
;@ABCe3eD~vvw$yz:}6}TD~  18 September 2002  MOVING PICTURES ENCODING WITH
CONSTANT OVERALL BIT-RATE Field of the invention 5 The present invention
relates to a method and apparatus for encoding moving pictures. In
particular, the present invention relates to a method and apparatus for
performing variable bit race control in a digital video encoder while
maintaining a particular overall bit-raze. Background of the Invention 10
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 15
compression techniques can be derived from the ISO/IEC MPEG Standards, the
ISO/IEC 1 I I72-3 (MPEG-I)) the ISO/IEC I3818-2 (MPEG-2) and the MPEG-2 TMS
(test model 5)) developed by the Moving Picture Experts Group of the
International Organisation for Standardization. The disclosures of those
standards documents are hereby eacpressly incorporated into this
specirtcation by reference. MPEG-I is the compression standard 20 used in
VideoCD while MPEG-2 is the video compression standard used in DVD and many
digital broadcasting systems. The MPEG standards specify only the synta.~
of the compressed bitstreams and method of decoding. The method of
irnpiementation in the encoder is Ieft to the developer, and any 25 form of
encoder may be employed as long as the resulting bitstream conforms with
the specified syntax. In certain applications such as video storage device
(recorder), it is possible to use variable bit rate (VBR) encoding. A VBR
encoder is able to vary ics output bic-race over a large: 30 range than a
CBR encoder. and this would generate an output which has a more constant
SUBSTITUTE SHEET ( rule 26 )   18 September 2002 visual quality. An example
of a VBR encoder is described in United States patent number a650,860)
enuded "Adaptive Quanuzation". In order to maintain a ma~timum bit rate
allowed by the target storage device as well as an overall bit-rate which
enables input picture sequence to be scored into a defined storage space,
such VBR encoders utilise ~ multip le encoding passes. In the tirst
encoding pass, the bit utilisation information is determined for each scene
or each picture in the input sequence. This may be done by fcxin' the
reference quantisation step size and disabling the VBV control. The
determined bit utilisation irfonnation is then 10 used to 5enerate a bit
budget for each scene or gicture such that an overall target numcer of bits
to code the sequence is fixed, and that time maximum bit rate is not
violated. In cases that bit utilisation information obtained is not close
to that required for generatin' the bit budget, steps from the first coding
pass must be repeated with an adjusted reference quantisation step-site.
The input sequence is coded in a final pass using the generated bit 15
budget information to achieve the target bits or overall bit rate.
Multiple-pass VBR encoders requires Iarge storage memory for intermediate
bit utilisation information, and lame computation needs for the additional
passes and bit budget generation. Furthermore, such a VBR encoder cannot
process input sequences in real-time 20 as required by certain
applications. Summary of the Invention It is an object of the present
invention to provide a single-pass real-time variable bit rate 25 encoder
far moving pictures. It is also an object of the present invention to
provide variable bit rate encoding of moving p~ctures such that the change
in encoded picture quality from one scene to another is minimised. A
further object is to provide a real-time 



variable bit rate encoding algorithm which produces a constant overall bit
race. 30 In particular, the present invention encodes an input moving
pictures sequence one SUBSTITUTE SHEET ( rule Z6 )   18 September 2002 -3
segment at a time according to a target encoding quality which is
determined by a target segment bit race. The target segment bit rate of a
current segment is preferably derived from the differences between the
target segment bit races and the actual coding bit rates of previous or
previous few encoded segments. 5 To maintain consistent encoding quality
for all pictures within a segment, the actual target bit rate for encoding
the pictures is made variable according to their scene complexities as well
as the target encoding quality of the segment. 10 As the target encoding
quality of each segment is modified based on the differences between the
target and the actual bit rates of previous or previous few encoded
segments, the change of target encoding quality from segment to segment is
made relatively smooch compared to that of a Constant Bit-Rate.Encoder, and
furthermore) the overall bit rate of encoding is maintained constant. 15 In
accordance with the present invention, there is provided a method for use
in a moving pictures encoder for encoding a sequence of segments each
having at least one image) comprising the steps of: a) determining an
overall target bit raze for encoding the sequence of images; 20 b)
determining a bit allocation and target quantisation step size for encoding
a first segment on the basis of a segment target bit rate calculated using
said overall target bit rate; c) encoding said first segment using a
variable bit rate encoding method according to the target quantisation step
size; ZS d) determining a difference between the number of bits used co
encode said ftrst segment and said first segment bit allocation; e)
distributing said difference for use in encoding ac least one subsequent
segment to determine a subsequent segment bit allocation; t~ determining a
new target quantisation step size for encoding a said 30 subsequent segment
on the basis of a new target segment bit rate calculated using SUBSTITUTE
SHEET ( rule 26 )   18 September 2002 said segment target bit rate and the
distributed difference; and g) encoding said subsequent segment using a
variabEe bit raze encoding method 



according to the new target quantisation step size; wherein variable bit
rate encoding is employed for encoding pictures within a ~ segment whilst
maintaining a substantially constant bit rate over said sequence. The
present invention also provides a method for encoding moving pictures in a
moving pictures encoder wherein a sequence of images are provided as input,
the sequence of images comprising a plurality of segments each having a
plurality of images, the method 10 including: a) determining an overall
target bit raze for encoding the sequence of images; b) maintaining a
distribution record of bits from at least one previously encoded segment
allocated for use in encoding at least one segment to be encoded; c)
deternvning a target segment bit rate for a segment of the sequence of 15
images on the basis of the overall target bit rate and a bit rate change
calculated from the corresponding allocated bits from the distribution
record; d) determining a target segment encoding quality frota the target
segment bit rate, a preceding target segment bit rate and a preceding
target segatent encoding quality,; and 20 e) encoding the images of the
segment according to the target segment encoding quality using a variable
bit rate encoding technique taking into account scene comple;cities of the
images in the segment; wherein maintaining said distribution record
includes determining a difference between the number of bits used to encode
a particular segment and the number of bits 25 allocated for encoding the
particular segment on the basis of the target segment encoding quality.
According to the current Invention, a moving pictures sequence is divided
into segments. The size oC each segment may be suitably determined. Ea~:h
segment is encoded with a 30 target encoding quality derived from its
target segment bit race. A variable bit rate (VBR) SUBSTITUTE SHEET ( rttie
26 )   18 September 2002 -5 encoder is utilised to encode the segment
according to its target encoding quality. The target segment bit rate of an
initial segment is obtained from a user defined target overall bit rate.
After encoding the segment) the difference between the actual bit race 5
used and the target segment bit race is obtained. This difference is
propagated to the next or next few segments to be coded. This process is
repeated for each segment; therefore, for each subsequent segment, a new
target segment bit race is determined from the user defined target overall
bit rate and the differences between the target segment bit rates and
actual bit races of previous or previous few segments. 10 The present
invenuon further provides a method for controlling bit allocation in a
moving pictures encoder far encoding a sequence of Images COmpLISILIg a
plurality of segments each having a plurality of images) the method
including) far each segment: 



determining 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 predetermined distribution function; calculating a bit
rate change from the bits distribution and a predetermined number of images
in the segment; 20 calculating a target segment bit rate from the bit rate
change and a predetermined target overall bit rate for the sequence of
images; and determining a target segment encoding quality from the target
segment bit rate. The present invention further provides an encoding
quality adjustment processor far 25 generating a tar5et se'menc encoding
quality value in a moving pictures encoder for encoding a series of
segments each having at least one image using a variable bit rate encoding
scheme whilst maintaining a substantially constant overall bit race)
comprising: a bits difference computation means coupled to receive a
segment encoding bit utilisation value and a target segment bit rate and
generate therefrom a bits difference 30 value representing a difference in
bits allocated and bits used for encoding a segment: SUBSTITUTE SHEET (
rule ?6 )   18 September 2002 -6 a bits distribution means coupled to the
bits difference computation means for computing at least one bits
distribuuon value from the bits difference value and a predetermined
distribution function: a bit race difference computation means coupled to
the bits distribution means far 5 computing a segment bit rate difference
from the ac least one bits distribution value and a predetermined number of
images in a segment; a target segment bit rate adjustment means coupled to
the bit rate difference computation means and the bits difference
computation means for computing said cazget segnent biz rate from the
segment bit rate difference and a predetermined target overall hit fw.,, 1
10 rate for the sequence of segments; and as encoding quality computation
means coupled to the target segment bit raze adjustment means for computing
a target segment encoding quality value from said target segment bit rate.
15 The present invention further provides a moving pictures encoder
comprising: 



a coding processor for encoding picture data based oa macroblocks according
to a quantisation step size; a vinual buffer processor coupled to the
coding processor for tracking a number of bits used for encoding successive
rnacroblocks in a picture and a number of bits used far 20 encoding
successive pictures in a group of pictures; a quantisation step size
processor coupled to the coding processor for determining said quantisation
step size from a target number bits allocated for a picture and the number
of bits already used for encoding macroblocks in that picture: a picture
bit allocation processor coupled to the quancisation step size processor
for 25 determining said target number of bits allocated for a picture from
a target bit rate and the number of bits already used for encoding pictures
in a current group of pictures; a bit rate adjustment processor coupled to
the picture bit allocation processor) the visual butter processor and the
quantisacion step size processor for determining said target bit race from
chr number or bits already used for encoding successive pictures in the 30
current group of pictures) a target encoding quancisation strp size and an
average SUBSTITUTE SHEET ( rule 26 )   18 September 2002 _7_ quantisation
step size for pictures in the current group of pictures; and a target
encoding quantisation step size processor coupled to the bit rate
adjustment processor and the virtual buffer processor for determining said
target encoding quandsacion step size from a predetermined target overall
bit rate and the number of bits S used for encoding a preceding group of
pictures. Brief Description of the Drawings The invention is described in
greater detail hereinafter, by way of example only, with 10 reference to
the accompanying drawings, wherein: Figure I is a block diagram of the
constant bit-rate controller based on TVi~; Figure 2 illustrates the
difference between a target bit allocation and an actual bits consumption
at macroblock level far one frame (a P-picture is chosen for this case))
where dj is the virtual buffer fullness at a particular 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 diagram of the constant
overall bit-rate controller; 



Figure S illustrates how the difference in bit count for the last segsent
is redistributed over the next four segments (e. g. f(m) = I /4}; and 20
Figure 6 is a flow chart of a VBR algorithm with constant overall bit-rate
control. Detailed Description of the Preferred Embodiments In a standard
MPEG compliant video encoder, a sequence of moving pictures (e. g, video)
25 is input to the encoder where it is compressed with a user defined
target bitrate. The target bitrate is set according to the communication
channel bandwidth in which the compressed video is to be transmitted, or
the storage media capacity in which the compressed video sequence is to be
stored. A typical MPEG encoder involves motion estimationlprediction.
Inter/Intra classiticat~on, discrete cosine transform (DCT) 30 computation,
quantisation) zip-zap scanning, variable length coding and race-control.
SUBSTITUTE SHEET ( rule 26 )   18 September 2002 _g. Several different
forms of coding can b_ employed depending upon the character of the input
pictures, referred to as I-pictures) P-pictures, or B-pictures. The
I-pictures are intracoded pictures used mainly for random access or scene
update. The P-pictures use rorward motion predictive coding with reference
to previously coded I- or P- pictures 5 (anchor pictures), and the
B-pictures use both forward and backward motion predictive!interpofative
coding with reference to previously coded I-or P-pictures. Furthermore, a
group of pictures (GOP) is formed in encoded order starting with an
Ipicture and ending with the picture before the next I-picture in the
sequence. ..,_ 10 The pictures are partitioned into smaller and
non-overlapping blocks of pixel data called macroblocks (~tBs) before
encoding. Each "4B from a P- or B-picture is subjected to a motion
estimation process in which forward motion vectors, and backward motion
vectors in the case of a B-picture NLB, are determined using. reference
pictures from a frame bui~fer. The target macroblock in the current picture
is matched with a set of displaced I S macroblocks in the reference
picture, the macroblock that best matches the target macroblock is used as
the predicted macroblock. The position of This predicted macroblock is
specified by a sec of vectors known as motion vectors) which describe the
ver~ical and horizontal displacement between the target and predicted
macroblock. For a B-picture) the process is similar except there are two
reference pictures: anchor pictures 20 immediately preceding and following
the B-picture. f ' . m With the determined motion vectors) motion
compensation is performed where the infra-or inter-picture prediction mode
of the htB is first determined according to the accuracy of the motion
vectors round, followed by generating the necessary predicted MB.
I-pictures ?~ are always incra coded while for P and B-pictures, a decision
on whether incra or inter coding will be used (at macroblock level) is made
depending on which method will give rise to a more etfcient coding.
Transformation of the macroblock using a DCT is then carried out on thr 8x8
pixel blocks 30 within chr macroblock. Fur ~ncra coding) the actual picture
data is coded. while t'or inter SUBSTITUTE SHEET ( rule 26 )   18 September
2002 _g_ coding the prediction error is coded. This is Followed by a
quantisation process of the DCT coefficients which involves a qua.~tisauon
matrix and a quantisation step size. The quancized coefficients are then
nm-length encoded with variable length codes. 



5 The resultant bit usage and statistical data are passed onto a rate
control module) which is used for allocating a target number of bits used
to encode each picture and each macrobiock within the picture. This is an
important module in the encoder as it plays a major role in maintaining the
quality of the encoded picture. IO The rate control in ~1PEG-2 Test NIodeI
~ (TM5) comprises the steps of allocating the target amount of bits for
coding each picture, deriving the reference quantisation parameter (Q;) to
be used on each macroblock in a picture) and modulating the Q~ based on the
activity masking level of the surrounding blocks of the corresponding
macroblock to obtain the modulated quantisation step size (Mqtuzrer) used
to quantise the macroblock. 15 An objective of this rate controller is to
ensure all pictures maintain a similar level of quality. It assumes that
the subjective quality of a single coded picture can be qualified with a
single number V, described by factor KlQ where K is a constant particular
to a picture type and Q is the quantisation step size for the picture being
coded. That is, the 20 raze controller will try to preserve the following
equation: Y = K. _ Ka = Ks QP Qb The subscripts i) p, b refers to I, P) and
B-picture types. The parameters K;) Ka, and Kb are experimentally
determined constants for all I) P, and B pictures respectively, and K,
usually is norrrialised to the value of I. ?5 Figure I illustrates a block
diagram of a known embodiment of the TV(~ rate controller. A
group-of-pictures (GOP) is a collection of one I picture, some P pictures
and B pictures. arid serves as a basic access unit with the I picture as
the entry point to racilitatc random SUBSTITUTE S~iEET ( rule 26 )   18
September 2002 - to  access. The controller comprises three levels of
processing: a GOP level 111 ) a picture level I10, and a macroblock (MB)
Level I09. At the start or every new GOP at the GOP level I l I, a GOP bit
allocation process I00 computes the total number of bits (Rd~) . allocated
for the GOP. The value of RaoP is given by: bit~rate x rV RgP ~ picture
rate ~1~ 5 where bit rate is the target bit rate for encoding the picture
sequence, picrure rare is the number of pictures coded per second, and ;_ N
is the total number of pictures coded in the GOP. The remaining bits (R)
for the GOP is determined at the picture level 110 by a remaining IO biu
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 + Ray for a new GOP. I~ With the computed value of R, a picture bit
allocation process 101 at the picture Level 110 then computes a target bit
value (~ allocated to the current picture according to the equations below
for corresponding I, P or B picture type: _ R bit_rate I * N~L'p + NbXb ' K
x prcture rate XKP XKb T = ma. R hrt rate P IYbK~,~b ' K x pretcere rate (~
) P XPKb 



SUBSTITUTE SHEET ( rule ? 6 )   18 September 2002 -11 T = m R ~ bit rate b
N + NpK~('o K x picture rate b XbKF ( ) where T" Tp) Tb Represents target
bits for the next picture (I,P,B) Nb, 1VP Represents the remaining number
of pictures (P,B) in the GOP 5 X;) X~, XS Represents global complexity
measures and gives a measure of the actual number of bits required to
represent the picture (without compression), and X1=Q;xS 10 Xp=QpxSa Xb =
Qb x `~6 S;) S~, Sb are the actual number of bits used to code the previous
I/PIB frame. 15 K is a constant (e. g. 8) After computing the target bits
for the picture, a reference quantisadon step-size (Q;) computation I02 is
carried out at the MB level I09 for each macroblock within the picture. The
value of QJ is computed based on the determined target bit allocation (T"
TP, 20 or Tb) and a buffer fullness value (dJ). Each of the three picture
types has a vinual buffer associated with it and these buffers are updated
after coding each macro block of the picture type according to the
tollowing equations: T, x (/-l) d' d + B'-~ GLIB Cm SUBSTITUTE SHEET ( rule
26 )   18 September 2002 _ ?' x (j-I) r BJ ` !'VIB,CIIt `6) db = db + B Tb
x U 1) 7 '  ' ~ ` ~YIB Cnt where dv is the initial virrual buffer fullness,
d~ is the virtual buffer fullness when coding the j~` MB, B~.r is the
actual bits consumed up to and including {j-1)` hIB as provided 5 by a
virtual buffer update process 105, and MB Cnt is the number of l~iBs in the
picture. Equations (5) to (7) effectively track the differences between the
actual number of bits used and the target bits allocated, and these
differences are then added to the respective 10 virtual buffers which are
used to compute Qr. This allows the rate controller to control the bits
allocation based on the consumption paaern of the picture. Q; is computed
from the buffer fullness via the equation: j 



Q;= (dJ x 31) I r = d~ x constant (8) l5 where r is a reaction parameter =
2 x bit rate I picture rate The reaction parameter) as the name implies) is
a factor that can conuol the sensitivity of the algorithm from a change in
d~. Large r will cause the reaction to be slower, which may cause the
target bits and actual bits to differ significantly, but it brings about a
more ?0 gradual race of change in bit consumption which is favourable for
scene changes. On the othCr hand) a small r cruses the controller to br
more reactive to changes) giving rise to a ~luser target anti actual b~cs
value, but a raster response also means a less gradual change SUBSTITUTE
SHEET ( rule 26 )   18 September 2002 - i3  during scene change which is
not desirable. A graph illustrating the difference between the target bit
allocation and the actual bits allocated within a frame is shown in Figure
2. The value of Q~ is further modified by an activity masking process 103
to give the 5 modulated quanti.sation step size, Mquant. Basically) the
spatial masking abili.ry of the macrobiock is used to place a correction
factor onto the computed Ql value. Spatial masking ability is the ability
to contain noise masked from human visual systems. Typically, an area with
complex texture will have a larger correction factor than an area .' with
simple texture, hence, t0 Mquanr = N acre x Q; (9) where N acre is the
normalised value of macroblock activity level and may have a value of
between 0.5 and 2 15 With the computed ~Lfquanr) the macroblock coding
process I04 is performed where the macro block is compressed according to
the MPEG standards. 20 At the end of coding a picture, the bit count S used
for coding the picture is used to perform a VBV check I07 and to compute
the remaining bits R for the current GOP ac the remaining bits
determination process 106. The V$V (video buffer verifier) is a virtual
buffer emulating the status of the decoding buffer. The VBV check (10~ iS
performed to detect any overflow or underilow of the decoding buffer with
reference to the target bit ? 5 rate. When coding a picture sequence with
varying scene complexity ) a constant btt rate (C8R) encoder is unable to
vary the bit-rate according to the scene complexity. This results in
scenarios whereby simple scenes are allucated more bits than required while
complex 3~ scenes are allocated insufficient bits, and ~heretore results ~n
a vartatiun oC output visual SUBSTITiJTE SHEET ( rule ?6 )   18 September
2002 



- l4 quality between scenes of different complexities. An embodiment of a
moving pictures encoding apparatus according to the present invention is
illustrated in block diagram form in Figure 3. The encoding apparatus as 5
illustiated is arranged in four levels corresponding to processing stages
in the bit rate control process) namely a segment level 3I3, a GOP Ievet
3I2, a picture level 3I1 and a macrobiock (NiB) level 310. An input moving
pictures sequence is encoded in such a way that on the average, or at the
end of encoding, the output bit rate is close to a user definable target
overall bit race (overall BR) 320. The input sequence is divided into 10
segments and groups of pictures (GOP). The purpose of a segment is for
monitoring of output bit race wick reference to the overall BR, and the
purpose of the GOP is primarily to facilitate random access. A segment may
be defined to include a number of GOP(s) depending on the need in terms of
frequency of monitoring output bit raze. Each GOP comprises ac 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 current invention may contain processes at
the segment Ievel 313, GOP level 3t2) picture level 311, and finally
macroblock level 3I0. With a new group of pictures, a GOP bit allocation
processor 300 computes the number of 20 bits allocated to the current GOP
(R'd~) as follows: R'gp = BR x N~ { 10) picture rate where: ~Ya"~ 'ts the
number of pictures in the GOP, pictccre rate is the number of pictures
coded per second) and 25 BR is a target bit rate. The target bit rate BR is
determined t'or each picture or plurality of pictures by a bit rate
SUBSTITLTTE SHEET ( rule Z6 )   18 September 2002 -15 adjustment processor
306 which is described hereinbelow. A remaining number of bits (R') for the
GOP is determined at the piceure level 311 by a remaining bits
determination processor 308, which carries out the steps of: 5 (a) before
encoding the first picture in a GOP, adjusting R' with a new R'l~: R' + =
R'doP, and then set BRA = BR (b) otherwise if the picture to be coded is
not the first picture of a GOP, and a new 10 target bit race BR is
determined, then adjusting R' with the new BR according to: R' += N ~ (BR -
BR~~), and then set BRa~ = BR prcture rare where N is remaining number of
pictures in the current GOP (c) and removing number of bits used by the
last coded picture S from the remaining bits value R', hence: 15 R' =R'-S
The computed R' is then passed to a picture bit allocation processor 30I to
compute the 



target bit (~ allocated to a current picture co be coded. For example,
equations (2), (3) ?0 and (4) described hereinabove may be used for that
purpose) with the parameters Kp. Kb. Np, Nb and Pict type being supplied.
Dote that the tower limit of bit ratel(8*picrure rare) is only optional and
may be adjusted if necessary. At the macroblock (~tB) level 3 L0, a
reference quantisation step-size computation 25 processor 302 computes a
reference quantisation step-size QJ for each htB using the computed target
bit allocation T and a bit utilisation parameter B determined by a virtual
buffer update processor 305. An example of a method t'or computing Q, for
they'" ~tB of SUBSTITUTE SHEET ( ruie 2b )   18 September 2002 - t6 the
current picture is represented by: K, x DJ x Fictrcre rate K.,xBR (I1)
where K, and K= are constants (eg. 3I and Z respectively)) BR is the
determined target bit race, picture rare is the number of coded pictures
per second, and 5 D~ is a virtual buffer fullness The virtual buffer
fullness of the j~` 14tH is deterrriined by: D _ Do + B _ T x (j-K~) (iz)
MB Cnt where D~ is an initial buffer fullness before coding the current
picture, ie. Df at end of the previous picture. 10 B is the bit utilisation
information supplied by the virtual buffer update processor 305) ie. bits
used to code the In 1~IB to (j-k,)m MB) MB Cnr is the total number of MB in
the current picture) and K, is a constant (eg. I). 1 S Three independent
current and initial virtual buffers fullness values (D~', Dp) D;) Da , Do ,
Do ) may be maintained for the three picture types (I-pictures, P-pictures,
and B-pictures). The computed Q~ may also be further scaled by an activity
masking processor 303 according to a masking factor determined by the
surrounding activity levels of the MB to form the final quantisation
step-size, eLiquarrt, for coding the current MB. A method of 20 masking
factor determination can be found in the aforementioned MPEG-2 TMS.
Macroblock coding (304) is then performed to encode the current MB. A
mac:roblock coding processor 3Q4 may employ, roc example) methods according
to the MPEG-1 or MPEG-2 video encoding standards. Such encoding methods
include necessary motion SUBSTITUTE SHEET ( rude 26 )  



18 September 2002 _ l7_ compensation, discrete cosine transform)
quantisation with the determined quantisation step-size, and run-length
encoding wm variable length codes. The methods also include necessary
decoding processes such that motion compensation can be performed. The
number of bits utilised by tae macroblock coding processor 304 to code each
MB is passed 5 to the virtual buffer update processor 305. In applications
where a maximum and/or minimum bit rate must be maintained for encoding) a
VBV checking processor 307 is utilised. User dennable maximum and/or
minimum bit razes (maxlmin BR) are input at 321 to the VBV checker 307, a
method of 10 VBV checking according to the MPEG standards is used to
examine bit utilisation information from the virtual buffer 305) and
necessary correcaons are made to ensure compliance and that the output biz
race is within the defined maxlmin BR. At the end or" coding a picture or a
plurality of pictures, bit rate adjustment is applied by I S the bit rate
adjustment processor 30fi to provide any necessary correction to the
current target bit rate BR. The correction is based on a target encoding
quality provided by a target segment quality adjustment processor 3Q9 and a
resultant encoding quality of previously coded pictures) such that the
overall encoding qualities of pictures within a segment are relatively
close to the target constant. The resultant encoding quality may be 20
determined by the average value of the reference quantisauon step size (ie.
average_Q~) of the previously coded picture(s). A method of target bit race
(BR) determination can be derived from a rate-quantisacion model as given
by: K~ x (average O~ - target 0,) BR = current BR + (13) average O~ where
current BR is a current estimated bit rate) or current BR = S, + N~, x S? +
Ns x Ss, S;, Sa, S~ are bits used by previously coded I, P, artd 8-pictures
respectivCly, Np, Ny are total number or' P and B-p~ccures in thr current
GOP) average_Q~ is the average value of Q~ of previously coded piccure(s)
SUBSTITUTE SHEET ( rule 26 )   18 September 2002 - Is  target_Q; is the
target encoding quality or target value of Q;) K~ may be a constant, or a
factor of previous BR) max BR, or current BR, and K, may also be separately
determined for I, P) and B-picture types. ~ Maximum and/or minimum bit
rates can be applied to the determined BR according to application
requirements. The mr~rimirc BR input at 322 are used as given by: i f (BR >
max BR) , then BR = rrtax BR if (BR < min BR)) then BR = min BR. 10 It is
also possible to make use of the Larger Qf ac the macro-block level to
increase efficiency of encoding. Basically, the target Q; is used by the
reference quantisation scep 



size computation processor 302 as a lower limit of the output reference
quantisation step size Q; such that when this target (quality) is reached
at the biB level, bits are saved for 15 future encoding immediately. In
this case) the output reference quantisation step size may be sec according
to: if (Q, < target Q;), then Q; = target Q;. 20 The target bit rate BR is
adjusted continuously with reference to a fixed target encoding quality
within each segment. In turn at the begirmirtg of each segment, the target
encoding quality is adjusted so chat a target overall biz rate is achieved.
A segment may contain a few groups of pictures depending on the need in
terms of frequency of monitoring output bit rate. A new segment may also be
defined by a scene change 25 detectable by any conventional scene change
detector with a given range of time. At the onset of a new segment, the
target segment quality adjustment processor 309 executes a check on the
overall bit-race based on bits usage and makes any necessary adjustments to
thr target encoding quality for the bit race adjustment processor 306 so
that 30 the overati bit-race converges to a user detinabie target overall
bit-rate 320 (overall_BR). SUBSTITUTE SHEET ( rule 26 )   18 September 2002
- 19 An erample embodiment of a constant overall bit rate controller
implementing the target segment quality adjustment process according to the
present invention is illustrated in block diagram form in Figure 4. The bit
count difference between the actual and target bit counts (bits difj~ for
coding of a previous segment is calculated by a bits difference 5
computation processor 401) utilising the steps of: a) obtaining the actual
bits (bits segment) used for coding the previous segment according to the
input bit utilisation of pictures (S~ 400 in the previous segment) .: and
10 b) computing the value of bits diff based on a corresponding target
segment bit rate 406 (segment BR} for the previous segment) according to:
bits cliff -= segment BR X NJeg",tnt _ bits segment (14 picture rate )
where lVs~~ is the number of coded pictures in the previous segment. 15 The
bit count difference (bits cliff ~ is then redistributed by a bit
difference distribution processor 402 over the next k number of segments
using a bit distribution function,,f(m), expressed as: delta bitsm = Vim) x
bits dif~ ( 15) 20 where m = I,...,k, Ek f(m) = I , delta bitsm is the bits
difference distributed to next m'" segment. 35 For an example case of k=4
and f(m) = llk) Figure 5 illustrates how the bit count difference (bits
dif,~ of an encoded segment is distributed over the next 4 segments. The 



period of k segments used for bits compensation is referred to as an
adjustment interval. SUBSTITUTE SHEET ( rule ?6 )   18 September 2002 -20 A
delta bit-race computation processor 403 (Figure 4) accumulates all bit
differences (delta^bits) distributed from previously encoded segments co
the current se~meat to be coded) and computes a delta segment bit-rate (
.segment^BR) based on the ~^umulated delta bits and the number of pictures
in the current segment to be coded. Tae delta 5 segment bit-rate and a user
definable target overall bit-rate (overall BR) input at 408 are used by the
target segment BR adjustment processor 405 to derive the target ~e~ment bit
rate (segment BR) 406 fo r the current segment. The value o f seg mera BR
c~a be expressed as: 10 segment BR = overall BR + Gsegment BR ( 16) A new
target encoding quality (target Q~) 407 for encoding of the current segment
is then determined from the target segment bit rate using a BR-Q~ modelling
proces..wr 404. The BR-Q~ modelling processor may operate, for example,
according to: = target p' . x (segment BR - segment BR') -' ' KJ x segment
BR' ^ ( 17) target OJ = target OJ + DO~ ( 1 g)  I S where target_Q'~ is the
target QJ of the previous segment, segmercr BR' is the target segment bit
rate of the previous segme.^.t. and K, is a constant which can be
e:cperimentally determined. A maximum lima may be placed on the determined
G Q, so that there is no drastic change 20 in output quality rrom one
segment to another. A tlow chart Cor a process oC varcablr bit race (VBR)
encoding with constant overall bit SUBSTITUTE SHEET ( rule 26 )   18
September 2002 -21 rate control according to an embodiment of the invention
is illustrated in Figure 6. Initialisation of predetermined parameters is
first carried out at step 600. Then, at step 60I the process determines
whether processing is at the start of a new group-of pictures (GOP) or not.
Where a new GOP is determined, step 602 is carried out by updating the ~
bit allocation for the new GOP. This may involve, for e:cample, computation
of the GOP bit allocation R's~, according to Eduation ( 10) described
hereinabove and accumulating to the remaining bit value R' to give the R'
for the new GOP. For each picture in the current GOP, a target bit
allocation value T is determined at step 10 603, and this may be computed
according to Equations ('_')) (3) and (4), for example. Then, for each
macroblock in the picture, a reference quantisadon step size Q is
determined using the computed target bit allocation T, such as by the
process represented by Equations (11) and (12). Activity masking may also
be included in this step. The macroblock of the picture is then encoded at
step 605 using the computed quantisation step 1 S size, and steps 604 and
605 are repeated for all of the tnacroblocks in the picture until the end
of the picture is determined at step 606. When the end of the sedttence of
moving pictures which is being encoded is reached, this is determined at
step 607 ) which terminates the process at step 611 upon that occurrence. 



20 Otherwise, the process continues to step 608 where it is determined
whether the end of the current segment of pictures has been reached. When
the erd of a segment of pictures is reached and processing of a new segment
about to begin, the target encoding quality is adjusted at step 609. This
is performed by firstly 25 computing the difference between the number of
bits allocated for coding the previous segment and the actual number of
bits used in coding chat segment, such as by the process represented by
Equation (14). This quantity) bits did) represents extra bits which are
left over from the previous segment of pictures, and may be distributed for
use in encoding the ensuing picture segments. The left over bits bits dijf
are distributed for use over one or 30 more segments according to a bit
distribution function, an example of which is described SUBSTITUTE SHEET {
rule 26 )   18 September 2002 -22 in connection with Equation (15). In
essence, the left over bits From the previous segment are divided into a
plurality of k, preferably equal) amounts and allocated co the following k
segments for encoding with. The dividends allocated from a!I of the k
previously processed segments are accumulated and used to determine a
change in segment bit rate) 5 Osegment BR, according to the accumulated
bits difference and the number of pictures in the segment to be coded. This
can then be used to compute an allocated bit rate for the segment to be
coded according to Equation ( 16). Finally ) a target encoding quality,
target Q~, can be computed according to Equations (17) and (18)) for
example. 10 If the end of a segment has not been reached at step 6Q8, or
after the target quality adjustment of step 609) the target quality and the
actual quality of encoded pictures is compared, and a new bit rate for
encoding the next picture is computed based on the difference. This step
can be carried out as described in relation to Equation (I3), for example.
The procedure then returns to step 60I, described above. 15 In summary,
embodiments of the present invention provide methods and apparatus for
encoding moving pictures with a variable bit rate whilst maintaining a
consistent output encoding quality according to a determined target
quality. The target quality is adjusted at the be?inning of every moving
pictures segment according to a bit distribution function to 24 ensure an
overall bit rate that meets a defined target. Furthermore) the segment
based bit t - distribution function provides smooth and flexible modulation
of the encoding quality. The method can be implemented ac low cost and with
the ability to encode an input moving pictures sequence in one-pass at
real-time. 25 It will be readily apparent to those of ordinary skill in the
art that the foregoing detailed description or the present 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. In
particular, it ~s envisaged that numerous variations to the embodiments as
described can be made without departing from the spins and scope or the
invention. 30 SU$STITUTE SHEET ( rule 26 )   18 September 2~~2 - 23
Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise" ) and variations such as
"comprises" and "comprising" , will be understood to imply the inclusion of
a stated integer or step or group of integers or steps but not the
exclusion of any other integer or step or group of integers or steps. 5 



SUBSTITUTE SHEET ( rule 26 )   18 September 2002 24  Glossary: VBVvideo
buffer verifierVBRvariable bit race5CBRconstant bit rateMPEGMoving Picture
E:cperts GroupDCTdiscrete cosine transformGOPgroup of
picturesMBmacrobtock10Qquantisation parameter (picture
quality)Q~quantisation parameter for ma,;roblock jQ;, Qb, QPquantisation
parameters for I. B and P type picturesRaynumber of bits allocated for
encoding a group of picturesbis racetarget bit rate for a picture
sequence15picture rarenumber of pictures coded gee secondNtotal. number of
pictures in the group of picturesNb, Npremaining number of P,B pictures in
the group of picturesR. R'remaining number of bits for encoding a group of
picturesSnumber of bits already used in coding a group of pictures?0T;, TP)
T6target number of bits for coding next I) P, B type pictureX;) Xp,
Xbglobal complexity measures for I, P, B type picturedf, Dlvirtual buffer
fullness when coding they'' macroblockdv, Doinitial visual buffer
fullnessBJ_,actual bits used up to and including (j-1)`"
caacroblock.5MB_Cntnumber or macroblocks in the picturerreaction parameter
( = 2 x bit rare I picrure,rare)N acrenormalised macroblock activity
level~~iquantmodulated quantisacion step size ( = lY acts x Q,)overall
BRdefinable target overall b~c rate30BRtarget bit rate SUBSTITUTE SHEET (
rule 26 j   18 September 2002 - ?5  B bit utilisation ~ntarmation (eg, bits
used to code previous NtBs in picture) current BR current estimated bit raw
' average_Q; average value of quantisation parameter for previously coded
pictures targer_Q~ quantisation parameter value for target encoding quality
5 mar BR maximum permitted bit rate min BR minimum permitted bit rate birs
diff difference between actual and target bits used in coding previous
segment segment_BR target segment bit rate birs segment actual number of
bits used in coding previous segment 10 Nr,~"~,u number of coded pictures
in previous segment delta bitsm number of difference bits available to next
m~' segment fpm) bits distribution function osegment~BR available
difference in segment bit rate SUBSTITUTE SHEET ( rule 26 )   18 September
2002 -?6  Claims: I. A method for use in a moving pictures encoder for
encoding a sequence of segmenrs each having at least one image, comprising
the steps ot': 5 a) dete.~tnining an overall target bit rate for encoding
the sequence of images; b) determining a bit allocation and target
quantisation step size for encoding a tirst segment on the basis of a
segment target bit race calculated using said overall target bit rate; c)
encoding said first segment using a variable bit rate encoding method 10
according to the target quantisation step size; d) determining a difference
between the number o F bits used to encode said tirst segment and said
first segment bit allocation; e) distributing said difference for use in
encoding at least one subsequent segment to determine a subsequent segment
bit allocation; I S f) determining a new target quandsation step size for
encoding a said subsequent segment on the basis o f a new target segment
bit rate calculated using said segment target bit rate and the distributed
difference; and g) encoding said subsequent segment using a variable bit
rate encoding method according to the new target quantisation step size; 20
wherein variable bit rate encoding is employed for encoding pictures within
a segment whilst maintaining a substantially constant bit rate over said
sequence. 



2. A method as claimed in claim I, wherein the steps d) to g) are carried
out iteratively using the number of bits used to encode the subsequent
segment and the 25 subsequent segment bit allocation for determining said
difference. 3. A method as claimed in claim 1 or ?, wherein each segment
comprises at least one group of pictures having an I-picture and optionally
ac least one P andlor B-picture. 30 4. A method as claimed in claim 2 ar 3,
wherein the diPferencC brtweCn the number SUBSTITUTE SHEET ( rule 26 )   18
September 2002 of bits used to encode the tirsc segment and said tirst
segment bit allocation is determined according to: hits difj` '= Overall BR
x Nf~q"""r - hits segment ` picture rare ` where: bits diff is said
difference, 5 overall BR is the overall target bit rate, N ^ is the number
of coded images in the first segment, and itjTflef bits set merit is the
actual number of bits used to encode the first segment. 5. A method as
claimed in claim 4) wherein said difference is distributed according IO to:
delta bitsm = Vim) x bits diff where delsa bitsm is the bits difference
distributed to next m~` segment in the sequence, m = 1,...,k, k is a
positive integer, and 15 fpm) is a bit distribution function, where E'`~m)
= I. 6. A method as claimed in claim 5, where fi;m) = l/k. 7. A method as
claimed in claim 5 or 6) wherein the steps d) to g) are carried out 20
iteracively using the number of bits used to encode the subsequent segment
and the subsequent segment bit allocation for determining said difference.
8. A method as claimed in claim 7) wherein the new target quantisation step
size is calculated according to: DO = target O' x ~'~e~ent BR - segment
BR') K x segrent BR' SUBSTITUTE SHEET ( rule 26 )   18 September 2002 _~s_
target 0 = target O' + DO where tarp et Q is the new target quantisation
step size, . segment BR is the new target bit rate) targer_Q' is the target
quantisation step size of the preceding segment) segment BR' is the tar?et
segment bit rate of the preceding segment, and 5 K is a constant. 9. A
rrerhod as claimed in claim 7 or 8, wherein for each subsequent segment the
difference between the number of bits used to encode the segment and the
segment bit allocation is determined according to: 



bits diff -= segment BR x Nr,~s.~r _ bias segment picture rate 10 where:
bits did' is said difference, segment BR is the segment target bit rate,
Nf~s",~"~ is the number of coded images in the segment, and bits segmenr is
the actual number of bits used to encode the segment. 15 10. ?. method as
claimed in claim 9, wherein said difference is distributed according to:
delta bits, _ , fpm) x bits diff where delta birsm is the bits difference
distributed to next m`" segment in the sequence. 20 m = 1,...,k, k is a
positive integer, and fim) is a bit distribution function, where Ek fim) =
l . 11. A method as ciaimrd in claim 10, where fpm) = l/k. ~5 t_ SUBSTITUTE
SHEET ( rule 2b )   18 September 2002 -29 L. A method for encoding moving
pictures in a moving pictures encoder wherein a sequence of images are
provided as input, the sequence of images comprising a plurality of
segments each having a plurality of images, the method including: a)
determining an overall target bit rate for encoding the sequence of images;
5 b) , maintaining a distribution record of bits from at least one
previously encoded segment allocated for use in encoding at least one
segment to be encoded; c) determining a target segment bit rate far a
segment of the sequence of images on the basis of the overall target bit
rate and a bit rate change calculated f ' from the corresponding allocated
bits from the distribution record; 10 d) determining a target segment
encoding quality from the target segment bit rate, a preceding target
segment bit rate and a preceding target segment encoding quality,; and e)
encoding the images of the segment according to the target segment encoding
quality using a variable bit rate encoding technique talQ.ng into account
15 scene complexities of the images in the segment; 



wherein maintaining said distribution record includes determining a
difference between the number of bits used to encode a particular segment
and the number of bits allocated for encoding the particular segment on the
basis of the target segment encoding quality . i 20 13. A method as claimed
in claim 12, wherein steps b) to e) are carried out iteratively for said
sequence of segments. 14. A method as claimed in claim I3, wherein each
segment comprises at least one ZS group of pictures having an I-picture and
optionally at least one P and/or B-picture. 15. A method as claimed in
claim I2, 13 or 14) wherein the target segment encoding quality is
calculated according to: Q10 = target O' x ~Se~`"ent_BR - ~c,~ment BR') K x
segment BR' SUBSTITUTE SHEET ( rule 26 )   18 September 2002 -30 target O =
target 0' + ~D where target Q is the target segment encoding quality)
segmetu BR is the target segment bit rate) rarget`Q' is the preceding
target segment encoding quality) segment BR' is the preceding target
segment bit rate, and 5 K is a constant. lb. A method as claimed in claim
I~, wherein the difference between the number of bits used co encode a
particular segment and the number of bits allocated for encoding the
particular segment is determined according to: segment BR x Njeg~,e"r brts
diff = - bits segment pccture rate 10 where: bits difj`' is said
difference) segment BR is the segment target bit rate, Nf~a",~ is the
number of coded images in the segment, and bits segment is the actual
number of bits used to encode the segment. 15 17. A method as claimed in
ciairn 16, wherein the allocation of bits in the distribution record is
calculated according to: delta bitsm = jam) x bits diff where delta~bitsm
is the bits difference allocated to next m`" segment in the sequence, 20 m
= 1. . . . ,k, k is a positive integer) and fim) is a bit distribution
function. where Ek~m) = 1. 18. A method as ciaimCd in claim 17, whCre fim)
= l/k. 25 SUBSTITt~TTE SHEET ( rule 26 ) 



18 September 2002 -31 19. r~ method for conaolling bit allocation in a
moving pictures encoder for encoding a sequence of images comprising a
plurality of segments each having a plurality of images) the method
including, for each segment: deternining a difference between a number of
bits used for encoding a previous 5 segment and a number of bits allocated
for encoding the previous segment; calculating a bits distribution from the
determined bits difference and a predetermined distribution function:
calculating a bit rate change from the bits distribution and a
predetermined number of images in the segment; 10 calculating a target
segment bit rate from the bit raze change and a predetermined target
overall bit race for the sequence of images; and determining a target
segment encoding quality from the target segment bit rate. 20. A method as
claimed in claim I9, wherein the difference between the number of 15 bits
used for encoding the previous segment and the number of bits allocated for
encoding the previous segment is determined according to: segment BR x Nr,
(nr bits difl =- ' ~"' - bcts segment - picture rate  where: bits di, ff is
said difference, segment BR is the previous segment target bit rate, ?0
Ns,a,~~"r is the number of coded images in the previous segment, and bits
seJment is the actual number of bits used to encode the previous segment.
21. A method as claimed in claim ?0) wherein the bits distribution is
calculated according to: 25 delta birsm = fpm) x bits diff where delta
beta, is the number or' bits differene;e allocated to next rn`" segment in
the sequcnc:e, SUBSTITUTE SHEET ( rule 2G )   18 September 2002 -32 m =
1,....k. k is a positive integer) and 



fpm) is a bit distribution function, where ~'` fim) = 1. 5 22. A method as
claimed in claim 21, where~m) = 1/k. 23. :~ method as claimed in any one of
claims 19 to 22, wherein the target segment encoding quality is calculated
according to: ~0 = target D' x ~Seg"'ent BR - segment BR') K x segment BR'
target 0 = target 0' + 00 where rarget~Q is the target segment encoding
quality) 10 segment BR is the target segment bit rate) target Q' is the
previous segment target segment encoding quality) seg~rrterrt BR' is the
previous segment target segment bit rate, and K is a constant. 1 S 24. An
encoding quality adjustment processor for generating a target segment
encoding quality value in a moving pictures encoder for encoding a series
of segments each having at teast one image using a variable bit rate
encoding scheme whilst maintaining a substantially constant overall bic
race, comprising: a bits difference computation means coupled to receive a
segment encoding bit 30 utilisation value and a target segment bit race and
generate therefrom a bits difference value representing a difference in
bits allocated and bits used for encoding a segment: , a bits distribution
means coupled to the bits difference computation means for computing at
ICaSC OnC bits distribution value from the bits difference value and a
predetermined distribution function; SUBSTITUTE SHEET ( rule 26 )   18
September 2002 - 33  a bit rate difference computation means coupled to the
bits distribution means for computing a segment bit race difference from
the at least one bits distribution value and a predetermined number of
images in a segment: a target segment bit rate adjustment means coupled to
the bit rate difference 5 computation means and the bits difference
computation means for computing said target segment bit rate from the
segment bit rate difference and a predetermined target overall bit race for
the sequence of segments; and -., an encoding quality computation means
coupled to the target segment bit rate adjustment means for computing a
target segment encoding quality value from said target IO segment bit rate.
2S. A moving pictures encoder comprising: a coding processor far encoding
picture data based on macroblocks according to a quandsation step size; 



I S a vinual buffer processor coupled to the coding processor for tracking
a number of bits used for encoding successive macroblocks in a picture and
a number of bits used for encoding successive pictures in a group of
pictures; a quantisation step size processor coupled to the coding
processor for determining said quantisation step size from a target number
bits allocated for a picture and the number 20 of bits already used for
encoding macroblocks in that picture; a picture bit allocation processor
coupled to the quantisation step size processor for determining said target
number of bits allocated for a picture from a target bit rate and the
number of bits already used for encoding pictures in a current group of
pictures; a bit rate adjusunent processor coupled to the picture bit
allocation processor) the ?5 virtual buffer processor and the quantisation
step size processor for determining said target bit rate from the number o
P bits of ready used for encoding successive pictures in the current group
of pictures, a target encoding quantisation step size and an average
quantisation step size for pictures in the current group of pictures: and a
target encoding quantisation step size pcocessoc coupled to the bit rate
adjustment 30 processor and the virtuat butter processor for dccermining
said target encoding SUBSTITUTE SHEET { rule 26 )   18 September 2002 -34
quantisation step size from a predetermined target overall bit rate and the
number of bits used for encoding a preceding group of pictures. SUBSTITUTE
SHEET ( ruie 26 )
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