
26 June 2006 -1 VIDEO ENCODING FIELD OF THE INVENTION The present invention
relates to video encoding, and in particular to a method for use in  5
encoding video data, a video encoding module and a video encoder.
BACKGROUND Bit rate control is important in video coding and related
applications and is normally  achieved by selecting an appropriate
quantization matrix or quantizer to encode the picture.  An 8x8 quantizer
is an 8x8 matrix of integer valued step sizes that is used to divide video
10 data in the form of 8x8 matrices of frequency coefficients produced by
the discrete cosine  transformation (DCT) of input video frames, and
thereby reduce the amount of encoded  video data. In the case of the
digital video (DV) standard, as described in Specifications of
Consumer-Use Digital VCRs using 6.3mm magnetic tape, HD Digital VCR
Conference,  December 1994, the quantizer is determined by three numeric
parameters known as area, 15 class and quantization number. The area and
class are integers between 0 and 3, inclusive.  For a given pixel, the area
number for that pixel is determined by the pixel's position in an  8x8
pixel block. A class number is assigned to each 8x8 pixel block on the
basis of the  block's content, for example, quantization noise and the
maximum absolute value of the  block's AC coefficients. The quantization
number or step is an integer that specifies the 20 degree of image
quantization, and is assigned to a macroblock consisting of four  luminance
8x8 pixel blocks and two chrominance 8x8 pixel blocks. The combination of
the class and quantization number determines a quantization vector
comprising four  quantizer coefficients, one for each area number. An 8x8
quantizer is constructed from the  quantization vector by entering each
coefficient into corresponding positions in the 25 quantizer, according to
area number. The resulting quantizer determines the quantity of  output
video data generated from a given macroblock of input video data A video
segment, consisting of five macroblocks, is encoded within a constant bit
budget by 26 June 2006 



-2 selecting a suitable quantization vector for each macroblock to provide
a bit rate of the  encoded video data is as close as possible to a constant
target value. US Patent 5,677,734, Method and Apparatus for Modifying the
Quantization Step of each  5 Macro-block in a Video Segment, describes a
method of modifying the quantization step of each macroblock in a video
segment. As shown in the accompanying Figure 1, a video  encoding system
includes an activity detector 104 that detects the picture activity of each
8x8 pixel block and classifies the blocks by class number. Notwithstanding
its name, a  data estimation circuit 108 calculates the exact number of
bits generated by the data in the 10 segment memory 103 by quantization,
run-length and Huffman coding, given a  quantization number. A first
quantization step decision circuit 106 determines a segment  wide
quantization number, and a second quantization step decision circuit 107
modifies the  quantization number for each macroblock so that the quantity
of quantized data is below a  predetermined bit budget. A quantization
circuit 105 quantizes the data with the resulting 15 quantization number
and a variable length coding (VLC) circuit 110 encodes the data by
run-length and Huffman coding. A paper by S. Rhee et al., A New Quantizer
Selection Scheme for Digital VCR, IEEE  Transactions on Consumer
Electronics, Vol. 43, No. 3, Aug 1997, discloses a method of 20 determining
the quantization and class numbers to select a quantizer for each 8x8 pixel
block. A modified quantizer map, QID, from a reduced set of quantization
vectors was  introduced. A segment-wide QID was first selected by
calculating data quantity through  quantization and variable length
encoding. The selected QID was then mapped to the  respective quantization
and class numbers. The quantization vector for each 8x8 pixel 25 block was
fine-tuned by adjusting the class number according to the calculated data
quantity. A paper by W. Ding and B. Liu, Rate Control of MPEG Video Coding
and Recording by  Rate-Quantization Modeling, IEEE transactions on Circuits
and Systems for Video 30 Technology, Vol. 6, No. 1, Feb 1996, describes
controlling the video bit rate by using a 26 June 2006 



-3 feedback re-encoding method with a rate-quantization model. This
rate-quantization  model was adapted with re-encoding results to choose a
suitable reference quantization  parameter for meeting a target bit rate. 5
The difficulty in controlling bit rate lies in how to choose the
quantization parameters to  meet a target bit rate budget. Prior art
methods have attempted to solve this difficulty by  trying out selected
combinations of all possible quantization parameters. However, these
methods require complex hardware and/or significant computational
overheads. They  require a multi-pass implementation of the processes of
quantization and variable length  10 encoding. Even rate-quantization
modeling is dependent on either re-encoding or training sequences  and
classification schemes. The former has the disadvantage of local adaptation
with  quantization parameter and the requirement of two to three-pass
encoding, while the latter 15 is impractical for real-time video
transmission and quality control. In addition, the-rate- quantization model
has only been used on a frame-basis. There may be a model mismatch  for
finer bit estimation due to the fast changing nature of the
rate-quantization model at  low bit rates. 20 It is desired, therefore, to
provide a method for use in encoding video data, a video  encoding module
and a video encoder that alleviate one or more of the above difficulties,
or at least a useful alternative to existing methods, modules and encoders.
SUMMARY OF THE INVENTION 25 In accordance with the present invention there
is provided a method for use in encoding  video data, including generating
metric values for said video data based on a metric  function and
respective encoding parameters, and selecting at least one of said encoding
parameters on the basis of a desired quantity of encoded video data and a
predetermined  relationship between metric values and respective quantities
of encoded video data 26 June 2006 -4 Preferably, said metric function is
based on AC coefficients of discrete cosine  



transformation data generated from said video data. Advantageously, the
metric function may be a spatial activity metric based on a sum of  5
weighted AC discrete cosine transformation coefficients. Advantageously,
the metric function may be based on the number of non-zero AC discrete
cosine transformation coefficients after quantization. 10 The present
invention also provides a video encoding module having components for
executing the steps of any one of the preceding methods. The present
invention also provides a video encoding module, including a predictor
module for determining estimates for the quantity of encoded video data
using respective  quantization vectors, and a selector module for selecting
at least one of said quantization  15 vectors on the basis of said
estimates. The present invention also provides a video encoding module,
including a predictor  module for determining estimates for bit rate values
representing the quantity of encoded  video data using respective
quantization vectors, a selector module for selecting two of  said
quantization vectors on the basis of said estimates, first quantization and
variable 20 length coding modules for generating first encoded video data
using a first of said selected  quantization vectors, second quantization
and variable length coding modules for  generating second encoded video
data using a second of said selected quantization vectors,  and an output
decision module for selecting one of said first encoded video data and said
second encoded video data for output on the basis of at least one of the
bit rate value of 25 , said fast encoded video data and the bit rate value
of said second encoded video data The present invention also provides a
video encoder, including any one of the above video  encoding modules. 26
June 2006 -5 The present invention also provides a digital video (DV)
encoder, including any one of the  above video encoding modules. The
present invention also provides an MPEG encoder, including any one of the
above  video encoding modules. 



5 Instead of calculating the data quantity to be generated by actually
encoding the video data,  preferred embodiments of the invention use a
predictor to estimate the data quantity. The  predictor uses a metric for
the process of quantization, run-length and Huffman coding, to  predict an
output bit rate or data quantity. 10 BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the present invention are hereinafter described,
by way of  example only, with reference to the accompanying drawings,
wherein: Figure I is a block diagram of part of a prior art DV encoder;
Figure 2 is a block diagram of a first preferred embodiment of a video
encoder; 15 Figure 3 is a block diagram of a first preferred embodiment of
a predictor of the  encoder; Figure 4 is a flow diagram of a process
executed by the predictor to determine  s_actp from AC DCT coefficients;
Figure 5 is a graph of a power law function used by the predictor to
represent the  20 relationship between the number of bits generated by
quantization and variable length  coding and s act, the sum of spatial
activity metric values; Figure 6 is a block diagram of a second preferred
embodiment of a predictor of the  encoder; Figure 7 is a flow diagram of a
method executed by the predictor for determining  25 sym, the number of
non-zero AC DCT coefficients after quantization; Figure 8 is a schematic
diagram of a comparator of the predictor, used to compute a  6 bit flag for
determining sym; 26 June 2006 -6 Figure 9 is a schematic diagram
illustrating the addition of accumulator cell values  in the predictor for
a selected quantization vector; Figure 10 is a graph of a power law
function used by the predictor to represent the  relationship between the
number of bits generated through the process of quantization and  5
variable length coding and sym; 



Figure 11 is a block diagram of a second preferred embodiment of a video
encoder,  including feedback control; Figure 12 is a block diagram of 'd
third' preferred embodiment of a video encoder,  including two-pass
encoding predictive rate control with or without frame-based feedback  10
control; Figure 13 is a block diagram of fourth preferred embodiment of a
video encoder,  based on sym values and with feedback control; and Figure
14 is a schematic diagram illustrating a finite impulse response module of
the encoder of Figure 13. 15 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS Bit rate control involves determining a suitable set of
encoding parameters for generating  encoded video data with a desired bit
rate from input video data. Encoders of the preferred  embodiments
described below each provide a predictor to estimate the quantity of data
produced by encoding given input video data The difficulty of achieving
this is apparent 20 from the observation that the relationship between the
quantity of encoded data and  quantization parameters varies for different
macroblocks, - different video segments,  different parts of the same
sequence and even different kinds of sequences. Consequently,  the
preferred embodiments provide metric functions,, as -described below, to
determine  metric values from input video data that correlate with the
actual quantity of output video 25 data generated by encoding the input
video data. An estimate -for the -quantity of data is  then determined from
a predetermined relationship between metric values and bit counts.  The
relationship is determined experimentally for a given metric function and
reference  video data. The predictor generates a metric value from input
video data using the metric 26 June 2006 -7 function, and then converts the
metric value to a bit count estimate using the predetermined  relationship.
To determine suitable metric functions, the three processes of
quantization, run-length  5 encoding and Huffman encoding have been
considered. A close inspection of the Huffman 



table reveals that longer codewords are associated with longer run lengths
and also with  larger amplitudes. The reason for this is that long run
lengths and high amplitudes occur  with lower probabilities. Consequently,
an 8x8 pixel block with many low amplitude and  short run codes can
generate a total codeword of comparable length to another block that 10 has
few high amplitude and long run codes. Hence the spatial activity of the
block is a  good measure of the codelength. A conventional metric function
for analysing the contents of a pixel block using the AC  energy or
variance, f(u,v)2, where f(u,v) is the DCT coefficient of the AC block 15
element with coordinates (u,v), is, insufficient. However, a slightly
modified spatial  activity metric, described by ~+' u,v IV W(UV) Ecan be
used to estimate codelength. This metric the sum of the weighted AC
coefficients  in an 8x8 pixel block, where w(u,v) are the weights applied
to the 'AC coefficients 'in DV  20 systems, can be correlated with the
quantity of data generated by variable length coding. By dividing this
metric by the quantization step size used, a block spatial activity metric
that also incorporates the influence of quantization is obtained. This
block spatial activity  metric, act="> &.v>  25 provides a link between
quantization and the number of bits of encoded data, where q(4v)  refers to
the quantization step size used on element (u, v) of the block. 26 June
2006 -8 The metric may be further extended to include the spatial influence
of the AC coefficients  in the block. The further the AC coefficient is
from the DC coefficient in terms of run- length coding, the better the
chances of a longer run, given the characteristics of the  discrete cosine
transform. Hence a longer codeword is expected for an AC coefficient far  5
from the DC coefficient. This extended metric is given by 



actp jf. (u,.v)  h(u;.v)  - , .q(u,v) . . where h(u,v) is a spatial
weighting ;on--the ,AC coefficients and is determined  10 experimentally.
The spatial activity metric functions act and actp described above, can be
independently  used to generate a metric value from input video data and a
given quantization vector that  correlates with the actual quantity of data
generated by encoding the input video data using 15 the same quantization
vector, and hence the bit rate. By generating a series of these values  for
respective quantization vectors, a general relationship can be determined
between the  quantity of encoded video data and either one of the spatial
activity metrics, using  reference input video data Although this
relationship is. determined from reference video  data, it can be applied
in a quasi-universal manner to any input video data to determine an 20
accurate estimate for the quantity of encoded data or the bit rate. The
estimate enables  input video data to be encoded with simple single-pass
quantization and variable length  encoding steps to generate encoded video
data having a bit rate close to a desired bit rate. The preferred
embodiments of the invention are described in relation to the DV standard
in  25 order to select quantization vectors for 8x8 pixel blocks so as to
maintain a constant bit rate. However, it will be appreciated that the
invention can be applied in a more general  sense to select encoding
parameters to provide the closest match to any (e.g., variable)  target bit
rate or data quantity. 26 June 2006 -9 The choice of an appropriate
quantizer is important for DV, because excess bits that are  generated
through the quantization and variable length coding processes are dropped.
The  DV encoder therefore ensures that the number of bits of encoded data
representing the AC  coefficients of each five-macroblock video segment
(vs) is kept below a predetermined bit  5 budget: 5 



bits, 5 targetbitsw  bits, = f(QV,) where bits, is the number of bits
generated from the variable length coding of the im  macroblock of the
video segment, and targetbits. is a predetermined bit budget for the  video
segment. For example, the bit budget may be 2560. A set of five
quantization 10 vectors is to be found for the video segment, one for each
macroblock, and QV; refers to  the quantization vector used for macroblock
i. The quantization problem in DV is complicated by the use of different
quantization steps  for each of the four different areas of an 8x8 pixel
block. For -application of the actp 15 metric to DV, the sum of the spatial
activity metrics for a macroblock can be written as  s act 6 3 EIAC~j _p,
_~~ ~h(1)  k.1,-U _ 4f where i, j, k denote, respectively, the index of the
i macroblock in the video segment, the  index of the 1c 8x8 pixel block in
that macroblock, and the area number j. The magnitudes  IACjk I of the AC
coefficients in a particular area jk of an, 8x8 pixel block are summed and
20 the sum is then divided by the common quantization step qik used for
that area The result  is multiplied by a weight hr)) relating to the
emphasis of the AC coefficients of that  particular area. For example, the
weights for the respective areas may be in the ratio of  {1,2,4,8} for
respective areas {0,1,2,3}. 25 A digital video (DV) encoder, as shown in
Figure 2, includes a discrete cosine  transformation (DCT) mode decision
module 402, a weighted forward DCT (FDCT)  module 401, a segment memory
403, a predictor module 406, a selector module 405, a 26 June 2006 -10
quantization module 404, and a variable length encoding module 407. The DCT
mode  decision module 402 analyses each 8x8 pixel block based on edge and
or inter-field motion  detection, as described in P.H.N. de With,Motion
Adaptive Intrafranse Transform Coding  of Video Signals, Philips Journal of
Research, Vol.: 44, No. 2/3, pp 345-364, Apr 1989, to 



5 select a suitable DCT mode, either 8x8 or 2x4x8. The weighted FDCT module
401  performs a two-dimensional discrete cosine transform, followed by a
weighting multiplier.  A video segment of data, consisting of five
macroblocks from different locations of a  frame, is stored in the segment
memory 403 for further processing. Each macroblock of  the video segment
consists of four luminance 8x8 ,pixel blocks and two chrominance 8x8  10
pixel blocks. I The video encoder controls the bit rate of an encoded data
video segment,by determining  predicted values or estimates for the
quantity of encoded data for each macroblock within  the segment for
different quantization vectors, and selecting a quantization vector for
each  15 macroblock to obtain the closest bit rate to a desired target bit
rate. In the first preferred embodiments, predicted bit counts are
determined by methods based  on block spatial activity and executed by the
predictor 406. A first preferred embodiment  is first described, in which
the predictor 406 executes a method based on the spatial 20 activity
function actp. A second preferred embodiment is then described in which the
predictor 406 uses the simpler spatial activity, function act, as
indicated. However, because  these embodiments differ only in the form of
the spatial activity metric function used,  much of the description below
applies equally to both embodiments, as indicated. 25 As shown in Figure 3,
the predictor 406 includes an absolute block 261, a quantifier block  203,
an accumulator 204, and a spatial activity metric predictor 205: For the
actp metric,  the predictor 406 also includes a spatial emphasis block 202.
The predictor 406 is a  dedicated hardware circuit, as described below, or
a processor such as an ST100 or ST200  processor manufactured by
STMicroelectronics,in which case the blocks 201 to 205 are 30 software
modules executed by the processor. The other components of the encoder are
26 June 2006 -11 standard DV components known in the art, such as those of
a Diviolm NW701 single chip  CODEC. The predictor module 406 models the
process of quantization and variable length coding  5 using the actp metric
function. It calculates the s actp values as described above, and then 



predicts the number of bits generated from a macroblock for all possible
quantization  vectors, using an empirically determined relationship between
s_actp and bit count, as  described below. ' 10 For a given set of
quantization parameters, the bit count contribution from an 8x8 pixel
block is estimated by the predictor 406 of Figure 3 as follows. The
absolute block 201  reads in the DCT coefficients for the block
sequentially and then outputs their magnitudes.  For the actp metric, where
spatial influence is taken into account, the spatial emphasis  block 202
multiplies each coefficient by a weight based on the position of the
coefficient in 15 the pixel block The quantizer block 203 then quantizes
the coefficients with respect to the  quantization step size. However, the
quantization and spatial emphasis steps can  alternatively be combined and
reduced to shift operations as described below. The  accumulator 204 sums
the quantized, weighted coefficients to determine the act or actp  metric
value for the pixel block, as appropriate. The metric value for a
macroblock is 20 determined by summing the act/actp values of its six
constituent pixel blocks. The spatial  activity metric predictor 205
derives an estimated bit count for the macroblock based on  the summed
act/actp values and an empirically determined relationship between metric
values and bit counts. This relationship determines the conversion between
metric values  and bit counts, and can be implemented in the spatial
activity metric predictor 205 by 25 calculating a mathematical function, as
described below, or, to improve efficiency, as a  non-linear look-up table.
The process of Figure 2 is repeated for all quantization vectors to
determine a bit count estimate for each quantization vector. However, the
repetition may  be minimised or even eliminated by identifying a basic set
of quantization vectors,  determining act/actp values for these basic
quantization vectors and deriving the remaining 26 June 2006 -12 act/actp
values from the basic act/actp values with shift operations thereof, as
described  below. Different combinations of parameters such as the
quantization and class numbers can be  5 used to generate an indexed set of
possible quantization vectors, as shown in Table 1. 



Several of these vectors are multiples of other vectors in the set;
allowing them to be  classified into four groups, with the members of each
group being multiples (by powers of  2) of a common quantization unit
vector q'" for the group, as shown in Table 2. A set of  four basic
quantization vectors b , can then be defined for the respective groups, as
shown 10 in Table 2, as the vector quotients of a weight vector J w-' the
weights hO)  applied to different areas of an 8x8 pixel block, as described
above, and the four  quantization unit vectors q" . Table 1 15
IndexQuantization Vector 01111 11112 21122 32222 42224 52244 62448 74488
848816 9881616 10" 8.61632 1116 16 32 32 I 26 June 2006 - 13 Table 2
Quantization Shift Value Basic Vector 



Quantization VectorUnit Vector xb = */q.' q"w= 1 2 4 8 1111111101248 22221
1112111201244 22241 11221122'01224 22441 44882 881616 16 16 32 324
2448`1'2241"'1'122 488162 8 1616 323 The steps of a process executed by the
predictor 406 for predicting bits at the macroblock  level using the basic
vectors b are shown in Table 3. The actp values of an 8x8 pixel 5 block for
all four basic quantization vectors b are first determined, as described
below.  Then the actp values for all quantization vectors, QVs, are derived
from the basic values  through shift and addition operations, as described
below. The actp values for a  macroblock are then determined by summing the
corresponding actp values of the six  constituent pixel blocks. The
corresponding bit count estimates are then determined at the 10 macroblock
level from the predetermined relationship between s actp and bit count.
Table 3 StepDescriptionNo. of outputs 1Calculate act/actp at block level
for basic QVsno. of basic QVs * 6 2Derive act/actp values for all possible
QVsno. of QVs * 6 3Sum act/actp for a macroblockno. of QVs Determine
corresponding bit rate from relationship 



4between metric and data quantity values at the no. Of QVs macroblock level
26 June 2006 -14 The predictor 406 includes a simple and efficient hardware
circuit to determine s actg. A  process executed by the hardware circuit
for determining s_actp for all possible  quantization vectors of a 8x8
pixel block is shown in Figure 4. At step 501, the  magnitudes of the AC
coefficients are summed separately according to area number to 5 form four
values sumo.3. At step 502, each of the four sums is shifted left by a
respective  element of the basic vector 9, and the four resulting values
are stored in tmpo.3. For  example, if the quantization vector is [8 16 16
32], the quantization unit vector q"w is  [1 2 2 4] and the corresponding
basic vector from Table 2 is then [1 1 2 2], or  [2, 2, 2', 2']. The sum
for area 0, sumo, is then shifted left by 0, and sums, soma, and 10 sum3
are shifted by 0, 1, and 1 bits, respectively. These shifted sums are added
together to  generate basic s_actp values at step 503. The s act values for
an 8x8 pixel block are then  found at step 504 by shifting x bits to the
right from the basic s actp values using the x  values given in Table 2.
The final value of s actp for a macroblock is determined by  processing six
such pixel blocks and summing the s actp values for each block. 15 The set
of bit count estimates for each macroblock determined by the predictor 406
are  processed by the selector module 405 to choose an optimal quantization
vector fur each  macroblock, such that the sum of the predicted numbers of
bits for the macroblocks of a  video segment is less than the predetermined
bit budget. A slightly lower bit budget can be 20 used for this purpose to
accommodate prediction errors that might otherwise result in the  dropping
of AC coefficients. The quantization module 404 then quantizes the AC
coefficients of the video segment  stored in the segment memory 403 using
the selected macroblock quantization vectors. 



25 These QVs are then mapped back to the corresponding quantization step
size (QNO) and  class number (CNO) using standard DV relationships, as
shown in Table 4, to provide  these parameters in the output bit stream, as
required by the DV standard. 26 June 2006 -15 Table 4 Class Number Area
Number CNOANO 01230123 151111 1411 .11 131111 12151111 11141111 1013151111
91215- 141111 8111413.1112 71013121122 i 6912111122 i Quant  zat
5811101.224 on  b 



num  er 471091224 QNO 36982244 2587.2244 14762448 03652448 2544488 1434488
032F-4- 18' 816 21',48,816' 10. 88.1616 0881616 The variable length
encoding module 407 scans the quantized data in zigzag order  5 according
to the selected DCT mode of each 8x8 pixel block. The data is then run
length coded and the run-length codes are translated to variable length
codes using a standard  Huffman table. The encoded data is combined with
the DC coefficients and its respective  headers. The data is then
re-arranged in a particular format specified by the DV  specifications for
output.  10 26 June 2006 -16 In an alternative embodiment, the video
encoder can be implemented using the simpler act  metric described above.
The sum of spatial activity metric for a macroblock is then  defined as:
s_act,=ZIACI  k-i i-0 qjk 



5 where i, j, k denotes specifically the ia` macroblock in the video
segment, the t 8x8 pixel  block in that macroblock and the area number j.
The magnitude of the AC coefficients in a  particular area of an 8x8 pixel
block is summed and then divided by the common  quantization step used in
that area. In this embodiment, the predictor module 406 models  the process
of quantization and variable length coding using the s -act metric. It
calculates 10 the s -act values and then predicts the number of bits
generated for all possible quantization  vectors for a macroblock using an
empirically determined relationship between s -act and  the number of bits,
as described below. S act can be determined using a set of basic
quantization vectors derived through a method similar to that described
above for  determining s_actp, but by considering only the quantization
vectors. 15 As described above, the relationship between metric values and
the numbers of bits of  encoded data can be implemented as a mathematical
function or as a non-linear lookup  table. The predictor 406 determines a
bit count estimate from a metric value using a  mathematical power law
function. For example, the relationship between bits, the number 20 of bits
of encoded data, and s -act, the sum of spatial activity metrics of act, is
represented  by the equation: bits+d =a(s_act+c) , 25 where a, b, c and d
are adjustable parameters, with b<l, as shown in Figure 5. Example  values
are a=195, b-0.35, c=160 and d=1152. Similarly, the relationship of the
actp metric and the number of bits is represented by the  equation: 26 June
2006 -17 bits+d=a*(s_actp+c)b where s actp refers to the sum of spatial
activity metrics of actp, and a, b, c and d are the  parameters of the
optimal curve, with b<l. Example values corresponding to the weights  5
{1,2,4,8} are a=20.8, b=0.53, c=15.5 and d=88.9. The parameters for either
equation are initially determined experimentally from a generic  



or reference video sequence by a calibration process. The calibration
process is executed  by a calibration system that is not part of the video
encoder. The calibration system 10 includes a processor and associated
software modules having code for executing the steps  of the calibration
process. The equation parameters determined by the calibration process  are
stored in memory of the predictor 406 during manufacture. The steps of the
calibration process are. as follows: 15(i) (ii) 20(iii) (iv) 25(v) (vi) The
weighted DCT coefficients of each macroblock in a single picture frame of
the sequence are quantized by all possible quantization step sizes. The
quantized data is variable length encoded to find the actual numbers of
bits  generated from the video frame for each quantization step size. The
quantization step size for the bit rate closest to a target bit rate is
selected.  The sum of the metric values generated from the blocks quantized
by that  selected step size is calculated to determine a data point
comprising the number  of bits generated and the corresponding metric value
for the selected frame.  Further data points are determined by repeating
steps (iii) - (iv), for a range of  different target bit rates. The
best-fit curve that minimises the mean square error between the data points
and the curve is found, ignoring outlying data points. A slight
overestimation  is employed. For example, the best fit curve can be offset
so that it lies above  80% of the data points. 26 June 2006 -18 (vii) The
best-fit curve is used to estimate the bits generated for a selected  



macroblock of the reference video data for all possible quantization step
sizes.  (viii) A step size is selected to obtain a bit rate closest to a
target bit rate. (ix) The quantized data is variable length encoded. 5 (x)
Steps (vii)-(ix) are repeated for all macroblocks in a short video
sequence, for  example 120 frames. (xi) The signal-to noise ratio (SNR) of
the frames is calculated. For example, a  peak SNR (pSNR) for an MxN frame,
is gi ven by: pSNR=10*loglo U-t N_I 255* M M * N  (f(x,Y)-f(x,Y)l, X-O Y-0
10 where 255 is the gray scale range, f(x,y) is the pixel (x,y) value of
the original frame and , f (x, y) is the pixel (x,y) value of the encoded
and then decoded frame. 15 For a sequence of N frames, the average of the
pSNR values for all frames can  be used as the SNR value. (xii) The process
from step (vii)-(xi) is repeated by adjusting the curve parameters  to
maximise the SNR of the video sequence. The embodiments described above
exploit block spatial activity metrics to determine a  20 predicted value
for the number of bits generated by video coding. However, these are not
the only metrics suitable for this purpose. For example, the process of
Huffman encoding  was considered. Huffman coding is a form of entropy
coding and is dependent on the  occurrence probabilities for the different
run-length symbols that are generated by run  length encoding. It was
observed that, through statistical averaging, the total codeword 25 length
converges, given a sufficient number of run-length symbols present. The
number of 26 June 2006 -19 run-length symbols can be found from the output
of the processes of quantization, run- length coding and partial Huffman
coding. The partial Huffman coding here refers to the  



splitting of a (run, amplitude) code into two or more run-length symbols
when an entry of  run and amplitude was not found in the Huffman table.
However, the actual process of  5 repeated quantization and run-length
coding is undesirable. It was found that the number of weighted non-zero AC
coefficients after quantization,  referred to as sym, can be correlated
with the number of data bits generated by encoding,  the reason being that
the Huffman table was designed for low occurrence of splitting (run, 10
amplitude) codes, and that the relative difference between the numbers of
run-length  symbols and non-zero AC coefficients would be small, given a
sufficient number of run- length symbols used. The number of weighted
non-zero AC coefficients can be  determined by counting the number of AC
coefficients equal or greater than the  quantization step size, the actual
process of quantization is not necessary. 15 In a further embodiment, the
predictor 406 of the video encoder of Figure 2 models the  process of
quantization and variable length coding using a metric function to
determine  sym values from input video data. The predictor 406 calculates
in values and then  determines estimates for the numbers of bits of encoded
data generated for all possible 20 quantization vectors for a macroblock
using an empirically determined relationship  between sym and the number of
bits. The selector 405 then determines suitable  quantization parameters by
selecting the bit count estimate closest to a desired bit count.  The
encoded data is then generated by a single-pass quantization and variable
length  encoding process. 25 It will be apparent that the process for
selecting quantization parameters to obtain a desired  bit rate using the
sym metric is similar to the process described above using the spatial
activity metrics. Consequently, only the significant differences will be
described below. 26 June 2006 -20 As shown in Figure 6, the predictor 406,
of this embodiment includes a pseudo quantizer  block 801, a non-zero AC
coefficient counter 802, and a, syrn predictor 803. For a given  



set of quantization parameters, the bit rate of , an 8x8 pixel block is
estimated by the  predictor 406 as follows. The pseudo quantizer block 801
reads in' the pixel block 5 coefficients sequentially and pseudo-quantizes
them according to the quantization  parameters. Pseudo-quantization, in the
form of comparisons of the AC coefficients with  quantization step sizes,
is implemented rather than actual quantization. The non-zero  coefficient
counter 802 then processes the output of pseudo-quantization, and counts
the  number of non-zero quantized AC coefficients to determine sym. The sym
predictor 10 module 803 then generates an estimate for the bit count using
the respective quantization  parameters. This conversion of a sym value
tote bit count estimate in the sym predictor 803  can be implemented using
a mathematical function or a uniform look-up table, i.e., with  one bit
rate value for each of the possible sym values; This process is then
repeated for all  quantization parameters to determine corresponding bit
count estimates. However, this 15 implementation can be modified such that
minimal repetition is needed, as described  below. A summary of the process
of predicting bits at the macroblock level in the predictor 406 is  given
in Table 5. The numbers of non-zero AC coefficients after quantization are
first 20 counted for different step sizes and areas. The sym values for
each macroblock for all  quantization vectors (QVs) are then derived from
these intermediate values, as described  below. The macroblock sym is then
determined by summing the six constituent block  values. The corresponding
bit count estimate is then determined from the macroblock sym  value using
a predetermined relationship between sym values and bit counts. 26 June
2006 -21 Table 5 StepDescriptionNo. of outputs 1Calculate no. of non-zero
AC coefficients for all no. of step sizes * no. of blocks in a
macroblockareas * 6 2Derive sym value according to step sizes in 



no. of QVs * 6 respective areas 3Sum sym values for a macroblockno. of QVs
4Determine the corresponding bit count estimates no. of QVs from the sym
model at the macroblock level The predictor 406 uses a simple and efficient
hardware circuit to determine sym values. A.  5 method for processing each
8x8 pixel block to determine sym values for all quantization vectors is
shown in Figure 7. At step 506,.each of the 64 AC coefficients of a DCT
block  is passed through a comparator comprising a series of OR gates, as
shown in Figure 8, to  compute a respective 6-bit flag. The resulting flag
bits fo-fl-frf3-f4-fs represent Boolean  values indicating whether the
corresponding 9-bit AC coefficient bo-b9 is greater than or 10 equal to the
quantization coefficients 1-2-4-8-16-32, respectively. At step 508, each
bit f;  of all the flags for one area number (ANO) is counted and the
resulting sum is stored in  accumulator cells. For every quantization
vector qO-ql-q2-q3, the corresponding  accumulator cells are summed, as
shown in Figure 9. The value of sym for the macroblock  is accumulated
through processing six 8x8 pixel blocks. 15 For example, Table 6 shows a
typical 8x8 pixel block after forward discrete cosine  transform and
weighting. 26 June 2006 -22 Table 6 148`??l1>':r "s6:'':4;2 n  i
~.t7{}~i.% ?'OJT. ,-./Y!~'~i~i~~. 
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The processing of this block generates the accumulator cell values shown in
Table 7 and  gives the output sym values shown in Table 8 for each
quantization vector. Table 7 tizer~A1~10 1fox~e~.3vkr. v;.,`~`.i .;
:kKr.'`. "~ 2 fi r lp.~~ '' aaw.' tr i' y^, Y ~ s~ 4f2 8f3.. 164Kam' ,> ={;
.., S 32fs 15 Table 8 Quantization vectoroutput 1 1 1 15+13+19+12=49
11125+13+19+0=37 



11225+13+8+0=26 22225+13+8+06 22245+13+8+0=26 22445+13+3+0=21
24485+9+3+0=17 26 June 2006 - 23  4 4 8 85+9+2+0=16 4 8 8 165+5+2+0=12 8 8
16 164+5+2+0=11 8 16 16 324+2+2+0w8 F 16 16 32 322+2+2+0=6 The predictor
406 determines an estimate for the number of bits of encoded data from the
number of non-zero AC coefficients after quantization (sym) using the
equation 5 bits+d=a-,(sym+-ct , where a, b, c and d are the parameters of
the optimal curve, with b>1, as shown in  Figure 10. Example values are
a=1.05, b=1.28, c=80 and d=286.6. The parameters are  determined
empirically using a process similar to that described above for the spatial
10 activity metrics. In further alternative embodiments, the use of any of
the metrics described above is  adapted with feedback to further enhance
the performance of the encoder. In one of these  embodiments, the error
between the actual bit generation and the predicted bits for a 15
macroblock with its associated quantization vector is fed back into a
feedback module 408,  as shown in Figure 11. A predictor module 706 is the
same as the predictor 406 of Figure  2, except that it receives and uses
feedback data from the feedback module 408. Similarly,  the quantization
module 1104 is the same as the quantization module 404, but optionally
receives feedback data from the feedback module 408. A selector 1105 is the
same as the 20 selector 405, but outputs the selected data quantity
estimate to a difference module 1100.  The difference module 1100
determines an error value representing the difference between  



this estimate and the corresponding actual quantity of encoded data from
the VLC module  407. This is used by the feedback module 408 to determine a
feedback error for each  output macroblock. The feedback module 408 can be
frame-based, video segment-based 25 and/or macroblock-based. In a
frame-based feedback module, the errors made in a frame 26 June 2006 -24
for each s -act or sym value (depending upon which metric is being used)
are received from  the feedback module 408 and stored. At the end of each
frame encoding, these errors are  averaged. The mean error for each s_act
(or sym) value is used to adjust the predictive  model (i.e., the look-up
table or the equation parameters stored in memory associated with 5 the
predictor 406) in the predictor module 706. For example, the mean error can
be added  to the equation parameter d. This ensures that the predictive
model is adapted on a frame  basis. , In addition, the feedback module 408
can be used to provide feedback for each video  10 segment. The errors made
in a video segment are accumulated, averaged and stored as a  local
adjustment for the next segment prediction, according to:
NextSegmentPrediction = CurrentSegmentPrediction +S s err. where S refers
to the weight of the error of the previous video segment on the current
video  segment, and err,, is the mean error value of a previous video
segment. An example is  15 8=1.0. Macroblock-based feedback can be used
together with frame-level feedback. Macroblock- level feedback provides
finer control of error in prediction for a video segment. In  operation,
the current macroblock i is coded, and the number of expected bits for the
video  20 segment is calculated by the feedback module 408 according to: t
3 ExpectedBitst,s =I ActualBitsI~ + E PredictedBitsia ,  J-o J-1+1 If the
numbers of expected bits are above a threshold value, a coarser
quantization vector is  25 used for the remaining macroblocks to be coded
in the same segment. Two thresholds can 



be used, and the quantization vector can be incremented by more than one
for different  thresholds. The thresholds are determined 'empirically.' For
example, two thresholds of  2560 and 2600 may be used, with incremental
values of 1 and 2. 26 June 2006 -25 In yet another embodiment, two-pass
encoding. is used to improve the signal-to-noise ratio  (SNR) of video
frames. As shown in Figure 12, the video encoder of this embodiment
includes additional quantization 704 and VLC 707 modules, and an output
decision  module 709. The encoder includes a selector module 705 that is
the same as the selector 5 module 1105, but with two sets of outputs, one
for each encoding pass. Two identical  difference modules 1100, 1102, send
error values to a feedback module 708 that is the  same as the feedback
module 408, but has two error data inputs. In this embodiment, the
selector module 705 selects the two optimal quantization vectors such that
the bit budget is  not exceeded. 10 The first quantization module 404 and
variable length coding module 407 encode the  segment data by the coarser
selected quantization vector to generate macroblock output  bits {len' }.
The second quantization module 704 and variable length coding module 707
encode the segment data by the finer selected quantization vector to
generate macroblock  15 output bits ~en2 115_1 . The steps executed by the
output decision module 709 are as follows. If the total number  of output
bits from the first quantization module 404 and variable length coding
module 5  407, tw = Den,', exceeds the bit budget, then the bits are
output. Otherwise, the  ra 20 macroblocks are sorted in order of priority;
for example, in order of descending coarseness  of the quantization
vectors. For the first macroblock j, the difference of the bits of the two
quantization vectors, d. = lens -lens, is added to tvs. If the added sum
sys is less than the  bit budget, then the particular macroblock quantized
by finer step size is transmitted, and ti  



is updated. The quantization and class numbers are adjusted accordingly.
Otherwise, the 25 macroblock with the coarser quantization is transmitted.
The process is repeated for the  remainder of the four macroblocks until
the entire video segment is transmitted. 26 June 2006 -26 Alternatively,
the error between the actual and estimated bits for the macroblock
quantized  by two step sizes is fed back, and the predictive model is
adjusted; for example, using a  frame-based feedback module 408. The
two-pass concept can be further extended for  three-pass encoding if
necessary. 5 As an alternative to generating bit count estimates for
different step sizes, a target metric  value (e.g., a desired sym value)
corresponding'to the target bit count can be determined  from the
relationship between metric values and bit counts. The process of selecting
a bit  count estimate closest to a target bit count then becomes a process
of selecting a metric 10 (e.g., sym) value closest to a target metric
value. This method is employed, for example,  by the sym-based video
encoder shown in Figure 13. A sym. analyzer 1006 calculates sym  values for
different quantization vectors. The sym values are then transmitted to a
selector  1005. The ratios of the actual numbers of bits generated from the
output of the variable  length encoding block 40.7 and the corresponding
sym values are determined and stored for 15 a number n of video segments by
ratio modules 1004, 1006. A finite impulse response  (FIR) module 1008, as
shown in Figure 14, then determines a ratio for an incoming video  segment
as the sum of the weighted ratios for the n previous video segments. The
current  target sym value corresponding to the target bit count is then
determined by dividing the  latter by the FIR ratio and fed as an input to
the selector 1005. The selector 1005 selects a 20 quantization vector such
that the sym value for the video segment is less than the target  sym
value. The data is then encoded using the selected quantization vector by
the  quantizer block 404 and the variable length encoder 407. A two-pass
topology, as  described above, can be adapted here also. 25 The embodiments
described above relate to digital video, wherein the total number of bits  



generated by encoding the macroblocks of a video segment are within a
predetermined bit  budget. For the case of MPEG-2
[ISO-IECIJTCl/SC29/SC29/WG11, "Test Model 5",  Draft, Apr 1993] rate
control, it will be readily be appreciated that embodiments of the
invention can be applied to select an appropriate macroblock reference
quantization 30 parameter such that the actual encoded bits follow the
allocated target bits of a frame 26 June 2006 -27 closely. The bits to be
generated by a frame picture are estimated for all different  quantization
step sizes involved. The optimal step sizes for the macroblocks are chosen
such that the difference between the target and estimated bit use is
minimal. Alternatively,  in variable bit rate coding where consistent
picture quality is expected, the invention can be 5 employed to estimate
the bit rate for a target quantization step such that, given some
constraints on the bit rate, for example maximum, minimum or average bit
rate, the target  quantization steps with the least deviation from these
constraints can be generated. Many modifications will be apparent to. those
skilled in the art without departing from the  10 scope of the present
invention as herein, described with reference to the accompanying  figures.
28 .26 June 2006 CLAIMS: 1. A method for use in encoding video data,
including using a metric function to generate  metric values from said
video data and respective encoding parameters, and selecting at  least one
of said encoding parameters on the basis of a desired quantity of encoded
video data and a predetermined relationship between metric values and
respective  quantities of encoded video data. .2. A method as claimed in
claim 1, including determining an estimate for the quantity of  encoded
video data from said relationship and the selected at least one encoding
parameter, encoding said video data using the selected at least one
encoding parameter,  determining an error between said estimate and the
quantity of encoded video data, and  adjusting said relationship on the
basis of said error. 



3. A method as claimed in claim 2, wherein said error is determined for at
least one of  frames, segments, and macrobiotics of video data 4. A method
as claimed in claim. 2, wherein said error is determined for frames and
macroblocks of video data. 5. A method for use in encoding input video
data, including determining a relationship  between metric values generated
from reference video data using a metric function and  respective first
encoding parameters, and quantities of encoded video data generated by
encoding said reference video data using said respective first encoding
parameters;  using said metric function to generate metric values from said
input video data and  respective second encoding parameters; and selecting
at least one of said second  encoding parameters on the -basis of a desired
quantity of encoded video data and said  relationship. 6. A method as
claimed in any one of the preceding claims, wherein said relationship is a
power law relationship. AMENDED SHEET (M 1 iCLE 29 26 June 2006 7. A method
as claimed in any one of the preceding claims, wherein said metric function
is based on AC coefficients of discrete cosine transformation data
generated from said  video data. 8. A method as claimed in any one of
claims 1 to 7, wherein said metric function is a  spatial activity metric
function based on a sum of weighted AC -discrete cosine  transformation
coefficients. 9. A method as claimed in claim 8, wherein said metric
function is of the form,  If (u,v where f (u,v) is a discrete cosine
transformation coefficient of a  ~,.. w(u,y) q(u.v) block element with
coordinates (u, v), w(u,v)is a weight for said coefficient, and  q(u,v) is
a quantization parameter for said coefficient. 10. A method as claimed in
claim 8, wherein said metric function is of the form,  r(u,v) * h(u, v 



~ where f (u,v) is a discrete cosine transformation coefficient  u, y) q(w
v) w(  of a block element with coordinates (u, v), w(u,v)is a weight for
said coefficient,  q(u,v)is a quantization parameter for said coefficient,
and h(u,v)is a spatial  weighting factor for said coefficient. 11. A method
as claimed in any one of claims 8 to 10, wherein metric values are
determined for each 8x8 pixel block of said video data using said metric
function. 12.A method as claimed in claim 11, including determining a
metric value for a  macroblock by summing metric values for the constituent
8x8 pixel blocks. 13. A method as claimed in any of the preceding claims,
including determining basic  metric values from said metric function and
basic encoding parameters, and deriving  metric values from said basic
metric values. 14. A method as claimed in claim 13, including deriving said
metric values from said basic  metric values using shift and add
operations. AMENDED SHEET (;,; T OGLE . ~j 30 26 June 2006  15. A method as
claimed in any one of claims 1 to 7, wherein said metric function is based
on -the number of non-zero AC discrete cosine transformation coefficients
after quantization. 16. A method as claimed in claim 15, wherein said
metric function is used to determine  metric values for a macroblock of six
8x8 pixel blocks.. 17. A video encoding module having components for
executing the steps of any one of the  preceding claims. 18. A-video
encoding module, including a predictor module for generating metric values
from input video data using a metric function and respective quantization
parameters,  and a selector module for selecting at least one of said
quantization parameters on the  basis of said metric values and a
predetermined relationship between metric values and  respective quantities
of encoded video data. 



19. A video encoding module, including a predictor module for determining
estimates for  bit counts representing the quantity of video data encoded
using respective quantization  vectors, a selector module for selecting two
of said quantization vectors on the basis of  said estimates, first.
quantization and variable length coding modules for generating  first
encoded video data using a first of said selected quantization vectors,
second  quantization and variable length coding modules for generating
second encoded video  data using a second of said selected quantization.
vectors. and an output decision  module for selecting one of said first
encoded video data and said second encoded  video data for output on the
basis of at least one of the bit count value of said first  encoded video
data and the bit count value of said second encoded video data. 20. A video
encoding module as claimed in claim 19, wherein said output decision module
adjusts encoding parameters for encoding video data on the basis of at
least one error  between an estimated bit count and a corresponding bit
count. 21. A digital video (DV) encoder, including a video encoding module
as claimed in any  one of claims 17 to 20. R1:C,LE 1 ) 31 26 June 2006 22.
An MPEG encoder, including a video encoding module as claimed in any one of
claims 17 to 20. 23. A method as claimed in claim 1, including generating
predicted quantities of encoded  video data from said predetermined
relationship and said metric values generated from  said video data, and
selecting one or more of said predicted quantities of encoded video  data
closest to said desired quantity of encoded video data. 24. A method as
claimed in claim 1, wherein said predetermined relationship is determined
on the basis of metric values generated by said metric function from
reference video  data and respective encoding parameters, and respective
quantities of encoded video  data generated by encoding said reference
video data using said respective encoding  parameters.  


