
;e3e$#!\h8#6n#T#,t  y   13 July 2002 ONE-PASS VARIABLE BIT RATE MOVING
PICTURES ENCODING Field of the Invention 5 The present invention relates to
a method and apparatus for encoding moving pictures. 1n particular, the
present invention relates to a method and apparatus for performing variable
bit rate control for a digital video encoder. Background of the Invention
10 Digital compression has been applied to moving pictures for the purposes
of transmissions bandwidth or storage size reduction. One current art of
such compression techniques can be derived from the ISOIIEC MPEG Standards,
the ISO/IEC 11I72-3 (MPEG-1), the ISOIIEC 13818-2 (MPEG-2) and the MPEG-2
TMS (test model 5), developed by the Moving Picture 1 S Experts Group of
the International Organisation for Standardization. The disclosures of
those standards documents are hereby expressly incorporated into this
specification by reference. In a standard MPEG compliant video encoder, a
sequence of moving pictures (e.g. video) is input to the encoder where it
is compressed with a user defined target bitrate. The target 20 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. Several different
forms of coding can be employed depending upon the character of the input
2~ pictures) referred to as I-pictures, P-pictures) or B-pictures. The
I-pictures are intra-coded pictures used mainly for random access or scene
update. The P-pictures use forward motion predictive coding with reference
to previously coded I- or P- pictures (anchor pictures), and the B-prctures
use both forward and backward motion predictivelinterpolative coding with
reference to previously coded I-or P-pictures. Furthermore, a group of
picture (GOP) is 30 formed in encoded order starting with an I-picture and
ending with the picture before the next   f  J 13 July 2002 2 1-picture in
the sequence. The pictures are partitioned into smaller and non-overlapping
blocks of pixel data called Macroblocks (MBs) before encoding. Each MB from
a P- or B-picture is subjected to a 5 motion esnmation process in which
forward motion vectors) and backward motion vectors in the case of a
B-picture NiB, are determined using reference pictures from a frame buffer.
V1% ith~ the determined motion vectors, motion compensation is per formed
where the intra-or inter-picture prediction mode of the MB is first
determined according to the accuracy of the motion vectors found, followed
by generating the necessary predicted MB. 10 The predicted MB is then
subjected to discrete cosine transform (DCT) and DCT coefficients
quantization based on quantization matrices (QM) and quantization stepsize
(QS). The quantized DCT coefficients of the MB is then run-length encoded
with variable length codes (VLC) and multiplexed with additional
information s_=ch as selected motion vectors, MB I S coding modes)
quantization stepsize) and/or picture and sequence information, to form the
output bitstream. Local decoding is performed by inverse quantizing the
quantized DCT coefficients, followed by inverse DCT) and motion
compensation. Local decoding is performed such that the 30 reference
pictures used in the motion compensation are identical to those to be by an
external 



decoder. The quantization stepsize (QS) used for quantizing the DCT
coefficients of each MB has direct impact on the number of bits produced at
the output of the VLC encoding process, and 25 therefore the average output
bit rate. It has also a direct impact on the encoding quality) ' which is
output picture quality at the corresponding decoder. In general ) larger QS
generates lower output bit rate and lower encoding quality. In order to
control output bit rate and picture quality so that the resulting bitstream
can satisfy channel bandwidth or storage limitations as well as quality
requirements, rate control and quantization control algorithms 30 are used.
13 July 2002 3 Some methods for rate control and quantization control can
be found in the abovementioned MPEG-2 TM5 (Test Model 5). These methods
comprise generally a bit allocation process, a rate control process, and an
adaptive quanuzation process. In the bit allocation process, a target
number of bits is assigned for a new picture to be coded according to a
number of 5 previously determined and preset parameters. The rate control
step then calculates a reference quantization stepsize QS,~ for each MB
based on the target bits for the picture) the number of bits already used
from the target bits in encoding MBs from that picture, and a virtual
buffer model as given in MPEG-2 TMS. In the adaptive quantization process)
the calculated QS,~f is then scaled according to local activities of the
MB, and an average MB activity 10 determined from the previously coded
picture. This scaling is done according to a level of masking effects of
coding noise by human perception for MB with high or low activities within
a picture. An example of an adaptive quantization technique is disclosed in
United States Patent number 5,650,860, entitled "Adaptive Quantization". A
video buffer verifier (VBV) may also be employed in such a way that
underflow and overflow are prevented as IS required by the MPEG standard to
ensure the target bit, rate is maintained. Techniques for underflow
detection and protection are also disclosed in US Patent number 5,650,860.
It is apparent that the fixed uget bitrate in the process outlined above
has little or no relationship to the actual or varying complexity of the
video scenes contained in the input 20 picture sequence. The target bitrate
is actually defined by the communication channel bandwidth) or by the
target storage capacity for the picture sequence. but the perceptual
quality of the resulting pictures when decoded may vary from good to
annoying from scene to scene according to scene complexity. 25 For
applications where picture sequences are compressed for storage and
retrieval, for example DVD (Digital Video Disc or Digital Versatile Disc))
variable bit rate {VBR) may be applied on individual segments of the
picture sequences depending on its scene complexity to maximize bit rate
allocation and encoded picture quality. Data bits may be reduced for less
complex scene to save storage space and increase potential recording
duration of the medium) 30 or the resulting storage saving can be used t'or
coding of more complex scenes.   r i ' SGS/50242 ' , ' ' - ; : ~ ' . : ' ~
' .13' July 2002 Similarly, VBR can also be applied to other applications
such as a multi channel video broadcasting network. Such channel bandwidth
may be dynamically allocated to individual video sequences to be
multiplexed together so that higher percentage of the bandwidth is used
adaptively by sequences with complex scenes. Existing VBR control
algorithms such as that disclosed in US Patent 5,60,860 require multiple
encoding passes to properly distribute data bits. In the first coding pass,
the bit utilization information is determined for each scene or each
picture in the input picture sequence. This may be done by fixing the
reference quantization stepsize and disabling the 10 VBV control. The
determined bit utilization information is then be used to generate a bit
budget for each scene or picture such that an overall target number of bits
to code the sequence is fixed) and so that a maximum bit rate is not
violated. To accomplish this, the bit budget for each picture 



1 ~ is modified so that the VBV buffer does not underflow. In cases that
initial bit utilization information obtained is unrealistic for generating
the bit budget, steps from the first coding pass must be repeated with an
adjusted re:erence quantization stepsize, The input sequence is coded in a
final pass using the generated bit budget information to achieve the target
bits or bit rate. This form of multiple-pass VBR encoder requires very
large storage memory for 0 storing the intermediate bit utilization
information, and large computational capacity for the additional passes and
the bit budget generation. Furthermore, such V BR technique such as tr~is
cannot process the input secuence in real-time. Sumrrarv of the Invention
?~ An object of the present invention is to provide a one-pass variable bit
rate control techr_ique for coding of moving pictures. In accordance with
the invention, there is provided a method for variable bit rate control in
j a single pass moving pictures encoder, comprising: 30 selecting a target
picture encoding quality; selecting upper and lower bit rate limits; 1 . S
i...iDC .. .~ ~~Jla.~.J' a ~1   I a SGS/50242 : : , , , , ; 1 ~ July 2002
-5 encoding at least one picture based on a target bit rate within the
upper and lower bit rate limits; predicting a current bit rate and an
encoding quality based on the result of the encoding step; 5 comparing the
encoding quality of the at least one encoded picture with the target
picture encoding quality; adjusting the target bit rate within the upper
and lower bit rate limits according to the result of said comparison and
the predicted current bit rate, for encoding subsequent pictures; and 10
repeating, for each picture in a sequence of pictures, said encoding,
predicting, comparing and adjusting steps. In one form of the invention,
the picture encoding quality is based on a mean square error.
Alternatively, the picture encoding quality may be based on a
signal-to-noise ratio. Preferably 15 the comparing step including measuring
a difference in picture encoding quality between corresponding input and
locally decoded pictures. In a particular form of the invention, the
pictures to be encoded are arranged in groups of pictures comprising an
I-picture and at least one P-picture and/or B-picture, and wherein the 20 _
target bit allocation is adjusted for each picture or plurality of pictures
in each group of pictures. Preferably the target bit allocation is adjusted
to achieve a target bit rate, determined 



on the basis of said comparison, for each picture or plurality of pictures
in the group of pictures. 2~ The target picture encoding quality may
comprise a target encoding quantization step-size, wherein different target
quantization step-sizes are selected for I-, P- and B-pictures. In one fore
of the invention, the method may include measuring an average quantization
step'' size for at least one previously encoded picture, predicting a bit
rate for a previously encoded 30 I-, P-, and B-picture, and determining
said target bit rate based on said predicted bit rate and a difference
between the target encoding quantization step-size and the measured average
t.. ~~y` ~~!~ 5 yaw ~ %:''t'`   SGS/50242 ' ' -6 13 July 20Q2 quantization
step-size. The method of the invention may include measuring an average
picture activity for the movie' pictures, and modifying the measured
difference in picture encoding quality on the basis of 5 the average
picture activity. The present invention also provides a control apparatus
for a single pass moving pictures encoder, comprising: an input for
receiving a target picture encoding quality; 10 an input for receiving
upper and lower bit rate limits; and a controller for controlling the
encoder so as to encode at least one picture according to a target bit rate
within the upper and lower bit rate limits, predict a current bit rate and
an encoding quality based on the result of the encoding, compare the
encoding quality of the at least one encoded picture with the target
picture encoding quality, and adjust the target bit rate 15 according to
the result of said comparison and the predicted current bit rate for
encoding subsequent pictures. Preferably the moving picture encoder
includes a frequency transform. coefficient quantizer for quantization of
the encoded picture data, and wherein the controller comprises a bit rate
20. controller coupled to control the quantization step size of the
quantizer, a quantization step size comparator for comparing, as a measure
of encoding quality, and actual quantization step size with a target
quant~zation step size based on the target picture encoding quality, a bit
allocation pr ocessor coupled to control the bit rate controller according
to a number of bits remaining for encoding a group of pictures, and a
target bit rate estimator coupled to receive 2~ the upper and lower bit
rate limits and coupled to T~~e bit allocation processor and the bit rate
contr oller for controlling the qu~.ntization so that the required bit rate
for the quantized picture data is within the upper and lower bit rate
limits. "` The present invention further provides a single pass variable
bit rate video picture encoder 30 comprising: a picrure input for receiving
data for a plurality of moving pictures, (, ~._~z 



. ~,~',; ~,: ~m.i3"~ , a ~,~..~`,~ t   SGS/50242 13 July 2002 a target
quality input for receiving a target quality measure for encoded pictures;
an encoder output for supplying encoded picture data; a bit rate limit
input for receiving upper and lower bit rate limits for the encoded picture
data; a bit rate predictor for predicting a current bit rate; a frequency
transform processor for frequency transform encoding picture data from the
picture input; a cbefficient quantize for quantizing the encoded picture
data according to a quantization step size; 10 an encoding quality
estimator nor measuring an encoding quality of quantized encoded pictures;
and a bit rate controller for dynamically controlling the quantization step
size of the coe~cient quantize based on the predicted current bit rate and
a comparison of the target quality and the measured quality so that the
encoder output remains within the upper and 15 lower bit rate limits. The
video picture encoder may f~srther include a frame bit counter for a number
of remaining bits available for encoding a group of pictures, and a bit
allocation processor for controlling the bit rate controller according to
the remaining available bits. 20 The video picture encoder may further
include a quality comparator for comparing the target quality with a
measured encoding quality, and wherein the bit rate controller controls the
quantization step size based on a difference between the target and
measured qualities. ., 25 In one form of the encoder, the measured encoding
quality comprises the quantization step size. The video picture encoder may
further include a local decoder for decoding the quantized '' encoded
picture data, and a quality measurement processor for determining a quality
30 difference between corresponding input and locally decoded pictures.
;yl.. ~~f~ ~y i   SGS/50242 ' , ' , ' 



.:, ; '"' ,;, ~3Ju1y2002 - 7A  In another form of the encoder, the quality
measurement processor determines a difference in signal-to-noise ratio.
Alternatively, the quality measurement processor may determine a mean
square error. P'9 a : ~.~~.,~_ r`n"' ~~ ~f. ;,a ~,;'~   13 July 2002 8 It
is possible ~n most applications that only a maximum bit rate and
optionally a minimum bit rate are specified. Such applications may include
a randomly accessible recording medium or packetized communication network
with variable insancaneous bit rate but also a maximum bandwidth
specification. In addition, such applications may also require that the
Input must 5 be compressed in real-time, for example, live broadcasting or
live recording cannot make use of multi-pass encoding. Therefore. it is
also an object of the present invention to provide an ._., encoder which
can be operated in real time in a variable bit rate made within the maximum
and minimum bitrate boundary of the target application. 10 Vl-'hile
encoding an input moving picture sequence, the present invention
continuously measures the resulting encoding picn:re quality, compares it
to a defined target quality. and adjusts the encoding bit rate accordingly.
By varying the target bit rate of the encoder wahin a defined maximum bit
rate and a minimum bit rate according to a defined target encoded picture
quality and the scene complexity, the encoder ensures consistent picture
quality when 15 possible and also that t1'~e marirt~um and minimum bit rate
of the target application are not violated. Brief Description of he
Drawings 20 The invention is described in greater detail hereinafter, by
way of example only, with reference to the accompanying dr awings) wherein:
Figure 1 is a block diagram of an MPEG compliant constant bit rate video
encoder constructed according to the prior art; Figure 2 is a block diagram
of a variable bit rate moving pictures encoder according 25 to one
embodiment of the present invention; and Figure 3 is a block diagram of a
moving pictures encoder according to an alternate embodiment of the present
invention. Detailed Description of the Preferred Embodiments ,x '~. 30   73
Juiy 2002 9 A block diagram of a generalized MPFG compliant video encoder
150 is illustrated in Figure A sequence of moving pictures (e.g. video) is
input at 100 to the encoder I50 where it is 



compressed with a user defined target bitrate provided at 1l1. The target
bitrate is set according to the communication channel bandwidth in which
the compressed video is to be S transmitted) or to the storage media
capactry tn which a target duration of the compressed video is to be
stored. Input pictures, which may be pre-processed for noise reduction or
other purposes, are labelled as either I-pictures, P-pictures, or
B-pictures, and stored in a frame buffer 101 according to 10 re-ordering
and processing needs. The I-pictures are intra-coded picrsres used mainly
for random access or scene update. The P-pictures use forward motion
predictive coding with reference to previously coded I- or P- pictures
(anchor pictures)) and the B-pictures use both forward and backward motion
predictive/inter polative coding witl'~ reference to previously coded I- or
P-pictures. Furthermore, a group of pictures (GOP) is formed in encoded
order 15 starting with an I-picture and ending with the picture immediately
before the next I-picture in the sequence. In the case of an MPEG-2
encoder) the input picture sequence may be either a field or fr ame
structure sequence derived for an interlaced or progressive source. All
pictures are partitioned into smaller and non-overlapping blocks of pixel
data called 20 Mac:roblocks (MBs) before actual encoding. Each MB from a P-
or B-picture is subjected to a motion estimation process 102 in which
forward motion vector(s), and backward motion vectors) for the case of a
B-picture MB, are determined using reference pictures) from the frame
buffer 101. With the determined motion vector(s)) motion compensation 103
is performed where the intra- or inter-picture prediction mode of the MB is
first deter mined 25 according to the accuracy of the motion vectors)
found, followed by generating the necessary predicted MB. For the case of
an I-picture MB or intra-mode MB, the predicted MB is the input MB (i.e. no
prediction). The predicted MB is subjected to discrete cosine transform
(DCT) 104 and DCT coefficient 30 quantization 105 based on quantization
matrices (QM) and quantization stepsize (QS). Note   13 July 2002 10 that
for MPEG-?, field or frame based DCT can be selected in 104. The quanuzed
DCT coefficients of the MB is then run-length encoded with variable length
codes (VLC) at 106 and multiplexed with all necessary side information, for
example selected motion vectors) NIB coding modes) quantization stepsize,
picture and sequence information, to form the output S b~tstream. The
b~tstream is stored tn an encoder output buffer 107 for output at l08 Local
decoding is performed by inverse quantizing the quannzed DCT coefficients (
109). fol lowed by inverse DCT 1 I0, necessary motion compensation 103 )
and finally storing the reconstructed MB into frame buffer 101. Local
decoding is performed such that the reference 10 pictures used by motion
compensation 103 is identical to those to be used by an external decoder.
The quantization stepsize (QS) used in 118 for quantizing the DCT
coefticienu of each MB has a direct impact on the number of bits produced
at the output of the run-length VLC 1 ~ encoding process 106, and therefore
the average output bit rate. It has also a direct impact on the encoding
quality, which is output picture quality at the corresponding decoder. In
general, larger QS generates lower output bit rate and lower encoding
quality. In order to control output bit rate and picture quality SO trhat
the resulting bitstream cn sansfy channel bandwidth or storage limitations
as well as quality requirements, rate control and quantization 30 control
algorithms are used. Previously used methods for rate control and
quantization control can be found in the MPEG 2 TMS (Test Model 5), which
can be summarized in three steps. Step one is the bit allocation process
112 which assigns a target number of bits (T,, Tp, or TB respectively) for
a new I-, 25 P- or B- picture to be coded. The target number of bits can be
computed as follows: T ma R Bit Rate 1 * Np XP * NB XB ' 8 xPicture Rate Xj
Kp X~ KB 



13 July 2002 11 T =max R , ~ B~~ Rate P ~~ +NB Kp XB 8xPictvre Rate P x6 xP
TB=m R B~t_Rate ~ + NP KB XP ' 8 XPrcture Rate KP XB where X~ = sr Qr ~'r =
Sr Qr. Xa = Sa Qa. 5 S,, SP) S8 are number of bits generated by previously
encoded I-, P-, B-picture respectively as computed by block 114, Q,, QP) QB
are the average QS used by previously encoded I-) P-, B-picture
respectively as computed by block 113) Bit Raze is the Target Bitrate
supplied at 111 10 Pirrzlre Rate is number of pictures coded per second, KP
and K8 are constants (e.g. 1.0 and 1.4 respectively), lip and NB are the
number of P- and B-pictures remaining in the current GOP. R is the
remaining number of bits assigned to the GOP) where R is updated a5
follows: 15 After encoding a picture) R = R - Sl, p,a where S,.P.g is the
number of bits generated in the picture just encoded (picture type is I. P,
or B) 20 Before encoding the tlrst picture in a GOP (an 1-picture): R=G+R
G=Bit Rate*NlPtczure Rate   13 July 2002 12 N is the number of pictures in
the GOP. In the second step, rate control (11~) is performed. Basically,
this step involves calculation of a reference quantization stepsize QS,~
for each MB based on the target bits (T,, TP, or TB) 5 for the picture, the
accumulated number of bits used from the target bits, and a virtual buffer
model as given in MPEG-? TM~. :, Adaptive quantisation I18 is used in the
third step for quantization control. In this step, the ~ calculated QS,~ is
scaled according to the local activities of the MB as generated by an MB I
O actimry calculation process I 16) and the average MB activity of the
previously coded picture (or optionally current picture) as produced by a
frame activity average process 117. This scaling is done according to a
level of mashing effects of coding noise by human perception far MBs with
high or low activities within a picture. As previously mentioned, an
example of an adaptive quantization technique can be found in United States
Patent number 5,650,860. 1 S "Adaptive Quantization". The frame bit-count
module I 14 may contain a video buffer verifier (VBV) which is a virtual
mode! of an input buffer of an external decoder. The VBV is maintained in
such a way that undertlow and overf3ow are prevented as required by the
MPEG standard to ensure target bit 



20 rate 111 is maintained. Techniques for underflow detection and
protection may also be found in LS Patent number 5,650,860. As mentioned,
this form of encoding does not take account of the actual or varying
complexity of the video scenes contained in the input picture sequence 100.
Consequently) 25 the perceptual quality of the resulting pictures may vary
from good to annoying from scene to scene according to scene complextry.
Variable bit rate (V BR) coding may be therefore be applied on individual
segments of the picture sequences depending on its scene complexity to
maximize bit rate allocation and encoded picture quality, and the bandwidth
saving used for coding of more complex scenes, for example. However,
existing VBR control algorithms 30 such as that disclosed in US Patent
5.60,860 require multiple encoding passes to properly   13 July 2002 13
distribute data bits. Multiple-pass ~BR encoder require huge storage memory
for storing the intermediate bit utilization information, and large
computation needs for the additional passes and the bit budgets generation,
and furthermore such techniques cannot process the input sequence in
real-time. 5 Before encoding an input picture sequence, an encoder
according to an embodiment of the present invention is set with maximum and
minimum bit rate of target application (the minimum bit rate for some
applications may be zero)) and a target quality for encoded pictures. An
initial target bit rate will then be set or generated. The encoder
compresses the 10 input sequence according to this target bit rate using
conventional bit rate control method. After encoding a picture or a certain
number of pictures) the encoding quality (quality of encoded pictures) is
measured against the target. If the encoding quality is lower than the
target quality, the target encoding bit rate will be increased. On the
other hand, if the 1 S encoding quality is higher than the target quality)
the target bit rate will be decreased. The level of new target bit rate
adjustment may depend on the current target bit rate and the predicted bit
rate based on encoding history so that it is not over adjusted
unnecessarily. The new target bit rate is also checked against the defined
maximum and minimum bit rate. 20 The encoder will then re-adjust its rate
control system with the new target bit rate) and continue to encode the
rest of the input sequence. Furthermore, the encoder can ensure VBV
compliant with exisring methods using the defined maximum bit rate and/or
the target bit rate. The process of determining new target bit rate based
on encoding quality of past encoded pictures) is repeated as needed. 25 In
Figure 2 a block diagram of a one-pass variable bit rate moving pictures
encoder 250 according to one embodiment of the present invention is
illustrated. Those of ordinary skill in the art will recognise that a
number of the iimetional blocks illustrated are common with the
conventional MPEG encoder described above. The input moving picture
sequence 200 30 is processed picture by picture according to its possible
assigned picture coding type (I-. P-.   13 July 2002 14 or B-picture). A
frame buffer 20l is used to temporarily store the input pictures according
to re-ordering and processing needs. Each input picture is divided into
Macro blocks (MB) before encoding. Temporal redundancy of each MB may be
removed by motion estimation 202 and motion compensation 203. 5 After
necessary motion compensation, a MB is subjected to discrete cosine
transform (DCT) 204 and DCT coefficient quantization 205 based on
quantization matrices and quantization ( ., stepsize. The quantized MB of
I- or P-picture is inverse quantized 209. inverse discrete  cosine
transformed 210, and subjected to corresponding motion compensation 203 so
that the 10 quantized MB is reconstructed and stor ed locally in frame
buffer 201 for future moron estimation and compensation needs. The
quantized MB is run-length encoded with VLC (variable length coding) at
206, together with all necessary side information to form the encoded
bitstream of the input sequence. The encoded bitstream is stored in an
output butter 207 of the encoder for output at 208 at desired data rates.
15 Methods of motion estimation 202, motion compensation 203, DCT 204, DCT
coefficient quanttzation 205, run-length VLC encoding 206. inverse
quantization 209, and inverse DCT 



210 may be those defined andlor allowed in the ISO/IEC MPEG-I or MPEG-2
standa.~ds. 20 Before encoding ) a target quality of encoding (219) and
maximum/minimum bit rate (2I 1 ) are set. The maximum and minimum bit rates
(BR""x and BR,~;")) given as bits per second, define the boundary bit rates
which the encoder shall operate at, and the target quality defines the
encoded picture quality that the encoder shall target by constantly
adjusting a target bit rate within the given bit rate boundaries. The
rninirnum bit rate may be set to zero. 25 Initially, Target bit rate
estimation 223 may be performed based the set target quality and the
max/min bit rams to generate an initial target bit rate (BR,Q,~~,). Such
initial estimate may be based on experimentally determined fixed values
which may not directly relate to the pictures) to be coded. With the target
bit rate) the bit allocation 212 is performed to 30 determine a target
number of bits for the picture to be coded (T,.P,B). A rate controller 215
13 July 2002 15 determines a reference quannzation step size (QS~~) for
each MB based on the estimated number of bits for the picture (T,.P,B) and
the bit utilization by the run-length VLC encoder 206. The QS,~ of each MB
in the picture to be coded can be computed) for example, as follows: 5 OS,~
f DB " ~'r (2 " ~RrQ.ger~Prcrure rate) where D,.P B is virtual buffer
fullness of corr esponding I-, P-, or B-picture, updated (after coding each
MB) by the difference between the bits used by the MB and the bits
allocated to the MB based on the corresponding T,,P.a a set of initial
values for D,, Dp, D$ may be assumed at sequence start, and 10 Kl is a
constant (eg. 31). Adaptive quantization 218 may be applied in which the
determined QS,~ is scaled according to the local activities of the MB as
generated by MB activity calculation process 216 and the average MB
activity of the previously coded (or optionally current picture) as
produced by 15 the frame activity average process 217. Example
implementations of the MB activity calculation 21b) frame activir~ average
217) and adaptive quantization process 218 are found in MPEG-2 TMS. The
output quantization stepsize (QS) is used to quantized DCT coefficienu of
the MB. 30 After encoding a picture) the number of bits (S,,p,B ,
corresponding value for I-, P-, or B picture) generated by encoding the
picture is accumulated by Frame Bit-Count 214, and the quantization
stepsize (QS) is averaged by Frame Q Step Average 213 process. The encoded
picture quality is also determined by Frame Quality Measure 220 process.
One method of determining the encoded picture quality is by the average
value of the reference quantization 25 stepsize (QSa~~,ag~) used for coding
the picture since it indicates roughly the amount of quantization noise in
the encoded picn:re. In this method, the target quality set at 219 is
defined as the target reference quantization stepsize ( QS,~,~~,) Three di
fferent QS~,R~, v alues   13 July 2002 



~s may be set at 219 for corresponding I-, P-) and B-pictures;
alternatively, the values can be determined by: QS,a,a~, for I-pictures =
QS~"~~, QS,Q,g~, for P-pictures = Kp * QS,~,~~, 5 QSb,R~, for B-pictures =
KB * QS,~,~er where KP and KB are constants which can be experimentally
determined (example Kp = 1.0 and KB =1.4). J 0 A further condition may be
applied to the final QS~", for B-pictures such that it is not lower than
the QSa,~",~~ of the last coded I- or P-picture so that bits can be
efficiently used to improve the quality of anchor I- or P-pictures first
before improving the quality of the B pictures. 15 In the process of Frame
Quality Measure 220 process, the .target quality QS,~r~~r is compared to
the picture quality QSe~~raB~. Since a higher value of QSQ~~,Qa~ implies
higher quantization noise and therefore lower encoded picture quality, when
the value of QSa,~,rt~r is found to be higher than QS~,R~, the difference
of the two values will be used to increase the target bit rate (BR,~,~~,)
at target bitrate estimator 22?. On the other hand) when QS~,~,Q~~ is lower
than 20 QS~,~~" BR,Q,x~, is decreased at target bitrate estimator 222.
Optionally) the value of Q~,~~, may be used at the rate controller 215 as a
lower limit for the final output QS,~value so that when this target is
reached (target quality reached), bits are saved for future encoding
immediately. Hence, the output reference quantization stepsize at rate
controller 215 may be set according to: 25 if (QSr~ < QS~,r~~,), then QS,~
=QS,~,sn . For target bit rate estimation, a rate-quantization model for
example one developed by Wei Ding and Bede Liu, "Rate Control of MPEG Video
Coding and Recording by Rate ,~ ~,. 30 Quantization Modelling", IE Trans.
on Circuit and Systems for Video Technology, Vol.   13 July 2002 17 6, No.
1, Feb. I 996, may be adopted. To avoid lame estimation error or complex
local fitting of the race-quantization model) an alternative embodiment of
the present invention may consist of a method of target bitrate estimation
comprising the steps of predicting a bitrate (BRp,~,~,~) at a Bitrate
Predictor 231 based on bits used for encoding the last I-, P-) and
Bpicture, and estimating a new target bitrate (BR~"R~,) at the target
bitrate estimator 222 based on the said predicted bit rate and the
difference between QSQ"~,~R, and QS,arX". The predicted bitrate
(BRp,~d,~,.d) and the new target borate (BR,~r~~,) may be computed as
follows: _ ~S!+nPxS'Pt7TBxSB~ BR prtdrcred ~ 1 +~,/P * ytB) (OS~erage- -
O`SrarRu) BRtarget BRpred~cted+ 2 x O'sa~,arage 1 o if (BR,~ra~, > BR",~,
then BR~rB = BR",~ I f (BR~rsr, < BR,~n) ) then BR,~r~~, - BR,~n where S,,
Sp, S8 are number of bits generated by previously encoded I-, P-.
B-picture, 15 np is the total number of P-pictures in the current GOP, nB
is the total number of B-pictures in rrhe current GOP, and K= may be a
constant, or a factor of BRpr~d,<d, BR",~, or BR~rd~J. The new target bit
rate (BR,~r~~,) can be computed after encoding each picture or after 20
encoding a certain number of pictures. The bit allocation process 212 and
the rate controller 



215 are updated with the new BR,~,~r, value once it is detetTriined. An
embodiment of the bit allocation process 212 comprises the steps of: a)
Before encoding the first picture in a group of pictures (GOP), determining
R which   13 July 2002 18 is the remaining number of bits assigned to the
GOP: R+= N XBR then set BR =BR pICILlre~rLrle rrgen old-rorger rorgrr
where: N is the number of pictures in the GOP 5 R = 0 before start of
sequence) and ' + = is the accumulate function b) Otherwise, if the picture
to be coded is not the first picture of a GOP and a new target bit rate
(BR,~r~~,) is determined, then updating R as given by: 10 R * - ~Np NB) x
~'~~rargrr ' B~c~d rarger~ , zhen sei Bl~old rargar-BRrargrr prcture^raze ,
where: NP and NB are t.5e number of P- and B-pictures remaining in the
current GOP c) Obtaining the averace quantization stepsize~(Qr, Qp, or QB)
from previously encoded 15 pictures (I-, P-) or B-picture respectively) as
determined by Frame Q Step average process 213) d) Obtaining from frame
bic-count 214 the value of the number of bits (S,, SP, or SB) used to
encode the past I-, P-, or B-pictures, and removing number of bits used by
the last 20 coded picrure (5,.i,8) from R) hence: R -= S,if last coded
picture is an I-pictureR -= SPif last coded picture is an P-pictureR -=
SBif last coded picture is an B-picture   13 July 2002 19 e) Finally)
detenninmg the target number of b~cs (T,, Tl.) or TB) to be used tbr coding
the current picture. T,, Tp, or TB for respective I-, P-, or B-picture are
given, for example, by: T, _ R 1 * Iv p .YP * NB :Ya Xl KP Xl KB 5 TB =
where T - R P _ NB K P XB NP+ KB XP R NP KB XP NB+ KP XB Xl ~ Sl ~l~ XP -
SP ~P~ XB ~ ~B~ ~8r 



KP and KB are constants. 10 A minimum value (T"rt) may be set as the lower
boundary for Tl, TP, TB. For example: T . -_ BR',x`r , whereK is a constant
(eg.8) mm K3 X picture Rate Figure 3 is a block diagram illustrating
another embodiment of a one-pass variable bit rate moving pictures encoder
350 according to the present invention. In this embodiment, the encoding
quality 324 is determined by comparing the original input picture taken
from input 1 S 300 and the locally decoded picture 325. Conventional
methods such as the mean square   13 July 2002 20 error (MSE) or the
signal-to-noise ratio (SNR) measures can be used as comparison. This
measure is further compared at Frame Quality Measure 320 with the definable
Target Quality 3l9. When the encoding quality is lower than the target
qualit3~, the target bitrate estimator 322 will set the target bitrate
higher; on the other hand, if the encoding quality is higher than 5 the
target quality, the target berate m set lower. An input picture or a given
number of input pictures are first encoded with an initial set of encoding
parameters. Each of these pictures may be given a picture coding type of
either I-) P-, or B-picture. The encoding technique such as those defined
by the MPEG-1 or MPEG-2 10 standards may be utilized. Such techniques
include motion estimation 302, motion compensation 303) discrete cosine
transform 304) DCT coefficient quantization 305. and run length VLC
encoding 306 for temporal, spatial, and statistical redundancy reduction. A
frame buffer 301 is used for storing the input pictures for re-ordering and
processing needs. 15 Before each picture is coded) its target amount of
bits rs set by bit allocation process 312 based on the initial set of
coding parameters as well as any updated information from Frame Q Step
averaging process 313 and Frame bit-count 3I4. Rate Controller 315
deterrzmes reference quantization stepsize for each MB while coding the
picture. Conventional adaptive quantization 318 which depends on h~B
activity calculation 316 and frame actwiry average 20 3I7 can be applied to
each refer ence quantization stepsize to generate final quantization
stepsize for the DCT Coeff quantizrr 30~. The coded pictures are locally
decoded by inverse quantization 309, inverse discrete cosine trar~sfonn
310) inverse of the motion compensation 303 to form the locally decoded
pictures 25 325. It is stored in the fra.-ne buffer 301 if necessary for
future prediction use (ie. anchor pictures). The locally decoded pictures
325 are used with reference to the origma! input pictures 300 for encoding
quality determination 324. The determined encoding quality is compared to
the target quality given by 319 at frame quality measure process 320. It is
also possible to offset the determined encoding quality by the picture
activ ity (ACT",",~~) before 30 the comparison so as to take into account
the masking effects of the human visual system to   13 July 2002 21 the
average level of activity within the picture. For example if the encoding
quality is determined by the peak signal-to-noise ratio, then the resul
ting encoding quality di fference (SII~R,,~) at the output of frame quality
measure 320 can be given by: S SNR,,,d = SNR,~,R~, - (SNRp,~""~ + KT x
AC?"~~~ra~~) where 'S~prcrure is the output of encoding quahry measure 324,
SNR~,~~, is the target quality definable at 319, 



10 Ks is a constant (eg. 0.018), and ACTQ~~rQ~~ is the average MB luminance
block variance. One method of adjusting BR,~,a~f based on SNRd~ at the
target bitrate estimator 322 is given by: 15 BR~,~~, = BRp.~,,~,~,, + K6 x
BR~""~", x SII~R,, it (BR""~~, > BR",at), then BR""~,~, = BR",as tf
(BR~,B~, < BR~"~), then BR,~,~~, = BR~", ?0 where BRPr,,~,~ is the result
of bitrate predictor 321, BR~",~", is the previous value of BR~"R~, stored
at current bitrate 323 memory, K6 is a suitable constant, 25 BR",~,, and
BRm,r are the maximum and minimum borate sec at 311. The bit allocation
module 312 and the rate controller 315 take the updated BR~"~~, from the
target bitrate estimator 322 and perform necessary bit allocation and bit
rate control such chat the resulting compressed moving picture bitstreams
will have encoded bit rate close to BR~"R~,. 30 Existing techniques of VBV
(video buffer verifier) undert7ow detection and protection may   13 July
2002 22 be applied using BR",es as the reference bit rate to ensure the
maximum b~trate of the output bitstream is not violated. Because the target
bit rate BR~"R~, for encoding is adapted based on feedback on encoding 5
quality, the encoding quality will always converge to a defined target
quality. In such a way the encoding accommodates ~~ariable bit rates in
real-time within single computational pass, and the encoding process can be
better tuned to changes in moving pictures scene content complexity. The
overall perceptual quality of the encoded moving pictures sequence will be
relatively consistent with reference to the defined target. 10 Embodiments
according to the present invention can accommodate simplified models for
estimation of target bit rate based on feedback and prediction. Overall
impact to implementation and computation complexity as well as memory
storage requirements of the encoder is minimized. I~ The foregoing detailed
description of embodiments of the invention has been presented by way of
example only) and is not intended to be considered limiting to the
invention as defined in the claims appended hereto. 20   SGS/50242 ' ' ' '
13 July, 2002 ' _ 23 ~-~ ~ ' ' Claims 1. A method for variable bit rate
control in a single pass moving pictures encoder, comprising: 5 selecting a
target picture encoding quality; selecting upper and lower bit rate limits;
encoding at least one picture based on a target bit rate within the upper
and lower bit rate limits; predicting a current bit rate and an encoding
duality based on the result of the encodin~ 



10 step; comparing the encoding quality of the at least one encoded picture
with the target picture encoding quality; adjusting the target bit rate
within the upper and lower bit rate limits according to the result of said
comparison and the predicted current bit rate, for encodin~ subsequent
pictures; 15 and repeating, for each picture in a sequence of pictures,
said encoding, predicting, comparing and adjusting steps. 2. A method as
claiTned in claim 1, wherein the step of encoding art least one picture 20.
based on the target bit rate includes determining a target bit allocation
for the at least one picture using the target bit rate. 3. , A method as
claimed in claim 2, wherein the pictures to be encoded are arranged in J_
groups of pictures comprising an I-picture and at least one P-picture
and/or B-picture) and 25 wherein the target bit allocation is adjusted for
each picture or plurality of pictures in each group of pictures. 4. A
method as claimed in claim 1, 2 or 3, wherein the picture encoding quality
is based '~ on encoding quanttzauon step-size. 30 A method as claimed in
claim 1, 2 or 3, wherein the picture encoding quality is based r.3_._ a i
:~ ~ni~ ~i.. :y. o a   7 SGS1~0242 on a mean square error. ,, 13 July 2002
6. A method as claimed in claim I) 2 or 3) wherein the picture encoding
quality is based on a signal-to-noise ratio. 5 7. A method as claimed in
claim ~ or 6, wherein the comparing step includes measuring a difference in
picture encoding quality bet~.veen corresponding input and locally decoded
pictures. 10 8. A method as claimed in claim 7, including measuring an
average picture activity for the moving pictures, and modifying the
measured difference in picture encoding quality on the basis of the average
picture activity. 9. A method as claimed in claim 8) including measuring a
signal-to-noise zatio for at least 1 ~ one previously encoded picture, and
determining said target bit rate based on said predicted current bit rate
and on a difference between the measured signal-to-noise ratio and a target
signal-to-noise ratio as said target picture encoding quality. , 10. A
method as claimed in claim 9) wherein the predicted current bit rate and
the target 20. bit rate are determined according to: SNRd;,~. = SNRt~rge: -
~S~'~p~cture T K; X A CT~Yernge) ~s!+n pxS,a'`naxSB) BRpredtcted ~l +nP+nB>
7J ~~~nrger - BRpred~c:ed + K6 X BRcurrent X `S~Rd~ff where: SNRp,~t"re is
the measured signal-to-noise ratio, 30 SNRtrtrget is the target
signal-to-noise ratio, ACT~~ernge is the measured average pixel activity,
.~~ " 4~~ 4~ r:~e~b ~9 ~ 's   



SGS/50242 ~ ~ ' ' 13 July 20b2 ' _25~_~ . . ,., , KS and K6 are constants,
SIVRd,~ is the measured difference in picture encoding quality, BRpredrcted
1S the predicted current bit rate, S,, Sp, SB axe number of bits generated
by said previously encoded I-, P-, B-pictures, respectively np is a total
number of P-pictures in the group of pictures, nB is a total number of
B-pictures in the group of pictures, BRcurreru iS a previously determined
BRt~B~r, and BRrarg~, is said target bit rate. 10 11. A method as claimed
in claim 4, wherein said target picture encoding quality is based on a
target encoding quantization step-size. 12. A method as claimed in claim
11, wherein different target quantization step-sizes are 1~ selected for
I-, P-, and B-pictures. 13. A method as claimed in claim 11 or 12,
including measuring an average quantization step-size for at least one
previously encoded picture, and dete .;n;ng said target bit rate based on
said predicted current bit rate and a difference between the target
encoding quantization 20 step-size and the measured average quantization
step-size. 14. A method as claimed in claim 13, wherein maximum and minimum
bit rates are selected corresponding to the upper and lower bit rate
limits, and wherein the predicted .^current bit rate and the target bit
rate are determined according to: _ ~S~+nPxSp~naxSa) BRpredicted rl
+ylp+n~> BR = BR + K x \OSaverage O`Starget) 1 ' target predicted 2 O5,
average 25 , n b p~ ~ P4 7?~lTdb~ ,~   SGS/50242 1 ~ July 2002 , , ,.. , ,.
,. " ., -26 if (BRrars~r > BR",a~) , then BR,~rs~r = BR",~ if (BRrr,rget <
BRm,n), then BRrarB~r = BRr"", where 5 BRpreatee is said predicted current
bit rate, BRr~,g~r is said target bit rate, BR",~ is said maximum bit rate,
BR,~" is said minimum bit rate S,, Sp, SB are number of bits generated by
said previously encoded I-, P-, B-pictures, 10 respectively np is a total
number of P-pictures in the group of pictures, rB is a total number of
B-pictures in the group of pictures, and K, is a constant or a factor of
BRp,~~,~:~d, BR",~,s, or previous BRrarger~ 



15 1~. A rrrethod as claimed in claim 10 or 14, including deterrni.ning a
number of bits R remaining for encoding the group of pictures comprising
the steps of: before encoding a first picture in a said group or" pictures,
determining R according to r R+ ~~'~ XBRrarger' Ihen set BRoj~ Target
BRtarget picture rate where: 20 , N is the number of pictures in the group
of pictures, ._ piczure_rare is the number of pictures encoded per unit
time, and BRtarger is said target bitrate, and before encoding each
subsequent picture in the group of pictures ) determining R ?~ according to
_ (w +,~! ) _ _ __ RT P s X(BRtarger B~oi~ larger) s~ then set BRald Larger
BRrarger picture rate  rt ~~~ r~ t'G'V 1 ~,a   SGS/50242 , , ~ , ' 13 July
2002 where: NP and NE are the number of P- and B-pictures remaining in the
current group of pictures, BR,~rg is a subsequently determined target bit
rate, and 5 S is one of S,, SP or SB according to the picture type of the
previously encoded picture. 16. A method as claimed in claim l~) further
comprising the steps of: obtaining average quantization step sizes Q,, Qp,
Oa from previously encoded I-, P-,Bpictures, respectively; and 10
determining the target bit allocation Tl, TP, TB for a subsequent
respective I-, P-, or B-picture according to: T = r NP XP Na XB 1T , X~ KP
~ Xf KB R P _ N + NB KP XB P KB _xP R T ~ = NB+ N~ RrB XP KP XB where . 1 ~
,Y, = S, O,, X p = SP OP, XB = SB, Qa. KP and h'B are constants. 17, A
method as claimed in 16) wherein the target bit allocations T,, Tp, Ta have
a lower E ~.~~ ..e:;.~~~ a ~a~.rrP~i:~ ~ii~a   SGS/50242 ~ ~ ~ ~ . , ' ' '
, . ~ , ; , 13 July 2002 - - ~, ,. , 



,limit Tn"" determined according to. BR larger mm K3xplcture rate where Ki
is a constant. 18. A method as claimed in any one of claims 1 to 17,
wherein the target bit allocation 5 is used to encode an input picture,
comprising the steps of: deriving macroblocks from the input picture;
calculating a quantization step-size for each said macroblock accordL-~g to
the target bit allocation and its utilization; performing motion
compensation if necessary to each macroblock; 10 frequency transforming
each said macroblock or motion compensated macrobiock; quantizmg each
transformed macroblock using the calculated quantization step-size; and
coding the quantized macroblock. 1 ~ 19. A method as claimed in claim 18,
wherein the target quantization step-size is used as a lower limit for the
determined quantization step-size. 20. A method as claimed in claim 18 or
19, wherein z1'~e determined quantization step-size for each macroblock is
modulated by a corresponding macroblock activity masking factor, and 20
the;quartization is performed using the modulated quantization step-size. ?
1. A control appar atus for a single pass moving pictures encoder,
comprising: an input for receiving a target picture encoding quality; an
input for receiving upper and lower bit rate limits; and 25 a controller
for controlling the encoder so as to encode at least one picture according
,.i i to a target bit rate within the upper and lower bit rate limits,
predict a current bit rate and an encoding quality based on the result of
the encoding, compare the encoding quality of the at least one encoded
picture with the target picture encoding quality) and adjust the target bit
rate t ' ~4~ rocs ~ "`.:~ ~. r'L 4 m r_ ~' ~ i''~ 'ynT o a'. ii.`lb..s; C~
SGS/50242 ; , ~ ~ , 13 July 2002 ,. , , according to the result of said
comparison and the predicted current bit rate for encoding subsequent
pictures. 22. A control apparatus as claimed in claim 21, wherein encoding
the at least one picture 5 based on the target bit rate includes
determining a target bit allocation for the at least one picture using the
target bit rate. 23 A control apparatus as claimed in claim 22, wherein the
pictures to be encoded are arranged in groups of pictures comprising an
I-picture and at least one P-picture and/or B10 picture, and wherein the
controller adjusts the target bit allocation for each picture or plurality
of pictures in each group of pictures. 24. A control apparatus as claimed
in claim 2I, 22 or 23, wherein the picture encoding quality is based on
encoding quantization step-size. 15 25 . A control apparatus as claimed in
claim 21, 22 or 23 , wherein the picture encoding quality is based on~a
:near square e:ror. 



26. A control apparatus as claimed in claim 21, 22 or 23 , wherein the
picture encoding 20 _ quality is based on a signal-to-noise ratio. 27. A
control apparatus as claimed in claim 25 or 26, wherein the cor_~t: oiler
includes a local picture decoder aid a comparator for measuring a
difference in picture encoding quality between corresponding input and
locally decoded pictures. 25 28. A control apparatus as claimed in claim
27, wherein the controller ;ncludes a picture activity processor for
measuring an average picture activity fer the moving pictures, and '~
wherein the controller modifies the measured difference in pictur a
encoding quality on the 30 basis of the average picture activity. f9 r~r~'V
! L~ 'aid n f ~ S~ ~~~~u ~~e   SGS/50242 , , ' ' . ' ; ~ ; ; ; ~ 13 J;ul'y
2002 -30- " ", ., , ,29. A control apparatus as claimed in claim 2S,
wherein the controller includes a signal-tonoise processor for measuring a
signal-to-noise ratio for at least one previously encoded picture, and a
bit rate predictor for predicting the current bit rate, and wherein the
controller adjusts said target bit race based on the predicted current bit
rate and on a difference between ~ the measured signal-to-noise ratio and a
target signal-to-noise ratio as said target picture encoding quality. 30. A
control apparatus as claimed in claim 21, wherein the moving picture
encoder includes a frequency transform coefficient quantizer for
quantization of the encoded picture 10 data, and wherein the controller
comprises a bit rate controller coupled to control the quantization step
size of the quantizer, a quantization step size comparator for comparing,
as a measure of encoding quality, an actual quasitization step size Yvith a
target quantization step size based on the target picture encoding quality,
a bit allocation processor coupled to control the bit rate controller
according to a number of bits remaining for encoding a group of 15
pictures, and a target bit rate estimator coupled to receive the upper and
lower bit rate limits and coupled to the bit allocation processor and the
bit rate controller for controlling the quantization so tihat the required
bit rate for the quantized picture data is witiri.in the upper and lower
bit rate limits. 20 _ 31. A single pass variable bit rate video picture
encoder comprising: a picture input for receiving data for a plurality of
moving pictures; a target quality input for receiving a target quality
measure for encoded pictures; an encoder output for supplying encoded
picture data; a bit rate limit input for receiving upper and lower bit rate
limits for the encoded 25 picture data; a bit rate predictor for predicting
a current bit rate; a frequency transform processor for frequency transform
encoding picture data from the picture input; J y a coefficient quantizer
for quantizing the encoded picture data according to a 30 quantizauon step
size; an encoding quality estimator for measuring an encoding quality of
quantized Pncoded .. H ,. ^r.~~ y~'~~ ~. 'r' ~ '~JiF 



SGS/50242 . ' , . , ; ' ; ' ' ; ; ~ 13 ,July 2002 -31 - ." " ., pictures;
and a bit rate controller for dynamically controlling the quantization step
size of the coefficient quantizer based on the predicted current bit rate
and a comparison of the target quality and the measured quality so that the
encoder output remains within the upper and 5 lower bit rate limits. 32. A
video picnire encoder as claimed in claim 31, wherein the pictures to be
encoded are arranged in groups of pictures comprising an I-picture and at
least one P-picture and/or B-picture, the bit rate controller including a
frame bit counter for a number of remaining bits 10 available for encoding
a group of pictures, and a bit allocation processor for controlling the bit
rate controller according to the remaining available bits so as to adjust a
target bit allocation for each picture or plurality of pictures in each
group of pictures. 33. A video picture encoder as claimed in claim 31 or
32, including a quality comparator 1 ~ for comparing the target quality
with the measured encoding quality, and wherein the bit rate contr oller
controls the quantization step size based on a difference between the
target and measured qualities. 34 A video picture encoder as claimed in
claim 32, including a quality comparator for 20 . comparing the target
quality with the measured encodin~ quality wherein the bit rate controller
adjusts the target bit allocation to achieve a tar get bit rate for the
picture or plurality of pictures in each group of pictures which is
determir_ed on the basis of an output from said quality comparator. ._ 2~
3~ A video picture encoder as claimed in claim 31, 32, 33 or 34, wherein
the measured encoding quality is based on the quantization step size. 36. A
video picture encoder as claimed in claim 33) including a local decoder for
decoding the quantized encoded picture data, and a quality measurement
processor for determining a 30 quality difference between corresponding
input and locally decoded pictures. G ~'.~. ~~~ ~,,~'~ ~.~~.~~y ~ s r. ~a~
SGS/50242 ~ ' , ' ' , ~ , ~ ; , ' ~ ; ; ' 13 J,~ul,y 2Q02 .,. , " ", ,~ ,.
-32 37. ~ A video picture encoder as claimed in claim 36, wherein the
quality measurement processor determines a difference in signal-to-noise
ratio. 38. A video picture encoder as claimed in claim 36, wherein the
quality measurement 5 processor determines a mean square error. 39. A video
picture encoder as claimed in claim 36, 37 or 38, including a picture
activity processor for measuring an average picture activity for the moving
pictures, and wherein the quality measurement processor modifies the
measured difference in picture encoding quality 10 on the basis of the
average picture activity. 40. A video picture encoder as claimed in claim
37, including a signal-to-noise processor for measuring a signal-to-noise
ratio for at least one previously encoded picture, and a bit rate predictor
for estimating a current bit rate, and wherein the bit rate controller
adjusts said 1 ~ target bit allocation based on the estimated current bit
rate and on a difference between the measured signal-to-noise ratio and a
target signal-to-noise ratio as said target picture encoding 



quality. 41. A video picture encoder as claimed in claim 31, including a
quantization step size 20. comparator for comparing, as a measure of
encoding quality, an actual quantization step size with a target
quantization step size based on the target picture encoding quality, a bit
allocation processor coupled to control the bit rate controller according
to a number of bits rernair~ng for encoding a group of pictures, and a
target bit rate estimator coupled to receive the upper and lower bit rate
limits and coupled to the bit allocation processor and the bit rate 2~
controller for controlling the quantization so that the required bit rate
for the quantized picture data is within the upper and lower bit rate
limits. . .,~,~~'S ~~~:~,il~ ~ 3 .a'~ c~y3 'S   13 July 2002 33 AMENDED CL
AIMS [received by the International Bureau on 12 March l999 (12.03.99);
original claims 1 to 3, 9, 13 to 17, 21 to 23, 29, 31, 33 to 35 amended;
remaining claims unchanged ( I I pages)] 1. A method for variable bit rate
control in a single piss moving pictures encoder, comprising: 5 selecting a
target picture encoding quality; selecting upper and lower bit rate limits;
encoding at least one picture b2sed on a target bit rate within tike upper
and lower bit raze limits; predicting a current bi.t rate and an encoding
quality based on the result or the 10 encodin' step; comparing the encoding
quality of the at Ieast one encoded picture with the target picture
encoding quality; adjusting the target bit rate within the upper and lower
bit rate limits according to the result of said comparison and the
predicted current bit rate, far encoding subseauent pictures; 15 and
repeating, for each picrtre in a sequence of pictures, said encodinj,
predicting) comparing and adjusting steps. 2. A method as claimed in claim
1, wherein tl:e step of encoding at least one picture 20 based on the
target bic rare includes detetmiring a target bit allocation for the at
least one picture using the target bit rate. 3. A method as claimed in
claim 2, wherein the pictures to be encoded are arra_z'ed in groups of
picrsres comprising an I-piccttre and at least one P-picture andlor
B-picture, and 25 wherein the target bit allocation is adjusted for each
picture or plurality of pictures in each group of pictures. 4. A method as
claimed in claim 1, 2 or 3, wherein the picture encoding quality is bcsed
on Cncoding quantization step-sire. 



30   13 July 2002 34 5. A method as claimed in claim l) 2 or 3, wherein the
picture encoding quality is based on a mean square error. 6. A method as
claimed in claim 1, 2 or 3, wherein rape picture encoding quality is based
5 on a signal-to-noise ratio. 7. A method as claimed in claim 5 or 6,
wherein the comparing step includes measuring a difference in picture
encoding quality between corresponding input and locally decoded ~ _
pictures. I0 8. A method as claimed in claim 7, including measuring an
average picture activity for the noving pictures,. and modirying ~'~e
measured difference is picture encoding quality on the basis of the average
picture activity. I S 9. A method as claimed in claim 8, including
measuring a signal-to-noise ratio for at least one previously encoded
picture, and determining said target bit rate based on said predicted
current bit rate and on a difference between the measured signal-to-noise
ratio and a target signal-to-noise ratio as said target picosre encoding
quality. 20 10. A method as claimed in clam 9, wherein the predicted
current bit rate and the target bit rate are determined according to:
S~IhLdt~. _ ~~yzr~rr - ~~~pie:ure y KJ X t'~ ~QYrraqe) (Sr+na xS~ +r.3 X
S8) 7' B ~predrer~d - 1 +n +n P B) BRrnr;~r - BRpr.~,er~ r Xr, X
BRrrrrr.,tr X SNR,,;~ where: 30 SNRP,~""~ cs the measured signal-to-noise
rauo,   13 July 2002 3h SIVRNra~, is the target signal-to-noise ratio,
AC1-a,~rnt~ is t~'~e measured average pixel activity, Kl and KQ are
constants, SNRd;~ is the measured difference in picture encoding quality) 5
BRpr~;~ is the predicted current bit rate, Sl, S~, Sg are number of bits
generated by said previously encoded I-, P-) B-pictures, respectively nP is
a total nurroer of P-pictures in the group of pictures) n$ is a total
number of B-picn:res in the group of pictures, 



10 BR~,~r"r is a previously detenrined BR~,a~r, and BR~,ra,~ is said target
bit rate. II. A rzethod as claimed in claim 4, wherein said target picture
encoding quality comprises a target encoding quartization step-size. 15 I2.
A method as claimed in claim I I, wherein different target qua_2tization
step-sizes are selected for I-, P-) and B-pictures. I3. A method as claimed
in claim lI or 12, includuzg rr:easuring an average quantization 20
step-size for at lest one previously encoded picture, and deCermlntng said
target bit rate based on said predicted current bit rate and a difference
between the target encoding quantization step-size and the measured average
quantization step-size. 14. A method as claimed in clairn I3, wherein
maeimum arid minimum bit races are 25 selected corresponding to the upper
and lower bit race limits, and wherein the predicted current bit rate and
the target bit rate are determined according to: _ ~Sl''l7PxSP~ITBx,SB~
B~predmtrJ YlT P''na AMENDED SHEET (ARTTCLE 19)   13 July 2002 36 rg __ a
~~,Savtragt O`Srargell BRIa tl B'R rtdi.^ttd+ K ~. ~~avsrage 1 t (BI?~ra~,
> BR",~ , then BR~r~~ = B ",~ if (BR~ra~,< BR",;"~, then BR~r$ = BRm,n
where i .wn 5 BF.pr~,;~~ is said predicted current bit rate, BR~r3~, is
said target bit rate, BR",~ is said ma.~imum bit rate, BR~;n is said
minimum bit rate S,) S~, SB are number of bits generated by said previously
encoded I-, P-, B-pictures, IO respectively nP is a total number of
P-pictures in the group of gicr~tres, n8 is a total number of B-pictures in
the arOUD OI picrureS, and K= is a constant or a factor of BR7r~;~;~,
BR",~, or previous BR~rstl. IS I~. A method as clair.,.ed in claim 10 or
I4, ircludi::d deter:ninig a number of bits R . remaining for encoding the
group of pictures comprising the steps of: before encoding a first picture
in a said group of pictures, determinin' R accordin' to R pichlre rite
BRla~er' theft Set BRa~d larger-BRlargel where: 20 N is the number or
pictures in the group of pictures, 



picture rare is the number of pictures encoded per unit time, and BR",r~"
is said target bitrate, and betore encoding each subsequent picture in the
group or p~~~tures, determ~n~ng R .~~~n S~E~r raR~~r F ~ ov   13 July 2002
according co f R + - ~Np Ns~ x (BRrcrK.r picture rate where: 37
$Rold-rarysr~ S~ then set BR'ld target-BRrargsr Np and 1~ are the number of
P- and B-pictures remaining in the current group of picn:res, 5 BR~rs~ is a
subsequently determined target bit rate, and Ss ene of S,, SP or Sg
according to the picture type of the previously encoded picture. I6. A
method as claimed in claim I5, further comprising rl`:e steps of: obtaining
average quantization step sizes Q,, Qp) Q$ from previously encoded I-, P-,B
10 pictures, respectively; and determining the target bit allocation Tr,
T~, T8 for a subsequent respective I-, P-, or B-picture according to: R Tr
= I + NP XP + ha Xs X, KP Xt Ks T R P N + Ns KP Xs ~s XP T _ R e rV$ + NP
KB `~ KP xa AMENDED STET (ARTICLE 19)   13 July 2002 38 where Xr = Sr Qr xr
= SA Qr Xa = Sa Qs ICP and KB are constants. 5 17. A method as claimed in
16, wherein the target bit allocations Tr, Tp, TB hwe a lower limit Tm",
determined according to: BRte,~~r K3xpicture rate 



where K, is a constant. I8. A method as claimed in any one of claims 1 to
17, wher ein tl:e target bit allocation I O is used to encode an input
picture, comprising the steps of: deriving macroblocks from the input
picture; calculating a quantization step-size far each said macroblock
according to the target bit allocation and its utilization; r ^ performing
motion compensation if necessary to each n:acrobIock; I5 frequency
transforming each said macroblock or motion compensated macroblock;
quantizing each transformed macroblock using t:~:e calculated auantization
step-size; and coding the quantized macroblock. 20 19. A method as claimed
in claim 18, wherein the target quantization step-size is used as a lower
limit for the determined quantization step-size. , 20. A method as claimed
in claim 18 or I9, wherein the determined qurntization step-size for each
macrob(ock is modulated by a corresponding macroblock activity masking
Factor, 25 and the quantization is performed using the modulated
quantization step-size. Z I . A control apparatus t'or a single pass moving
pictures encodCr, comprising A ML'lUTCT CiTr'T. '1` / A D'TT^T T~ ~ w   13
July 2002 39 an input for receiving a target picture encoding quality; an
input for receiving upper and lower bit race limits; and a controller for
controlling the encoder so as to encode at least one picture according to a
target bit rate within tt~.e upper and lower bit rate limits, predict a
current bit rate and an 5 encoding quality based on the result of the
encoding, compare the encoding quality of the at least one encoded picture
with ti'~e target picture encoding quality, and adjust the target bit rare
according to the result of said comparison and the pr_dicted current bit
rare for encoding subsequent pictures. 10 22. A control appa~-atus as
claimed in claim 2? , wherein encoding the at least one picture based on
the target bit rate includes detetinining a target bit allocation for the
at least one picture using the ta:get bit rate. 23. A control apparatus as
claimed in claim 22, wherein the pictures to be encoded are 15 arranged in
groups of picn:res comprising an I-picvirs a.-!d at least one P-picture
andlor B picture, and wherein the controller adjusts the target bit
allocation for each picture or plurality of pictures in each group of
pictures. 24. A control apparatus as claimed in claim 21, 22 or 23, wherein
the picture encoding 20 quality is based on encoCing quancization
step-size. 25. A control apparatus as claimed in claim 21, 22 or 23,
wherein tl`~e picture encoding quality is based on a mean square error. 25
26. A control apparatus as claimed in claim 21, 22 or 23, wherein the
picture encoding quality is based on a signal-to-noise ratio. 27. A Control
apparatus as claimed in claim 25 or 26, wherein the controller includes a
local picn:re decoder and a comparator for measuring a d~ t't'erence in
picture encoding quality 30 between corresponding input and locally decoded
pictures. 



AMENDEi') SHEET (ARTICLE I91   13 July 2002 40 28. A cont,~ol apparana as
efaimed in claim 27, wherein the controller includes a picture activity
processor far measuring an average picture activity for the moving
pictures, and wherein the controller modifies the measured difference in
picture encoding quality on the 5 basis of the average picture activity.
29. A control apparatus as claimed in clairn 28, wherein t.~:e controller
includes a signal-tonoise pr ocessor for measuring a signal-to-noise ratio
for at Least one previously encoded _ picture, and a bit rate predictor for
predicting tl=a current bit rate, and wherein the controller 10 adjusts
said target bit rate based on the predicted current bit rate and on a
difference between the measured signal-to-noise ratio and a target
signal-to-noise raClo eS 531d target picture encoding quality. 30. A
control apparar?ss as claimed in claim 2? , wherein the moving picrsre
encoder 15 includes a frequency transform coefricient quantizer for
quantization of the encoded picture data, and wherein t_~:e controller
comprises a bit race controller coupled to control the quantizadon step
size of the quaraizer, a quantization step size comparator for comparing,
as a measure of encoding quality, an actual quantization step size witi~~ a
target quantization step size based on the target picnlre encoding quality,
a bit allocation processor coupled to control 20 the bit rate controller
according to a number of bits rernainirg for encoding a group of picn:res)
and a tar;et bit rate estimator coupled to receive ~e upper ar~d lower bit
race limits and coupled to the bit allocation processor and the bit rate
controller for controlling the quantization so that the required bit rate
for the a~-tantized picture data is within the upper and lower bit rate
limits. 25 31. A single pass variable bit rare video picture encoder
comprising: a picture input t'or receiving data for a plurality of moving
pictures; a target quality input for re:.~e~ving a target quality measure
t'or encoded pictures; an encoder output for supplying encoded picture
data; 30 a bit rate lima input t'or rCCeiving uppCr and lower bit rate
I~mits for the encoded   13 July 2002 41 picture data; a bit rate predictor
for predicting a current bit race; a frequency transform processor for
frequency t:ansform encoding picture data from the picture input; 5 a
coefficient quantizer for quantizing the encoded picture data according to
a quantizacion step size; an encoding quality estimator for measuring an
encoding quality of quantized encoded pictures; and a bit race controller
for dynamically controlling the quantization step size of the 10
coefficient quantizer based on r<'~e predicted current bit rate and a
comparison of a'~e target quality and ti`~e measured quality so that the
encoder output remains within the upper and lower bit rate limits. 32. A
video picture encoder as claimed in claim 31) wherein the pictures to be
encoded 15 are arranged in groups of pictures comprising an I-picesre and
at least one P-picture and/or B-picture, the bit rate controller including
a frame bit counter for a number of remaining bits available for encoding a
group of pictures, and a bit allocation processor for controlling the bit
rate controller accordir_g to tze remaining available bits so as to adjust
a target bit allocation for each picture or plurality of pictures in each
group of pictures. 20 



33. A video picture encoder as claimed in claim 31 or 32, including a
quality cornparator for comparing the t3.rget quality with the measured
encoding quality) and wherein tire bit rate controller controls the
quancization step size based on a difference between the target and
measured qualities. 25 34. A video picture encoder as claimed in claim 32,
including a quality comparator for comparing the target quality with the
measured encoding quality wherein the bit race controller adjusts the
target bit allocation to achieve a target bit rate i'or the picture or
plurality of pictures in each group ot'pictures which is determined on the
basis of an outuut t'rorn said 30 quality comparator AMFNT1FT1 CFiFFT !A
RTTI`T F t D1   13 July 2002 42 35. A video picture encoder as claimed in
claim 31, 32, 33 or 34, wherein the measured encoding quality comprises the
quantization step size. 36. A video picture encoder as ciaimed in claim 33)
including a focal decoder for decoding 5 the quantized encoded picture
data, and a quality measurement processor for determining a quality
difference between corresponding input and locally decoded pictures. '1 37.
A video picture encoder as claimed in claim 36, wherein the quality
measurement ' _ processor determines a difference in signal-to-noise ratio.
10 38. A video picture encoder as elairned in claim 36, wherein the quaiiry
measurement processor determines a mean square error. 39. A video picture
encoder as claimed in claim 36, 37 or 38) i::cludir.~ a picture activity I
S processor for measunrg an average picture activity for the moving
pictures, and wherein the quality meas,~remeat processor modifies the
measured differe^~ce in picture encoding quality on the basis of the
average picn:re activity. -_ 40. A video picture encoder as claimed in
claim 37, including a signal-to-noise processor 20 for messring a
signal-to-noise ratio for at least one previously encoded picture, and a
bit rate predictor for estimating a current bit rate, and wherein the bit
rate controller adjusts said target bit allocation based en the estimated
current bit rate and on a difference between the measured signal-to-noise
ratio and a tzrget signer-to-noise ratio as said target picture encoding
quality. 25 41. A video picture encoder as claimed in claim 31, including a
quantization step size ' comparator for comparing, as a measure of encoding
quality, an actual quantization step size with a target quantization step
size based on the target picture encoding quality, a bit allocation
processor coupled to control the bit rate controller according to a number
of bits 30 remaining for encoding a group of pictures, and a target bit
rate estimator coupled to receive  1/T1Tlvw f.TTTA. / ~ I~TIIt'1r T -W   



13 July 2002 43 cf:e upper and lower bit race lirnics and coupled to the
bit allocation processor and the bit rate controller tbr controlling the
quantization so that the required bit race for the quantized picture data
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