR input at 322 are used as ?iven by: if (BR
> max BR), then BR = mgr BR if (BR < min BR), then B.~ = min,BR. IO It is
also possible to make use of tt~.e targe:_Q~ at the macro-block level to
incr ease efriciency of encodin'. Basically, the rarget_Q~ is used by ~^.e
reiere.^.ce c~sartisation step size computation processor 302 as a lower
limit ov ~:e output re:erence c~~antisaaon step size Q~ stch that when this
target (quality) is reacEed at the NLB level) bits are saved for I S fuctre
encoding irzmediate!y. In this case, the ou~ut reference quanasaaon step
sip rzay be set according to: if (Q, < target Q~), rhea Q; = target Q;. 20
The target biz rate BR is adjusted continuously with reference to a fixed
tar?et encoding quality within eac:~ segment. L: tutu at the be;:rning of
each segment. :.be target encoding quality is adjusted so t.~:at a target
overall bit rate is ac^.ieved. A segment may contain a few groups of
pictures depending on tl:e ..^.eed in tetzns or fr else.^.cy of monitoring
output bit race. :~, new se;ment may also be deicned by a sce.^.e c^an;e =~
detectable b;r a^.y conve^tionat scene charge detector with a given range
of tlr.^.e. At t~~e onset o~ a new segment. tl;r target se4n-ent quality
acjustment processor 309 exe::utes a chr;:~ on t:;e over all bit-rate based
on bits usagC ynd makes any necessary adjustments to t;;C tzrgrt encoding
qualirr for the bit rate adjustmer:c processor 306 so that 30 thr ovCra!l
btt-rate converges to a user drtinable car,.t oversll bit-rate 320
(overa!1_BR). w 



~T1R5TTTT iTF ~'f~FET ( rule 25 1   18 September 2002 - 19 An example
embodiment of a constant overall bit race controller implementing tt:e
target se~~:neac quality adjustment process according to L~:e present
invention is illustrated in block diagram fo .. in Figure 4. The bit court
difference between the actual and :ar'et bit counts (bits di~~ for coding
of a previous segn:e.^.t is calculated by a bits differe^.ce 5 computation
processor 401, utilising tine steps of: a) obtaining the actual bits (bits
segmeru) used for coding tl:e previous segment _ according to the input bit
utilisation of pictures (S~ 400 in the previous seg.'nent, and 10 b)
computir.~ t'tie value of bits did based on a corresponain' target segment
bit rate 406 (segment BR) for tl:e previous segment) accord.ir:~ to:
segment BR x N~~~~,~~ _ bits se,,~rrsent bits dirt" = (14) picture raze
where N~~~is the number or" coded pictures in the previous segment. 15 The
bit count diffe:e^ce (bits dirf~ is rhea redistributed by a bit difference
distribution processor 403 over the next k number of segments using a bit
distzibution "n:nction) ,)gym.), e.~pressed as: deltc bitsm =Vim.) x bits
did (1~) 20 where m = 1,...,k. ~~`flm) = 1, delta bia,~ is the bits
difference distl-ibuted to next rr~' segment. '_'~ For an exarzple cse of
k=~ and fim)=llk) Figure ~ illustrates how t':e bit count dir~erence
(birr_di~~ of an e:ccodcd se;raenc is distributed over the next 4 srgmencs.
The period o~ k sCg;nr.^,cs used for bits compensation ~s retered to ~s an
adjustment inter~~~i. S~IBSTITL'TF SHFFT ( rule ?5 7   18 September 2002
_~0_ A delta bit-rate computation processor 403 (Figure 4) accur.:ulates
all bit dizere:~ces (delta bins) distributed from previously encoded
segments to ttae cr:rrert s~-feat to be coded) anal cor:putes a delta
se~rrent bit-rate ( ^_segment BR) based on the accumulat=d de!re bia and
tl~e number or pictures in rlhe curenc seinent to be coded. T a delta ~
se`mera bit-rate and a user definable target overall bit-rate (overcll BR)
input at Q08 are used by the target segment BR adjussnent processor 405 to
de..^'.ve the tame: :e~ .^.ent bit r ate (segment BR) 406 for ~~:e current
se~r:zent. Tl:e value of segrre:~u_BR c a be exaressed as: 10 segmerr~B.~ =
overa!1 BR ~ Gsegmenr BR ( I 6) 



A new t3r;et encodin? quality (tang er Q~) 407 for encoding of the cur:e^s
se~ezt is then dete:rrined iroci the target segment bit rate using a BR-Q~
:nodell:ng groc~~or 4Q4. The $R-Q~ modellin' processor may operate, for
example) according to: 'O = tar,;pt O' x (segment BR - segment BR') ~ K1 x
segment BR' ~ ( 17) tcrger OJ = target O~ + ~O, ( I g) I5 where target Q j
is the target Q~ or the previous se:nent) segmenr BR' is ti,e target
segnent bit rate oi" t,'~e previous seQme.^.t. and K, is a cotatant which
can be e:cperitrentally dete:min ed. rnarimum limit nay be placed on the
deterr,:inrd GQ~ so c:nat their is no drastic change 30 in ou~ut quality
rrom one sr=mrnt to another. tlow chart roe a process of var~ablC bvc race
(~'BR) C:~coding wit:Z consca.^.t overall bit cI~DCTTTT iT~' CL1'~'~T !
rrr~P ~tS 1   7 8 September 2002 '_' 1  rate control according to an
embodime.^.t of the izvencion is illusu:.ted in Fiot.tre 6. Iriualisauon of
predete.^nined parameters is :first carried out at step 6C0. Then, at step
601 the process deterl~lines whe:.'~er proc_ssing is at ti'~e sta.~t of a
new group-of pictures (GOP) or not. Where a new GOP is decez^ined, step 603
is ca.:ied out by updating the ~ bit allocation for the new GOP. This clay
involve) for e~3r:lple. computation of the GOP bit allocation R'h according
to Ec~uanon (10) desc:ibed here:.naDOVe and accurr:uiating to die re
.:airing bit value R' to ?five the R' tar t.~:e new GOP. For eac:z pit^,=re
i.z the cure nt GOP, a target bit allocation value ?' is decermir:ed at
step 10 60~, arid this rilay be computed accordzn' to Eqt:adons (=)) (3)
and (4), for example. Then) for each c.acrobIoclc in the p icsr e, a refer
e..^.ce quantisacon step size Q is de:e.:rir:ed usin' the compute-d tar?et
bit allocation T, such os by the process represented by Equatio ns ( ? 1 )
and ( ? 2) . Activi ty masldLg tray also be inc laded in tt~.is step . The
macroblock of the pic;ure is rhea e:lcoded at step 605 using the computed
auantisatron step 15 size, and steps 604 ar.d 60~ are repeated for all of
the r~..acroblocks in the picture until the end of the picn:re is
detrrwined at step 606. When the end of the sequence of moving pictures
which is being encoded is reached, this is determi~zed at step 607, which
terlrinaws the process at step 611 upon that occurrence. 20 Otl':erwise)
t<~e process cortit:lzes to step 608 where it is dete::nined wf~.e:ner Lie
end of the curent segment of pictures hss been reached. When the a^d of a
segment of pictures is reached and processing of a new segment about to
begin, c~`:e car get encoding a,.lality 15 adjusted at step 609. This is
pe: iorrr:ed by hr 5tiy ?~ cor.:puting t.':e di,'ference between zl'~e
nurr.ber of bin allocated for coding the previous segment and c:`:e actual
n~,lmber of biu used in coding that seg:re.^.t, such s by the process
represented by Equation (I4). T:lis quarciry) birs did`', represe:~ts extra
bits which a.-a Ieft over from t:`:e previous se~^.lent or' pice,~res. and
may be distributed for use in encoding t.'~e ensuing picture sC~nlCnts.
T`le l~c~ over bits biro dig? are dirt; ibuted for use over one or 30
r.^.ore segmC:lts according to a bit distribution n:nction. an exarr:ple of
whit;: is dCSCrlbCd C1TT2CT~'TT'T~ CLI'~~T I .-..ia '7~ 1   18 September
2002 in connecz'ron with Equation ( 15). In essence) the let't over bi is
from the p revious se?Te.^.t are divided into a piura:iry of k, precerably
equal, amounts and allocated tc the following k segrreats for e.^.coding
with. The dividends allocated from a!1 of the k previously processed
segments are accumulated and used to determine a change in seg:ne:~t bit
rate) 



5 ^.segmerr BR. according to the accumulated bits difference and the number
of pictures in the segment to be coded. This car. teen be used to cornpute
:n allocated bit rate Yor the segment to be coded according to Equation
(I6). : lenity) a target encoding quality, rnrger_Q~, can be cor:~puted
ar.cordin; to Equations (17) and (18), for exa.^npie. 10 IF the end of a
se5:nent has not been reached at step 608, or a:'ter the tare: quality
adjuscrent of step 609, the target quality and the actual quality of
encoded pictures is compared, and a new bit race for encoding tl:e next
picture is computed based owthe difference. This step can be carried out as
described in relarion to quatien ( I3)) fo r example. The procedure t'ahen
ren:rns to step 601, described above. 1~ In summary, embodiments of the
present invention provide methods and apparatz;s for encoding moving
pi:ccurcs witzh a variable bit rate whilst maintaining a consistent output
encoding qualit-; according to a dete:znined target quality. T.ze target
quality is adjured at the beginniz~ of every moving pictures segrr:ent
according to a bit distrbution function to =fl ensure an overall bit rate
shat meets a defined target. Furthermore, the se?:re.^.t based bit disL
abutior. tuncdon provides stnoen'~ and r'ie~cible modulac:on of the
encoding quali:~r. The method can be irnple:rented at low cost and with the
ability to encode a^, input moving pic~ ~r~s sequence in one-pass at
real-time. .5 It will be readily apparent to those of ordinary sl:iil in t;
^.e a:-t tt:at the toregOtnE de~~iled descr iption oc the present invenron
has been presented by wav or exarnoie only) and is not intended to be
considC:ed limiting to the invention as defined in the cia~ms appended
hereto. In part:c:uiar, it is e;tvisaged t`:at numerous variations to t7e
eraoodvmrnts :~ described ca,~ be rzade mthout depar:in? from the spire and
scopC of the invention. 30 C~T7TIt~TTTT-rr C`TTT't'T   18 September 2u2
Througi,~out t.':is sprc:rication and the claims which follow, unless the
context requites o~'~erwise, the word "comprise" ) and variatioes such as
"comprises" i^.d "comprising", will be understood to irlply the inclusion
of a stated integer or step or'roup of integers or steps out not the
exclusion of any other integer or step or group or integers or steps. 5 C~
iRCTTTT iTF C~-iFFT I rt~iP 2fi 1   Glossary: V$~'video buffer
verirlerVBRvariable bit raceSCBRconsta.^.t bit raceViPEG'~iovinQ Picture
Experts GroupDCTdiscrete cosine traraiornGOPgroup of
picturesMBmacrobiock10Qquantisa:ion para~t~.e:er (picture
quality)Q~quantisation parameter for ma.:roblock jQ;, Qb) QPquantisation
parameters for I. B and P type picturesRay,number of bits allocated for
encoding a group of picturesbir ratetarget bit rate for a picture
sequence15picrure rarenumber of pictures coded per second~1%total number of
pictures in the group of picturesw" 1'~preriainirtg number of P,B pictures
in the group of picturesR, R're:nsining number of bits for encoding a group
of picturesSnumber or' bits already used in coding a group of pictures.0T;.
T~. T,target number of bits for coding next I, P, B type picturefit, X~,
X,global cotnplexiry measures far I, P) B type pictured~, D~virtual buffo:
fullness when coding the j='` macrobtockd" Doinitial v irZtal buffer
fullness8;.,acn:al bits used up to and including (j-1)` r:.acroblock25:1~IB
Cntnumber or macroblocks in the picturerr eaction parameter ( _ ? x oir
rare I picture rare)~y actJnormalised rnacroblocl aetiviry
Ievela~tquanrmodulated quantisauon step size (= e'V acc~ x Q,)overall
BRderivable target overall bct rate3 4BRta: ge: bit r~c~ 9 8 September 2002
tw m C`ITl'~G`TTTI'T-rr, eLr~~T ! rtt~P ?('1   18 September 2002 .5 B bit
utilisation in~'otr.:ation (e~. bits used to code previous NtBs in picture)
curre,Zt BR aver~:~e_QJ targ et_Q; ~ ma. =BR min BR bits did segment BR
bits sea meet 10 tVs~s",~"r delta birs~, Vim) current estir,.ated bit ray,.
average value of quantisation pararnete: for previously coded pictures
C~L.3n~sZLlOn p.7..r3nleter value for c.:.'et encoding quality ma.~cicr_um
permitted bit rate minimum pe: :zitted bit race diffe-ence ber~~eez actual
and target bits used is coding previous se~:ne.^.t target seg:aent bit ray
actual number ef bits used in coding previous se~:neat nurber of coded
pictures it: previous segment number of difference bits available to ne~ct
m'' segment bits distribution rmction ~ se?menr BR available dii't'ersnce
in segrr:eat bit rate 



CTiRCTTTTTT~' CTTF~'T l r~t~P 7~, 1   18 September 2002 .6 Ctaims: A mehod
for use in a moving pictures encoder for encoding a seqt:e:~ce of segments
each laving at least one i::~age, cornprising r.he steps ot: 5 a)
dete.^.nining an overall target bit rate for encoding the segue.^,ce of
images; b) detertr:ining a bit allocation and target quantisation step size
for encoding a first segment on the basis of a segment ta;?et bit rate
calculated usin; said overall target bit rate; c) encoding said first
segment using a variable bit rate encoding mea'~od ", 10 according to the
target quantisation step size; d) dete:mirirg a dif:erence between the
nurnber or bits used to encode said first se=:neat and said first segment
bit allocation: e) distributing said difference for use in encoding at
least one subsequent segment to determine a subsequent se~me.^.t bit
allocation: 16 f) dete:z...ining a new target quartisation step size for
encoding a said subsequent segment on the basis of a new target seg3:ent
bit rate calculated using said seQ:nert target bit rate and the distributed
diriere.^.ce; and g) encoding said subsequent se7ment using a variable biz
race encoding tnet.'~od according to ti,.e new target quar.tisation step
size; 20 wherein variable bit rate encoding is employed for encoding
pict'.ires within a segment w hilst maintaining a substantially constant
bit rate over said sequence. ?. A merl:od as clair:ed in ci3.i.^.i 1,
wherein the steps d) to g) are carried out iterative!y using rr~~ nur.zber
of bits used to encode the subsequent segment and L':e 35 subsequent
seg:^e.^.t bit allocation for deterrr:ining said difTererce. 3. A method as
clairr:rd in claim I of '? ) wherein each segr.:ent comer ises at least one
group of picr.:res having an I-picture and optionally at lCSt onC P and/or
B-picture. 30 4. ,4 mc:hod as claimed in claim ? or 3, wherein the
difference bet~~-een the number CT?DCTTTTTT~ CU'G'~'T l rttlP ~~ )   18
September 2002 or bits used to encode the first seg:renc and said first
segment bit allocation is de:e.~:nined according co: overcll BR x
t~s~q~,~rtr oils dijj = - brrs se,,rrent - picture ra:e  where: birs dijf
is said difference) 5 overall BR is the overall target bit rate, r  l tY;
~,~,f, is the number of coded i~^na.ges ir. the i:rst segment) and
birssegmenr is the acrsal number or bin used to encode the first seg:re^t.
~. A metiZOd as claimed in claim 4) wherein said diffe:e.^.ce is dissibuted
according I 0 to 



delta birs,~ _ Vim) x bits did where delra bus, is the bits difference
dis~ibuted to next m~` segment in the sequence) m = 1,...,k, k is a
positive integer, and 1 ~ Vim) is a bit dis~ribution function, whey a
~'`,~m) = 1. 6. A me:hod as claimed in ctai.n ~ ) where Vim) = I!k. 7. A
method as claimed in claim ~ or 6, wherein tt~.e steps d) to g) are carried
out .0 iteratively using the number of bits used to encode the ssbsequent
segtrent a.^~d the subseque.^.t segment bit allocation for deterairirg said
difference. 8. A method as claimed in claim 7, wherein t:~:e new carver
auantisation step size is calculated ac;:ording to: '0 = target Q' r
~.oeomrert! BR - wgment BR') x .~~egmertt BR' >> ~T1R,CT1TTITF CiE-TFFT !
r~tlP ?F~ 1   18 September 2002 _ ~g _ tarjet 0 = target 0' + r~0 where
tar~er_Q is the new target quantisation step size) segment BR is the new
target bit race) rarger_Q' is L~:e target quantisaaon step size of t.~:e
preceding segment) segment BR' is the target segme.^.t bit rate of tube
preceding segment, and 5 K is a constant. w 9. 3 tr:e;~':od as clai^:ed in
claim i or 8, wherein for each subsequent segment t,'~e difference between
the number of bins used to a^code the se4sent and the segment bit
allocation is determined according to: segrrrent BR x Nt,q",~" bits difj' _
- bits se,;mert ptctz:re rare ' 10 where: bits did is said difference,
segment BR is the segment target bit rate. Ns,!"~"r is the number of coded
irzages in the segment, and birS segment is the actt:al nurnbe: of bits
used co encode the segment. I~ 10. A mec;^.od as claimed in claim 9,
wher~ir. said di:ference is distributed according ta: delta birsm = jam) x
bitr_di~ where delta birsm is the bits difference distributed to next m~"
se`ment in the sequence. .0 m = l . ...k. k is a positive ince~~r) arid ~m~
is a bit distribution function. where r~ f~rrc) = 1. lI. ~ method as c;
zimrd in ciaim I0) w(~erC,J~m> = l/k. CrTRCTTTT'T~ cul~~'T I rt:iP 2fi 1  



18 September 2002 -29 L'.. :~ method for encoding troving pictures i.^. a
r:zoving pictures encoder wherein a sequence of i.^.zages are provided as
input, z<he sequencs of images comprising a pluratir,~ of segtne.^.~s each
having a plot slay or" images, the me~hod ircIuding: a) dete.-mini.ng an
ove:all ~La.~get bit race for encoding the sequence of im~es; 5 b) .
maintaining a datribut;on record of bits from at least one previously
ancoded segment ailocated for use is encoaing at lest one seYneat to be
e..^.coded; c) de;e:miring a t~~aet set rent bit rate for a segr..eat of
t.~:e secue::ce of images on the basis of the overall target biz rate and a
biz rate change calculated from the corresponding allocated bits from the
distribution record; IO d) de:e:~~iaing a tar'et segmet:t encoding quality
from the target segment bit rate) a preceding target seg:z;ent bit race
a.~~' a precedi..zg target se? ne: t eacodin' quality,; and e) encoding the
images of Lhe segment according to the targe: segment encoding quality
using a variable bit rate encoding technique taldag into account 15 scene
cor.:ple:dties of the images in the se~ent; wherein maintaining said
distribution record includes determining a aifference between the number
or' bits used to ~acode a pardc,tlar sere.^.t and Lhe number of bits
allocated for encoding the particular segment on the basis of the target
se5~eat encoding quality. 20 13. A me:hod as claimed in claim 1?) wherein
steps b) to e) a_re caried out ite:a:ively for said sequence ei segments.
14. A me:hod as clair^.ed in clai.tn ? 3, wherein eacz se_ment comprises at
lest one 25 group or" picn:res having an I-picture and optionai!y at least
one P and;or B-picture. 15. ~ method as cla.imrd in clam I?) 13 or IT,
wherein aye tsr;et segment encoding quality is calculated according to: :~0
= target O' .r ~''e~ent BR - ~c~,~rrrertt BR') K x se~rrrerrt BR' CT
iRCTTTTTTF CT-TFFT l rule ?C~ 1   18 September 2002 -30 Large: 0 = t :rget
0' ~ ~D where rer,~er Q is the target segment e: coding quality, segmeru BR
is the target se~t:~e. t bit race. roger Q' is the orecedin~ t3.rget
se~:nent encoding duality, segment BR' is the preceding caret segrnenc bit
rate, and K is a constant. lo. ~ method as claimed in claim 1~) wherein
ta`te difference between the number of ~, bits used to encode a par~icular
seQme.^.t and the number of bits allocated for eacodin~ the 



particular segment is det~~rnined accordin' to: segrrsent BR x :Y~ ,~~,~r
tits did _ ~ - bits se,;rrent picture rate IO where: bits did' is said
difference, se; menr BR is the se'ment tar5et bit rate, Nj~=",e" ~ is the
number of coded irna~es in the segment, and bins segmezr is the actua.i
number of bits used to encode tt~.e segment. 15 17. A mesl'aod as ciairned
in claim I6, wherein the allocation of bits in the distribution record is
calculated accordin' to: delta bits" _ Vim.) x bits dir where delta bits,
is the bits diife:ence allocated to next m'" segment in the sequence. 20 rn
= 1....,k) k is a positive integer, a.~d fim) is a bit dist:ibution
functior" w;~rre ~'"~m) = 1. I3. ,~ eTtCCh04 35 c:l.''.ICfICd in claim 17)
whe:e Jim) = ilk. C;TRCTTT1'TF C'uFFT l rule 26 1   18 September 20Q2 -31
I9. A me:~'~od for controlling bit allocation in a moving pictures encoder
for encoding a seauence of irl3~~S COmprlSinb a DILIr311~~ of segments each
having a plurality of images, cne rne:.':od including, for each segment:
dete::.li^in~ a difference between a nl:mber ef bits used for encoding a
previous 5 segnent and a number of bits allocated far encoding the previous
segment; calculating a bits dis;ributioa from the de:e.^:lined bits
deference and a predetern..ined distribution function: calculating a bit
race change f:om the bits distribution a.~d a predeterrlined number i of
irzages in tl`le segment; 10 calculat:rg a target seg:rent bit rate from
the bit rate change a~^.d a a redete: ^iined tar?et overall bit ra:e for
the sequence or irnages; and dete:r..ining a tar get seg:neat encoding
quality trcm L~le ta:get segment bit rate. 20. ~1 method as claimed iz
claim 19, wherein the differen ce between the number of 15 bits used for
encoding the previous segment and the number of bits allocated for encodia~
the previous se~r.:ent is determined according to: bits did ~ segment BR x
Nj~~"~~,~, _ bits segment - picture rate where: 



birs dir is said difference, segment BR is the previous se~rnent target bit
rate) 30 l~l~~s",~ is the number of coded i:r.2Qes in the previous
se?:r:ent) arid 5~ts segmenr is the actual number of bin used to encode
tl:e previous segment. 2I. A rne:hod as claimed in claim ?0. ~~~i:er ein
the bits distribution is calculated according to: 25 delta birsm = fpm) x
bits dijJ where delra bcrsm is thr number of bits dit'terracr allocated to
next m'" se~mrnt in the srqu~nc~, SUBSTITUTE SHEET ( rule 26 )   18
September 2002 m = 1.....k. k is a positive irteg~r) and ,gym) is a bit
dat:ibution function, where ~'`,~m) _ ~. ~ 22. ?, rneohod as c!~rne3 in
claim ?l, whe:e~rrr) = Ilk. 23. A method as claimed in any one o` claims 19
to 2?, wherein the target segrnent encoding auality is calculated according
tai ~~0 = target.0' x tse~rrent BR - segment BR') K x segment BR' target 0
= target 0' ~ ~O where rarger_Q i.s the target segment encoding duality, 10
seomeru BR is the target segment bit rate, . target Q' is ti:e previous
segment target se~rlent encodin5 quality, segment BR' is the previous
segment tar?et segment bit rate, and K is a coastara. 1 ~ 2-;4. :fin
encoding quality adjustment processor far generating a target seg:nezt
encoding quality value in a movin; pictures encoder for encodir.' a series
of segments each havi.n' at least one ir^.a~e using a variable bit race
encoding scheme whilst nzaintainin~ a subs,,ancially constant overall bit
rate, comprising: a bits differ ence computation meaty coupled to receive a
segment encoding biz ?0 utilisation value and a target se?me.^.t bit rate
a,~d gene:ate therefrom a bits dit:erence value representing a difference
in bits allocated and bits used for encoding a segr~enc: a bits
distribution meara coupled co the bits difference computation rttea.ra for
computing at least one bits distribution value from ct:e bits difference
value and a pcedece~:ninCd distribution Purtetion; C~rRCT1'~f'T'T~' C~-TFFT
f t-t~le ~C~ ~   18 September 2002 



., _" _ a bit rate difference compuration means coupled to the bits
distribction r.:ea.ns for comput:n~ a segme.^a bit rate dit~erenc~ from the
at !east one bits dis:ribution value and a predeternined number of
i.^,za~es in a segment; a target se;ment bit rate adjustillent means
coupled to d:e bit rate diffe:eace ~ corzpucat:on means and the bits
diifereace computation means for compucin~ said target se~:rent bit rate
frorl Lbe segme.^a biz ra:e di~erence and a predeternined tar'et overall
bit rate for Td:e sequence of se~rnents; and an encodi:l; qualiry
computation means coupled to the target segment bit rate adjustment means
for cotrputi.^.^.~ a target segment e:zcoding quality value tram said
target 10 seamenr bit race. 2'~. A moving pictures. encoder comprising: a
coding processor for encodir.~ picture data based on macroblocks according
to a quannsaLOn step size; I S a visual buffer processor coupled to the
coding processor for track:rg a number of bits used for encodin' successive
macroblocks in a picr.zre and a number of bits used for encoding successive
pictures in a Droop of pictures; a uuantisaaon step size processor coupled
to tile codling processor for deterininin' said auantisaion step size from
a target number bis allocated for a picture and tae number 20 of bits
already used for a :codir.~ s.acroblocks in tizat picture; a picture bit
allocation processor coupled to ti,.e quantisation sep size processor for
deLCCTt11:1L':~ Sald t3r~~t nu,~~ber of bits allocated for a picture from a
target bit rate and tr.e nurzber of bits already used for encoeing plc.
~res in a current group of pictures; a bit rate adjust.-neat processor
coupled to the picture bit allocation proc=ssor, the .5 visual boiler
processor and the quantisation step size processor for determining said
targt bit cute from the number oC bits already used for encoding successive
oicr,~res in the current group Cf ~1CL'..:reS, a t~-get encoding
quantisation stew size ynd an average Cuantaation step size for p~c:~,:res
in t5c current group of picc~sres: and a targ_t e:~coding quy^.taat:on step
size processor ~,:ouplCd to the bit rate adjustment 30 promssor and the
virtual bu:fer processor for dc:errnming said t~.r~et encoding SUBSTITI~'TE
SHEET ( rule ?6 )   18 September 2002 -3~ quantisation step size from a
predetermined tar'et overall bit rate and the number of bits used for
e:~coding a preceding group of picneres. 
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EU~ytojd_YTV]]caV]ca]caV]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]caV]ca]caV]ca]c
a]caV]ca]ca]caV]ca]ca]ca]caV]ca]caV]ca]caV]ca
hv,2cfAGN|uojd_YTV]]caV]ca]caV]ca]caV]ca
V]c^a]caV]ca]caV]ca]ca]ca]ca]caV]ca]ca]ca]caV]ca]ca]ca]ca]caU]caV]ca]ca]ca]
ca]ca]ca]ca BQtw3>I
%}/9zupje_ZTV]V]ca]caV]ca]caV]ca]ca]caV]ca]ca]ca]ca]ca]ca]caV]ca]ca]caV]ca]
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FqyT|wrlga\Vje_ZTV]V]U]ca]caU]ca]caU]ca]ca]ca]ca]ca]caV]ca]caV]ca]caV]caV]c
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