-1- TECHNIQUE FOR BIT-ACCURATE FILM GRAIN SIMULATION
CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims priority under 35 U.S.C. 119(e) to U.S. Provisional
~ Patent Application Serial No. 60/511,026, filed on October 14, 2003, the
teachings of which are incorporated herkin. TECHNICAL FIELD This
invention relates to a techniﬂfe for simulating film grain in an image.
[
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crystals dispersed in an emulsion, which is coated in thin layers on a film
Clhass-THERRDNSIE g arRiEievelopmep gt these Rystals form the

photographic image consisting of discrete tiny particle of silver. In color

negatives, tiny blobs of dye occur on the sites where the silver crystals
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inbeparmeddidhmrandom formation of silver crystals on the original
emulsion. Within a uniformly exposed area, some crystals develop after
exposure while others do not. Grain varies in size and shape. The
THASIN DA AR larger the clumps of silver formed and blobs of dye
generated, and the more they tend to group together in random patterns.
The term "granularity” typically refers to the grain pattern. The naked eye
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0.002 mm. Instead, the eye resolves groups of grains, referred to as
blobs. A viewer identifies these groups of blobs as film grain. As the image
BASB(EROTDERSHRES larger, the perception of the film grain becomes higher
Film grain becomes clearly noticeable on cinema and High Definition (HD)
images, whereas film grain progressively loses importance in Standard
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the physical process of exposure and development of the photographic
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Further, the C_meong%gpplication fails to simulate grain with adequate
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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 O.

The Grain SurgeryTM product appears to generate synthetic grain by

filtering a set of random numbers. This approach suffers from

disadvantage of a high computational complexity.  Thus, a need exists

for an efficient film grain simulation technique. which reduces the need for
maemoryvy handwidth and comniitational effort thiie nermittina filltm Aarain




BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 depicts a
block schematic drawing of an apparatus for generating preestablished
film grain blocks for use in subsequent film grain simulation; and
FIGURE 2 depicts a block schematic drawing of an apparatus in
accordance with the present principles f&r simulating film grain on a

ixel-by-pixel baési&elésing the preestablished film grain blocks generated
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recommendation.. TABLE 1.provides a Tist ot such parameters, including a
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sirfii@fiel. produces very realistic results for many grain types. Howeirer; the Cineon®

application does not yield good performance for many high speed films because of the
noticeable diagonal stripes the application prcduces for high grain size settings. Further, the
Cineon® application fails‘to simulaté grain with adequate fidelity when images become
subject to prior processing, for example, such as when the images are copied or digitally
processed.

Another commercial product that simulates film grain is' Grain Surgery™ from
Visual Infinity Inc., which is used as a plug-in of Adobe ® After Effects ®. The Grain
Surgery™ product appears to génerate synthetic grain by fﬂfering a set of random numbers.
‘This approach suffers from disadvantage of a high computational comﬁlexity.

Thus, a need exists for an efficient film grain simulation tebhniqﬁe, which reduces the
need for memory bandwidth, and computational effort, thus permitting film grain simulation

in cost-sensitive high volume devices, such as set top boxes.



separate_coiour_description_present_liag This parameter specifies if the
color space in which thn paAamnn an estimated is 1 different froth the
color space in which the video sentience (where the film grain SE
message has been embedded’) has been ( encoded. It shall be 0, which
identifies the color space for film grainthe same than the encoded

B T T AR St the decoded mages. It ahal be

0, which correspond to an addltlve blending mode. log2_scaite _factor
Briefly, in accordance with a preferred embodiment of the present principles, there is
provided a method for simulating film grain in an image block of M x N pixels, where N and
M are integers greater than zero. The method commcncés by first computing the average of
the pixel values within the block of M x N pikels. A film grain block of M x N pixels is
selected from among a pool of previously established blocks containing film grain as a
function of the average value of the image block and a random number. Each pixél in the

selected film grain block is blended with a corresponding pixel in the image block.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 depicts a block schcmatic drawing of an apparatus for generating pre-
estabhshed film gram blocks for use in subsequent film grain mmuianon and

FIGURE 2 depicts a block schematic drawing of an apparatus in accordance with the
present principles for simulating film gram on a pixel-by-pixel basis using the pre-

established film grain blocks generated by the apparatus of FIG. 1.



This parameter identifies the logarithmic scale factor used to represent the
film grain parameters in the SEI message, it shall be in the range [0, 4] to
ensure film grain simulation can be performed using 16-bit arithmetic.
comp_model_presentiltag[1] This parameter enables the transmission of
film grain parameters for the Cb color €@mponent in the YCbCr color
DEPRESN S g&ﬁﬁ)%ét&gce film grain simulation in chroma is not sgpp_orted.
comp_model_presént_flag[2] This parameter enables the transmission of|
film grain parameters for the Cr color component in the YCbCr color
nShacs:lt shall be 0, since film grain simulation in chroma is not supported.
- no_intensity_intervals_minusl[0] ' This parameter defines the number of
intensity intervals for which a specific set of parameters has been
estimatedediosha | rar 1. intensity_ interval I
jower_bo u_nd%)][ilt?f ?r%ﬁ%t%é%ﬁ%%g%gﬂ%ﬁ gfﬁﬁ l?ﬁg’g%rdam“ with film
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must be greater than the upper bound of interval i becaus
3 f
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Scﬂﬁgege nglisc;[yrnegf nd.only oneg%n rain SET message can precede a
particular | picture. %‘%ggﬁtr‘e%%ﬂlc B SREASERES Vi s uppisiental
Erpacaabntdhitureteal (853 indicates Birdpiatiuse)Alheathepara aueifes by the

fi I SER age have no constraint with respect to the
b D ot R St 67 mov
ingljids rERVS RRTaratithacspeddn dtmith thierpgesertrpiintiples occurs in a
CIRR-BIRPRIAceas, Gitsh GRNRIANAR. . 2,p0l of film grain blocks occurs

during initialization, as described in greater éetail with respect to FIG. 1,
Thereatfter, selected film grain portions are added to each luminance pixel

Tiof eechdlsted et pistraasiessHRRd WIRIRSREEL I F i Zesard 1o the number of

parameters and their range of possible values aliowed by the H.264 recommendation. ,

TABLE 1 provides a list of such parameters, including a description of their semantics and

the constraints imposed by the present principles.

TABLEI

FILM GRAIN PARAMETER DESCRIPTION & CONSTRAINTS
model_id ‘

This parameter specifies the simulation ‘
model. It shall be 0, which identifies the
film grain simulation model as frequency
L filtering.

separate_colour_description_present_flag | This parameter specifies if the color space in

which the parameters are estimated is
different from the color space in which the

video sequence (where the film grain SEI

message has been embedded) has been

B encoded. It shall be O, which identifies the




FIGURE 1 depicts an apparatus 10 in accordance with an illustrated

embodiment of the present principles for generating a pool of film grain

blocks for use in film grain simulation. The apparatus 10 typically

generates a nool of 128 film grain blocks for each of as many as 8

different luminance intensity intervals. The SET message field num

jntensity_intervals_minusI[O] indicates angjgs %H@Q&Pﬁtﬂt‘@&iﬁ&ﬂé 55‘1‘?1@ than the

luminance intensity intervals. The apparatus 10 accomplishes film

grain noise initialization using a specifiedFBFRSHTHEERES-random number
bipeingraiadgederator 12 and using a spetiiegisht0d8 8l BaURsiahe mode

distributed random numbers stored in ajlook-um table 14 The look-up

table 14 stores random numbers in 2's (:W&Ie%’e?ﬁ%}?ﬁﬁmﬂét‘?gﬁﬁ@ grain with

[-63, 63]. The list of Gaussian random nuinbéssodpid eans:. tlﬂ@}ﬁﬂp@’@l)@hm}}

According to the bit-accurate specification of the sent k)

generation of the film gain blocks beging with the é)weant?u gigndma mode.
lofeveeis farseval. The uniform random nu"ﬁhb&epagemetatutebﬁ@@nﬁeat@smhmm

index for the Gaussian random numberili Iook table

using a primitive polynomial modulo 2 opiérag%?rr%)gol%gg to“}?ﬁr %Lli JEﬂm grain

ease of understanding, the term x(i, s) willdis@ictes thébjehsibersegehdt shall be in

sequence X., beginning with an initial seaeges.a;[&e[mqf}i%ﬁgﬁggt}ﬁ%gﬁgj

becomes reset to 1 upon the receipt of €ach film grain SET messagé.

To form an individual 8x8 film grain blockS S HAHB a1 Be R gdprapstorste 16-bit

reads 8 lines worth of 8 random numberSaﬁmeéhe Gaussian random

nda affc
A TfaRaom-oHsS from-the-randem-number

Wﬂb@‘é@“ﬁﬁ

Jeherator 13" SSiat a8l Lkcess each ling %?ﬁ’f?&bﬁ? Tﬂﬁ%@srsh%%‘??ﬂﬂ%”‘m of
of the block produced by the block generéior gﬁmslmmemémfazsthamwmgar
index =1) for n=0...7, B fi%8lin] = Gaussig g%gg{éeql érléé f’c\)'pseraeCle It
increments for each 8x1 block line. Th IE) of random values

read by the generator 16 undergoes a tr hnOtypneammmrmgmmamon in

Discrete Cosine Transform (DOT), perfcmlegrpylgtﬁdpgggﬁ&{g@T
—transform-block 18, After the DCT transform the 8 x 8 random values

OB RyROFE AR AlAsiAL at a frequency! RHCPEMABIceRTolSh Ste RIS TRgSion of

cut frequencies specified in the SEI messggﬁaﬁgﬂ%mggfﬁglg&r\% Cr color

filtering, the 8 x 8 random values undergo an inverse DOT transform by an

inverse integer DOT block 22. A first scal P BIEEELR Rashhe i

the top and bottom block lines as follows:stairiz=Q0, 332 [Blfn era{BidhiMton n

1) " 1 for n=0..7, B[7][t] = (B[7] [n] + 1) > 8- Th|s rocess continues

until generation of a set of 128 film grain E):Jf‘mﬁsa S'rn((e)ac n?f“n%ance A
nihteengithianeavHalmwingl8libsequent s¢alinpabynttersitond Maimgber of

block 26, the film grain bloCks undergo gtﬂ@%ﬁmﬁw%ﬂé%%@%% spec1f1c set of

Block and Pixel Operations to Simulate Film Grain

illustrates an apparatus 200 in accordanFEW@ASth%ﬁmwe?Emﬁe@wﬁeﬂhall be in
of the present principles for simulating fil ' aﬂlxel by-pixel basis

intacktof inme pixeppatupsdadmimparisonite thepatisrsRlartervals for which
intensity_interval_lower_bound[0][i] and

different film grain parameters are defined.

The lower bound of interval i+1 must be
greater than the upper bound of interval i

because multigenerational film grain is not

allowed,




intensity_interval_upper_bound[ON in the film grain SEI message to
determine the correct luminance intensity interval for the current block.

A selector block 204 selects a kth filth grain block from the pool 28, using
the random number generated by the uniformrandom number generator
16 from the polynomial modulo 128 asthe block index. Thus, the noise
generator 16_which generates unifoinily distributed random numbers

nuiR;ped YoldsniamisHOlinitialization prose POESEALREGiPS iBSTaERRST OF
FIG. 1, finds application in the apparatus2QQ of fil: Fde-selecLitm araiticy

blocks, with the random number seed reset to 1 after the pool creation
process. If the resulting block index is idéNGER 8 8 pRebroliTbERiRHEs been

last bit of the index undergoes toggling. M@@eq@ggﬂ}m@m@f@@@gﬂ}
bit-wise comparison and an XOR operator (A) as follows: previousindex =

index index = x(k, 1) % 128 index A= (indSx*LSHrRHGLIFHaK)™ 1 not allowed.

cohnllaniag! blankef@T00N, a deblocking f|11ters%ﬁﬁddﬁbi@£é@éh‘@wmﬁm grain
the right most column of the previously eltected Iock %nld on the left mo%t
column of the current block. An adder 2 ’élgaﬁgyt %%locﬁ?moa?ﬁ%]&r’%?ﬁl Y
block to decoded luma pixels. (Since twoi rmmaﬂylakﬂﬁhmgtmmsm
required to perfoun &blocking, there is éﬁbﬁl l&dﬁl a? bIo@< 557 to
selected in 204 and the block added in clipper 21 pst e o
within the range [0, 255] for display. Notectsarefiffrggzin soidasidditon be

only occurs to luma pixels. -9- Scaling oGt EreaHERcIes. i Grhmetic.

parameters in the film grain SET message of TABLE 1 assume the use of

£

a 16 x 516 DCT in the S|mulat|on process. In particular, horizontal and

IVRIdERINY S prdvaiideReifs RO iRe s KB H wakdel@l[Hill ansh SEI

comp model vaIue[O][l][Z] and horlzontal and vertical low cut -
mﬁﬁﬁaﬂ?&ﬁ% %H{ﬁy e T e S SR precede a particular I

plcmp lmmiabsvahaefﬂﬂﬁé[% ssenve dodiier theetegnafedm oraeffigiemidgotaual to 5,
lock of x.16 Values. 10 In the illustrated embodiment, the use of 8 x
oc Shwitt redu&ze complexity. Employing an 8 x 8 block transform using
cut frequency parameters based on a 16 x 16 transform implies that all the

Aﬁ%@s&ﬁ?Bgﬁé&&ugﬁﬁgﬁm%@g%%m&%ﬂ@ &%%8%8%%%& SGERAIDG Bt 1o the

the cut frequencies occurs as follows: comp_ model value

stpagip SResHISRUARIUe [O][i][] 1) " 1

Bit-accurate implementation of film grain simulation

Film grain simulation in accordance with the present principles occurs in a two-step
process. First, generation of a pool of film grain blocks-occurs during initialization, as
described in greater detail with respect to FIG. 1. Thereafter, selected film grain portions are
added to each luminance pixel of each decoded picture as described with respect to FIG. 2.

FIGURE 1 depicts an apparatus 10 in accordance with an iliustrated embodiment of
the present principles for generating a pool of film grain blocks for use in film grain
simulation. The apparatus 10 typically generates a pool of 128 film grain blocks for each of
as many as 8 different luminance intensity intervals. The SEI message field
num_intensity_intervals_minus1[0] indicates one less than the number of the luminance

mtensity intervals.




where j is in the range [1,41. Note that the scaling constitutes the
equivalent of the Integer division, rounded up to the nearest integer.
Integer Transform and Variance Scaling The transform used for the
frequency filtering corresponds to an 8 x 8 integer approximation to the
DCT, using the following transformatiomatrix: -10-66666

The apparatus 10 accomplishes film grain noise initialization using a specified
uniform pseudo-random number polynomial generator 12 and using a specified list of 2048
8-bit Gaussian distributed random numbers stored in a look-up table 14 The look-up table
14 stores random numbers in 2°s complement form in the range [-63, 63]. The list of
Gaussian random numbers appears in the Appendix.

According to the bit-accurate specification of the present principles, generation of the
film grain blocks begins with the lowest luminance intensity interval. The uniform random
number generator 12 generates an index for the Gaussian random number list stored in the
look-up table 14 using 2 primitive polynomial moduio 2 operator, x'® + x° + x> + ’ + 1. For
ease of understanding, the term x(i, s) will indicate the i® symbol of the sequence x,
beginning with an initial seed s. The random number seed becomes reset to 1 upon the

- receipt of each film grain SEI message.

To form an individual 8x8 film grain block, a random block generator 16 reads §
lines worth of 8 random numbers from the Gaussian random number look-up table 14. A
random offset, frdm the random number generator 12, serves to access each line of 8 random

numbers. Each line of the block prdduced by the block generator 16 is generated as

following:

. index =x(i, 1)

for 5=0...7, B[i%8][n] = Gaussian_list[(index + n)%2048]

where 1 increments for each 8x1 block line.

The 8 x 8 block of random values read by the generator 16 undergoes a transform,
typically an integer Discrete Cosine Transform (DCT), performed by an Integer DCT
transform block 18. After the DCT transform, the 8 x 8 random values undergo frequency
filtering at a frequency filter 20 in accordance with the cut frequencies specified in the SEI
message. Following frequency filtering, the 8 x 8 random values undergo an inverse DCT
transform by an inverse integer DCT biock 22. A first scaling block 24 scales the pixels on

the top and bottom block lines as follows:

for n=0..7, B'[0}[n] = (B[O} [n] + 1) >> 1
forn=0..7, B'[7][n] = (B[7] [n] + 1) >> 1
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This process continues until generation of a set of 128 film grain blocks for each luminance
intensity interval. Following subsequent scaling by the second scaling biock 26, the film

grain blocks undergo storage in the film grain pool 28.

Block and Pixel Operations to Simulate Film Grain

FIGURE 2 illustrates an apparatus 200 in accordance with an illustrative embodiment
of the present principles for simulating film grain on a pixel-by-pixel basis using the stored
values in the film grain pool 28. The apparatus 200 includes a processing block 202 for
creating an average of each 8 x 8 block of luma pixel values for comparison to the
parameters intensity_interval_lower_bound[0][i] and
intensity_interval_upper_bound[0][i] in the film grain SEI message to determine the
correct jJuminance intensity interval for the current block.

A selector block 204 selects a k™ film grain block from the pool 28, using the random
number generated by the uniform random number generator 16 from the polynomial modulo
128 as the block index. Thus, the noise generator 16, which generates uniformly distributed
random numbers using a polynomial for the initialization process deécribed with respect to
FIG. 1, finds application in the appératus 200 of FIG. 2 to select film grain blocks, with the
random number seed reset to 1 after the pool 'creation process. If the resulting block index is
identical to the previous one, the last bit of the index undergoes toggling. Such operation

can occur using a bit-wise comparison and an XOR operator (*) as follows:

previous_index = index
index = x(k, 1) % 128

index *= (index == previous_index)

Following block selection, a deblocking filter 206 deblocks the pixels on the right
most column of the previously selected block and on the left most column of the current
block. An adder 208 adds the deblocked film grain block to decoded luma pixels. (Since
two horizontally adjacent blocks are required to perform deblocking, there is a 1-block delay
between the block selected in 204 and the block added in 208.) A clipper 210 clips the result

within the range [0, 255] for display. Note that film grain noise addition only occurs to iuma

pixels.
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Scaling of Cut Frequencies

The parameters in the film grain SEI message of TABLE 1 assume the use of a 16 x
16 DCT in the simulation process. In particular, horizontal andvvertical high cut frequenciés,
provided by comp_model_value[0][i][1] and comp_model_value[0][i][2], and horizontal
and vertical low cut frequencies, provided by comp_model_value[0]fi][3] and ‘

comp_model_vaine[0][i][4], serve to filter the transform coefficients of a block of 16x16

values.

In the illustrated embodiment, the use of 8 x 8 blocks will reduce complexity.
Employing an 8 x 8 block transform using cut frequency parameters based on a 16 x 16
transform implies that all the cut frequencies require scaling before the grain generation.

The scaling of the cut frequencies occurs as follows:
comp_model_value'[0][i][j] = (comp_model_value [OIHEIGI + Hy>> 1

where j is in the range [1,4]. Note that the scaling constitutes the equivalent of the integer

division, rounded up to the nearest integer.

Integer Transform and Variance Scaling

The transform used for the frequency filtering corresponds to an 8 x 8 integer

approximation to the DCT, using the following transformation mafrix:
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16-bit arithmetic can be used. The forward integer transformation of a given block of

random noise is defined as:
B = ((T, xB+8)>>4)xT,” +8)>>4

with 11 bits used for B .

The mverse integer transform is defined as:

B =(T,” xBXT, +128)>> 8
with 8 bits used for B.

Following the inverse transform, the block B undergoes scaling as follows, assuming it is in

the k™ luminance intensity interval,

val = B(, j) * comp_model_vaiue[0][k][0]

B'(1, ) = (((val - (val >>4) + 21082-sc@efa0r -1y o 1680 scale_factor ) + 16) >> 5
where the operation (val - (val>>4)) compensates the scaling of the integer transform;
log2_scale_factor, transmitted in the SEI message, scales comp_model_value[0][k][0]; and 3

scales the Gaussian numbers provided in the Appendix.

Deblocking filter 206

As indicated, the film grain simulation apparatus of FIG. 2 includes a deblocking

filter 206 for smoothing blocking artifacts resulting from the small size of the transform. In



-3-37-73 2-47-88 4-s 16-bit arithmetic can be used. T_he forward
integer transformation of a given block of random noise is defined as:

-11-

the illustrated embodiment, the deblocking filter 206 takes the form of a 3-tap filter applied
to all pixels bordering the 8x8 block left and right edges. Given a row of pixels belonging to

two adjacent 8x8 blocks, the transition between blocks being located between pixels b and ¢

k

a b c d

Block A Block B

application of the deblocking occurs as follows:

b'=(a+ (b << 1)+c)>>2'

c=b+Cc<<+d)>>2

where b' and c¢' replace the value of the original pixelé b and c, respectively. Deblocking of

the left and right block edges occurs for evefy film grain block before addition to the
decoded image.

The foregoing describes a technique for simulating film grain in an image.



= arts xB +8) " 4)x; T " 4 with 11 bits used for 11 The inverse integer
transform is defined as: B (;7 xEs+128) " 8 with 8 bits used for B.
Following the inverse transform, the block B undergoes scaling as follows,
assuming it is in the kth luminance intensity interval, val = B(i, j)

comp_model_value[O][K][0] Bi(j, j) = (((val - (val >>4) + 21g2_scalejactor -
"log2_scale_factor ) -V16) " where the opération (val - (val'4))
compensates the scaling of the integer transform, log2_scaie __factor,
transmitted in the SET message, scales comp_model_value[01[K][0]; and
5 scales the Gaussian numbers providaguaadie Appendix. Deblocking
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application of the deblocking occurs as follows: V= (a+ (b " 1).1- ¢)" 2 (b

(c" 1) +d)" 2where b and e replace the value of the original pixels b and

c, respectively. Deblocidna of the left and right block edges occurs for

every film grain block before addition to the decoded image, The foregoing

describes a technique for simulating filth3grain in an image. 12- Apt endix

The list of the 2048 Gaussian distributed random numbers are. char
O Ea I8 SN So AE - ONFB DS, OF $300%2537 (ibd, WRER2BROBEIKRED 0xC7-
0GR 26 X BO0 OXESS OXOLD0X20], 0D Dx0X DBEOXE BB OLE0OROKFOOEKE, 0xF2,
0 OXHBRFOXRG, @EFT)X@XJJQ%QX@L @(ﬁ@&x@(iﬁx@@(@i @WQOM&X&&A 0x01,

0;853&0%&5 ’OQ%F%Ing%&%?OQ%F&FpﬁB S%P x)l(%)é&% )%gg 0 C]é) FC(i

Ol e el e o R e
015%. §840%89,; BROLBY(0E0XSE; 05238 VRS XDRIGK CICBRBPDORET, 0x0E, 0x23,
0D RENOHCEL, QRE BxIDX B4; 1 OxED 022 OIC, BZOHx0%38¢ D, 2 70xDC,
0@&?%(:%)6% SRR 2B e, 9%5%&2(3@%?@&69 @@&B@gg}% %ﬁ%@ﬁéx OXEE,
QIEOIEE SELIAING B GE Qe S O, O
06%,1?@%%,069%;@50@91@739@9@.1@92@2 BXE380BERLERED, Wi <FC. 0D,
O FABOXORER 0XE5, OxES, 0xFC, 0x19, 0x01, 0xDB, 0xD4, 0xFB, 0xED, 0x3F, 0xD5, 0xF5, 0x09,
0x04A, 0x38, 0x25; 0x19, OxF1, 0x2E, 0xE1, 0x03, O0xFB, O0x 17, 0x12, 0x32, 0xEB, 0xF8, OxE6, OxFD,
0xEE, 0xDA, 0xF1, 0xFe6, 0x1F, 0x0F, 0x1F, 0x0A, 0xC1, 0xOF, 0x1F, 0x12, 0x33, 0xD6, 0xFC, 0x26,
0x27, 0x1D, 0xD9, 0xFD, 0x11, 0x04, 0x28, 0xF4, OxFC, 0x01, 0xF8, 0x23, 0x3F, 0x29, 0xD5, 0x1B,
0x09, 0xCS, 0xC3, 0x12, 0x05, Ox3F, 0x1C, OXES, 0x38, 0x06, 0x0C, 0x10, 0xFA, 0xE9, 0x0A, 0xFA,
0x02, 0x1C, 0x0D, 0x0C, 0x0C, 0xFB, OxEE, 0x12, 0xD2, 0x26, 0x28, 0x04, 0x19, 0x06, 0x21, 0xFA,
0x00, 0x10, 0x16, OxDB, 0x10, 0xED, 0xF3, 0xE8, 0xC1, OxF3, 0x0F, 0xFC, 0x11, 0x06, 0x23, 0x06,
0x1C, 0x05, 0xE6, 0xD6, Ox1A, 0xEA, OxEF, 0x00, 0x3F, 0x05, 0xDF, 0xEA, 0x17, 0xC7, 0x01, 0x05,
0x1C, OXEF, 0x3B, 0xF7, OxE2, Ox1A, OxE3, 0xC1, OXES, OxFS, 0x01, OxFE, 0x08, 0xD8, OxFE, O0x3E,
0x0C, 0x27, 0x21, Ox1F, 0xF4, 0x06, 0XxEQ, OXEE, 0xC1, OxF2, 0x0A, 0xE1, 0x20, 0xE6, 0xEC, 0x36,
0xE1, 0x07, OxF.é,'Ox()G, 0xOE, OxE1, 0x04, 0x0D, Ox2F, OxEA, 0xE3, 0xC6, 0xFC, 0x27, 0xES], 0x0B,
OxEB, OxF8, 0x17, 0xE9, 0xC4, OxEF, 0xF2, 0xE6, OxEA, 0x0E, 0x3F, 0xFA, 0x18, 0xFC, 0xCl1, 0x25,
0xE3, OxF3, 0x2C, 0x1D, 0x05, 0xD1, 0x28, 0xE3, 0x1D, 0x1E, 0xF4, 0x14, 0xD3, 0xFF, 0xF6, 0xE3,
OxEA, OXE3, 0xFS5,.0xE6, 0x23, 0xF2, 0x21, 0xF1, 0xF5, 0x07, 0xF8, 0xDF, 0xF4, 0xF2, 0xE2, 0x17,
0x12, 0x08, 0x07, OxEE, OxF5, 0xFB, 0x04, 0xF3, 0xF7, Ox1D, 0x16, 0xE8, 0xE9, OxFF, 0xF6, 0xD8,
0x0E, 0xDF, 0xC1, 0x25, 0x32, 0x02, 0xF8, 0x30, Ox1 1, OXEO, 0x14, OXE7, 0x03, 0xE3, 0x0B, OxE4,
OxF7, OxF4,' 0xC5, 0xDC, 0x2D, 0x07, 0xF9, 0x27, 0xF0, 0xD9, 0xC1, 0xEF, 0x 14, 0x26, 0xD7, 0x00,
0x1B, 0x0B, OxDB, 0x3F, 0xF8, OxF6, 0x06, 0x(OF, 0x1B, 0xC8, 0xC1, 0x2C, 0x1B, 0)'(1E, 0x06, 0x1B,
OxFA, 0xC8, 0xF9, 0xOF, 0x18, 0xDF, 0xF8, 0x2D, OxFC, 0x00, 0x0A, 0x22, 0xDD, 0x31, 0xF7, 0xC8,
0x20, 0xD3, 0xFC, 0xFC, 0xDD, 0x3F, 0x19, 0xD8, 0xE8, 0x0C, 0x1E, 0xE2, 0xC9, 0x03, 0XxEC, 0x3F,
0x2B, OxEQ, 0x35, 0xC1, OxFE, 0x11, 0xF9, 0x14, OxES8, 0x06, 0x06, 0x24, 0xCE, 0xF3, 0x26, 0x3F, -
0xFD, 0xCE, 0x2C, 0x12, 0x3C, 0x2C, 0xC2, 0xE3, 0x06, 0xD2, 0xC7, 0x0A, OXDF, 0xD35, 0xD1, 0xC5,
0x15, 0xF2, 0xF1, 0x08, 0x02, 0xE6, OxE2, 0x0A, OXEB, 0x05, 0xDA, 0xE3, 0x06, 0x0E, 0x01, 0x03,
0xDC, 0x13, O0xE3, 0xFB, 0x36, 0xE6, 0x14, 0x21, OxFA, 0xC1, 0xCl, 0xEg, 0x0B, 0x0E, 0x17, 0x11,
0x2D, 0x11, 0xFO, 0x39, OxE7, 0xF0, 0xE7, 0x2D, 0x03, 0xD7, 0x24, 0xF4, 0xCD, 0x0C, OXFB, 0x26,
0x2A, 0x02, 0x21, 0xD8, OxFA, 0xF8, OxF0, 0xES8, 0x09, 0x19, 0x0C, 0x04, 0x1F, 0xCD, 0xFA, 0x12,.
0x3F, 0x38, 0x30, 0x11, 0x00, OxF0, OxES, 0x3F, 0xC3, 0xF0, Ox1E, 0xFD, 0x3B, 0xF0, 0xC1, 0xES6,
OxEB, O0x1F, 0x01, 0XFE, 0xF4, 0x23, 0xE4, 0xF0, OxEB, 0xEB, 0x10, 0xE4, 0xC1, 0x3F, 0x0C, OxEF, ‘
OxFB, 0x08, 0xD8§, Ox0E, 0xE4, 0x14, 0xC1, 0xC1, O0x0A, 0xE9, 0xFB, 0xEF, 0xEl, 0xE7, 0xF0, 0xD8,
0x27, 0xDA, 0xDC, 0x04, 0x0D, 0xDC, 0xFC, 0xDB, 0xD6, 0xD6, 0xE4, 0x0C, 0x27, OxFC, 0xDO0, 0x11,



Ox31, OxFD. Ox2C, Ox3E, 003, Ox2D, Ox00, Ox1F, Ox1D, OxF9, OxF5,
0Ox38, OxFO, Ox3A, 0x06. Ox0C, Ox19, OxF8, 0;05, OxFD, OxIA, 0xI3,
OxEF, Ox08, OxFD, 0x02, OxD3, Ox03, Ox1F, Ox1F, OxF9, Ox13, OXEE
0Ox09,0x1B, Ox08, OxE7, Ox13, Ox10. OxFF, Ox3E, OXED OxC5, Ox08,
OxF1, Ox00, Ox09, 0x31, OX1E, 0x32, @%FA, OxDC, OxF8,.0xE7, Ox31
Ox01. Ox01, Ox ID, Ox10, OxFF, OxFF, 0x04, OXEC, OxCC. NEE, 0
EHBEORT?; BUCRIBIEC G B oReE BT B HEsE: B03. e
(PR Bx X F70.OxF 5EX DD 1 OXP5 SOIAEBFH KOO, (@1 020 XER, 05a08)x3F, 0x1E,
ERKDZ00XEE), QXE Bk DX, OB, 06X G0 2, AB® Bx 160X dx oy, OXRD 20xES6, 0x05,

@5%%;9?‘%@%@%%%}3%5 O EER 10508 O¥F 4 BRI, ox2a, 0x3C,
Ox07, OxC 1, OX1F, Ox11, Ox0F, Ox2E, Ox08. OXE7, %XEB Ox23,

‘3’59&60)‘85(%6(9’%%26’8%3@‘%>?f%# Bt EEE G V0t ORGSR, P
BRDEXGXPE L BT ODRFT BB Y OO ESX OB ETROT, ORD PxEx 1S 10¥gD OXFE.
OO0 2 @x A1 (DX 00, 0WF, Ex O X137 BEA, @R3B0DXRRDPQXEE, BEEIOLDRIB3FB, 0xDA,
6%%50;@%@@3 5B X033 E06P9 0 £M06r AL NER, 6242 Bx60X63B4, OR@0sxr0,

B s PR B MR S U 020 oo

@}@&X@&@@Z G Gr0F- PRl %@X@x%%ﬁ& Oﬁ%édx %(R’?Bd%fé 0x01,
ORFAx BX P85 OB, 050 05 OXB 74 QX :OXDE D ROD, BGRD CX00XBETA, 0x3F, 0XEA,

Ot D X QR O%BS, (XE Bx DX BE %10 0K FERF OK3B, QXEAx@XBiHA, 0xE7, 0x21,
g{gé% %(5 S b o X FREO YRR, &ﬁ%m@xﬁ% QLG O3, @dS%BOxFD 0x12,

'OxC1, OX1D, Ox10 OxFB, OxF8, OxFD, 0x16. OxCl
063&:9%555 ‘859%#’690%‘%%% 83?@6’“6%%’6‘ OR3P BERy Qé’ﬁ? 014, .
O3S 10O OREE , ORE: DB L OXIE, BYE 8% BEES - OKTE 0HROBOBREP, OxET,
QroED 0£Dx Dk 360X DRE QXA B, CRERCH:EXERFOXGE, OXC BxKBX BAE70%IB. 0x29,
Q2B B OXBE (X 0kds, 2 xR 5D, QR0 0 %3651 XK, 0x0D, 0x35,

e T e e

0B HREE CSRIBEORSE; GEE £ (B, O By SSERQEY. a0k, OFL,
OxQOOXDZ7 OREBXBX BGROXES. BREAxOXBRAOKES, DRPDIBRIR)4, 0xF2, 0x25,
QxB76:8%02.1 £%RA, Q33 F0xOXkEQ%d4, (reChx08xd3;, B8 2= 881K, 0xF4,

g é %5%%908%%@ B RAR) GED E R 6:Pxbe: Qx5 FonEX P, oxEs,
OXC1, OXFC, OXE4, OXES, OX3E, OXEQ, OxI7 %”6 xﬂss on1C,

@%?AO@%WWQX%XW e &?z?ﬁ&x&@@ O%ES P850

OXFAVORFEED I BHEEECRE A, IS¥B 0D LFIF ORIV EK PADOLENR, DA, 0516,
Q%04 ,0%2 2 DX R0 DX DIABX 0B 3D KIS, GRO20:BXIEEOXEE7 OX DO IECE, 0x02,
QXD o QX EREOXNES; C216L B @XBOrONER, ¥R OX0F-OnPA, GXOQxEMX0x02, 0x3F,

1A, OXx 5. X)7

R O S R O O
ORSE: 045 B 62 O D34 60BRoBFOEORTY: Qﬁk%?ﬂéx@*ﬁc@%w 0x18, 0xED,
08AT8R , 0D OxFI0Ek 0O R , OB Bx Cix B 00X G, 0CBER Px KR DS @J@DQ@C@XZB OxFC,
025712% P b L rOn0D:, Sl , Ot Anx X3, AR Gx2 xR D OxdECox@xBD, 0xDC,

ﬁ}é gﬁ% f %9 :YQJ\&E %72'5 1@5%1&%&@0%9&9’6@& 92%9?091@%;«@22&05 0xOB,

x1A, Ox01, OX0C, 0x06
RO R0 SR 5T GIT TR 2B Gl i3y 3. O, 00
OXFB, 0983 D3 DXF T3, OB FOXBX D 2O QUACORQZXFIOBEDYKES . ONBE0BROAXDS. 0x0A,
OxE4, 53300 X6=6%, OXIE30,QXUkFOBES, QRE 0:BR243E) 0268, QFES):OXBK)7, 0xD7,

O)éogEOG‘%J?’ oPOR OB, G812 1B Q0 ENET o ¥R O%k8s BXRE 022817, 0x09,

0x09, OxE6, 0x20, 00A, OXEl. OxF4, 0x20, 0x24, OXF
g
ORF06, @NESZTORES OxFé (X0 9XOXPESORER, C@?Zﬁ"%d@”@?[ﬂ @9{@@"55 0x12,
Owkk, 6090 DIBCEE, RB7, (WxR|):3X BB, 1 O G50 REG QX DR VDRLES, 0x01, 0x0B,

Oyl Q80X B QX EE, IE 635, 0%F3 0842 32418 A%Q8, RS, D29, 0xE3,

Ox2C OxlF Ox 0 xF1

% B e PSR B SO ST Qs oem.
OXxED, Ox3F. OxD5, 005. 0x09, Ox0A. 0x38, 0x25, 0x19, OxF1, Ox2E,

OxEl, 003, OxFB, 0x17, 0x12, 0x32, OxE13. 0xF8, OxE6, OxFD, 00E,

OxDA, OxF1, OxF6, Ox1F, Ox0F, Ox1F. Ox0A, OxCl, Ox0F, Ox1F, 0x12,

0x33, OxD6, OxFC, 0x26, 0x27, Ox1D, 0109, OxFD, Ox11, 0x04, 0x28,
OvEA O0OC OvD1 OvEQL Nv22 OVv2RE 0Ov?20 OvDAR OvIR OvNDO OvCH



OXCI, OxF4, OxE2, 0x23, OxCl, 0x38, OxCl, Ox3F, Ox2B, Ox1D, 0x39.
0x36, Ox1A. Ox2B, OxC1, Ox01, Ox07, Ox0B, 0x25, OxCC, OxE7, Ox01,
0x24, OxD8, OxC9, OxDB, 0x20, 0x28, Ox0C, Ox1A, Ox3F, OxEA, OxE?7.
OxCD, OxEC, OxEO, 002, 0x27, OxDF, 0x20, OxFO, OxF1, OxFD, Ox3F,
Ox00, OxFA, Off?, 0x21, OxF9, Ox02, 0X22, OxOE, OXEF, OffD, OxD3,
OxE4, OxFF, Ox12, 0x15, 0x16, 001, OxDE, OxFD, 0x12. 0x13. OxE7.

oA 5:@X P80, Ok Dox@X AR o D¥BIS, AR BxLAXLER, OB, GocbO0:QX b 7O0eEil3 0xFA,

%% xlIQ)E)%lA 9}26%901\95%29)69& 9}&% lGx@?( '(:)&319)6)9813 %ﬁ@)@él&aﬁ )@EE 0x18,

x01 0x30, OXEZ, OXxOE, Ox14 0x086,
0&&%&%&@& O&r%x@és %Féé)’%(@?”d’x?ﬁ GO OLrRE Cfr7, *EP:
ORDBDBXROL. OREL 0326 LORE 080 Px Bx PO SRR 00T OBR (536,008 0xE4,
o680 B0 BB, 0618 05 X AL | OxDE-0BXARNF B, @ XA, QxOx DEFD#IB, OH3AXEF,
%92, OXEBE Qe 20,8 CRE %2, (139 X5, B0, DX URsrOKED, 0x 16, 0x2C,

G POl RBL e it B blE B s oo
OREBROLIOIEOREE; BRRA BHOEE SREAVBRETORERS: PB4 E g0, OXFE.
Bx250x08, OMB By FBXLH %O, QEBOXOXBO¢ OXEE! DOK-1x 10X14$ OX@S Hx08, 0x37,
27 6,0% R0 217, QR CoxEix A1 Desrh, GxOlx X3 O%ES, (A Bxo0x3ko, 0xED,

(%éggx%@%%)% )19105)2( %’@'(:)0 %X@&E@%}EZ '0%‘72&19)65& &’fg%xﬁxé@s 0x3F,

OXDE. 0%06
RS OERER O %56, VDB BrOTEE: c%‘&% 6%:9@9@9@3 %&‘b@“@&:‘% G5, 005,
BRD NxTXDPA0ROZ; BROFOXBIX PES OxX < OxDTEDHPSE, OFE, CHIDEODRTEE: OXFE.
OR(19 300X B0 D ix DX 2051685 043 ONES,. 03 Ex ER )i B s @XQCOOXBRLS, 0x08, 0x17
OXED, OxC7, Ox1F, OxCl, OxCE. 0x02. OxF1, 0x37, Ox0B, OxE3. 0x20.
OXCE, Ox0D, OXEB, Ox0A, Off3, OxF3. OxDC, Ox01, OxD2, 0x02, Ox3F,
Ox02. 0x25, OxD5, OxFC, OxEB, OxCE, Ox3F, Ox00, Ox3E, Ox2D,
OxE1, Ox19, Ox1C, Ox01, 0x28, OxClI, Ox3F. 0x27, Ox3F, 0xF2, Ox0E,
Ox3A. OxDB, OxF8, OxE4, 0x34, 0x18, 0x16, Ox0C, OxDD. 0x18, OXED,
OxCB, Ox0F, OxFO, Ox01, OxFB, 0x14, OxCE 0x19, OxCC, OxEI3,
OXEE 0x19, Ox00, Ox17, Ox2B, 00C, 0x26. Ox0D, OXEC, OxF4, Ox2D.
Ox2B. OxE5, 0x25. 0x05, Ox10. 0x26, Ox1D, Ox3F, Ox3F, OxFD. OxDC,
0x18, OxFO, OxCB, OxEF, 0x12. Ox1C, OxIA, 0xF8, OxFE, 0x29. Ox1A,
OxCB, Ox1A, OxC2, Ox0OE. Ox0B, OxIB, OxEB, OxD5, 0xF8. OxFD.
Ox17, Ox0B, OXFC, Ox00, OxFA, 0x37. 0x25, Ox0D, OXE6. OxFF, OXFO,
Ox13, Ox0F, Ox21, 0x13, Ox13, OxE1, 0x12, Ox01, Ox0A, OxFI, OxE7,
OxF3, Ox1A, OxED, 0xD5, Ox0A. 0xI9, 0x39. 0x09, OxDa, OxDE, Ox00,
OxF9, OxE9, OXEA. OxFF. Ox3E, Ox08, OxFA. Ox0B, OxD7, OxD7,
OxDE, OxF7, OxEOQ, OxC1, Ox04, 0x28, OxE8, Ox1E, Ox03. OXEE,
OXxEA, OxEB. Ox IC, OxF3, Ox17. Ox09, OxD6, Ox17, OxFA, 0x14.
OXEE, OxDB Off2. Ox2A, OxD9, OxC1. 0x05. 0x19, Ox00, OxEF, OxO6,
Ox17, Ox02, Ox09, OxD9, OxE5, OxF3, 0x20, OxDD, Ox05, OxCB, Ox09,
OXxFS, Ox05. OxF1, Ox1F, OxES5, 0x12, Ox25, OxF8, Ox3F, OxDC,
OXFO, OxF2, OxC5. Ox34, Ox21, Ox35, OxCD, OxCC, 0x23, Ox1E,
Ox01, Ox0B, OxFF, Ox10. OxFE, 009, OxDF, OxF9, OxF5, OxE5, Ox07,
OXEl , Ox25, Ox le. OxC9, Ox00, 0x29, OxF3, Ox0A, Ox25, OXED OXxFS,
OxFB, 0x20, OxF8, OxC1, OXE5. OXEO. OxOF. Ox2F, Ox3A, Ox01, OxCS8,
OXFD, -15- OxCA, OxEI. 0x30. 0x04, 0x19, 0x03, 0x25. OxF3, 0x24,
0x38, OXEE, OxC9, Ox2F, OxE7, Ox0B, OxFA, OxF7. Ox1B, Ox0A,
Ox0B, Ox2D, Ox2D. OxOB, OxE8, Ox08, OxDB, Ox013, 0x04, OKES.
OxDO, OxEE, Ox18, OXEF, Ox11, OxClI, OxD6, 0x15, Ox3F, OxF5, OxF4,
Ox2A. 0x29, OXEF, OxFO, OxFA, 0x36, 0x33, OXED, 0x19, OxDF, xi!,
0x.09, 0/05, Ox18, OxF1, Ox3F, 0xl4, Ox0C, OxD2, OxFF, OxFF, 0x34,
Ox01. OxE4, OxF8, 0x03, Ox3F, OxF8, Ox3E, 0x21, 0x22, OxE2, Ox0F,
OXxEF, Ox1A, OxE4. OxF5, Ox08, 0x15, OXEF, OxF3, OxE4, OxDF,
OxF6, OXFC, OxE8, 0x21, 0x06, 0x20, 0x02, 0x17, Ox1B, Ox3F, OxDB,
0x16, Ox2C, OXEOQ, OxFA, OxDA, OxD8, OxD3, Ox0B, Ox0E, Ox10,
OXED, OxD5, OxFO, 0x30,0xD3, 0x13. Ox04. OxEl, OxXEF, OxFB, Ox3F,
OXE8, OXEE, OxE5, Ox0B, OxEF, OxE13, OxE6. Ox2C, OxD3, Ox00,

0x18, 0x26, OXFE, OxClI, 0x08, 0x16, OXFE, OxDC, Ox00, OxF4, OxF7,
OvDC OvYOF OvY?2F Ovi1D 0Ov122 OvNA OvND O vR7 OvCa OvinD OvD7



10

15

20

25

30

20 5. A method for creating blocks of pixels with film grain for random
selection as a function of the average value of the image block,
comprising the steps of:  receiving film grain information that includes at
least one parameter that specifies an attribute of the film grain to appear
in the blocks; creating blocks of rantfom values selected from a
previously established list of Gaussian random numbers; obtaining a
transformed block of random numbee&:AIMSiltering coefficients for the
transformed blocks by at least one parameter in the received film grain
information; 30computing a transform of the filtered set of coefficients for
the blodkarethodsteirgraltting Hive ievain s irash Upakeoblierts ggmprising the
indicated by one parameter in the received film grain information; and 17
storing each of the blocks of film grain into atrg‘ool of film grain blocks for

seléetivarziha o PiHBaREd g8 lvatuR bimbs e ik ahaixels;
rangoph RHYREEcting § -l REMBINILREIPHING IR EIAIMoA SRR of previously

comprising the step of performing an 5integer approximation of a Discrete,
e SR & thetR arelBistrRe R e ANEbInPT the image
HI3&T) to reduce complexity. 7. The method according to claim 5 further
comprising the step of scaling top and bottom edges of the film grain

blocks to hide block edges. 10 8. The method according to claim 5

V\r’]hQKei'FHE}@alétﬁﬁépid&ﬁgM@ﬂ]otbﬁﬂnll gxarilianmmﬁgmhwstepwmﬁdﬁ@&ach
the step of decoding a Supplemental Enhancement Information message
BBYSHAMHG RSt &ﬁaé‘balr%ﬁ%é&’éth 4 BYTRBOArREPISF mﬁ%\tm@gm ock.

grain in an image block of pixels, comprising:
3. The method according to claim 1 wherein the step of randomly selecting a film
grain block further including the step of accessing a look up table containing random

numbers to obtain a random number.

4. The method according to claim 3 further comprising the step of populating the
look-up table in advance of film grain simulation with random numbers generated by a

random number generator.

5. A method for creating blocks of pixels with film grain for random selection as a
function of the average value of the image block, comprising the steps of:
receiving film grain information that includes at least one parameter that specifies an
attribute of the film grain to appear in the blocks;
creating blocks of random values selected from a previously established list of
Gaussian random numbers;
obtaining a transformed block of random numbers;
filtering coefficients for the transformed blocks by at least one parameter in the
received film grain information;
computing a transform of the filtered set of coefficients for the blocks;
scaling all the pixel values for each of the blocks as indicated by one parameter

in the received film grain information; and

MCSLLP
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means for computing the average of the pixel values within the block;

means for randomly selecting a film grain block of pixels from among a

pool of previously established blocks containing film grain as a function of

the average value of the image block; and 20means for blending each MCSLLP
pixel in the selected film grain block with/a corresponding pixel in the

image block. 10. The apparatus according to claim 9 wherein the

meanssforingredomly delébeirig affiitnggedin idele ferrehof Eom srisimgladsofer
ééﬁ’eg%*%k? a%omglg@&,r@ﬁﬂ%mﬁag%ﬁu@ Bt thd ImIRCAPRARANS ACRAIHIRGm ber.

to claim 10 where the look-up table is populated in advance of film grain
simulation with random numbers generated by a random number

generafgL 301R2dARAPPARIYS fRrCssatingra Mok Pikels by flrrgiaing an

for random selection as a function of the average value of the image block

BRER PRREOFHHGSIbEF aBisFE e sme diansioraL BRfin filtdl Grafgverse Discrete

digrpation that inclddesatdaast enanakameter that MCSUP 18 specifies
an attribute of the film grain to appear in the block; means for creating a

block r_andom values selected from a previously established list of
Gagssipi: [RBgRN 2d8BIS to clin@antifaice@BRptipig @ tistepte Sading top and
Transform of the block of random numbers; Sg%flns for filtering

o rslaes RS hEAY R SRS IR B KRt $¢8R%form by at least one

parameter in the received film grain information;
8. The method according to claim 5 wherein the step of receiving the film grain
information further comprises the step of decoding a Supplemental Enhancement

Information message containing the at least one parameter.

9. Apparatus for simulating film grain in an image block of pixels, comprising:

means for computing the average of the pixel values within the block;

means for randomly selecting a film grain block of pixels from among a pool of
previously established blocks containing film grain as a function of the average value of
the image block; and

means for blending each pixel in the selected film grain block with a corresponding

pixel in the image block.

10. The apparatus according to claim 9 wherein the means for randomly selecting

a film grain block further comprising a look up table containing random numbers.

11. The apparatus according to claim 10 where the look-up table is populated in
advance of film grain simulation with random numbers generated by a random number

generator.

12. An apparatus for creating a block of pixels with film grain, for random selection
as a function of the average value of the image block and a random number, comprising:

means for receiving film grain information that includes at least one parameter that
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means for computing an Inverse Discrete Cosine Transform of the filtered

set of coefficients; means for scaling all the pixel values in the block as
indicated by 10one parameter in the received film grain information; antfCSLLP
means for storing the created block of film grain into a pool of film grain

blocks for selection as a function of theldverage value of the image block

and a random number. 13. The apparatus according to claim 12

fpetifie camptighing wehaditor gerfororpgedbanthetblmkapproximation of a
Discrete Cosine Ira m r iSC >QSI . .
T O b s B S O ofaizhed s
ofdiimidaurdrsiosompaizng means for scaling top and bottom edges of the

cregte ym@%% D hideblesk£o9em A0 m JBnd BHAPRRAMS M numbers;

according to clairr herein means for receiving the film grain
infonerntiofefdiiseinesenifisieninesvling tervtind BSeisSionaatbyansform by at

ERbancsmentdnformatonmessags eenipinig gt least one parameter.
means for computing an Inverse Discrete Cosine Transform of the filtered set of
coefficients;
means for scaling all the pixel values in the block as indicated by
one parameter in the received film grain information; and
means for storing the created block of film grain into a pool of film grain blocks for

selection as a function of the average value of the image block and a random number.

13. The apparatus according to claim 12 further comprising means for performing
an integer approximation of a Discrete Cosine Transform (DCT) and the Inverse

Discrete Cosine Transform (IDCT) to reduce complexity.

14. The apparatus according to claim 12 further comprising means for scaling top

and bottom edges of the created film grain block to hide block edges.

15. The apparatus according to claim 12 wherein means for receiving the film grain
information further comprises means for decoding a Supplemental Enhancement

Information message containing the at least one parameter.



