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The term"granularity" typically refers to the grain
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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.

| Grain varies in size and shape. The faster the film, the 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 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
as film grain. As the image resolution becomes 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 Definition (SD) and
becomes imperceptible in smaller formats.

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
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t he physical process of exposure and devel opnment of
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-This approach suffers from disadvantage of a high computational complemty
Thus, a need exists for an efficient film grain simulation techmque, 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.



Thus, a need exists for an efficient filmgrain.

simul ati on techni que, which reduces the need for
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(SEl') nessage. Pursuant to contributions recently
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standards body responsible for pronulgating the H 264
standard, the SElI nessage can now i nclude various
paraneters that specify different filmagrain
attributes. Constraints on the filmgrain SEI nmessage
paraneters The nmethod of the present principles

DETAROSS Dreeapeast raints with regard to the nunber of
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The method of the present principles imposes some constraints with regard to 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.

TABLE 1
FILM GRAIN PARAMETER | DESCRIPTION & CONSTRAINTS
model_id This parameter specifies the simulation

modei. It shall be 0. which identifies the
film grain simulation model as frequency

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 fiim grain SEI

message has been embedded) has been

| encoded. It shall be 0, which identifies the
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paraneters in the SEI

message.

It shall be in the

range [0, 4] to ensure filmagrain sinmulation can be

performed using 16-bit
conp- nodel
transm ssi on of
col or conponent

arithmetic.
-present-flag[l] This paranmeter enables the
filmgrain_parameters for the Cb
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comp_model_present_flag[1]

This parameter enables the transmission of
film grain parameters for the Cb color
component in the YCbCr color space. It
shall be 0, since film grain simulation in

chroma 1s not supported.

comp_model_present_flag[2]

This parameter enables the transmission of
film grain parameters for the Cr color
component in the YCbCr color space. It
shall be 0, since film grain simulation in

chroma is not supported.

no_intensity_intervals_minus1[0}

This parameter defines the number of
intensity intervals for which a specific set of
parameters has been estimated. It shall be in

the range [0, 7].

intensity_interval_lower_bound{0][i+1],

intensity_interval_upper_bound[01{i]

These parameters define the boundaries of
the luma intensity intervals for which
different film grain parameters are defined.
The lower bound of interval 1+1 must be
greater than the upper bound of interval i

because multigenerational film grain is not

allowed.




interval in which the filmgrain has been nodeled. It
shall be in the range [0,4] because color correlation
is not allowed. conp_nodel _value[Q[i][0] This
paraneter represents the filmgrain intensity for
each lum nance intensity y iRterval in which film

O al L hasbeen—node shall be in the range
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i npl enentation of film grain STPHEFAY %524 lumrange mrensity

simul ation in accordance wthl f : i nci pl e

occurs in a two-step process,. First, generat

pool of filmgrain blocks occiulgdaled ilnshall be in the range [0,255] to
initialization, as described j reater. detail wth
respect to FIG 1. Thereafter,énguelfgeﬁg?legamflis}lﬂ‘ﬁ@?%ﬂ??nbe

portions are added to each | pafoanetugthXd-bRhriSRAR
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FIGURE 1 depicts an apparatus 10 in accordance wth an
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All e Presmsters of the Glaigrin OB Riebsabd hileiBAlch QRS RY. 2
starRRGbE:Rtbrion, : reSpect o the

Bit-accurate implementation of film grain simulation
Film grain simulation in accordance with the present principles occurs in é two-step
process. First, generation of a pool of film grain blocks-occurs during iﬁitia—lization, as
described in greater detail with respect to FIG. 1. Thereafter, selected film erain portions are
added to each luminance pixel of each decoded picture as dcscribed with respect to FIG, 2.
| 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 pool of 128 film grain blocks for each of
as many as 8 different luminance intensity intervals. The SE] message field

um_intensity_interv als__mmusl[ﬂ] indicates one less than the number of the luminance
intensity intervals.



uni f or m pseudo-random nunber pol ynom al generator 12

and using a specified |ist of 2048 8-bit Gaussi an

di stri buted random nunbers stored in a | ook-up-table

14 The | ook-up table 14 stores random nunbers in 2's
conplenent formin the range [-63, 63]. The |ist of

Gaussi an random nunbers appear‘g‘ in the Appendi Xx.

Accorﬂirn to th& bit-accurate specification of the
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wi t h AT odhe Rikacrugate spssificanionad the piesent peipdiphe casiition of the
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rddeipt OF efchilm ofain B YBE{AL. = CGaussian_list[(index +
n) %2048 where i Increffents for each 8x1 bl ock Iine.

The §odogn pr fslividifal Behflbmenait biesk reeanddiy blodR cBRARHAT Ofeads 8
1h8s HRHET t r ansf q typically an integer

B O LB R D P ane Lo it r-up table 14, 4
rinoeyelfseDEDm the anribar Minfled eknekfor A 8K ed 3605 each line of 8 random
néij%nl%f%'c I'thcgftgnél gl%r andom val ues undergo frequency

Fter | ﬁgﬂ A° 4 BT RY weauqqdmy ¢ blyck genesaior Han@enswatet as
folhewviagt frequencies specified in the SEI nessage.

Fol |l owm ng frequency filtering, the 8 x 8 random val ues
undergo an inverse DCT transform by an inverse
_ind¥keggr, 1PCT bl ock 22. A first scaling block 24 scales

the piXels on the top and bottom block lines as
forgi10ows Bl Ve [m) =0GaussiaB is®index] + p)%B4BP] [n] + 1) >> 1

th%fe. irh:]Qr'er'nzﬁts ?O'I‘[CZJJ}I g)ll bzloékBl[ir?e]. [n] + 1) >>1

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 block 22. A first scaling block 24 scales the pixels on

the top and bottom block iines as rollows:

for n=0..7, B'[0][n] = (B[0] [n] + 1) >> 1
for n=0..7, B'[7]in] = (B[7] [n] + 1) >> 1



-8- This process continues until generation of a set
of 128 film-rain blocks for each |um nance intensity
interval. Follow ng subsequent scaling by the second
scaling block 26, the film grain bl ocks under go
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ideRAEd) %cpﬂ% @fév%u@%@ofﬁ@faslb& (g ﬁlﬁ%(e 13 {)?%Jafﬁn Elfé&rgﬁeration

debl ocki hg, there is a et ween™
th@%mkugﬁyémte@numnzenmanmdmhéﬂbkophaamd@dwdumﬂﬂﬁ.) A
clipper 210 clips the result

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

index A= (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 luma

pixels.
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within the range [0. 255] for display. Note that film

grain noise addition only occurs to lum pixels. -9-
Scal i ng of Cut Frequencies The paranmeters in the film

grain SEI nmessage of TABLE 1 assume the use of a 16 Xx

5 16 DCT in the sinulation pro ess In particul ar,

hori zontal and vertical high ¢ frequenci es,

provi ded by conp_nndel_value[O][l][l] and

conp_nodel _value[Q[i][2], and horizontal and

vertical low cut frequencies, provided by

Sqipg BpOel Frv@leH@bd [ 1] [ 3] and

conp_nodel _value[Q[i][4], serve to filter the

transform coefficients of a block of 16x16 values. 10

Int dllustrated enbodi ment, the use of 8 x 8 bl ocks

wi || TERHERLESH B fil graiedBl mgssage ahTABLES! swmk the use of a 16 %
16 OSSR H sush e ased

b oL b RELEN B A3 Bt Roquencies,
Hevided by eamp imeflebofabref0(iid] gudcompenedelt vaae[0](T, and horizontal

S el SRS AR S o

qoBdy | |n}t[de]_valulb0] BI4TL sewefceﬁuer itife drahstdiB RAUGedislofH block of 16x16
te that the scaling constitutes the equival ent of

RS nteger division, rounded up to the nearest

i nteger. 20 |nteger Transform and Vari ance Scal i ng The
transform used for the frequency filtering corresponds
to arn @@dl@tﬂafﬂd@g&Odlm&rMUWIWS bbckh@ll[ﬁﬁucdlédnﬁtﬂemty

rnatlon trix: 25 -10- 6 6 6 6
EIH@ %%L éﬁ) g" 2‘951[)&;& or;};l USEIZ GHL HEQUENCY 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 [O][i]j] + 1) >> 1

where j is in the range [1,4]. Note that the scaling constltutes 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 matrix:



-337 Ts 7 -2-8-4482-7 =6-6-66©6-6-66
4 -8 27 -7 -28-4. -1-77 -3-37-73 2-47-8
8 -7 4 -2 16-bit arithnetic can be used. The forward

i nteger transformation of a given block of random
noi se is defined as: B=(((TsxB+8)>>4)xTsT+8)>>4 wth
11 bits used for B . The inverHe integer transformis
defined as: B=(TsTxBxT8+128)>> 8 with 8 bits used for
B. Folf ot ngf the ifversedragsform the block B
under goes; scal i@g_gshgol_lpwg,g.‘ assumng it is in the
kth| uym nance intensity interyal, val = B(i, j) *
conp_nodel _value[ 0] [k]T0]13 B}, j) = (((Vval - (val
i>_4 ¥ 24bg-8 scai e4fagtorn 1)7>> | 0g2_scal e_factor) +
¥6) | >% S.¢ Wheregthe o ergiog (val - (val >>4))
conpensates the scaling of the integer transform
IogZ_'ﬁca1% flactdr:7trdnsi®itted in the SEI nessage,
scal eg comp 7_noglel; vabuef0] [k] [0]; and scales the
Gaussi,an urrberi provided in.| the Appendi x. Debl ocki ng
filter 206 As 7thditat éd, 4 helfilmgrain sinulation
apparatus of FIG 2 includes a deblockino filter 206
12% snoot hi ng bl ocking artifacts resulting fromthe
i dritingir @b bt heed rBRIOOVAA ihBosr b toh! ¢St )

(SIRRELIENL y L he debl ocking fil'ter b o R e of
of a4 LN LS applied to all pixels bordering the

Xl t d right  edges. G ven a row of pixels
ﬂge?gg ?%lgs*ét)gg"’%% aB%)%ge%t 8x8 bl ocks, the transition

“ggltymgdgg&)ﬁ%sﬁ_bei ng | ocated between pixels b and c,

The inverse integer transform is defined as:

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

Following the inverse transform, the block B undergoes scaling as follows, assumine it is in
: =3

th . . L
the k™ luminance intensity interval,

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

B'(i, j) = (((val - (val >>4) + 20g?-scaie_factor - > log2_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 5

scales the Gaussian numbers provided in the Appendix.

Deblocking filter 206

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

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



abcd Block ABlock B application of the
debl ocki ng occurs as follows: b'=(a + (b << 1) + ¢)
>> 2 c'=(b+(c<< 1)+d)>> 2 where b' and c' replace the
val ue of the original pixels b and c, respectively.
Debl ocking of the left and rlght block edges occurs
for every f|In1gra|n bl ock bdflore addition to the
decoded i ma The foregO|n? describes a technique for
1

e diyptatedicmyp ’rm‘?ﬂtd-haijﬂ)mﬂ(% itma%:ﬁﬁ tal\qg thg QOHmofﬂ@beapdﬁbter applied
1 ! y i buted ra .
o ‘J et BbrdBind B 3 HocHR Th Defltell PG 8% hbiscls belonging to
twoFBen08xBhlocRs Fihe tRxfifion Q%iliden (Bk%ﬁs b@m3 @oca@ﬁ[ﬁ:tw@iﬁ;ixels band ¢
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OxF7, Ox10, OxCl, 0x08, OxFE, OxCC, 0x09, 0x09, 0X23

0x17, [ KB, LEE Y I%‘GEEF %25

Ox1 O LOXE9, | O OXFF, | OxE5, ] 0x118, @ [O(E4 ‘O(EC
Ox00O, Ox3C, Ox@lock@CB, OxE8, Bwadp 0x07, Ox3F, Ox3D.
0x36, 0x19, Ox3F. OxOO, 0x03, 0x38, 0x09, OxCE, 0x06,

0x26, 008, 0x28, OxF,2, OxC, O0x37.OE7, OxF2, OxQ,
OXE8, OxF5, Ox1D, OxF2, OxDC, 0x05, 0x38, 0x21, O0x27,

o , .0x14, Ox1D, OxD8, 0x18,

app%%on é& e ?eb&%ﬁ %&S(P@E‘f‘ﬁs 0x08, OxF4, OKEF, OXFA,
OKF9. OxCl . OKE5. OXF5, OKE5 OXCl, OXC8, 0x02, OXF4,
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OKF5. 0x38 OKFO, Ox3A 0x06 OxOC, 0x19, OxF8, O0x35,
OKFD, OX1A Ox13. OXEF, 0x08 OXFD, 0x02, OxD3, O0x03,

whéé bl fhd Ofeplife tFlu , Phd .
) ) 4 & gfét%g &15%%)?@ co‘fjsgectg?é%g Diblockm of

the f5fimd gty dlodkyedges oaoumsHor euer? filimgrAn btocbcoefc@x BEJIGRET) the

decgggd],magém OxOL. OX I D, Ox10. OXFF. OKFF. 0x04, OXEC

OXCC “SOXEE, 0x06, OX3F, 0x07. OxCl, OxFl  OxD5. OXED,
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The foregoing describes a technique for simulating film grain in an image.

b
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im4ge bldok. net hod according to claim 1 further including

the step of accessing a |ook up table containing

random nunbers to obtain the random nunber. 3. The

met hod aggOARHNA Jceoﬁl@'tpwc?ai&qrﬁ%e ﬁemmosmesteglag?ccessmga

step of populating the |ook-up tab'rle i n advanc
lookjupriatde evmiaiging randém numbets to abdonthe saisensngeber at ed by

a random nunber generator. 4. A nmethod for creating a

bl ock of Mx N pixels wth filmgrain, where Nand M
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M are integers greater than zero, 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 block;

creating a block of M x N random values selected from a previously established list

-of Gaussian random numbers;

computing an Discrete Cosine Transform of the M x N block of random numbers;

filtering the M x N coefficients resulting from the Discrete Cosine Transform by at
least one parameter in the received film grain information;

computing an Inverse Discrete Cosine Transform of the filtered set of coefficients;

scaling all the pixel values in the block as indicated by one parameter in the received
film grain information; and

storing the created block of film grain into a pool of film grain blocks.
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Di screte Cosine Transformby at | east one paraneter

in the received filmgrain information; conputing an
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of coefficients; scaling al Jr7 t he pixel values in the
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receiving the filmgrain information further
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means for blending each pixel in the selected film grain block with a corresponding

pixel in the image block.

9. The apparatus according to claim 8 further a look up table containing random

numbers to obtain the random number.

10.  The method according to claim 9 where the look-up table is-populated in
advance of film grain simulation with random numbers generated by a random number

generator.

11.  An apparatus for creating a block of M x N pixels with film grain, where N
and M are integers greater than zero, comprising:
means for receiving film grain information that includes at least one parameter that

specifies an attribute of the film grain to appear in the block;



generator. 11. An apparatus for creating a block of M

X N pixels with filmgrain, where N and Mare

i ntegers greater than zero, conprising: neans for
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The apparatus according to claim11 further conprising
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the d g%@mCo& ne. Transform (DCT) and the | nverse
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13. The apparatus according to claim 11 further comprising the means for scaling

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

14.  The apparatus according to claim 11 wherein means for receiving the film
grain mfonnatlon further comprises means for decoding a Supplemental Enhancement

Information message containing the at least one parameter.



