
WO 2006/057994 PCT/US2005/042282  FILM GRAIN SIMULATION TECHNIQUE FOR USE IN
MEDIA PLAYBACK  DEVICES CROSS-REFERENCE TO RELATED APPLICATIONS  5 This
application claims priority under 35 U.S.C. 119(e) to U.S. Provisional Patent  Application Serial No.
60/630,756 filed November 24, 2004, the teachings of which are  incorporated herein. 10 TECHNICAL
FIELD This invention relates to a technique for simulating film grain in an image, and more  particularly
for simulating film grain in an image for playback by a media device. 15 BACKGROUND OF THE
INVENTION Motion picture films comprise silver-halide crystals dispersed in an emulsion, coated  in
thin layers on a film base. The exposure and development of these crystals form the  photographic
image consisting of discrete tiny particles of silver. In color negatives, the silver 20 undergoes
chemical removal after development and tiny blobs of dye occur on the sites where  the silver crystals
form. These small specks of dye are commonly called 'grain' in color film.  Grain appears randomly
distributed on the resulting image because of the random formation  of silver crystals on the original
emulsion. Within a uniformly exposed area, some crystals  develop after exposure while others do not.
25 Grain varies in size and shape. The faster the fihn. the larger the clumps of silver  formed and blobs
of dye generated, and the more they tend to group together in random  patterns. The grain pattern is
typically known asgranularity'. The naked eye cannot  distinguish individual grains, which vary from
0.0002 mm to about 0.002 mm. Instead, the  eye resolves groups of grains, referred to as blobs. A
viewer identifies these groups of blobs 30 as film grain. As the image resolution becomes larger, the
perception of the filth grain  becomes higher. Film grain becomes clearly noticeable on cinema and
high-definition  images, whereas film grain progressively loses importance in SDTV and becomes
imperceptible in smaller formats. WO 2006/057994 PCT/US2005/042282  -2 Motion picture film
typically contains image-dependent noise resulting either from the  



physical process of exposure and development of the photographic film or from the  subsequent
editing of the images. The photographic film possesses a characteristic quasi- random pattern, or
texture, resulting from physical granularity of the photographic emulsion. 5 Alternatively, a similar
pattern can be simulated over computed-generated images in order to  blend them with photographic
film. In both cases, this image-dependentnoise is referred to as  grain. Quite often, moderate grain
texture presents a desirable feature in motion pictures. In  some instances, the film grain provides
visual cues that facilitate the correct perception of  two-dimensional pictures. Film grain is often varied
within a single film to provide various 10 clues as to time reference, point of view, etc. Many other
technical and artistic uses exist for  controlling grain texture in the motion picture industry. Therefore,
preserving the grainy  appearance of images throughout image processing and delivery chain has
become a  requirement in the motion picture industry. Several commercially available products have
the capability of simulating film grain,  15 often for blending a computer-generated object into a natural
scene. Cineon(r) from Eastman  Kodak Co, Rochester New York, one of the first digital film
applications to implement grain  simulation, produces very realistic results for many grain types.
However, the Cineon(r)  application does not yield good performance for many high-speed films
because of the  noticeable diagonal stripes the application produces for high grain size settings.
Further, the 20 Cineon(r) application fails to simulate grain with adequate fidelity when images are
subject to  previous processing, for example, such as when the images are copied or digitally
processed.  Another commercial product that simulates film grain is Grain SurgeryTM from Visual
Infinity Inc., which is used as a plug-in of Adobe (r) After Effects(r). The Grain SurgeryTM  product
appears to generate synthetic grain by filtering a set of random numbers. This 25 approach suffers
from disadvantage of a high computational complexity. None of these past schemes solves the
problem of restoring film grain in compressed  video. Film grain constitutes a high frequency
quasi-random phenomenon that typically  cannot undergo compression using conventional spatial and
temporal methods that take  advantage of redundancies in the video sequences. Attempts to process
film-originated mages 30 using MPEG-2 or ITU-T/ISO H.264 compression techniques usually result
either in an  unacceptably low degree of compression or complete loss of the grain texture. Thus, there
exists a need for a technique simulating film grain in an image for  playback by a media player. 



BRIEF SUMMARY OF THE INVENTION In accordance with a first aspect of the present invention,
there is provided a method  for simulating a film grain block, comprising the steps of: establishing at
least one parameter  in accordance with an attribute of an image block; and simulating at least one
block of film  grain with bit accuracy from at least one film grain pattern generated in accordance with
the  at least one parameter using an integer transform. In accordance with a second aspect of the
present invention, there is provided an  apparatus for simulating a film grain block for blending with an
image block, comprising:  means for establishing at least one parameter in accordance with an
attribute of the image  block; and means for simulating at least one block of film with bit accuracy grain
by  generating at least one film grain pattern in accordance with the at least one parameter using  an
integer transform. In accordance with a third aspect of the present invention, there is provided a
computer readable medium for causing a computer to simulate film grain for blending with  an image
block, comprising the steps of: first means for causing the computer to establish at  least one
parameter in accordance with an attribute of the image block; and second means for  causing the
computer to simulate with bit accuracy at least one block of film grain with bit  accuracy in accordance
with the at least one parameter using an integer transformation. In accordance with a fourth aspect of
the present invention, there is provided a  method for randomly generating film grain samples for
blending with image samples,  comprising the steps of. initializing a seed of a pseudo-random number
generator upon  receipt of at least one film grain parameter; and generating at least one film grain
sample by  randomly accessing a database of film grain patterns in accordance with the random
number,  the database of film grain patterns simulated with bit accuracy using an integer transform.
Briefly, in accordance with example embodiments, there is provided a methodfor  simulating a film
grain block for addition to a block of an image to assure bit accuracy during  image playback at normal
and trick play modes. The method commences by establishing at  least one parameter at least in part
in accordance with an attribute of the block. Thereafter, at  least one block of film grain is established
with bit accuracy in accordance with the at least  one parameter. -3a- BRIEF SUMMARY OF THE
DRAWINGS 



FIGURE 1 depicts a block schematic diagram of the combination of a transmitter and  receiver in a film
grain processing chain useful for practicing the technique of the present  principles; FIGURE 2 depicts
a block schematic diagram of a system for simulating film grain in  accordance with the present
principles; FIGURE 3 depicts a block diagram of a shift register for generating a primitive  polynomial
modulo 2 for simulating film grain in accordance with the method of FIG. 2; and  FIGURE 4 depicts a
pixel grid showing the use of random numbers in generating film  grain in accordance with the method
of FIG. 2. DETAILED DESCRIPTION To understand the technique of the present principles for
simulating a bit-accurate film  grain pattern comprised of individual film grain blocks, a brief overview of
film grain  simulation will prove helpful. FIGURE 1 depicts a block schematic diagram of a transmitter
10, which receives an input video signal and, in turn, generates a compressed video stream at  its
output. In addition, the transmitter 10 also generates information indicative of the film  grain (if any)
present in the sample. In practice, the transmitter 10 could comprise part of a  head-end array of a
cable television system, or other such system that distributes compressed  video to one or more
downstream receivers 11, only one of which is shown in FIG. 1. The  transmitter 10 could also take the
form of encoder that presents media like a DVD 12. The WO 2006/057994 PCT/US2005/042282  _4_
receiver 11 decodes the coded video stream and simulates film grain in accordance with the  film grain
information and decoded video, both received from the transmitter 10 or directly  from the media itself
in the case of a DVD or the like, to yield an output video stream that has  simulated film grain. The
receiver 11 can take the form of a set-top box or other such 5 mechanism that serves to decode
compressed video and simulate film grain in that video. In  particular, the receiver 11 could take the
form of a DVD reproduction device capable of  decoding an image for playback, blending film grain in
such image, and playing back the  image at normal and trick play speeds. The overall management of
film grain requires the transmitter 10 (i.e., the encoder)  10 provide information with respect to the film
grain in the incoming video, In other words, the  transmitter 10 "models" the film grain. Further the
receiver I 1 (i.e., the decoder) simulates  



the film grain according to the film grain information received from the transmitter 10. The  transmitter
10 enhances the quality of the compressed video by enabling the receiver 11 to  simulate film grain in
the video signal when difficulty exists in retaining the film grain during  15 the video coding process. In
the illustrated embodiment of FIG. 1, the transmitter 10 includes a video encoder 13  which encodes
the video stream using any of the well known video compression techniques  such as the ITU-T Rec.
H.264 I ISO/IEC 14496-10 video compression standard. Optionally, a  film grain remover 14, in the
form of a filter or the like depicted in dashed lines in FIG.. 1, 20 could exist upstream of the encoder 13
to remove any film grain in the incoming video stream  prior to encoding. To the extent that the
incoming video contains no film grain, no need  would exist for the film grain remover 14. A film grain
modeler 16 accepts the input video stream, as well as the output signal of  the film grain remover 14
(when present). Using such input information, the film grain 25 modeler 16 establishes the film grain in
the incoming video signal. In its simplest form, the  film grain modeler 16 could comprise a look up
table containing film grain models for  different film stocks. Information in the incoming video signal
would specify the particular  film stock originally used to record the image prior to conversion into a
video signal, thus  allowing the film grain modeler 16 to select the appropriate film grain model for such
film 30 stock. Alternatively, the film grain modeler 16 could comprise a processor or dedicated logic
circuit that would execute one or more algorithms to sample the incoming video and  determine the
film grain pattern that is present, as discussed hereinafter. WO 2006/057994 PCT/US2005/042282  -5
The receiver 11 typically includes a video decoder 18 that serves to decode the  compressed video
stream received from the transmitter 10. The structure of the decoder 18  will depend on the type of
compression performed by the encoder 13 within the transmitter  10. Thus, for example, the use within
the transmitter 10 of an encoder 13 that employs the 5 ITU-T Rec. H.264 I ISO/IEC 14496-10 video
compression standard to compress outgoing  video will dictate the need for an H.264-compliant
decoder 18. Within the receiver 11, a film  grain simulator 20 receives the film grain information from
the film -grain modeler 16. The  film grain simulator 20 can take the form of a programmed processor,
or dedicated logic  circuit having the capability of simulating film grain for combination via a combiner
22 with  



10 the decoded video stream. Film grain simulation aims to synthesize film grain samples that simulate
the look of  the original film content. As described, film grain modeling occurs at the transmitter 10 of
FIG. 1, whereas film grain simulation occurs at the receiver 11. In particular, film grain  simulation
occurs in the receiver 11, along with the decoding of the incoming video stream 15 from the transmitter
10 upstream of the video decoder. Note that the decoding process that  occurs in the receiver 11
makes no use of images with added film grain. Rather, film grain  simulation constitutes a
post-processing method for synthesizing simulated film grain in the  decoded images for display. For
that reason, the ITU-T Rec. H.264 I ISO/IEC 14496-10 video  compression standard contains no
specifications regarding the film grain simulation process. 20 However, film grain simulation requires
information concerning the grain pattern in the  incoming video signal, which information typically
undergoes transmission in a Supplemental  Enhancement Information (SEI) message when using the
ITU-T Rec. H.264 I ISO/IEC 14496- 10 video compression standard as specified by the Amendment 1
(Fidelity Range Extensions)  of that compression standard. 25 The film grain simulation technique of
the present principles enables bit-accurate film  grain simulation and has applications to consumer
products, such as HD DVD players for  example. Other potential applications could include set top
boxes, television sets, and even  recording devices such as camcorders and the like. The simulation
technique specifications  comply with the ITU-T Rec. H.264 I ISO/IEC 14496-10 standard. Film grain
simulation 30 occurs after decoding the video bit-stream and prior to pixel display. The film grain
simulation process requires the decoding of film grain supplemental information, eventually
transmitted in a film grain characteristics SEI message as specified by the Amendment 1  (Fidelity
Range Extensions) of the ITU-T Rec. H.264 I ISO/IEC 14496-10 standard [1]. WO 2006/057994
PCT/US2005/042282  -6 Specifications affecting the film grain characteristics SEI message are
provided to ensure the  technology will meet the requirements of high definition systems in terms of
quality and  complexity. 5 FILM GRAIN CHARACTERISTICS SEI MESSAGE SPECIFICATIONS As
discussed, film grain characteristics appear in the ITU-T Rec. H.264 ( ISO/IEC  14496-10 film grain
characteristic SEI message that accompanies the image. The values of  



the parameters in the film grain characteristic message are constrained as follows: 10 model-id
specifies the simulation model. In the illustrated embodiment, the value equals 0,  which identifies the
film grain simulation model as frequency filtering.  separate_colour_description_present_flag specifies
whether the color space in which the 15 film grain parameters are estimated is different from the color
space in which the video  sequence has been encoded. In the illustrated embodiment, the value
equals 0, which  indicates that the color space for film grain simulation remains the same as for
encoding.  blending-mode-id specifies the blending mode used to blend the simulated film grain with
20 the decoded pictures. In the illustrated embodiment, the value equals 0, which corresponds to  the
additive blending mode. log2_scale_factor specifies the logarithmic scale factor used to represent the
film grain  parameters in the SEI message. In the illustrated embodiment, the value lies in the range [2,
25 7] to ensure the film grain simulation can occur using 16-bit arithmetic.
intensity-interval-lower-bound[ c ][ i ] and intensity_interval_upper_bound[ c ][ 1 ]  specify the limits of
the intensity interval i of color component c for which film grain  parameters have been modeled. For
all c and for any intensity value v, there will be a single 30 intensity interval i that verifies
intensity-interval-lower-bound[ c ][ i ] c= v and  intensity_interval_upper_bound[ c ][ i ] >= v, since
multi-generational film grain is not  allowed. WO 2006/057994 PCT/US2005/042282  7
num_model_values_minusl[ c ] specifies the number of model values present in each  intensity interval
for color component c. For all c, the value lies in the range [0, 2], which  specifies that band-pass
filtering and cross-color correlation are not supported. 5 comp-model-value[ c ][ i ][ 0 ] specifies the film
grain intensity for color component c and  intensity interval i. For all c and i, the value lies in the range
[0, 255] to ensure film grain  simulation can occur using 16-bit arithmetic. cop-model-value[ c ][ i ][ 11
specifies the horizontal high cut frequency that characterizes  10 the film grain shape for color
component c and intensity interval i. For all c and i, the value  lies in the range [2, 14], which includes
all the required grain patterns. comp_model_vaiue[ c ][ i ][ 2 ] specifies the vertical high cut frequency
that characterizes a  



film grain shape for color component c and intensity interval i. For all c and i, the value lies  15 in the
range [2, 141 which includes all the required grain patterns. film-grain-characteristics-repetition-period
indicates whether another film grain  characteristics SEI message shall be present in the bitstream and
specifies the picture order  count interval which another film grain characteristics SEI message will be
present. In the  20 illustrated embodiment, the value equals equal to 0 to specify that the film grain
characteristics SEI message applies to the current decoded picture only. In accordance with the
present principles, a film grain characteristics SEI message.  must precede all pictures requiring .the
insertion of film grain. This approach ensures bit 25 accuracy in trick mode play as well as regular play
mode for media reproduction devices such  as DVD players and the like, and allows bit-accurate film
grain insertion in both decode order  and display order, provided the film grain simulation occurs using
bit-accurate techniques. Combining all the color components c and intensity intervals in an SEI
message, the  number of different pairs (comp-model-value[ c ][ i ][ 11, eomp_model_value[ c ][ i ][ 2 ])
30 cannot exceed ten. All the other parameters in the film grain characteristics SEI message specified
by the ITU-T Rec. H.264 I ISO/IEC 14496-10 standard have no' constraints  according to the present
principles. WO 2006/057994 PCT/U920051042282  -8_ SIT-ACCURATE FILM GRAIN SIMULATION
Film grain simulation occurs in the current picture unless the parameter film
rain_characteristics_cancel_flag is 1. The current ITU-T Rec. H.264 ( ISO/IEC 5 14496-10 video
compression standard specifications allow the simulation of film grain in all  color components. Film
grain simulation and addition of the simulated film grain to the color  component c of the decoded
picture occurs if comp_model_present_flag[ c ] equals 1 in the  film grain characteristics SEI message.
In accordance with the present principles, bit-accurate  film grain simulation occurs by first specifying a
database of film grain patterns.. Thereafter; 10 pseudo-random selection of a film grain pattern occurs
using a uniform pseudo-random  number generator for this purpose. The selected pattern then
undergoes a precise sequence of  operations. Film grain simulation typically occurs independently for
each color component.  FILM GRAIN SIMULATION OPERATIONAL SEQUENCE 15 



The sequence of operations performed to simulate and add film grain to a decoded  picture appears in
Figure 2. Particularization of the simulation process to a specific one of a  triad of primary colors
occurs by setting c equal to 0, 1 or 2. In the illustrative embodiment  film grain simulation occurs in
raster scan order, with a block size of 8x8 pixels, but other  20 implementations remain possible. The
sequence of operations begins with the execution of step 100 to establish the film  grain parameters.
Part of the process of establishing the film grain parameters for the  simulated film grain includes
extracting film grain information carried by the incoming video  signal that originated upon reproduction
of the DVD 12, or that originates from a set top box 25 200. With the incoming video signal encoded
using the ITU-T Rec. H.264 I ISO/IEC 14496- 10 video coding standard, film grain information will
appear in the SEI message. Extracting  the SEI message requires decoding of the incoming H.264
coded incoming video signal using  a H.264 I MPEG-4 AVC-compliant decoder 101 as shown in FIG.
2. In practice, the decoder  101 would exist within the set top box 200 or within the DVD player for
reproducing the 30 information on the DVD 12. The SEI message contains several parameters,
including  intensity_interval_lower_bound[c][i] and intensity_interval_upper_bound[c][i] where i  ranges
from 0 to the value of the parameter num_intensity_intervals_minusl[c], These SEI WO 2006/057994
PCT/1JS2005/042282  -9 message parameters undergo a comparison against the average pixel
intensity value computed  for a color component c of each non-overlapping 8 x 8 pixel block in the
decoded image  stored in a display buffer 102 following decoding by the decoder 101. For each non-
overlapping 8 x 8 pixel block from color component c of the decoded image, computation of 5 the
average value occurs during step 103 in the following manner:  avg=0 for(k = 0; k<8; k++ )  for( .1= 0;
1<8; l++ ) 10 avg += decoded-picture[ c ][ in + k ][ n + 1 ]  avg = (avg + 32) >> 6 where (m,n) are the
top-left coordinates of the block and decoded_picture[ c ][ m + k ][ n + 1 ]  is the decoded pixel value at
coordinates (m + k, n+ 1) of color component c. 



15 The average value is compared to the SEI message intensity_interval_Iower_bound[  c If i ] and
intensity_interval_upper_bound[ c ][ I ] parameters, for values of 1 ranging from  0 to
num_intensity_intervals_minusl[ c ]. The value of I for which the block average value  is larger or equal
than intensity_interval_lower_bound[ c J[ i ] and smaller or equal than  intensity-interval-upper-bound[
c if i ], denoted by s, serves to select the film grain 20 parameters for the current block established
during step 100. If no value exists that fulfills the  previous condition, no film grain simulation occurs on
the current block. In such case, the  film grain block creation process that would otherwise occur
during step 104, as described  hereinafter, does not occur. Under such conditions, the deblocking step
108, as described  hereinafter, receives as an input an 8x8 block with all its pixels equal to zero. 25 In
the illustrative embodiment, the SEI message contains horizontal high and vertical  high cut
frequencies (some times referred to as cut-off frequencies) that describe the  properties of a
two-dimensional filter that characterizes the desired film grain pattern). The  cut frequencies of the
chroma components (c 1, 2) set forth in the SEI message, when set  forth in a 4:4:4 chroma format,
undergo scaling to adapt to the 4:2:0 chroma format as 30 follows: comp-model-value[ c ][ s ][ 1 ] =
Clip(2, 14, (comp-model-value[ c ][ s ][ 13 << 1))  eomp_model_value[ c ][ s ][ 2 1 = Clip(2, 14,
(comp_model_value[ c ][ s ][ 2 ] << 1)) WO 2006/057994 PCT/US2005/042282  -10 Step 104 initiates
the process of establishing a film grain block, typically although not  necessarily 8 x 8 pixels in size.
The step of establishing a film grain block of 8x8 pixels  involves retrieving a block of 8x8 film grain
samples from a film grain database 105, and 5 scaling the samples to the proper intensity. Scaling,
while desirable need not necessarily  occur. The database 105 typically comprises 169 patterns of
4,096 film grain samples, each  representing a 64x64 film grain pattern. The database 105 stores the
values in 2's  complement form, ranging from -127 to 127. Synthesis of each film grain pattern typically
occurs using a specific pair of cut frequencies that establish a two-dimensional filter that 10 defines the
film grain pattern. The cut frequencies transmitted in the SEI message enable  access of the database
105 of film grain patterns during film grain simulation. The creation of a film grain block of 8x8 pixels.
not only involve the retrieval of a  block of 8x8 film grain samples from the database, but the scaling of
those samples to the  



proper intensity. The cut frequencies comp_model_value[ a ][ s ][ 1 ] and 15 . comp_model_value[ c if
s ][ 2 ] determine which pattern of the database is used as source of  film grain samples and two
randomly generated values select an 8x8 block from it. These  random values represent a horizontal
and vertical offset within the 64x64 pixel pattern and are  created using the following procedure: 20
k_offset = (MSB]6(x(r, e,)) % 52)  k_offset &= OxFFFC k_offset += in & 0x0008  I_offset = (LSB16(x(r,
e~)) % 56)  25 I_offset &= OxFFF8 I_offset += n & 0x0008 where x(r, e.) indicates the r-th symbol of
the sequence x of pseudo-random numbers,  generated by a random number generator 114 depicted
in FIG. 3, when the random number  30 generator is initialized with the seed e,. As seen in FIG. 3, the
random number generator 114 comprises a 32 bit shift register whose most significant sixteen bits and
least significant  sixteen bits constitute the values MSB16 and LSB16, appearing above. (m,n) are the
coordinates of the current 8x8 block in the decoded picture. For the k_offset, the first WO 2006/057994
PCT/US2005/042282  -11 equation generates a pseudo-random value uniformly distributed in the
range [0,51], the  second equation restricts that value to multiples of 4, and the last equation adds 8 to
k_offset  when m%16 equals 8. Equivalent operations are performed for the 1_offset. In practice, the
pseudo-random number generator 114 of FIG. 3 makes use of a 5 primitive polynomial modulo 2
operator, x3l + x3 + 1 in connection with a 32-bit shift register,  to randomly select film grain blocks of
8x8.pixels from the film grain patterns of 64x64 pixels  stored in the database 105. In the illustrated
embodiment, initialization of the seed of the  pseudo-random number generator 114 occurs according
to the following equation: 10 e, = Seed_LUT[ (ABS(POC) + idr_pic_id << 5 + offset[ c 1) % 173 ]
where ABS(.) denotes the absolute value; 15 POC is the picture order count of the current picture,
which shall be derived from the  video stream as specified in the ITU-T Rec. H.264 I ISO/IEC
14496-10 standard; and  



idr_pie_id shall be read from the slice header of an ITU-T Rec. H.264 I ISO/IEC 14496-10  video
stream in order to identify IDR pictures. 20 To ensure proper film grain simulation, the HD DVD system
specifications specify  that idr_pic_id changes for each encoded IDR; whereas offset[ 3 1 = 10, 58,
115} provides a  different offset for each color component; and Seed_LUT appears in Annex A,
sub-clause.  A.3. During a pause, the seeds of the pseudo-random number generator 114 undergo 25
initialization to the same value at the beginning of the picture. Alternatively, the seed could  be
initialized as follows: ec = Seed_LUT[ (PicOrderCnt + PicOrderCnt_offset << 5 + color_offset[cl) %
256] 30 where color_offset[3] = (0, 85, 170) and Seed_LUT contains 256 values instead of 173. WO
2006/057994 PCT/US2005/042282  -12 The pseudo-random value x(r, e,), created via the
pseudo-random number generator  114 of FIG. 3 undergoes updating every 16 pixels (horizontally)
and every 16 lines  (vertically). Each non-overlapping area of 16x16 pixels of the decoded picture uses
the same  pseudo-random number x(r, e.). As illustrated in Figure 4, the resulting sequence of pseudo
5 random values x(r, eo) follows a raster scan order over a 16x16 pixel grid, thus enabling raster  scan
ordering of the. blocks of 8 x 8 pixels as discussed previously. As, part of the film grain block creation
step 104, in the illustrated embodiment,  computation of the random offsets is followed by scaling of
the 64 film grain values extracted  from the database as follows: 10 scale-factor = (BIT0(x(r, ej) = 0) ?
comp_model_value[ c ][ s ][ 0 ] :  -comp-model-value[ c ][ s ][ 0 ]  scale-factor >>= (c == 0) ? 0 : I 15 .
for(k = 0; k<8; k++)  for( I = 0; 1<8; I++) { g = scale-factor * database[ h ][ v ][ k + k_offset ][ I + I_offset
] film_grain_block[ k ][ 11 = (((g + 21og2 male_Cactor" 1) >> log2_scale_factor) + 32) >> 6  } 20 where
h is equal to comp_model_value[c][s][1] - 2, v is equal to comp_model_value[c][s][2] - 



2,-the factor 6 scales the film grain values provided in Annex A, Appendix A.3, and BIT0  denotes the
LSB. Deblocking occurs during step 108 whereby a deblocking filter (not shown) is applied  between
adjacent film grain blocks to ensure the seamless formation of film grain patterns. In  25 the illustrative
embodiment, the deblocking filter applies only to the vertical edges between adjacent blocks.
Assuming film grain blocks are simulated in raster scan order and that the  left-most pixels of
current_fg_block are adjacent to the right-most pixels of  previous_fg_block, the deblocking filter shall
be performed by means of a 3-tap filter as  follows: 30 for (k = 0; k<8; k++) { 11 = previous_fg_block[ 6
][ k ]  10 = previous_fg_block[ 7 1 [ k ] WO 2006/057994 PCT/US2005/042282  -13- r0 =
current_fg_block[ 0 ][ k ] ri = current_fg_block[ I ][ k ] current_fg_block[ 0 ] [ k (10 + (r0 << 1) + rl + 2)
>> 2  previous_fg_block[ 7 ][ k ] = (11 + (10 << 1) + r0 + 2) >> 2  5 } At the end of the film grain
simulation process, a deblocked film grain block  undergoes blending with a corresponding decoded
picture block via a blending block 110 and  the result is clipped to [0, 255] prior to display: 10 for( k = 0;
k<8; k++)  for( 1= 0;1<8;1++) display-picture[ c ][ m + k ] [ n + 1 ] = Elip(0, 255, decoded-picture[ c ][ m
+ k ][ n + 1 ] +  fg_block[ k ][ i ]) 15 where (m,n) are the top-left coordinates of the block,
decoded-picture[ c ] [ m + k ][ n + I ] is  the decoded pixel value at coordinates (m + k, n + 1) of color
component c and  display-picture[ c ][ m + k ][ n + 1 ] is the video output at the same coordinates, 



A switching element 111 controls the passage of the deblocked film grain block to the  20 block 110
under the control of a control element 112. The control element 112 controls the  switching element
responsive to whether the SEI message parameter  film_grain_eharacteristics_cancel_flag equals
unity or the frame range specified by the  parameter film_grain_characteristics_repetition_period has
been exceeded which dictate  whether film grain simulation should occur as discussed above. 25
Although shown separately from the set top box 200, the overall process comprising  steps 100, 103,
104, and 108, as well as the elements 101, 102 105, 106, 109, 111 and 112  could easily exist within
the set-top box. The same would be true with regard to the DVD  player (not shown) reproducing the
content on the DVD 12. WO 2006/057994 PCT/US2005/042282  -14- ANNEX A Accomplishing a
bit-accurate representation of the film grain pattern database 105 can  occur either by storing a
pre-computed list of values or by computing the values through an 5 initialization process. DATABASE
CREATION PROCESS Bit-accurate creation of the database 105 can occur by providing: (1) a LUT of
10 Gaussian random numbers; (2) a uniform pseudo-random number generator, such as generator
106, an integer transform; and by performing a sequence of operations described hereinafter.
Creation of a 64x64 film grain pattern with horizontal cut frequency h+2 and vertical cut  frequency
v+2, yields a database denoted as database[ h j[ v ]. The database creation process  requires the
creation of all possible patterns in the database[ h if v 1, where h and v are in the  15 range of 0 to 12.
To form an individual 64x64 block image, up to 4,096 values are read from a LUT of  Gaussian
random numbers. The LUT of Gaussian random numbers; provided in Appendix  A.3, is composed of
2,048 values stored in 2's complement form and ranging from -127 to  127. The uniform
Pseudo-Random Number Generator (PRNG) defined in Section 2 is used to 20 randomly access the
LUT of Gaussian random numbers. In an initialization step, the values of the 64x64 block image shall
be set to zero and  the seed of the PRNG shall be initialized as follows: ehv=Seed_LUT[It +v*13  



25 (A-1) Creation of the 64x64 block image occurs as follows:'  fh = ((h+3) " 2) - 1 30 fv = ((v+3) "2) - 1
for(I = 0, r = 0; i<=fv; l++)  for( k = 0; k<=fh; k+=4) { WO 2006/057994 PCT1US20051042282  -15 B[ k
][ I ] = Gaussian_LUT[ x(r, eh") % 2,0481 B[ k + 1 ] [ 11 = Gaussian_LUT[ (x(r, eh,,) + 1) % 2,048 ]
(A-2)  B[ k + 2 ] [ 1 ] = Gaussian_LUT[ (x(r, eh") + 2) % 2,048 ] B[ k + 3 ][ 1 ] = Gaussian_LUT[ (x(r,
eh,,) + 3) % 2,048 ]  5 r++ }  B[0][0]=0  where x(r, eh,) is the pseudo-random value created at iteration r
of the polynomial x initialized  10 at seed eb,,. Computation of a 64x64 inverse integer transform
Inverse transformation of the 64x64 matrix of coefficients will yield the film grain  15 pattern database[
It ][ v ]. Computation of the inverse transform occurs as follows:  database[h ][ v] = (((RMT x B + 128)
>> 8) x R64 +128) >> 8 Deblocking of horizontal 8x8 block edges 20 The final step in the creation
process of a 64x64 film grain pattern comprises the  deblocking of horizontal 8x8 block edges.
Deblocking is performed by attenuation of pixel  values according to the following equation: for(I = 0;
1<64;1+=8) {  25 for(k = 0; k<64; k++) { database[ It ][v][k][I]=(database[h][v ][ k][
l]*deblock_factor[vi)>> 7  database[ h ][ v ][ k ][ 1+ 7 (database[ h if v ][ k ][ i + 7 ] * deblock_factor[ v ])
>> 7  } }  30 



where deblock_factor[ v ] is defined for a preferred embodiment as: WO 2006/057994
PCT/US2005/042282  -16 deblock_factor[ v ] _ { 66, 71, 77, 84, 90, 96, 103, 109, 116, 122, 128, 128,
128 } The foregoing describes a technique for simulating film grain in an image, and more  particularly
for simulating film grain in an image for playback by a media device. WO 2006/057994
PCT/US2005/042282  17 APPENDIX A  Gausslan_LUT[2048]  OxF5, OxOB, 0x67, OxF5, 0x29,
OxDE, OxOC, Ox3B, Ox4D, 0x61, OxAA, 0x03, 0x41, OxB2,  5 Ox2D, 0x37, OxCE, 0x15,
OxOD,.OxF6, OxEC, OxEE, 0x21, 0x81, OxlO, OxFB, 0x97, OxI2, 0x13, 0x46,  Ox2F,OxF6, OxDA,
Ox2A, OxFE, Ox4A, OxBD, 0x34, OxA6, 0x21, OxD2, Ox14, OxFE, OxC9, 0x31, OxOO,  OxC7,
OxD7, 10 OxOO, 0x78, 0x81, 0x95, OxDO, 0x09, OxOE, Ox7F, Ox7A, Ox6C, 0x33, Ox7F, OxOl,
0x06,  Ox71,Ox13, OxiD, OxOC, Ox4C, 0x70, 0x51, OxC3, 0x81, Ox6F, OxCD, OxE3, 0x02, OxCF,
OxE9, Ox3A,  OxE4,OxB7, OxOB, 0x70, 0x42, Ox4E, OxFE, OxSE, OxA9, OxFB, OxFB, 0x28, Ox3A,
OxBO, 0x31, OxE6,  15 OxE2, OxDE, Ox97, 0x32, Ox10, OxE8, OxDD, OxF3, OxF2, Ox8l, OxC9,
OxEA, OxC9, OxSl, 0x90, 0x04,  OxE7, OxB8, Ox7F, Ox7F, OxFE, 0x29, 0x57, OxBF, OxFl, 0x36,
0x12, Ox5A, OxBO, OxBF, OxCO, 0x23,  OxFA, OxCA, 20 0x62, OxFA, 0x58, Ox7D, OxE6, Ox5B,
OxOO, Ox3F, Ox3B, OxF2, OxE9, 0x70, OxEO, 0x74,  OxOD,0x19, 0x33, OxFO, Ox6B, OxF9, 004,
0x26, OxDE, Ox 10, OxFA, 0x04, OxA5, OxO6, Ox3E, Ox3E,  OxFl,Ox26, OxDC, 0x12, 0x36, Oxl 1,
OxCD, 0x27, 0x21, OxDB, Ox7D, OxDA, Ox8A, OxIO, OxE2, OxOO,  25 Oxl2, Ox62, 



Ox3C,0x64,OxF4,OxB8,OxEF,OxCD,0x62,0x02, 0x02,Ox3B,0x21,OxFD,OxFE,0x09,  OxD7, 0x97,
OxDB, OxOD, Ox7F, OxOF, 0x81, OxEl, OxAA, OxD9, OxC9, Ox2D, OxD7, Ox4B, OxI6, OxEE,
OxEA, OxBA, 30 Ox4A, OxCB, OxFF, 0x20, OxD3, Ox11, OxA4, Ox3B, OxCO, OxBE, 0x37, Ox9B,
OxE4, OxA9,  OxDE, OxA4, Ox43, OxO5, OxB7, OxC3, Ox5C, OxD6, OxOD, OxE7, OxDB, 0x82,
OxFO, OxOF, Ox81, Ox3F,  0x22, Ox1F, WO 2006/057994 PCT/US2005/042282  18 Ox5D, OxlO,
OxCD, OxC6, 0x47, Ox4C, 0x50, Ox7F, Ox7F, Ox3C, 0x20, 0x97, OxA4, 0x00,  OxOO,Ox4B, OxBB,
0x47, Ox7F, OxED, 0x91, OxiD, 0x17, OxOE, 0x02, 0x26, Ox5B, 0x05, 0x29, 0x01, OxFB,0x26,  5
OxOF, 0x71, OxE3, OxDB, 0x32, Ox2B, Ox6A, OxiA, 0x77, OxO6, OxBI, 0x19, OxBC, OxEC,
Ox5C,OxF6, OxFF, 0x12, 0x29, OxCE, Ox4F, Ox81, Ox05, Ox7F, Oxl 1, OxOA, OxEB, OxIF, OxCD,
OxiB,  OxA8, OxA6, OxD9, OxED, OxF7, 0x18, Ox8B, 0x47, 0xE8, OxD5, 0x01, OxOB, 0x55, 0x96,
0x26, OxDF,  10 0x81,Ox2E, 0x32, OxE8, OxEB, Ox2D, OxOO, OxOF, OxDD, OxBC, OxFF, OxB7,
Oxl8, OxFA, OxOO, OxiC,  OxFE,Ox2D, 0x20, OxEO, 0x75, OxD3, Ox4F, OxE9, OxEF, 0x94, 0xF6,
OxBA, 0x58, OxDl, 0x17, OxA5,  0x77, OxDB, 15 0x31, Ox81, Ox3A, 0x20, OxAF, OxF6, OxFO,
OxFA, Ox2D, 0x81, OxFl, 0x59, Ox7F, Oxi 1,  0x62, OxD9, OxDF, 0x24, Ox2A, OxD9, OxEl, OxEC,
0x68, OxED, 0x12, 0x13, OxC5, OxF7, OxiE, OxOO,  0x81, 0x21,
Ox7F,OxAC,Ox4B,Ox17,OxD8,OXDO,Ox81,Ox96,OxF2,Ox2C,OxB6,OxOl,OxID,OxED,  20
0x28,OxBC, OxD9,OxOC,Ox7F,OxFD,0x05,.0x14,OxB8,OxC6,0x81,OxFE,OxFD,OxCB,OxFB,Ox8A,
Ox5C,0x77, OxBO, OxCF, OxOO, 0x13, OxD3, 0x42, Ox4D, OxF4, OxEB, 0x81, 0x23, OXD8, 0x37,
0x76,  



OxFC,Ox8D, 25 OxEA, 0x44, OxF2, 0xA6, 0x18, OxAE, OxD5, 0x81, Ox6B, OxE7, OxDB, 0x27,
OxFA, OxFA,  OxAE, 0x05, OxA9, Ox2B, OxDE, 0x08, 0x81, 0x26, 0x45, 0x31, OxCl, 0x49, OxDO,
Ox6C, OxE6, OxA8,  OxDI, OxD9, Ox2C, 0x31, OxFD, Ox3B, OxD7, 0x50, 0x08, 0x81, OxF7, OxC8,
OxCF, Ox7C, OxBF, Ox2F,  30 Ox23, Ox75, OxOF, OxF5, OxAO, Ox6D, Ox5E, OxFO, OxC9, 0x45,
0x07, OxF3, OxFC, 0x31, 0x25, OxD4,  0x78, OxE2, WO 2006/057994 PCT/US2005/042282  19
OxB4, 0x28, OxD3, 0x05, Ox03,.Ox44, Ox11, OxB2, OxOl, OxBl, 0x05, Ox7F, Ox2A, Ox1A,
Ox7F,Ox8l, OxiB, OxC9, OxE6, 0x36, Ox6F, Ox2F, Ox6A, OxFF, OxB4, OxFF, 0x34, OxF8, OxEA,
OXD6,  Ox7A,Ox6C, 5 Ox7F, 0x65, 0x43, WE, 0x05, OxOl, Ox7B; OxF4, OxCA, OxDF, OxCF, 0x59,
0x41, 0x98,  OxFB,Ox5E, OxCC, Ox3E, Ox2C, Ox1D, Ox2E, 0x12, OxDE, OxOE, 0x28, WE, Ox9F,
OxE8, Ox5E, OxBS,  Ox7F,Ox8E, Ox7F, OxBD, OxOl, OxFO, 0x32, OxAl, Ox2F, OxOB, 0x22, OxD4,
OxB6, 0x59, 0x95, OxF7,  10 OxC7, OxE3,
0x93,OxE8,Ox7F,OxC4,OxF3,Ox4C,OxD4,OxlO,0x12,0x53,OxE9,0x09,Ox7F,OxBE,  0x35,0x03,
0x19, OxOD, Ox6F, Ox2A, 0x90, OxEA, OxOA, OxE8, Ox53, Ox42, OxF3, Ox4B, 0x85, Ox3A,
Ox7F,OxF5, 15 0x63, OxED, Ox3F, OxDA, 005, 0x08, 0x07, Ox3C, OxC9, 0x02, OxCB, Ox71, 0x98,
OxC6,  0x03,0xF7, OxD2, 0x49, 0x55, OxC9, OxDE, OxOC, 0x76, OxiB, Ox5D, OxB9, OxOC, Ox9D,
OxB9, OxEC,  Ox1D,Ox47, OxA2, OxI2, OxCB, 0x40, OxF4, OxCl, OxE8, 0x41, 0x48, OxF7, Ox7F,
OxOO, 0x81, 0x67,  20 OxEC,OxB7, 0x91, Ox9A, OxFA, OxiC, OxD7, OxEB, OxC5, OxE4, OxE7,
0x13, OxFC, OxCE, Ox5E, OxC6,  



OxA2, OxDC, 0x22, 0x13, OxBC, Ox7F, OxEE, 0x81, OxEA, 0x89, OxCC, 0x24, Ox4A, 0x81, OxFF,
OxF5,  Ox8A, OxCB, 25 OxE5, 0x26, 0x44, Oxi 1, 000, WE, 0x58, WE, 0x18, 0x24, OxEA, 0x31,
Ox9C, OxEl,  OxFB, OxAl, OxCB, 0x05, Ox5C, OxE9, OxDO, OXFB, 0x32, 0x03, OxB6, OxA7, OxF6,
OxDA, Ox7F, OxAA,  OxEA, 0x13, 0x14, 0x71, Ox4B, 0x33, OxEl, Ox5C, OxC2, OxO6, OxF5, WE,
0x24, Ox65, OxD5, OxFO,  30 OxCC, OxF9, OxDB, OxB4, OxEl, OxEB, WE, Ox1E, Ox3E, 0x14,
OxSl, OxiE, Ox3F, 0x24, 0x66, OxAC,  OxF7,Ox4C, WO 2006/057994 PCT/US2005/042282  20
Ox4F, Ox3A, OxB2, OxF9, 0x23, OxO8, 0x50, OxE8, OxF7, 0x03, OxEF, Ox47, Ox7F, 0x52,  OxAA,
0x37,. 0x12, 0x89, 0x85, 0x24, OxOA, Ox7F, 0x38, OxC9, 0x70, OxOD, 0x19, 0x20, OxF3, OxDl,
Ox15,OxF3, 5 0x04, 0x39, OxlA, 0x18, 0x19, OxF6, OxDC, 0x25, OxA4, Ox4D, 0x50, 0x09, 0x32,
OxOD,  0x42, OxF3, OxOO, 0x20, Ox2C, OXB5, 0x20, OxDA, OxEA, OxCF, 0x81, OxE5, OxiF, OxF8,
0x23, OxOD,  0x46,OxOD, 008, OxOB, OxCC, OxAB, 0x35, OxD4, OxDE, OxOl, Ox7F, OxOB, OxBE,
OxD4, Ox2E, Ox8D,  10 0x02,OxOA, 0x38, OxDE, 0x76, OxEE, OxC3, 0x34, OxC6, 0x81, OxDO,
OxEA, 0x03, OxFB, Ox1O, OxAF,  OxFB,Ox7F, 0x18, Ox4E, 0x42, Ox3F, OxE7, OxOD, OxCO,
OxDB, Ox8l, OxE4, 0x15, OxC2, 0x41, OxCC,  OxD7,Ox6C, 15 OxC2, OxOE, OxEB, OxOC, OxlD,
OxCl, 0x14, Ox1B, Ox5F, OxD4, OxC6, Ox8C, OxF7, Ox4F,  OxDO, 0x 16, OxD5, OxFO, Ox2E, OxDl,
0x88, OxDD, OxE4, OxCC, OxD4, OxiD, Ox7F, OxF4, 0x30, OxFS,  0x81,Ox4A, OxE5, OxEA, 0x58,
Ox3B, OxOA, OxA2, 0x50, OxC5, Ox3A, Ox3C, OxE7, 0x28, OxA5, OxFE,  



20 OxEB,OxC6, OxD4, OxC5, OxEA, OxCB, 0x46, OxE3, 0x42, OxEl, OxEA, OxOE, OxEF, OxBE,
OxE8, OxE4,  OxC3,Ox2F, 0x25, Ox10, OxOF, OxDB, OxE9, OxF6, OxO8, OxE6, OxED, Ox3A,
Ox2C, OxDO, 0xD2, OxFD,  OxEB, OxAF, 25 OxiD, OxBD, Ox8l, Ox4A, Ox65, 0x04, OxEF, 0x61,
0x22, OxBF, 0x29, OxCD, 0x07, OxCS,  0x17, OxC7, OxEE, OxE8, 0x8A, 0xB8, OxSA, OxOE, OxFl,
Ox4E, OxEO, OxB2, OxSl, OxDD, 0x29, Ox4C,  OxAD, OxOl, 0x37, Ox16, OxB6, Ox7F, OxFO, OxEB,
OxOC, OxiE, 0x37, Ox8F, 0x81, 0x59, 0x36, Ox3D,  30 OxOC,0x36, OxF3, 0x90, OxF2, OxiF, 0x30,
OxBE, OxFO, Ox5A, OxF7, OxOO, 0x15, 0x45, OxBA, 0x62,  OxED, 0x90, WO 2006/057994
PCT/US2005/042282  21 0x41, OxA6, OxF7, OxF8, OxB9, Ox7F, 0x32, OxBO, OxDO, Ox18, Ox3C,
OxC4, 0x92, 0x06,  OxD8, Ox7F,
0x57,OxBF,Ox6B,0x81,OxFB,0x23,OxF2,0x29,OxCF,OxOD,OxOD,0x49,Ox9C,OxE5,  Ox4C,Ox7F, 5
OxF9, Ox9C, Ox58, Ox25, 0x79, 0x58; 0x83, OxCS, OxOD, OxA3, Ox8D, Ox14, OxBE, OxA9,  OxA2,
0x89, Ox2B, OxE4, OxE2, OxI 1, 0x04, OxCC, OxC4, 0x14, OxDS, OxOB, OxB3, OxC5, OxOC, OxiC,
0x02, 0x06, OxB8, 0x26, OxC5, OxF5, Ox6C, OxCB, Ox28, 0x42, OxF4, 0x81, 0x81, OxDO, 0x17,
Ox1D,  10 Ox2E,Ox23, Ox5B, 0x22, OxEO, 0x73, OxCE, OxDF, OxCD, Ox5B, 0x07, OxAD, 0x48,
OxE7, 0x99, 0x18,  OxF6,Ox4C, 0x54, 0x05, 0x43, OxBO, OxF3, OxEF, OxEO, OxDO, 0x13, 0x32,
0x19, 0x09, Ox3E, 0x99,  OxF3, 0x24, 15 Ox7F, 0x71, 0x60, 0x22, OxOO, OxEO, OxC9, Ox7F, 0x85,
OxEO, Ox3D, 0xF9, 007, OxEO,  0x81, OxCC, OxD6, Ox3F, 0x02, OxFB, OxE7, 0x46, OxC7, OxEO,
OxDS, OxD5, 0x21, OxC8, OxEl, Ox7F,  



Ox 19, OxDE, OxF6, Ox10, OxAF, Ox1D, OxC7, 0x28, Ox81, 0x81, 0x14, OxDl, OxF6, OxDD, OxCl,
OxCD,  20 OxEO, OxAF, Ox4E, OxB4, OxB7, 0x08, OxiA, OxB8, OxFS, OxB6, OxAB, OxAB, OxC7,
0x19, Ox4E, OxF7,  OxAO, 0x23, OxBF, 0xOS, OxC6, OxOE, OxOl, OxD7, 0x20, OxA9, OxD4, Ox11,
OxFE, OxF7, Ox3A, Ox27,  OxOB,0x94, 25 OxD9, NO, 0x21, Ox11, OxE4, 0x02, 0x33, 0x93, OxFC,
0x64, OxOl, 0x41, 0x16, OxOO, Ox7F,  Ox3D, Ox2D, Ox19, OxEl, 0x06, 0x09, OxFA, OxDO, 0x63,
Ox10, Ox2B, OxFF, OxD8, 0x20, OxDA,  OxCC, OxOA, Ox93, OxEE, 0x38, Ox81, Ox44, OxiA, 003,
Ox5C, Ox27, Ox3D, OxCD, Ox2C, OxDA, OxOD,  30 0x54, Ox79, OxIB, Ox42, Ox2D, Ox92, OxAE,
OxFD, Ox1E, 0x24, 0x12, OxDC, Ox3A, Ox47, Ox27, OxB3,  OxDl, Ox3A, WO 2006/057994
PCT/US2005/042282  22 OxB2, 0x07, OxC2, OxDD, OxF3, Ox3C, 0x29, 0x81, 0x47, OxFC, 0x17,
OxCA, 0x33, Ox8l,  Ox43,OxFC,
OxD7,OxiD,OxC2,Ox3B,OxFE,OxFF,OxEE,OxD3,OXA4,OXBO,OXAO,0xF2,OXCB,OxF6,
0xF5,OxB3, 5 OxOD, OxOl, 0x07, OxBE, 0x81, Ox7F, OxE5, OxiA, OxF3, Oxl1, OxF4, OxE6, OxOl,
0x09,  OxD2, OxEO, OxFl, OxIB, OxE2, OxC5, Ox3A, 0x4C, 0x88, OxIB, 0x27, OxCA, OxC2, OxE2,
OxEC, OxDC,  OxEl, OxFA, 0x81, OxE8, OxC4, 0x46, OxSl, 0x70, 0x81, Ox7F, 0x57, OxF9, 0x73,
Ox6D, 0x35, 0x56, OxSl,  10 0x02, OxOF, Ox16, Ox4A, 0x97, OxCE, 0x03, 0x49, OxAF, 0x91, OxB6,
0x41, 0x51, 0x18, 0x35,  Ox7F, OxD4, OxCE, Ox9A; OxD7, OxBF, OxE4, Ox4F, OxBE, 0x40, OxDF,
OxE2, OxF9, Ox7F, OxOO, OxF4,  OxCD, 0x42, 15 OxF2, 0x05, OxA4, OxlC, OxDD, OxF9, OxA6,
OxC7, OxFD, 0x24, Ox2A, Ox2C, OxEl, OxBB,  



OxFA,0x24, 0x26, OxCE, Ox2A, OxAF, Ox3A, 0x05, Ox7F, OxOC, 0x38, 0x42, Ox2D, Ox3A, OxD6,
OxD6,  0x28, OxFl, 0x89, OxiS, 0x03, OxF5, 0x12, OxF4, 0x32, Ox1C, 0x03, 0x37, OxDO, OxF5,
Ox00, 0x02, 0x60,  20 OxEE, OxID, 0x29, OxOD, Ox2A, Ox4E, OxD4, 0x37, 0x95, OxD6, OxED,
Ox7F, OxOF, OxF6, OxEE,  OxAF, 0x53, OxDB, Ox4C, 0x93, OxOF, 0x40, OxCF, Ox2B, OxOB,
OxOD, OxiA, OxiB, Ox3C, 0x39, OxlE,  Ox1A, Ox6A, 25 OxEE, 0x37, OxOC, 0x61, 0x04, OxF9,
OxC3, Ox9A, Ox5E, WE, OxD5, 0x34, OxlA, OxDl,  OxF7, 0x69, OxCB, WE, 0x58, 0x67, OxDF, 0x26,
OxDE, 0x37, 0x32, 0x46, OxA2, OxDE, OxA9, 0x96,  OxEE,OxEl, 0x09, OxED, Ox4E, OxF2, Ox4C,
0x05, OxED, 0x95, 0x55, 0x14, OxD3, OxD9, OxD7, 0x08,  30 OxE4, Ox4A, Ox2F, OxB5, Ox3C,
OxSl, 0x78, Ox91, OxC7, OxEl, 0x29, 0x07, Ox4F, Ox4B, 0x42, 0x38,  0x28, OxE7, WO 2006/057994
PCT/US2005/042282  23 Ox1F, 0x25, OxD2, OxDC, Ox2B, OxB7, OxDC, Ox3E, Ox7F, OxBB, OxCD,
0x59, OxDF, OxC4,  Ox3B,OxC9, Ox2B, OxOE, 0x04, OxBE, OxOD, OxA5, Ox3F, Ox1C, OxDA,
OxFD, 0x52, OxFE, OxDA, OxAB,  OxAB, 009, 5
0x23,OXBB,OxC4,OxIC,OXDC,OXAl,OXB2,0x04,Ox1E,OxFC,OxEO,OxBl,OXEB,OxF7,  OxB4, Ox2D,
Ox07, OxA3, OxB9, 0x41, 0x09, OxCF, Ox7F, OxBB, 0x19, OxF5, OxD9, WE, Ox3E, 0x81,
Ox9C,0x04, OxEl, Ox6E, 0x16, OxC5, 0x40, Ox9C, Ox IA, OxD6, 0x15, OxC6, OxE5, OxB7, 0x02,
OxA3,  10 0x05,Ox7E, 0x05, NO, OxA9, OxF7, OxD5, Ox9C, Ox7F, OxOl, Ox7C, Ox5B, OXC1, 0x33,
0x38, 0x03,  0x50, 0x81, Ox7F, Ox4F, Ox7F, OxE3, OxiD, 0x74, OxB6, OxEF, OxC7, 0x69, 0x30,
Ox2D, OxI8, OxB9,  



0x30, OxDA, 15 0x95, OxiF, OxDF, 0x03, OxF5, 0x28, Ox8l, 0x33, 0x98, OxD5, OxDC, 0x33,
OxOl,Ox2E,  0x56, OxF7, Ox4C, OxIA, OxD8, OxE8, Ox5A, 0x56, OxC9, Ox4A, OxOA, 0x21, Ox4D,
Ox3A, Ox7F, Ox7E,  OxFA,OxB8, 0x31, OxEO, 0x96, OxDE, 0x25, 0x38, 0x34, OxFO, OxFC, 0x53,
0x34, 0x95, 0x35, 0x84,  20 OxlC, 0x16, 0x37, OxD5, OxA9, OxFO, OxFA, Ox2F, 0x17, OxF7, OxOO,
OxF4, Ox6E, Ox4A, OxiB, OxCC,  OxDB, OxDF, 0x26, OxiE, 0x42, 0x27, 0x26, OxCl, 0x25, 0x03,
Oxl5, OxEl, OxCE, OxE5, 0x35, OxDA,  OxA9, Ox 14, 25 0x33, 0x73, 0x12, OxAF, OxBB, OxOO,
OxF2, OxD2, OxD3, OxFD, Ox7C, OxlO, OxF3, 0x17,  OxAE, OxAD, OxBC, OxED, OxCO, 0x81,
OxO8, 0x51, OxDO, Ox3D, 0x06, OxDC, OxD3, OxD6, 0x39, OxE6,  Ox2F, Ox13, OxAB, Ox2E,
OxF4, Ox28, OxDC, OxB5, OxC4, 0x55, OxB2, Ox81, OxOB, 002, OxOl, OxFE,  30 OxOC,Ox2F,
0x04, Ox12, OxB2, OxCA, OxE5, 0x40, OxB9, OxOB, 0x95, 0x13, OxFO, OxOB, OxE2, Ox3F,
OxC9,0x24, WO 2006/057994 PCT/US2005/042282  24
Ox4B,OXEF,Ox7F,OxB8,OxEO,OXE4,0x89,0x68, 0x43,Ox6A,0x99,0x97,0x46,Ox3C,  Ox02,Ox17,
OxFE, 0x20, OxFC, OxF2, OxBE, OxF2, OxEA, OxCA, OxOF, OxC2, Ox4B, 009, 0x92, OxOO,  0x52,
OxE6, 5 Ox15, Ox4B, OxD9, OxEF, OxF5, 0x40, OxEF, Ox8l, OxCA, OxBF, OxIF, Ox5F, 0x74, 0x03,
Ox8F,OxF9, 0x94, OxC2, 0x61, 0x09, 0x32, 0x07, Ox4A, OxE5, 0x48, 0x70, OxDC, 0x91, Ox5E,
OxCE,  0x17,OxF4, OxED, 0x37, 0x14, 0x17, Ox5B, Ox5A, 0x16, OxCF, OxlO, OxB6, 0x16, 0x09,
OxDO, OxAO,  10 OxDB, 0x31, OxDD, 0x23, 0x81, OxAB, Ox2A, Ox7F, OxE9, OxE8, 0x54, 0x53,
OxDE, OxDF, 004, Ox6D,  



0x66, OxDA, 0x32, OxBD, 0x22, 0x13, OxEA, 0x30, OxEl, Ox7E, 0x28, 0x18, OxA4, OxFD, OxFD,
0x69,  0x03, OxC7, 15 OxEF, 0x07, Ox7F, OxEF, Ox7C, 0x43, 0x44, OxC3, OxIE, OxDD, 0x35,
OXCS, OxE9, Oxl1,  Ox2A, OxDD, OxE6, OxC8, OxBD, OxEC, OxF7, OxCF, 0x43, OxOC, 0x40,
0x04, Ox2F, 0x36, Ox7F, OxB6,  Ox2C,0x59, OxBF, OxF3, OxB3, OxAF, OxA5, 0x16, Ox1D, 0x21,
OxD9, OxAA, OxDF, 0x60, OxA5, 0x27,  20 OXO9,OxCI, OxFD, OxF5, Ox7F, OxCF, OxDB, OxC9,
0x17, OxDE, OxDD, OxCB, 0x59, OxA5, OxOl, 0x31,  Ox4C,OxFB, 0x81, OxlO, Ox2D, OxFB, OxB7,
OxOO, OxC8, OxEE, OxB8, Ox1C, Ox5C, Ox3B, 0x31, 0x14,  Oxll,Ox6E, 25 0x92, 0x20, OxAD,
Ox2E, Ox2E, 006, 0x22, OxA9, Ox2B, 0x39, Ox9F, Ox7F, OxEF, OxOO,  OxOO, OxDA,
0x81,OxFE,OxOO,Ox3E,Ox5D,OxOO,0x24,OxBF,OxC3,OxEE,0x26,0x81,0x39,0x31,  OxFO, Ox7F,
0x58, OxD6, 0x94, OxCD, OxFO, 0x06, OxDC, 0x44, Ox2E, OxF2, Ox6A, 0x28, 0x38, 0x06,  30
0x13,0x07, 0x02, 0x57, OxA7, OxA4, OxEF, OxEB, OxE9, OxOC, 0x07, OxFC, OxB3, OxA6, OxFD,
0x07,  OxDE, OxFC, WO 2006/057994 PCT/US2005/042282  25 0x12, 0x02, 0x91, 0x04,
OxBE,.OxAF, 0x79, OxED, OxDF, OxDB, OxAC, Ox7F, 0x43, Ox2D,  0x11, Ox2F 5 A.2.2 LUT of
PRNG seeds  Seed_LUT[173] _ { 1, 207848544, 1756511882, 930434649, 763249220, 575194890,
947173707,  10 1920384370, 447133882,1339935731,1377796300,
271174457,1198069869,1661621657,1743986060,  2077926481, 



1331742148, 786140364, 1525112071, 1771594297, 1242061040, 192056172, 2018356587,
166385984, 15 21118553, 1721162627, 993618401, 953874363, 156353104, 1884552607,
712894377,  965972274, 2058965522, 288658836, 1626536144, 1501102010, 301172797,
447403389, 1040582505,  1522100413,
870342432,1775643800,1221041362,1779102756,1180374639, 852637658,1542167176,  20
1149026881, 100447073, 926671075,1933929005,
542294649,1011053571,1671222556,1429688165,  1891395211, 2055647522, 22995785,
1442532213, 675966795, 1703505481, 2013843651, 1671669678,  1085040259, 25 430705574,
2130376611, 1261527826, 15976504,2011754792, 216863804,2105395052;  1127940, 1783279601,
1602691796, 1505476467, 1408080649, 180336353, 1381547875, 339789689,  965351473,
427101312, 902100963, 744024896,1284331604,1241185038,1426959894,2000290842,  30
1266758843, WO 2006/057994 PCT/US2005/042282  26 18789461, 1665712481, 264198500,
1301146210, 1273389250, 794389433, 2049226913,  1879367632,. 1300700193, 212009030,
1957319695, 637701834, 482780409, 1365890669,1376040417,  1512315348, 5 1024598031,
1844999775, 1933157338, 1643399146, 276675769, 1707241504,  1016480493,1361917086,
1730782380, 1621217915, 1585942753, 1325639711, 275717433, 1581177009, 509579973,
1040197139, 519836363, 1962657404, 1906334341, 723415919, 1151165652, 1369484037,
915816613,  10 582076062, 47146038, 182628210, 1964983821, 1885918321, 370125606,
534524292, 2051583970,  1032364471, 



1972079688, 2047231194, 563260760, 1594071307, 1354079352, 2002807836, 632717840,
992281895, 15 1683480361, 1484871997, 103701272, 345400458, 1333607727, 1396534806,
1265043691,  257575830, 1832801323, 207421923, 1878496261, 913255098, 1480038377,
1655631378, 199918889,  1047339733, 584606242, 116703068, 1435852453,
1851149566,1450020992, 2073300909, 331912080,  20 66022624,. 2137983702,
884423146,1325171092, 1765065345, 708316132  A.2.3 Transformation matrix 25 iDCT64[64][64} = {
{/*Row0*/  32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32,  32, 32, 32, 32, 32, 32, 32, 32,
32, 32, 32, 32, 32; 32, 32, 32, 30 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32,  32, 32,
32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32},  { /* Row 1 */ 45, 45, 45, 45, 44, 44, 43, 42, 41,
40, 39, 38, 37, 36, 34, 33,  31, 30, 28, 26, 24, 22, 20, 18, 16, 14, 12, 10, 8, 6, 3, 1,  35 -1, -3, -6, -8,
-10, -12, -14, -16, -18, -20, -22, -24, -26,.-28, -30, -31, -33, -34, -36, -37, -38, -39, -40, -41, -42, -43,
-44, -44, -45, -45, -45, -451,  {/*Row2*/ WO 2006/057994 PCT/US2005/042282  27 45, 45, 44, 43, 41,
39, 36, 34, 30, 27, 23, 19, 15, 11, 7, 2,  -2, -7, -11, -15, -19, -23, -27, -30, -34, -36, -39, -41,. -43, -44,
-45, -45,  -45, -45, -44, -43, -41, -39, -36, -34, -30, -27, -23, -19, -15, -11, -7, -2,.  2, 7, 11, 15, 19, 23,
27, 30, 34, 36, 39, 41, 43, 44, 45, 45),  5 { /* Row 3 *1 45, 44, 42, 39, 36, 31, 26, 20, 14, 8, 1, -6, -12,
-18, -24, -30,  -34, -38, -41, -44, -45, -45, -45, -43, -40, -37, -33, -28, -22, -16, -10, -3,  



3, 10, 16, 22, 28, 33, 37, 40, 43, 45, 45, 45, 44, 41, 38, 34,  30, 24, 18, 12, 6, -1, -8, -14, -20, -26, -31,
-36, -39, -42, -44, -45),  10 { /* Row 4 */ 45, 43, 40, 35, 29, 21, 13, 4, -4, -13, -21, -29, -35, -40, -43,
-45,  -45, -43, -40, -35, -29, -21, -13, -4, 4, 13, 21, 29, 35, 40, 43, 45,  45, 43, 40, 35, 29, 21, 13, 4, -4,
-13, -21, -29, -35, -40, -43, -45,  -45, -43, -40, -35, -29, -21, -13, -4, 4, 13, 21, 29, 35, 40, 43, 451,  15 {
/* Row 5 */ 45, 42, 37, 30, 20, 10, -1, -12, -22, -31, -38, -43, -45, -45, -41, -36,  -28, -18, -8, 3, 14, 24,
33, 39, 44, 45, 44, 40, 34, 26, 16, 6,  -6, -16, -26, -34, -40, -44, -45, -44, -39, -33, -24, -14, -3, 8, 18,
28,  36, 41, 45, 45, 43, 38, 31, 22,. 12, 1, -10, -20, -30, -37, -42, -45,  20. {/*Row6*/ 45, 41, 34, 23, 11,
-2, -15, -27, -36, -43, -45, -44, -39, -30, -19, -7,  7, 19, 30, 39, 44, 45, 43, 36, 27, 15, 2, -11, -23, -34,
-41, -45,  -45, -41, -34, -23, -11, 2, 15, 27, 36, 43, 45, 44, 39, 30, 19, 7,  -7, -19, -30, -39, -44,.-45, -43,
-36, -27, -15, -2, 11, 23, 34, 41, 451,  25 { /* Row 7 */ 45, 39, 30, 16, 1, -14, -28, -38, -44, -45, -40, -31,
-18, -3, 12, 26,  37, 44, 45, 41, 33, 20, 6, -10, -24, -36, -43, -45, -42, -34, -22, -8,  8, 22, 34, 42, 45, 43,
36, 24, 10, -6, -20, -33, -41, -45, -44, -37,  -26, -12, 3, 18, 31, 40, 45, 44, 38, 28, 14, -1, -16, -30, -39,
-45},  30 {/*Row8*/ 44, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, 9, 25, 38, 44,  44, 38, 25, 9, -9, -25,
-38, -44, -44, -38, -25, -9, 9, 25, 38, 44,  44, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, 9, 25, 38, 44,
44, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, 9, 25, 38, 44),  35 {/*Row9*/ 44, 36, 20, 1, -18, -34,
-44, -45, -37, -22, -3, 16, 33, 43, 45, 38,  24, 6, -14, -31, -42, -45, -39, -26, -8, 12, 30, 41, 45, 40, 28,
10,  -10, -28, -40, -45, -41, -30, -12, 8, 26, 39, 45, 42, 31, 14, -6, -24,  -38, -45, -43, -33, -16, 3, 22, 37,
45, 44, 34, 18, -1, -20, -36, -441,  



40 { /* Row 10 */ 44, 34, 15, -7, -27, -41, -45, -39, -23, -2, 19, 36, 45, 43, 30, 11,  -11, -30, -43, -45,
-36, -19, 2, 23, 39, 45, 41, 27, 7, -15, -34, -44,  -44, -34, -15, 7, 27, 41, 45, 39, 23, 2, -19, -36, -45, -43,
-30, -11,  11, 30, 43, 45, 36, 19, -2, -23, -39, -45, -41, -27, -7, 15, 34, 441,  45 {/*Row11*/ 44, 31, 10,
-14, -34, -45, -42, -28, -6, 18, 37, 45, 40, 24, 1, -22,  -39, -45, -38, -20, 3, 26, 41, 45, 36, 16, -8, -30,
-43, -44, -33, -12,  12, 33, 44, 43, 30, 8, -16, -36, -45, -41, -26, -3, 20, 38, 45, 39,  22, -1, -24, -40, -45,
-37, -18, 6, 28, 42, 45, 34, 14, -10, -31, -44), WO 2006/057994 PCT/US2005/042282  28 { /* Row 12
43, 29, 4, -21, -40, -45, -35, -13, 13, 35, 45, 40, 21, -4, -29, -43,  -43, -29, -4, 21, 40, 45, 35, 13, -13,
-35, -45, -40, -21, 4, 29, 43,  43, 29, 4, -21, -40, -45, -35, -13, 13, 35, 45, 40, 21, -4, -29, -43, 5 -43,
-29, -4, 21, 40, 45, 35, 13, -13, -35, -45, -40, -21, 4, 29, 43},  {/*Row13*( 43, 26, -1, -28, -44, -42, -24,
3, 30, 44, 41, 22, -6, -31, -45, -40,  -20, 8, 33, 45, 39, 18, -10, -34, -45, -38, -16, 12, 36, 45, 37, 14,
-14, -37, -45, -36, -12, 16, 38, 45, 34, 10,-18, -39, -45, -33, -8, 20, 10 40, 45, 31, 6, -22, -41, -44, -30,
-3, 24, 42, 44, 28, 1, -26, -43},  {/*Row14*/ 43, 23, -7, -34, -45, -36, -11, 19, 41, 44, 27, -2, -30, -45,
-39, -15,  15, 39, 45, 30, 2, -27, -44, -41, -19, 11, 36, 45, 34, 7, -23, -43,  -43, -23, 7, 34, 45, 36, 11,
-19, -41, -44, -27, 2, 30, 45, 39, 15, 15 -15, -39, -45, -30, -2, 27, 44, 41, 19, -11, -36; -45, -34, -7, 23,
43},  { /* Row 15 */ 42, 20, -12, -38, -45, -28, 3, 33, 45, 34, 6, -26, -44, -39, -14, 18,  41, 43, 22, -10,
-37, -45, -30, 1, 31, 45, 36, 8, -24, -44, -40, -16,  16, 40, 44, 24, -8, -36, -45, -31, -1, 30, 45, 37; 10,
-22, -43, -41, 20 -18, 14, 39, 44, 26, -6, -34, -45, -33, -3, 28, 45, 38, 12, -20, -42),  



{(* Row 16 */ 42, 17, -17, -42, -42, -17, 17, 42, 42, 17, -17, -42, -42, -17, 17, 42,  42, 17, -17, -42, -42,
-17, 17, 42, 42, 17, -17, -42, -42, -17, 17, 42,  42, 17, -17, -42, -42, -17, 17, 42, 42, 17, -17, -42; -42,
-17, 17, 42, 25. 42, 17, -17, -42, -42, -17, 17, 42, 42, 17, -17, -42, -42, -17, 17, 421,  /* Row 17 */ 41,
14, -22, -44, -37, -6, 30, 45, 31, -3, -36, -45, -24,. 12, 40, 42,  16, -20, -44, -38, -8, 28, 45, 33, -1, -34,
-45, -26, 10, 39, 43, 18,  -18, -43, -39, -10, 26, 45, 34, 1, -33, -45, -28, 8, 38, 44, 20, -16, 30 -42, -40,
-12, 24, 45, 36, 3, -31, -45, -30, 6, 37, 44, 22, -14, -41),  {/*Row18*/ 41, 11, -27, -45, -30, 7, 39, 43, 15,
-23, -45, -34, 2, 36, 44, 19,  -19, -44, -36, -2, 34, 45, 23, -15, -43, -39, -7, 30, 45, 27, -11, -41,  -41, -11,
27, 45, 30, -7, -39, -43, -15, 23, 45, 34, -2, -36, -44, -19, 35 19, 44, 36, 2, -34, -45, -23, 15, 43, 39, 7,
-30, -45, -27, 11,. 41),  {/*Row19 40, 8, -31, -45, -22, 18, 44, 34, -3, -38, -42, -12, 28, 45, 26, -14,  -43,
-37, -1, 36, 44, 16, -24, -45, -30, 10, 41, 39, 6, -33, -45, -20,  20, 45, 33, -6, -39, -41, -10, 30, 45, 24,
-16, -44, -36, 1, 37, 43, 40 14, -26, -45, -28, 12, 42, 38, 3, -34, -44, -18, 22, 45, 31, -8, -40},  { (* Row
20 */ 40, 4, -35, -43, -13, 29, 45, 21, -21, -45, -29, 13, 43, 35, -4, -40,  -40, -4, 35, 43, 13, -29, -45, -21,
21, 45, 29, -13, -43, -35, 4, 40,  40, 4, -35, -43, -13, 29, 45, 21, -21, -45, -29, 13, 43, 35, -4, -40, 45 -40,
-4, 35, 43, 13, -29, -45, -21, 21, 45, 29, -13, -43, -35, 4, 40},  { /* Row 21 */ 39, 1, -38, -40, -3, 37, 41, 6,
-36, -42, -8, 34, 43, 10, -33, -44,  -12, 31, 44, 14, -30, -45, -16, 28, 45, 18, -26, -45, -20, 24, 45, 22,
-22, -45, -24, 20, 45, 26, -18, -45, -28, 16, 45, 30, -14, -44, -31, 12, WO 2006/057994
PCT/US2005/042282  29 44, 33, -10, -43, -34, 8, 42, 36, -6, -41, -37, 3, 40, 38, -1, -39),  



{/*Row22 39, -2, -41, -36, 7, 43, 34, -11, -44, -30, 15, 45, 27, -19, -45, -23,  23, 45, 19, -27, -45, -15,
30, 44, 11, -34, -43, -7, 36, 41, 2, -39,  5 -39, 2, 41, 36, -7, -43, -34, 11, 44, 30, -15, -45, -27, 19, 45,
23, -23, -45, -19, 27, 45, 15, -30, -44, -11, 34, 43, 7, -36, -41, -2, 39),  { /* Row 23 38, -6, -43, -31, 16,
45, 22, -26, -45, -12, 34, 41, 1, -40, -36, 10,  44, 28, -20, -45, -18, 30, 44, 8, -37,--39, 3, 42, 33, -14,
-45, -24,  10 24, 45,. 14, -33, -42, -3, 39, 37, -8, -44, -30, 18, 45, 20, -28, -44, -10, 36, 40, -1, -41, -34,
12, 45, 26, -22, -45, -16, 31, 43, 6, -38),  { /* Row 24 */ 38, -9, -44, -25, 25, 44, 9, -38, -38, 9, 44, 25,
-25, -44,.-9, 38,  38, -9, -44, -25, 25, 44, 9, -38, -38, 9, 44, 25, -25, -44, -9, 38,  15 38, -9, -44, -25, 25,
44, 9, -38, -38, 9, 44, 25, -25, -44, -9, 38, 38, -9, -44, -25, 25, 44, 9, -38, -38, 9, 44, 25, -25, -44, -9,
381,  { /* Row 25 */ 37, -12, -45, -18, 33, 40, -6, -44, -24, 28, 43, 1, -42, -30, 22, 45,  8, -39, -34, 16, 45,
14, -36, -38, 10, 45, 20, -31, -41, 3, 44, 26,  20 -26, -44, -3, 41, 31, -20, -45, -10, 38, 36, -14, -45, -16,
34, 39, -8, -45, -22, 30,. 42, -1, -43, -28, 24, 44, 6, -40, -33, 18, 45, 12, -37},  { /* Row 26 */ 1 36, -15,
-45, -11, 39, 34, -19, -45, -7, 41, 30, -23, -44, -2, 43, 27,  -27, -43, 2, 44, 23, -30, -41, 7, 45, 19, -34,
-39, 11, 45, 15, -36,  25 -36, 15, 45, 11, -39, -34, 19, 45, 7, -41, -30, 23, 44, 2, -43, -27, 27, 43, -2, -44,
-23, 30, 41, -7, -45, -19, 34, 39, -11, -45, -15, 36),  { /* Row 27 */ 36, -18, -45, -3, 43, 24, -31, -39, 12,
45, 10, -40, -30, 26, 42, -6,  -45, -16, 37, 34, -20, -44, -1, 44, 22, -33, -38, 14, 45, 8, -41, -28,  30 28,
41, -8, -45, -14, 38, 33, -22, -44, 1, 44, 20, -34, -37, 16, 45, 6, -42, -26, 30, 40, -10, -45, -12, 39, 31,
-24, -43, 3, 45, 18, -36},  { /* Row 28 */ 35, -21, -43, 4, 45, 13, -40, -29, 29, 40, -13, -45, -4, 43, 21, -35,



-35, 21, 43, -4, -45, -13, 40, 29, -29, -40, 13, 45, 4, -43, -21, 35,  35 35, -21, -43, 4, 45, 13, -40, -29, 29,
40, -13, -45, -4, 43, 21, -35, -35, 21, 43, -4, -45, -13, 40, 29, -29, -40, 13, 45, 4, -43, -21, 35},  { /* Row
29 */ 34, -24, -41, 12, 45, 1, -45, -14, 40, 26, -33, -36, 22, 42, -10, -45,  -3, 44, 16, -39, -28, 31, 37, -20,
-43, 8, 45, 6, -44, -18, 38, 30,  40 -30, -38, 18, 44, -6, -45, -8, 43, 20, -37, -31, 28, 39, -16, -44, 3, 45,
10, -42, -22, 36, 33, -26, -40, 14, 45, -1, -45, -12, 41, 24, -34),  { /* Row 30 */ 34, -27, -39, 19, 43, -11,
-45, 2, 45, 7, -44, -15, 41, 23, -36, -30,  30, 36, -23, -41, 15, 44, -7, -45, -2, 45, 11, -43, -19, 39, 27,
-34,  45 -34, 27, 39, -19, -43, 11, 45, -2, -45, -7, 44, 15, -41, -23, 36, 30, -30, -36, 23, 41, -15, -44, 7,
45, 2, -45, -11, 43, 19, -39, -27, 341,  { /* Row 31 */ 33, -30, -36, 26, 38, -22, -40, 18, 42, -14, -44, 10,
45, -6, -45, 1,  45, 3, -45, -8, 44, 12, -43, -16, 41, 20, -39, -24, 37, 28, -34, -31, WO 2006/057994
PCT/US2005/042282  30 31, 34, -28, -37, 24, 39, -20, -41, 16, 43, -12, -44, 8, 45, -3, -45,  -1, 45, 6,
-45, -10, 44, 14, -42, -18, 40, 22, -38, -26, 36, 30, -331,  { /* Row 32 */ 32, -32, -32, 32, 32, -32, -32, 32,
32, -32, -32, 32, 32, -32, -32, 32,  5 32, -32, -32, 32, 32, -32, -32, 32, 32, -32, -32, 32, 32, -32, -32, 32,
32, -32, -32, 32, 32, -32, -32, 32, 32, -32, -32, 32, 32, -32, -32, 32,  32, -32, -32, 32, 32, -32, -32, 32,
32, -32, -32, 32, 32, -32, -32, 32),  {1*Row33*/ 31, -34, -28, 37, 24, -39, -20, 41, 16, -43, -12, 44, 8,
-45, -3, 45,  10 -1, -45, 6, 45, -10, -44, 14, 42, -18, -40, 22, 38, -26, -36, 30, 33,  -33, -30, 36, 26, -38,
-22, 40, 18, -42, -14, 44, 10, -45, -6, 45, 1,  -45, 3,45; -8, -44, 12, 43, -16, -41, 20, 39, -24, -37, 28, 34,
-311,  { /* Row 34 */ 30, -36, -23, 41, 15, -44, -7, 45, -2, -45, 11, 43, -19, -39, 27, 34,  



15 -34, -27, 39, 19, -43, -11, 45, 2, -45, 7, 44, -15, -41, 23, 36, -30,  -30, 36, 23, -41, -15, 44, 7, -45, 2,
45, -11, -43, 19, 39, -27, -34,  34, 27, -39, -19, 43, 11, -45, -2, 45, -7, -44, 15, 41, -23, -36, 30},  { 1*
Row 35 */ 30, -38, -18, 44, 6, -45, 8, 43, -20, -37, 31, 28, -39, -16, 44, 3,  20 -45, 10, 42, -22, -36, 33,
26, -40, -14, 45, 1, -45, 12, 41, -24, -34,  34, 24, -41, -12, 45, -1, -45, 14, 40, -26, -33, 36, 22, -42, -10,
45,  -3, -44, 16, 39, -28, -31, 37, 20, -43, -8, 45, -6, -44, 18, 38, -30),  {/*Row36*/ 29, -40, -13, 45, -4,
-43, 21, 35, -35, -21,. 43, 4, -45, 13, 40, -29,  25 -29, 40, 13, -45, 4, 43, -21, -35, 35, 21, -43, -4, 45,
-13, -40, 29,  29, -40, -13, 45, -4, -43, 21, 35, -35, -21, 43, 4, -45, 13, 40, -29,  -29, 40, 13, -45, 4, 43,
-21, -35, 35, 21, -43, -4, 45, -13, -40, 29),  { /* Row 37 */ 28, -41, -8,. 45, -14, -38, 33, 22, -44, -1, 44,
-20, -34, 37, 16, -45,  30 6, 42, -26, -30, 40; 10, -45, 12, 39, -31, -24, 43, 3, -45, 18, 36,  -36, -18, 45,
-3, -43, 24, 31, -39, -12, 45, -10, -40, 30, 26, -42, -6,  45, -16, -37, 34, 20, -44, 1, 44, -22, -33, 38, 14,
-45, 8, 41, -28),  { /* Row 38 */ 27, -43, -2, 44, -23, -30, 41, 7, -45, 19, 34, -39, -11, 45, -15, -36,  35 36,
15, -45, 11, 39, -34, -19, 45, -7, -41, 30, 23, -44, 2, 43,.-27,  -27, 43, 2, -44, 23, 30, -41, -7, 45, -19,
-34, 39, 11, -45, 15, 36,  -36, -15, 45, -11, -39, 34, 19, -45, 7, 41, -30, -23, 44, -2, -43, 27),  { /* Row 39
*/ 26, -44, 3, 41, -31, -20, 45, -10, -38, 36, 14, -45, 16, 34, -39, -8,  40 45, -22, -30, 42, 1, -43, 28, 24,
-44, 6, 40, -33, -18, 45, -12, -37,  37, 12, -45, 18, 33, -40, -6, 44, -24, -28, 43, -1, -42, 30, 22, -45,  8,
39, -34, -16, 45, -14, -36, 38, 10, -45, 20, 31, -41, -3, 44, -26},  { /* Row 40 */ 25, -44, 9, 38, -38, -9, 44,
-25, -25, 44, -9, -38, 38, .9, -44, 25,  45 25, -44, 9, 38, -38, -9, 44, -25, -25, 44, -9, -38, 38, 9, -44, 25,
25, -44, 9, 38, -38, -9, 44, -25, -25, 44, -9, -38,. 38, 9, -44, 25,  



25, -44, 9, 38, -38, -9, 44, -25, -25, 44, -9, -38, 38, 9, -44, 251,  { /* Row 41 */ 24, -45, 14, 33, -42, 3,
39, -37, -8, 44, -30, -18, 45, -20, -28, 44, WO 2006/057994 PCT/US2005/042282  31 -10, -36, 40, 1,
-41, 34, 12, -45, 26, 22, -45, 16, 31, -43, 6, 38,  -38, -6, 43, -31, -16, 45, -22, -26, 45, -12, -34, 41; -1,
-40, 36, 10,  -44, 28, 20, -45, 18, 30, -44, 8, 37, -39, -3, 42, -33, -14, 45, -24),  { /* Row 42 */ 5 23, -45,
19, 27, -45, 15, 30, -44, 11, 34, -43, 7, 36, -41, 2, 39,  -39, -2, 41, -36, -7, 43, -34, -11, 44, -30, -15, 45,
-27, -19, 45, -23,  -23, 45, -19, -27, 45, -15, -30, 44, -11, -34, 43; -7, -36, 41, -2, -39,  39, 2, -41, 36, 7,
-43, 34, 11, -44, 30, 15, -45, 27, 19, -45, 23),  { /* Row 43 */ 10 22, -45, 24, 20, -45, 26, 18, -45, 28, 16,
-45, 30, 14, -44, 31, 12,  -44, 33, 10, -43, 34, 8, -42, 36, 6, -41; 37, 3, -40, 38, 1, -39,  39, -1, -38, 40,
-3, -37, 41, -6, -36, 42, -8, -34, 43, -10, -33, 44,  -12, -31, 44, -14, -30, 45, -16, -28, 45, -18, -26, 45,
-20, -24, 45, -221,  { /* Row 44 *f 15 21, -45, 29, 13, -43, 35, 4, -40, 40, -4, -35, 43, -13, -29, 45, -21,
-21, 45, -29, -13, 43, -35, -4, 40, -40, 4, 35, -43, 13, 29, -45, 21,  21, -45, 29, 13, -43. 35, 4, -40, 40, -4,
-35, 43, -13, -29, 45, -21,  -21, 45, -29, -13, 43, -35, -4, 40, -40, 4, 35, -43, 13, 29, -45, 21),  { /* Row 45
*/ 20 20, -45, 33, 6, -39, 41, -10, -30, 45, -24, -16, 44, -36, -1, 37, -43,  14, 26, -45, 28, 12, -42, 38, -3,
-34, 44, -18, -22, 45, -31, -8, 40,  -40, 8, 31, -45, 22, 18, -44, 34, 3, -38, 42, -12, -28, 45, -26, -14,  43,
-37, 1, 36, -44, 16, 24, -45, .30, 10, -41, 39, -6, -33, 45, -20),  { /* Row 46 */ 25 19, -44, 36, -2, -34, 45,
-23, -15, 43, -39, 7, 30, -45, 27, 11, -41,  41, -11, -27, 45, -30, -7, 39, -43, 15, 23, -45, 34, 2, -36, 44,
-19,  -19, 44, -36, 2, 34, -45, 23, 15, -43, 39, -7, -30, 45, -27, -11, 41,  



-41, 11, 27, -45, 30, 7, -39, 43, -15, -23, 45, -34, -2, 36, -44, 191,  { /* Row 47 */ 30 18, -43, 39, -10,
-26, 45, -34, 1, 33, -45, 28, 8, -38, 44, -20, -16,  42, -40, 12, 24, -45, 36, -3, -31, 45, -30, -6, 37, -44,
22, 14, -41,  41, -14, -22, 44, -37, 6, 30, -45, 31, 3, -36, 45, -24, -12, 40, -42,  16, 20, -44, 38, -8, -28,
45, -33, -1, 34, -45, 26, 10, -39, 43, -181,  { /* Row 48 */ 35 17, -42, 42, -17, -17, 42, -42, 17, 17, -42,
42, -17, -17, 42, -42, 17,  17, -42, 42, -17, -17, 42, -42, 17, 17, -42, 42, -17, -17, 42, -42, 17,  17,-42,
42, -17, -17, 42, -42, 17, 17, -42, 42, -17, -17, 42, -42, 17,  17, -42, 42, -17, -17, 42, -42, 17, 17, -42,
42, -17, -17, 42, -42, 171, { /* Row 49 */ 40 16, -40, 44, -24, -8, 36, -45, 31, -1, -30; 45; -37, 10, 22, -43,
41,  -18, -14, 39, -44, 26, 6, -34, 45, -33, 3, 28, -45, 38, -12, -20, 42,  -42, 20, 12, -38, 45, -28, -3, 33,
-45, 34, -6, -26, 44, -39, 14, 18,  -41, 43, -22, -10, 37, -45, 30, 1, -31, 45, -36, 8, 24, -44, 40, -16),
{/*Row50*/ 45 15, -39, 45, -30,. 2, 27, -44, 41, -19, -11, 36, -45, 34, -7, -23, 43,  -43, 23, 7, -34, 45, -36,
11, 19; -41, 44, -27, -2, 30, -45, 39, -15,  -15, 39, -45, 30, -2, -27, 44, -41, 19, 11, -36, 45, -34, 7, 23,
-43,  43, -23, -7, 34, -45, 36, -11, -19, 41, -44, 27, 2, -30, 45, -39, 15),  {/*Row51*/ WO 2006/057994
PCT/US2005/042282  32 14, -37, 45, -36, 12, 16, -38, 45, -34, 10, 18, -39, 45, -33, 8, 20,  -40, 45, -31,
6, 22, -41, 44, -30, 3, 24, -42, 44, -28, 1, 26, -43,  43, -26, -1, 28, -44, 42, -24, -3, 30, -44, 41, -22, -6,
31, -45, 40,  -20, -8, 33, -45, 39, -18, -10, 34, -45, 38, -16, -12, 36, -45, 37, -14),  5 { /* Row 52 */ 13,
-35, 45, -40, 21, 4, -29, 43, -43, 29, -4, -21, 40, -45, 35, -13,  -13, 35, -45, 40, -21, -4, 29, -43, 43, -29,
4, 21, -40, 45, -35, 13,  13, -35, 45, -40, 21, 4, -29, 43, -43, 29, -4, -21, 40, -45, 35, -13,  



-13, 35, -45, 40, -21, -4, 29, -43, 43, -29, 4, 21, -40, 45, -35, 13},  10 {/*Row53*/ 12, -33, 44, -43, 30,
-8, -16, 36, -45, 41, -26, 3, 20, -38, 45, -39,  22, 1, -24, 40, -45, 37, -18, -6, 28, -42, 45, -34, 14, 10,
-31, 44,  -44, 31, -10, -14, 34,-45, 42, -28, 6, 18, -37, 45, -40, 24, -1, -22,  39, -45, 38, -20, -3, 26, -41,
45, -36, 16, 8, -30, 43, -44, 33, -12},  15 { /* Row 54 */ 11, -30, 43, -45, 36, -19, -2, 23, -39, 45, -41, 27,
-7, -15, 34, -44,  44, -34, 15, 7, -27, 41, -45, 39, -23, 2, 19, -36, 45, -43, 30, -11,  -11, 30, -43, 45, -36,
19, 2, -23, 39, -45, 41, -27, 7, 15, -34, 44,  -44, 34, -15, -7, 27, -41, 45, -39, 23, -2, -19, 36, -45, 43,
-30, 11},  20 { /* Row 55 */ 10, -28, 40, -45, 41, -30, 12, 8, -26, 39, -45, 42, -31, 14, 6, -24,  38, -45, 43,
-33, 16, 3, -22, 37, -45, 44, -34, 18, 1, -20, 36, -44,  44, -36, 20, -1,.-18, 34, -44, 45, -37, 22, -3, -16,
33, -43, 45, -38,  24, -6, -14, 31; -42, 45, -39, 26, -8, -12, 30, -41, 45, -40, 28, -10),  25 { /* Row 56 */ 9,
-25, 38, -44, 44, -38, 25, -9, -9, 25, -38, 44, -44, 38, -25, 9,  9, -25, 38, -44, 44, -38, 25, -9, -9, 25, -38,
44, -44, 38, -25, 9,  9, -25, 38, -44, 44, -38, 25, -9, -9, 25, -38, 44, -44, 38, -25, 9,  9, -25, 38,.-44, 44,
-38, 25, -9, -9, 25, -38, 44, -44, 38, -25, 9),  30 { /* Row 57 */ 8, -22, 34, -42, 45, -43, 36, -24, 10, 6,
-20, 33, -41, 45, -44, 37,  -26, 12, 3, -18, 31, -40, 45, -44, 38, -28, 14, 1, -16, 30, -39, 45,  -45, 39, -30,
16, -1, -14, 28, -38, 44, -45, 40, -31, 18, -3, -12, 26,  -37, 44, -45, 41, -33, 20, -6, -10, 24, -36, 43, -45,
42, -34, 22, -8), 35 { /* Row 58 */ 7, -19, 30, -39, 44, -45, 43, -36, 27, -15, 2, 11, -23, 34, -41, 45,  -45,
41, -34, 23, -11, -2, 15, -27, 36, -43, 45, -44, 39, -30, 19, -7,  -7, 19, -30, 39, -44, 45, -43, 36, -27, 15,
-2, -11, 23, -34, 41, -45,  45, -41, 34, -23, 11, 2, -15, 27, -36, 43, -45, 44, -39, 30, -19, 71,  40 { /* Row
59 */ 6, -16, 26, -34, 40, -44, 45, -44, 39, -33, 24, -14, 3, 8, -18, 28,  



-36, 41, -45, 45, -43, 38, -31, 22, -12, 1, 10, -20, 30, -37, 42, -45,  45, -42, 37, -30, 20, -10, -1, 12, -22,
31, -38, 43, -45, 45, -41, 36,  -28, 18, -8, -3, 14, -24, 33, -39, 44, -45, 44, -40, 34, -26, 16, -61,  45 { /*
Row 60 */ 4, -13, 21, -29, 35, -40, 43, -45, 45, -43; 40, -35, 29, -21, 13, -4,  -4, 13, -21, 29, -35, 40, -43,
45, -45, 43, -40, 35, -29, 21, -13, 4,  4, -13, 21, -29, 35, -40, 43, -45, 45, -43, 40, -35, 29, -21, 13, -4,
-4, 13, -21, 29, -35, 40, -43, 45, -45, 43, -40, 35, -29, 21, -13, 4), WO 2006/057994
PCT/US2005/042282  33 { /* Row 61 3, -10, 16, -22, 28, -33, 37, -40, 43, -45, 45, -45, 44, -41, 38, -34,
30, -24, 18, -12, 6, 1, -8, 14, -20, 26, -31, 36, -39, 42, -44, 45,  -45, 44, -42, 39, -36, 31, -26, 20, -14, 8,
-1, -6, 12, -18, 24, -30, 5 34, -38, 41, -44, 45, -45, 45, -43, 40, -37, 33, -28, 22, -16, 10, -3},  { /* Row 62
*/ 2, -7, 11, -15, 19, -23, 27, -30, 34, -36, 39, -41, 43, -44, 45, -45,  45, -45, 44, -43, 41, -39, 36, -34,
30, -27, 23, -19, 15, -11, 7, -2,  -2, 7, -11, 15, -19; 23, -27, 30, -34, 36, -39, 41, -43, 44, -45, 45, 10 -45,
45, -44, 43, -41, 39, -36, 34, -30, 27, -23, 19, -15, 11, -7, 2},  { /* Row 63 */ 1, -3, 6, -8, 10, -12, 14, -16,
18, -20, 22, -24, 26, -28, 30, -31,  33, -34, 36, -37, 38, -39, 40, -41, 42, -43, 44, -44, 45, -45, 45, -45,
45, -45, 45, -45, 44, -44, 43; -42, 41, -40, 39, -38, 37, -36, 34, -33, 15 31, -30, 28, -26, 24, -22, 20, -18,
16, -14, 12, -10, 8, -6, 3, -1} 34  1 CLAIMS:  2 3 1, A method for simulating a film grain block,
comprising the steps of: 4 establishing at least one parameter in accordance with an attribute of an
image block;  5 and 6 simulating at least one block of film grain with bit accuracy from at least one film



7 grain pattern generated in accordance with the at least one parameter using an integer 8 transform.
9 10 2. The method according to claim 1 further including the step of blending a block  11 of film grain
with the image block. 12  13 3. The method according to claim I wherein the simulating step is
preceded by  14 receipt of a supplemental film grain information message accompanying the image
block.  15 16 4. The method according to claim 3 further comprising the step of blending the  17 block
of film grain with the image block in decode order. 18  19 5. The method according to claim 3 further
comprising the step of blending the  20 block of film grain with the image block in display order. 21  22
6. The method according to claim 1 further including the step of simulating the at  23 least one block of
film grain in decode order. 24  25 7. The method according to claim I further including the step of
simulating the at  26 least one block of film grain in display order. 27  28 8. The method according to
claim 1 wherein the establishing step further  29 comprises the steps of: 30 receiving a film grain
information message accompanying the image block and  31 containing a plurality of parameters each
indicative of an attribute of film grain to be  32 simulated in the image block; 33 selecting at least one
among the plurality of parameters. 35  1 9. The method according to claim 3 wherein the simulating
step further  2 comprises: 3 scaling cut-off frequencies for chroma components of the image block
contained in the  4 supplemental enhancement message to define characteristics of a filter that defines
a database  



5 of film grain patterns ; 6 computing an average pixel value for the image block; 7 comparing the
average pixel value of the block to a corresponding intensity value in  8 the supplemental film grain
information; 9 retrieving a block of film grain from the database of film grain blocks; and  10 deblocking
vertical edges between adjacent locks. 11  12 10. The method according to claim 9 wherein the cut-off
frequencies for the 13 chroma components are scaled to a 4:2:0 format upon receipt of the at least
one parameter in a  14 4:4:4 chroma format. 15  16 11. The method according to claim 9 wherein the
step of retrieving a block of film  17 grain further comprises the step of randomly retrieving the block of
film grain. 18  19 12. The method according to claim 9 wherein the retrieving step further comprises
20 the step of retrieving a block of film grain from a database of pre-computed film grain blocks.  21 22
13. The method according to claim 12 further comprising the step of establishing  23 the database of
film grain blocks by storing 169 patterns of 4,096 pre-computed film grain  24 samples, in 2's
complement form, ranging from -127 to 127. 25  26 14. The method according to claim 9 further
comprising the step of establishing  27 the database of film grain blocks by the steps of: 28 specifying
a look up table of Gaussian random values;  29 randomly accessing the look up table; 30 performing
an integer inverse transform on values randomly accessed from the look- 31 up table; and 32
deblocking horizontal edges of patterns obtained from the integer inverse transform. 36  1 15. The
method according to claim I wherein simulation of film grain does not 2 occur if a film grain message
accompanying the image block specifies inhibiting simulation.  4 16. The method according to claim 9
further comprising the step of inhibiting film  



5 grain simulation if the pixel value lies outside a prescribed value. 6  7 17. Apparatus for simulating a
film grain block for blending with an image block,  8 comprising: 9 means for establishing at least one
parameter in accordance with an attribute of the  10 image block; and 37  1 means for simulating at
least one block of film with bit accuracy grain by generating  2 at least one film grain pattern in
accordance with the at least one parameter using an integer  3 transform. 4  5 18. The apparatus
according to claim 17 further including the means for blending  6 at least a block of film grain with the
image 'block . 7  8 19. The apparatus according to claim 17 wherein the blending means blends the  9
block of film grain with the image block in decode order. 10  11 20. The apparatus according to claim
17 wherein the blending means blends the  12 block of film grain with the image block in display order.
13  14 21. The apparatus according to claim 17 wherein the means for simulating film  15 grain
simulates the at least one block of film grain in decode order. 16  17 22. The apparatus according to
claim 17 wherein the means for simulating film  18 grain simulates the at least one block of film grain in
decode order. 19  20 23. The apparatus according to claim 17 wherein the establishing means further
21 comprise: 22 means for receiving a film grain information message accompanying the image block
23 and containing a plurality of parameters each indicative of an attribute of film grain to be 24
simulated in. the image block; and 25 means for selecting the at least one parameter among the
plurality of parameters.  



26 27 24. The apparatus according to claim 23 wherein the simulating means further  28 comprise: 29
means for scaling cut-off frequencies for chroma components of the image block  30 contained in the
supplemental enhancement message to define characteristics of a filter that  31 defines a database of
film grain patterns ; 32 means for computing an average pixel value for the image block; 37a  1 means
for comparing the average pixel value of the block to a corresponding intensity  2 value in the
supplemental film grain information message; 3 38  1 means for retrieving a block of film grain from the
database of film grain blocks; and,  2 means deblocking vertical edges between adjunct blocks. 3  4
25. The apparatus according to claim 24 wherein scaling means scale the cut-off  5 frequencies for the
chroma components to a 4:2:0 format upon receipt of the at least one 6 parameter in a 4:4:4 chroma
format.  7 8 26. The apparatus according to claim 24 wherein the means for retrieving a block  9 of film
grain randomly retrieves the film grain block. 10  11 27. The apparatus according to claim 24 wherein
the database contains pre- 12 computed film grain blocks. 13  14 28. The apparatus according to claim
24 wherein the database contains 169 15 patterns of 4,096 pre-computed film grain samples, in 2's
complement form, ranging from - 16 127 to 127. 17  18 29. A computer readable medium for causing a
computer to simulate film grain for  19 blending with an image block, comprising the steps of: 20 first
means for causing the computer to establish at least one parameter in accordance  



21 with an attribute of the image block; and 22 second means for causing the computer to simulate
with bit accuracy at least one block  23 of film grain with bit accuracy in accordance with the at least
one parameter using an integer  24 transformation. 25  26  27  28 39  1 30. A method for randomly
generating film grain samples for blending with image  2 samples, comprising the steps of: 3 initializing
a seed of a pseudo-random number generator upon receipt of at least one  4 film grain parameter; and
5 generating at least one film grain sample by randomly accessing a database of film  6 grain patterns
in accordance with the random number, the database of film grain patterns  7 simulated with bit
accuracy using an integer transform. 8  9 31. The method of claim 30 further comprising the step of
initializing the seed to a  10 fixed value upon receipt of the at least one film grain parameter. 11  12 32.
The method of claim 30 further comprising the step of initializing the seed to a  13 variable value upon
receipt of the at least one film grain parameter. 14  15 33. The method of claim 30 further comprising
the step of initializing the seed in  16 accordance with at least one parameter extracted from a
received bit stream. 17  18 34. The method of claim 32 further comprising the step of using the at least
one  19 parameter to access a look up table of predefined seeds. 20 


