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the lahdi 'grain’ exetley flgn. cOrapprepgsypndomly distributed on

-1- TECHNI QUE FOR BI T- ACCURATEFI LM GRAI N SI MULATI ON
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
wappkioaas? on clains priority under 35 U S. C. 1BCEYS1004/033713
U S. Provisional Patent Application Serial No.
60/ 511, 026, filed on Cctober- 14, 2003, the teachings
of which are incorporated herein. TECHNICAL FIELD This
| NVGNEHRT QUL FOREBYP- ACCERNTRYALM GRAIN SBMUBATION
grain in an imge. BACKGROUND ART Mtion picture films
conprise silver-halide crystals .dispersed in an
CROSSTRESERENCITORESATERtARPLICAHIONS ayers on a film
base. The exposure and devel opnment of these crystals
form the photographic i mage consisting of discrete

t il“gésa@g];iédaﬁh%ﬁiﬂg Pﬁblliﬁyq{ndell 15 0.0 1 'REAbIY.S SProvisitihal Patent

b ye occur on‘the sites where the silver :
Appngatipa&tial Nor66/510,026wfitey anHetbloer 145 20A3y die todchings of whicyare
. ur i devel opnent of the film stock. These snal
INCOTROfRE g@E?Ldye comonly bear the label 'grain' in color
film Gain appears randomy distributed on the
resulting i nage because of the random formati on of
TECHNICA: FEElgt al s on the original enulsion. Wthin a
uni formy exposed area, sonme crystals develop after
exposure while others do not. Grain varies in size and

s hapenvdiiRnfralates o 4 Rehhighdfortshgulbangfiim ghudn ol ampmgof
silver forned and bl obs of dye generated, and the nore
they tend to group together in random patterns. The

BACk&R’Bﬁﬁb@Qﬁﬁ“a” ty" typically refers to the grain
pattern. e naked eye cannot di stinguish individual

grains;JI whi ch vary from 0.0002 mm to about 0.002 nm

I nstead, the_eye resolves gr s of . grains,.referrged .

t M%riwew filats roumpeiee s emhanb eyl lishyrgH b A ppRiogs which
i it el Bn 2 AImbAG. ITRARPbEFO LM B8] FeSthes @stals for
1scoé§§; pércg%?%onaof'the filn15rain beconégﬂﬁ? her.. E??i?s O?n
the plgtegraptie toagesconbieting of disaréte siat pertistesif sdvea. dmgolpr pgatives, tiny

o 5 Do e MG SE A LA e spove o
the sifvePludREdRREpRat be FitaRtdch] ahede sl dpecksf afidyacsmmonly bear
Motion picture filmtypically contains inagﬁk%%ﬁ&%%ﬁ%%ge
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
t he photographic filmor fromthe-2- subsequent
weaiosiosgsof the i mages. Phot ographi c fil m possepSEES2084/033713

characteristic quasi-random pattern, or texture,

resul ting from physical grampularity of the

phot ogr aphi ¢ enul sion. Alternatively, sinulation of

I ed Il mages
subseSLEAL AR R Rl bl TR B0 8 DAL B8 Francom
pattemagiigxturd I@ultmﬁeord Phpsice rgtanlntarﬁﬁ ofbihamphotogtaphic emulsion.
rain Qui t.e often, noderate

nat i
Ateer iR Siiod of sttt S rmciom 0Pt PR Eopstlpgmages in order
to bleptl Giesi @Sth phBtozPAPRId M. 2RARh c4sBE ik Iuﬁh%r @ééﬁn ?ﬂ)ﬂgﬁ ars the
visual cues that facilitate the correc rce I} ?
desighatondif TEHB igorial” Qe ofters mddietats graadexiofe pﬂsan&ra &eslrable feature

in mo\f\foﬁgﬁ ef@%le% 1fBl%tfug(}ets ,gtpg 51? \ﬁraené ¥€orv|1c%§ l){g,suaf s t 6ixat }amhtate the
corre&t@@fd@pﬁ@i ofat-@itdensibhsl QIR JFilfvdrade cﬁﬁ!n 22t Hiathld Ddngle film

graln texture in the notion pi cture ind ustry.
to prowf@r\@flel&%ec Uy %Sst@rtwwfqrh@egpcamr@f Vappesse-aiasy ofher reefymisal and. -
i, DA RGBSR A U Yt LR bt et

preseiS@vethea Igramymmfeataabé yf imveied ebdishphioieisct ?rdl:@%‘?ng AR delivery chain
abilit. of SI lating fil magrain, ten for :

has b?ﬂogﬁcﬁ TREUILeTR rm‘@téfﬁ’dﬂﬁtfl@f‘dm Bet i nto nat ural
S GeP&al
st e R 50 B
often fqr;hltmdmga gmaputersganataaed chiect [to dxummi svarey Qifedn@frof Eastman
t he .G .neon(r)

R e TR T T AT .
simulkti) pRIAQESS ety FERIINRCRAYAR 1B mbhf éﬁ?}f ilyfjﬁsa blE@wQ\;e‘?gtﬂQ Sineon®

stripes the ac{)pl i cati on produce graln size
applicgtien d@ﬂgglot Fighd grad, p@f@@n@nwéon(mayly hqgmspwt fillors Heaauss of the

ade

notiecb P BoR B oL b RGO Pofuceh g iR angness guher, te
Cineoa® appHcationefailmo@auRicg 6 @tadqustt GideRly! \yhé?lrlﬁfégéssl%éome

Anot her commerci al product that sinmulatés filmggrain
subjeqt 0 pEioh RIOCSIFIE AT EXYRRIrAuCh suwhen Weiimagss armcopicai dibitally
proceéséd used as a plug-in of Adobe (r) After Effects (r).

he Grain Surgery(tn) product appears to generate
syslmbthet camgesial poyduct thaesimipte $i6t grafn is SHEeNSRY J?GEW from

S roach suffers from di sadvant age of a hi
Vlsuakgﬁ'ﬁ‘ S-oMieh oA ek P plie-mini<idoke RoAlerRifeets & oTh%(ﬁmm

SurgeRfriiped iy | VORI
ur. ge’f}fe d SC et ?ﬁgehlreptg o{}atﬁe %Qﬁdlﬁl@l&] by erlqlg ddse\{\hf random numbers.
This appmqach atffemmﬁbmedlian]lvhntagdﬁ(bﬁa Ingh Gbiphtagorddl bomgleRit.
S
Hlm us, a neec{] 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.
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in cost-sensitive high volune devices, such as set top
boxes. -3- BRI EF SUVMWARY OF THE I NVENTION Briefly, in
waewenssre with a preferred enbodi nent of theP@r/ES®n4/033713

principles, there is provided a nmethod for sinulating

filmgrain in an image bl ock-of Mx N pixels, where N

and M are integers greater than zero. ‘The nethod
BRIEFOSUBIMAR YOOFTTHIS INOENaYbNg the average of the pixel

values within the block of Mx N pixels. Afilmagrain

bl ock of Mx N pixels is selected fromanong a pool of

. Vi est.abl i shed. bl ocks co ining filmgrain as
Brietfy. B RURHoE P e 08 PPt e R thrapeCpscker
provided angdodioniigilating GhmPinsalin bA ihAg Bekiest vtk Nigireighaefe N and

~block is blended wth a correspondi ng pixel in the
M arg piggerspgrerint thareer. Dhsortio commemerHby SRAveINGSing BeREerage of

TR L=ToTh e awi-ng of. P at.us. .
the pikeF RS P RS o A P ARBRRA R ivets i
selected dromnamodys @ goeif piévionsty establishenblatks@dntadiifls flfPdRn ds a
depicts a,blocﬁls hematic_drawi ng of an apparatus in .
functigRs e e ER Ve e ghejimage hlock and airidesn pynbes; kack pixghin the
ookl . _ . iviie PR .
ek DR Fp R OB B e ok
apparatus of FIG 1.-4- DETAILED DESCRI PTI ON

BRI ESCR BB QP el PANIGS dance i th 111 m orain
information transnmtted with an image to which
sinmulated grain is blended. In practice, the

t FHGURE 1 depirtyadiocksshembtio/drawiier f sesipparius desgenarating pre-

: ' . i to transm ssion via.one of. a variety
estabi AR W SRS rortt B SRR DY bt Brifiid 26
C AMBURIS2 depiss Aok séhéhatid@a i sFintappskatud®Y 8ccordance with the
npressed using the H 264 conpression LO schene,

Pfese{?ffl%{%ml%,ssfpb Hopdatingdilay grangnag pixelinopiket hasis using thaptey
o 1 - t -
oot LRI ) RS TP )

adopted by the standards body responsible for

promul gati ng the H 264 standard, the SEI nessage can
now i ncl ude various paraneters that specify different
filmgrain attributes. Constraints on the filmgrain
SElI nessage paraneters
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L5 The nethod of the present principles inposes sone
constraints with regard to the nunber of paraneters
w@nwsnsmEsy range of possible values all owed byPe€T1€S2004/033713

H. 264 recommendati on. TABLE 1. providesa |istof such
paraneters, including a desgription of their semantics .
and the constraints inposed by the present principles.

DETAMUj%ﬁggckdﬁﬂﬁﬁcﬂAlN PARAMETER DESCRI PTI ON & ‘

CONSTRAI NTS nodel _id This paraneter specifies the
S|nulat|on nodel. It shall be 0, which identifies the
l.mgrain sinmulation nodel as frequency filtering.
hmmdgtﬁﬁ}ate col our _description_present flag This
paranmeter specifies if the color space in which the

paraneters are estimated is different fromthe col or
s B" e acihpdHitleshpreseant piideiples sigudatcefiimpmiein dveofdahen with film

eesn BB AR 0, BT 1 VRS PR RO e iR R

practitd, e @indinittddimaga Mpidaigntifigo 6k sFoR @ﬁéﬁaﬂig) prior to
bl endi ng_node _id This Bar anet er entifies th

transnpis R Vid§TavH e Vardedy of e tl@ﬁwntq@mpgfrsmna@l@@nqs» whgns shenH.264
compf%stlgh e geWﬂ?ﬂle t%%@?ﬁtedllfg@%%}%g%gg gsfﬁ@ tl%ehH.264 compression

correspond to an
scherrieo'g‘i’nssnﬁ;hm dfahe fitm phdis infarmeariheypitalBnddchiseda b lsa?plemental

| o arl m c sc factor used to represent the film
Enhangement %’ﬁﬁ% ) HCp1Rge-SENrsand & gntribytions seqentis adopted by the

standards body responsible for promulgating the H.264 standard, the SEI message can now
include various parameters that specify different film grain atiributes. |

Constraints on the film grain SEI message parameters

The method of the present principles imposes some constraints with regard to the number of
parameters and their range of possible values allowed 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 I
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

filtering. V

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

encoded. It shall be 0, which identifies the




the range [0, 4] to ensure fi
be perfornmed using 16-bit ari
W@ o09p/08masel

| mgrain sinulation can
thmeti c.

present flag[l] This paraneter enablBBS100£033713

transm ssion of filmgrain paraneters for the Cb col or

conponent ( _
since filmagrain sinmulation i

in the YCbCr col ors.

Supported. conp_mouet _present
enabl es the transm ssi on of

the Cr color conponent in th

par anet er defines the nunber
for which a specific set of
~estimated. It shall be in th
intensity interval | ower
paraneters define the boundq

eentbléd seq@érmé space.

blenﬁ!}g—.‘g‘ﬂgﬁéﬁt ed. no_jntensity |

i Hig pvan@tqwdmgﬁps)qhe’pﬂﬁnémg mode

space. It shall be O,
n chroma i s not

garaneter
eqlér"é ?é@fﬂﬁi 10 g} Safe than the

It

tion in chroma is

&kd 'tdﬁ{)l@&?

paraneters

teysnh nlta{eedvfﬁm grain with
b&e

ethé degpded ﬁnag?e]s It shall be 0, which
boy Pq%[érg]s@d thap ﬁgthye blending mode.

i+,

log2_stalk Sav@k_upper_bound[ U] [T]
intervals for which differe

are defined. The | ower bound
greater than the upper bound
mul ti generational filmgrain

n t'ﬂ?s ]bﬁgﬁleiei] E&Bﬁfléyﬂl?

Thé Sanl @;@m@&&ensﬁ&eﬁhﬁ

num nodel val ues_m nusl [ 0]
t he nunber of nodel val ues gresen
i nterval

logsanthmlc
rain parane

stcﬁlelfmtmrusadi to rej)rmtthé)ﬁlm grain
of i nterval beca

Ragamelers in m@sage It shall be in

£

each I nten

in which the fil m drsénnlation cielesperformed using 16-bit

arithmetic.

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 is 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[0][i]

These parameters define the boundaries of
the luma intensity intervals for which
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.
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nmodel ed. It shall be in the range [0, 4] because col or

correlation is not allowed. conp_nodel _value[O][i][O0]
wdabios/opasanet er represents the filmgrain intersi/Ug2000033713

each |um nance intensity interval in which filmgrain

has been nodeled. It shall bg in the range [0, 255] to

ensure filmgrain sinulation can be perfornmed using

Lrodel_valued iAmusH0] TN addi t1p Talsedl gé'ﬂgﬁjm' pmber of
numEonst r_gi nti‘, theﬂp; esent pri n?P%ﬁ’gfs, [ npggesf ar TP ©
grain SEI nessages precede || piod¢lunabes peasentdol sachiensity

filmgrain SEI nmessage can pfecede .a partjcular I
picture. (The presence in thel%‘?rf’ﬁé? %F}J‘iﬂ’lgé%ﬂwfp en

equal to 7 or nal _ref_idc eqbalodtied Syt shiifbERliGS r g:LOA]
picture.) Al the other parapmeters of the filmgrai
SEI nmessage have no const r ai hbeoaisercole@spaektiomistive allowed.

y ' g i N+ Ay ot A o] At At AN N
L r catrt o —Dft a1 fpr ettt ar+-OH—64+—
compy o B O i 1 m g hh PEYSHEISAPTRSFocRf the Film grain
accordance with the present pﬁltdﬁgﬁpf&%agpﬁ%ﬁaﬂcg- _e?sity
two-step process. First, generation of a pool of film
grai n bl ocks occurs during i nintdredliie whichr{jlmegrain has been

described in greater detail mwth.res t-to Kl G 1.
Thereafter, selected filmgr %Eﬁded%(?tﬁgﬁay Bgia tg%@@ge{%ZSSJ to
each | um nance pi xel of each dgeedas ghitsithglafidn can be

described with respect to FI|G 2. FIGJRE 1 depicts an
apparatus 10 in accordance wiRasfoamed psing d 6-Bitegithmetic.,

enbodi ment of The present principtes forgenerating—=a

pool of filmagrain blocks for use in filmagrain, :
In additign [tathe previdisecoagtpantas the pﬂd@eﬂtmine'@[lésyn@?m tiedt €8masrain 88E

00l __of 8 filmagrain blocks for_each of as many as §
mess g e R P G Sa LT 0B ST R BT Psae Foepiegsde o paricula I
icturee STREBrebdnRk th e Mitl SR shed bto™ Q4N Lk ide equal to 5,

? i ngi catﬁres one |l ess than the naﬁrr[%[eérﬁ%o&et he umi rTa_nceq :
indicait Ehkpieyid-ht er val s. - 7- The apparatus 10 acconpl i shes

filmgrain noise initialization using a specified

uni f or m pseudo-random nunber pol ynom al generator 12
All thertheu peragheters pebe Fil@drhih SET fes2dd8Rave no constraint with respect to the

standard specification.
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 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 SEI message field
num_intensity_intervals_minus1[0] indicates one less than the number of the luminance

intensity intervals.
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8-bit Gaussian distributed random nunbers stored in a

| ook-up table 14 The | ook-up table 14 stores random
waoeoobesdsd n 2's conplenent formin the range [PEBUSHB/033713

The Iist of Gaussian random nunbers appears in the

Appendi x. According to the Bsit-accurate specification

of the present principles, generation of the film

QVﬂie&gPéﬁ&giio kﬁ@&ir{]ﬁlisﬁ% Alnk BRid ANESThitaiZhilANESng a specified

intenstty 1nterval™. The uni'form random nunber

uniforye pesuaiparndon gembergiobmonriali gederatdrd? anfasicg aspecified list of 2048

s TGRS FrEomon S Pt ar S B, rfosteup bt
14 stogegﬁnft?ﬁs_ntn%ersﬁﬁ B’ @nihleheTeE §if MBAda.[-43063 1. ertv it bf

s indicate the i synbol of the sequence x,
Gausgjegiandpmgrumbers appearsin thglAppsadixs. The random nunber :

S B RES TS LSS PRl g Sl PR b o

film ghidi HlodKs ®6Kins &vithahe el Reknges aitatsay iftesds Bad irifBm random
worth of 8 random nunbers fromthe Gaussi an random

numhgp geRErapiobkeanstatesmandex fonthedpnshin Fandem nunbslishgored in the
ook P ASTLEMIREE pAGRRIAN Bnckp SN ErfOERS, £OEE L1 o

ease aygtdhmdnﬂi(ngkthg;mar 2,0 wib indicageteriispdbaloffled deouemrg x,
_index = x(i, 1) for_n=0.,.7, [i%8 = ‘

beginames¥itaan fidd] ppsdineloe rﬁydmﬁgﬁﬂhea%?@gécw TEFBI S upegy the

recei@;}ﬁ{éﬁég(ﬁlnpgﬁﬁksﬁl Iﬁgssagé]e bl ock of random val ues read

e generator undergoes a transform typically an
i Eefyem 2DiisdivEinel B3ddilmegraimareflo amardo@Thlock gerfepatorld tppds 8
.an_lnteger. DCT tryansfor ock 18. After .th
tnes Fbah S Runb @t FomL RSt Bocnabings” PeBabandy 14 A
randdh b6t Hem ke AnléBBUBMEY gdriekdter 122 Ferves RGeS sH @Rl 38 random
the cut frequencies specified in the SEI nessage.

numtregs. | Eaghdige of Sgdderkyproduaed biyrile blople geneater kukdsneroter des

fOlloundergo an inverse DCT transform by an inverse integer
"block 22. A first scaling block 24 scales the
pi xel s on the top and bottom bl ock Iines as foll ows:
- for n=0..7, B[O][n] = (B[Q [n]+ 1) " 1 for n=0..7,
indexg=g€@ th) = (B[7] [n] + 1) " 1-SThis

for n=0...7, B[i1%8][n] = Gaussian_list[(index + n)%2048]

where i 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 block 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[0] [n] + 1) >>1
for n=0..7, B'[7][n] = B[7] [n] + 1) >>1



process continues until generation of a set of 128
filmgrain blocks for each |um nance intensity

WO niossEB? Fol | owi ng subsequent scal i ng by thePGEUS2U04/033713
scaling block 26, the filmgrain blocks undergo
storage in the filmgrain pgol 28. Bl ock and Pi xel
Qperations to Sinulate FilmGain FIGURE 2 illustrates

This ;ﬁ’HCé’é‘E’ Qﬁ{tf?ﬁl&’?lfu?tﬁ %eh&aﬁ‘&nc Fance li@ fd?n @#ﬁlﬂ blowgd 0?%:%10%1811;minance

mbodi nent rese pr I NCT S nu
mtensﬁuyllmegnahl IFDI}:mvmg plbsedluehysqalmg by E}&SﬁeeonstCaEng blecls 26 rtRé film

. | yes in the filmagr, pool 28. The apparatus 200
grain %ﬁﬂlésu e Sﬁ?r(@%%gjstf‘lﬁ&%ﬁl%ﬂ POOEL% or creating an
average of each block of |uma pixel values for

conparison to the paraneters

Blocki antifisd] Opetatioas wadinheme FilhoGrs 0] [1] and
intensity interval upper_bound[O][i] in the film gral n

SEl nmessage to determ ne the correct |um nance
interval for t current bl og A sel ect or
o SEPRB LR S apnatops OGh 3 aanse R koo lpFiEs e gmbodiment
of the%%eseﬂtsprﬁﬁ:lﬁl&efof ﬁﬂﬂ@éﬂr&%ﬂﬁﬁéra&% ﬁk@ldb glxﬁf‘@asfyﬁsfr%r tf{é stored
fromt

random nunber gener at or e pdl ynom a
values| ipghe §lop E@aﬂbp@ﬁ%l@& Adexapparatus 200 freluvdes 8 royessngblock 262 for
t SU|form di stri buted. random nunbers
crcacifif e BRI TR KR AN G e SphSCier BmBTspade e
paran@esCintdsity intdrvak $¢eat | bb@mf[bﬁl] ahd finds application in
the apparatus 200 of FIG to select filmgrain
mten%tyeeuérvahweu@mdimamrht@ﬁ%m gunPEl sepssagedo detafmine the

correctt R ift: ﬁﬁ{y'l {élr\pe{l ?&retﬁécmjrént%[b%kr esul ting bl ock

ex 1s 1 ent i ca revious one, the last bit
ofL\ seteetar bitek 204 delegs ask‘htfdgggramgﬂo&mdimaﬂepc&ﬂ 28 ugid@the random

occur a bi.t-w se conpari son and an XOR aper at or
number %en%@teaéﬂyﬂt%mfﬁ%wg DUHpEkseneraigreld fromdhe polm%makanodulo

128 aso/ﬂal%ﬁ)cknx%& Thd "iﬁi@ﬁmse‘g Rleftb ls.x}thgt?le%bégf %etﬁﬁ dﬁstrlbuted

| ock sel ection, a debl ocking
rando@l rbumbﬁsomltg”mp(vlymlahﬁx tthecmitwﬂmatufn prbeesp described bvyth respect to

FiG. S FhBEREIGRRES 0 et D50 G B i i wits e
rando@frﬁlhﬂbebb&@ kedeptotE SR 9RE #émrdahé@ bfocedsSIINER rbsing block index is
hori zontal | y adj acent ocks are required to pe%orm

identicpb b e Previoustomes the last bit of ﬁleomcxd@ldglggobggtogg]emg t Sushistporakion
can ocggéoﬁgﬁfa%egbﬁ 180 Ah bREn PG o! () 2ORstdovis: © 1 PPES

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 luma

pixels.
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within the range [0, 255] for display. Note that film
grain noise addition only occurs to luma pixels.-9-
weeabiosgsof Cut Frequenci es The paraneters in PEEUSI004033713
grain SEI nmessage of TABLE 1 assume the use of a 16 Xx
16 DCT in the sinulation prgcess. In particular,
hori zontal and vertical high cut frequencies, provided
by conp_nodel value[O][i][l] and
conp_nodel value[0][i][2], and horizontal and vertica
| ow cut frequencies, provided by
ScalinpooffCunbasjuencaésue[ 0] [i ] [ 3] and
conp_nodel value[0][i][4], serve to filter the
transform coefficients of a block of 16x16 values. In
i [ I
WIbI%F a.ll }:eréé %15[?1”% ?@%?A}}%E& Iqe%%%ﬁ g? g‘nA@gdﬁl ssﬁfrg tﬁghs% ofal6x
16 DCT ﬂﬂﬁlﬁ @friiillhlﬁicbrﬂgoédsb T paptieuiary hpazoas tied seﬂmaslddglomtafrellﬁenmes

providastfu é@@%&i«%a&"@[@ﬁﬁ[ﬁl e gompamadeby sl gnd Borizonta
and vgﬁﬁlﬂ' 189 cg{ fr&@ﬁzp pE?‘FHW E(ﬁl?g g:ﬁﬁ&élsvélﬁe[ﬁ)ﬂ]ilj[%d

comp[_ﬁi({dle]j'p]ueBO] )41, sdrvwlnce filtey the Sransfomn eoafficigats [of ablocknblex16
that the scaling constitutes the equivalent of the
values.ni eger divi sion, rounded up to the nearest integer.
I nteger Transform and Vari ance Scaling The transform

used for the frequency filtering corresponds to an 8 x
8 In titecitfustratgsiemobddimentothetuge phd xBdRtockssyigeduse complexity.

Emplgy%lg!g %}%% ﬁloalg gﬁ)srfgrarrgz{lgﬁg gb}tfr éﬂ)ﬁencg}ro 'ar%n%etg bgse% ch 551%&6
transfﬂ)nﬁ u%pﬁes;rthgt all tl%le gut-fr&men&es&eQune &calin@b&fode the %ra?in generation.

3-37-732-4T7 - 8 -74
’Jﬂle 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 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 matrix:



1O

16-bit arithnmetic can be used. The forward integer
transformati on of a given block of random noise is
waledosnzdsas: 5 B = (((T B + 8) " 4)xT +8) " 4 mT/0S1904/633713
used for B . The inverse integer transformis defined
as: LOB = (T 7 XBxT +128) .{0.8 with 8 bits used for B.
Fol | ovvi ng the inverse transform the block B undergoes
,sc 'l gws,,. assu git is in the k |umnance
|ntenS|ty |n€er\8)al 6 Qs/alr%? B(i, j ) *

coip_rfoded v&l ué[0]4[ki’[0}8§ (i, j ) = (((val - (val

"4y + R :3-_.7 ‘71092 _sgale|factor ) 16) " 5 where the
4 oper atl on (vaI (val " 4)) tonpensat es the scaling of
T, = he i1% egr - frafst & m2 167 | 0og2_scal e_fact or,

tr@nsmticed 6N bhegSEg megsage, scal es :
conp_rnpdel valug[0]]k][O];|and 5 scal es the Gaussi an
nu%e{g parov dég i“r?[thés Pﬂ)aendi x. Deblocking filter
208 'Y As7 i ndli eated, thhe F{I mgrain sinulation
appar af us; of ¢ FIE _Z ingl bs a debl ocking filter 206
\for snoot hi ng bl ocki ng artifacts resulting fromthe
smal |l size of the transform In-I i the illustrated
enbodi nent, the deblocking filter 206 takes the form
16- bitca‘ritlan&ict (aip beiusedr Tiapforwed ihegad transformborboff dlgivem glock ef

d x8 .bl. Oﬁ .Iglft and right edges. Gven a row of pixels
Tan oglel?odsr?g‘f; Fwo adj acent 8x8 bl ocks, the transition

t 10 ocat ed between pixels b and c, -a

B = ((RLYRSD 205K T Pesng. hocat ed b .

Bl oc appl i cation of the debl ocki ng
C [lows: b =(a+ (b" 1) +c¢c) " 2c¢c = (b +
w1th]30b 7(?? (ﬁ 2 where b’ '

and c¢' replace the val ue of
the original pixels b and c, respectively. Debl ocking

The inverse integer transform is defined as:

=(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(i, j) * comp_model_value[0][k][0]
B'(i, j) = (((val - (val >>4) 4 2legz-scalefactor-1y o 1599 scale_factor ) + 16) >> §

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 deblocking

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



the left and right block edges occurs for every film
grain bl ock before addition to the decoded i mage. The

wo e00egatiey descri bes a techni que for simulati nBCT/UB2004/033713
grain in an imge.-12- Appendi x The list of the 2048
Gaussi an distri but ed randommnunbers are: char
Gaussi an[ 2048] { OxFB, 0x05, 0x33, OxFB, 0x14, OXEF,

the 111%?}?%% fééalm%%%x c%é]g)gkm%(f’ﬁ_%r Zg@g%ces %’% %gnm gx 104ta%<i%§' applied

to all Pk, boBikFig xR blOxOR:ft AxiGht 6423, @V@h?a ro@(@ﬂi)lxﬂx BElonging to

5, OxDF, OxlA,
* two agspgit 85 pleicki (G rangiiin beghger blespleing dteRoneergigets b and c,
OxCB, OxE8, 0x04, 0x07, Ox3F, O0x3D, 0x36, 0x19, Ox3F,

0x0Q,_0x03, 0x38, 09, . 0x0 x26, 0x3 X28,
OxEj|2, |Ox@ , {0x37, |OxE72 0b<F2c od<c1, OxES, {0xH5, |OxI|D,
OX F2;,—OeDE—8508 — 8338, —Ox2d OFE—GxCA—Ox%b5,
OXFE. OXFE. x‘f’& oI D, OxD8 ‘t??s OxF3, OxFlI, OXEF,

OxCC, 0x19, Ox08, OxF4, OXEF, OxFA, OxF9, OxCl, OXES5,
OxF5, OxE5, OxO, OxC8, 0x02, OxF4, OxDC, Ox3F, Ox3F,
OXFF, Ox14, Ox2B, OxEO, OxF9, OxIB, 0x09, Ox2D, O0xD8,

appli@BMof MeEeblodkibg ocQMFBs flloEs; O0x31, OxFD, 0x2C, Ox3E,
OxF3, 0x2D, 0x00, OxIF, OxID, OxF9, OxF5, 0x38, OxFO,
Ox3A, 0x06, OxOC, 0x19, OxF8, 0x35, OxFD, OxlA, O0x13,
ObEE(a@)(B&<1®e-FcD>>02<02 0xD3, 0x03, OxIF, OxIF, OxF9,
0x13, 0x08, OxE7, 0x13, 0x10, OXEE,:
o%E(bgiﬁﬁdg c§ % , OxFI, 0x00, 0x09, 0x31, OxIE,
0x32, OxFA, OXDC, OxF8 OXE7, Ox31 0x01, 0x01, .OxI D,

0x10, OxFF, OxFF, 0x04, OxEC, OXEE, 0x06, Ox3F,
wher@RGind chyeplace theraluegy e o1dRiFED, lelEB andg, respeciirty. Deblgcking of

the leg}% rlgglxﬁ%:k E:SB oc%({gg)r e&ﬁgﬁln&rﬁ% bl&}%ﬂfo%%@itm?&@i
decodddBmag®xD2, 0x21, 0x02, OxDC, OxE2, Ox2E, OxEB, 0x06,

OxF4, OxEE Oxd , OxF8, 0x07, Oxd, OxlF, 0x11, OxOF,
Ox2E, 0x08, OxE7, OxE3, 0x23, 0x26, 0x28, Ox3F, Ox3F,

, . . . . 3,
oI e qes i iniclé A4 siiffne fitgpraitghihn il
0x02, 0x14, O0x00, OxFE, 0x13, 0x07, 0x38, OxF2, OxEE,
0x19, 0x15, 0x35, OxOD, 0x3B, 0x03, 0xD9, OxOC, OxDE,
OxF6, Ox2E, OxFB, 0x00, 0x09, 0x14, OxE7, 0x27, Oxd,
OxEB, Ox3F, 0x08, 0x05, OxF6, OxOF, OxE7, OxOD, 0xD4,
0xD3, OxED, OxF7,- OxFC, OxOC, 0xCo6, 0x23, OxF4, OxEB,
0x00, 0x05, Ox2A, OxCB, 0x13, OxFO Oxd, 0x17, 0x19,
OxF4, OxF6, 0x16, 0x00, 0x07, OxEF, OxDE, 0x00, OxDC,
OxOC, OxFD, 0x00, OxOE, OxFF, 0x16,



0x10, OXFO, O0x3A, OxEA, 0x27, OxF5, OxF8, OxCA, OxFB,
OxDD, 0x2C, OxE9, OxOB, 0xD3, 0x3B, OxEE, 0x18, Oxd,

W@RI0B03089.0, 0xD8, OxFB, O0xF8, OxFD, 0x16, OxQPCT/0S5694/033713
0x2C, Ox3F, 0x08, 0x31, OxED, OxFO, 0x12, 0x15, OxED,
OxFl, OxF6, 0x34, OxF7, OxO0f®- 0x09, OxE3, OxFC, OxOF,
0x00, Oxd, 0x10, Ox3F, 0xD6, 0x25, OxOB, OXEC, OxES,
Oxd, OxCB, OxF9, 0x16, OxDB, 0x00, OxOE, OxF7, 0x14,
()(DE OXED, 0x06, Ox3F, OxFF, 0x02, OxQA, OxDC, OxE3,
OxFF, OxFF, OxES, Mﬁl_di&x@ Ox2E, 0x3B, 0xD8,

0x09, 1. 0 OXFA OxF6. OxO .
.Thel’é&‘%sthe@‘%g‘}aﬁéiaédl%%‘édfﬁ%é P fs*ﬁ%Fs oizz, OXF9,

0xD3, OxOC, 0xD7, OxEB, Oxd, 0x35, OxF4, OxEE, 0x13,
OxFD, OxFD, 0xD7, 0x02, OxD5, 0x15, OxEF, 0x04, Oxd ,
char Gausgimn[208l >4 0x18, OxEl, 0x24, OxE8, 0x36, OxF3, 0xD4,

0xFB %659 0x36D0kER, 0004 1E EF %363 0x 10¢0xB6, 0£30] 02D5 QxECx20 R B9, 00160dk 1B,
o 8% S, B 53, YR S o, 3,
OXED RN OX B GRS . ORINEL 8 1 AQ D3, Oxisk BXES. A EXFIGPEES, 0% 1§K00, BsE40XEC,
OxOO,%@OxCﬁ?@%@B, dxé) bxo490&3l2:, 0xX68D, A 0x 194 md@xdges, 0>Q98|Q&09,
o 50 15 o5k . i LIS o b Bt e Q18 ot
0x05, OxTBB)x2 D RBID, 0xBR, DEC 7, OXBFOxFBXB PE, 00)20x 1 DK, 0x Bix Ok'3, (BRI OXEF,

0xccoé&$§30x%ﬁ4 0L F AQKEED. 0x O B, @aﬁ?@xEﬁ%&Q; 0x08.@G02, B3 FoxDC,
2F OxI F. 0x16

XEG6
0x3F (93&@370)(1:"5,){)35% 0)@? 107(E0,(9%E%0x 18X 89 O% E(q))é Bg%xg(g gﬁ?)(qgg%-f)’xES,
0x3 1,0x13%; 0x20x BBE, QK 0x2D06:08,,0x O 1A D, GRDIOXFS00B T, 0xBX BB A, GR4. 0x0C,

0x19, x:@&% 91)5@&13 @iﬁgmwﬁ) dléfﬁﬁxm%(’ﬁ?r OxF@(&‘}F (91@:6:(13

0x08
e Ox 165 g8, 0&7@@(13@%1%&%%@ OWxCSGQ@é 0Bl 90, (9 Bt
0x 1IEME8 0xFAQXKBE, 0xP%.QRE7, 026F40x0 1) 89, 0x O, D110, QREFFAXFE) RAB, 0xBL CRCC,

o o e 13 e, 1L YR ot oo

025, ORFCDX00,0ELS), OxEBA 008 XD 0x By B0, ORERX 1By RS 0@3@3%135(9@%132
0x21,O%@EoxDOx&AR2, XK) Gx EFELD6, 0xEX DIBE, ORIt SoxFERLE, 0xQX,221F, 0x11, OxOF,

0x2E3§@COxE8@E3, o%{}%@%,&%om%bg@a o;@f_dém, %ﬁf}é@xb&é@@, ogg@zc(%zs,
OxDECSRE 0x 3 O 08I 0xOEQSOB, 0x0ik 091, 08 §3-0x2D0e02, 0x x X800, OB 13,
0x07, Q)XW@xFQX)%EE 0RMER15,0xd3l 0x0PXRER, 088 16kDo M%6S 0x15% D6, 2B foxFB,

0x00 &%0){16»9&7 0% Egm 8@ Ux:%x%§8 0;6%%(%1:6 83‘)%80’@&% 08153@8;&3

OXEDQSWEC, 0x X 0EOC, QBC)x 2 RAEA, 0xBR FB00, 0303 3)x 2 A0CEB . 0SIFPXFO.QrE1C0x17,

0x19, %ﬁﬂ OxFQXcﬁ@@ O%Qﬁm Q;Ziz%g@xD%Xdzﬁe oﬁ?(cggxoc%!ﬁﬁ , 0:40% bRk, BB lox 16,

ox10 B DA S PR A I R 0 B R e
0x18, %A R, 0x 10 B 0, 06RE By FE) B8, 0xBR G 1 6, QCE DIxFOREIE,, 03K A8, O3] OXED,

OxFO%%OxlgﬁgD 0&18@:1:6 é OX% o@qﬁ)m g?&@:()xo%xgo 0;%11&«10
Ox3E(RD% 0xZ5x BEB, QREAXELRIER, Ox6RekEo, @&#ﬁSOXD@'x%ﬁb Oeeﬁswwifb OxDE,
0xED) %08, 0x 53X O:BF, 0x02, 0x0A, 0xDC, 0xE3, 0xC1, 0xFF, 0xFF, 0xE6, 0xFE, 0xC5, 0x2E, 0x3B,

0xD8, 0xES, 0x00, 0x09, 0xEA, 0x21, 0x26, 0xFA, 0xF6, 0xC1, 0x11, 0xEC, 0x1B, 0x3B, OxFE, 0xC7,
0xF5, 0x22, 0xF9, 0xD3, 0x0C, 0xD7, 0xEB, 0xC1, 0x35, 0xF4, 0xEE, 0x13, 0xFD, 0xFD, 0xD7, 0x02,
0xD5, 0x15, OxEF, 0x04, 0xC1, 0x13, 0x22, 0x18, OxE1, 0x24, 0xE8, 0x36, 0xF3, 0xD4, 0xE9, 0xED,
0x16, 0x18, OxFF, 0x1D, 0XxEC, 0x28, 0x04, 0xC1, 0xFC, 0xE4, 0xE8, 0x3E, 0xEO, 0x17, 0x11, 0x3A,
0x07, 0xFB, 0xD0, 0x36, 0x2F, 0xF8, 0xES5, 0x22, 0x03, OxFA, OxFE, 0x18, 0x12, OXxEA, 0x3C, OxF1,
0xDA, 0x14, 0XEA, 0x02, 0x01, 0x22, 0x08, 0xD9, 0x00, 0xD9, 0x02, 0x3F, 0x15, 0xOD, 0x3F, 0xC1,
0x0D, 0xE5, 0xF3, 0x1B, 0x37, 0x17, 0x35, 0x00, 0xDA, 0x00, 0x1A, 0xFC, 0xF5, 0xEB, 0x3D, 0x36,
0x3F, 0x32, 0x21, 0x17, 0x02, 0x00, 0x3D, OxFA, 0xES5, 0xF0, 0xE8, 0x2C, 0x20, 0xCC, OxFE, 0x2F,




0x09, O0xC5, OxC3, 0x12, 0x05, Ox3F, OxIC, OxE5, 0x38,
0x06, OxOC, 0x10, OxFA, OxE9, OxOA, OxFA, 0x02, OxlC,
WOROD03MBIOC, OxOC, OxFB, OxEE, 0x12, 0xD2, Ox2BCT/08284/033713
0x04, 0x19, 0x06, 0x21, OxFA, 0x00, 0x10, O0x16, OxDB,
0x10, OxED, OxF5, OxE8, Oxd3- O0xF3, OxOF, OxFC, 0x11,
0x06, 0x23, 0x06, OxlIC, 0x05, OxE6, 0xD6, OxlIA, OXEA,
0xE6, OXEEF0x 1608, 00X 3k09, @oﬁﬁﬁ)xomﬂﬁ 0x 0 B0, k¥4, Ox2K) RADE, 0BF Ok 7,

0X3F, 85%5 OXO%}gS o%%gf DI gﬁlé%)xog’b OX%%%DBQ)S'&EQ 0x ﬁgﬂgyc %%om,

OxCAQHDH. Ox X XE2, OghA. Bx260%EA; 0x0% @6)9 CRECKFSCREE Ox T BIDF. Gsx01.
0x0C, @%60P0x3 0k 5, 0x0% 2RFs, RECXFASES, 0x0K 36RA, OE] 0xCOXRD), 0BRFAFB,

0x31, %{}%?9){1%{)%3 0%%&04,%@0“%2%%, ogtﬁfgtgm,%{@ox%@s, o%@‘(@xlzc,
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oxco R o e G 0B B o e R,
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0xF3 (DXES] 0x20x0x4D, RO D100x28) 0xER @3 D, GAEYDxFANA 4,,0x0% PLEF, BFGDXE3,

OxEAQ)()% o;a%@% (%%%gxm %90;;%(%5 086%2%1:8 %}9@ ,OXIQ((E)@‘Q o%f §x17

0x12,9xA8P0% 0 PIFE 050 3% B (6o OXFB,0KF 7, OghbpPX L6, @slﬁ?canﬁ?xféEF 0@%
0x0EQ%EB, 0xEX B£35, dxd, Bx02 @« FE0x 0XGRBY, 05B0FE14, OXITA, 0x08)0K83, omBE(BEcL
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0xEB, 0x1F, 0x01, 0xFE, 0xF4, 0x23, 0xE4, 0xF0, 0xEB, 0xEB, 0x10, 0xE4, 0xC1, 0x3F, 0x0C, OxEF,
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OXED, OxOB, 0x10, 0x08, OxF2, 0x01, 0x19, OxCA, OXFE,
0x32, 0x00, 0x20, OxOB, 0x00, Ox3F, OxIE, 0x16, OxCC,
W@RE/030803, 0x04, OxFD, OxE8, 0x31, 0x08, Ox1BCT/OKD04/033713
OXEC, 0x10, OxED, O0xE6, 0x05, OxCA, OxF7, OxIC, OxO,
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CLAIMS L A nethod for simulating filmgrain in an
i mge block of Mx N pixels, where N andM are integers
wW@e@anaa18e han zero, conprising the steps of: cpopuUSiNgG033713

the average of the pixel values within the block of M

X N pixels; selecting a fil-me-grain block of Mx N

pi xel s fromanong a pool of previously established

bl ocks containing filmgr@igmns a function of the

average val ue of the inmage block and a random nunber;

and bl endi ng each pixel in the selected filmagrain

Do T LSRR 08 B o S B B e

N and KEar8 ir@pgepd g@a&ﬁﬁﬁhrzlroacdnﬁ sikPtHeaRIps of:0Nt @i ni ng
random nunbers to obtain the random nunber. 3. The

n@pﬁv@é}t%@@mﬁwee pbtheipinahvalupgwithiarthe legk o€ Mg N piacls;
t
7 [piRciile PARN EAR DL P M3 bRy A ol a%gg(gr%gélguw

onwth om nu

estabRshed biteks G(hlflhﬁfng(}fﬁﬁﬁ@@hﬁs a fﬁncti‘bnrﬁ”tt]imﬂveia‘g”e vaheadfithgingage
bl qck o (ﬁls with filmgrain, where Nand M '
bloc 4 TAR F‘ém ?reéli* man zero, conprising the steps

Ofblenrd a\éh xdliih megsreﬁe'g&d fﬂlfng ?ﬁﬁtﬂl&ﬁk WitRh cbrgéglpug&i g ?Lxgl in the

| east rameter that spe Ies an attri
imagébllonkgral n to appear in the bl ock; creating a bl ock of

M x N random val ues sel ected froma previously

established list of Gaussian random nunbers; conputing

an, D scRifeth@Padi8rdtA@ RSN ﬁfrtHePﬁchth\{h@ |s€2:‘ﬁl¥)f Qbcessing a
random nunbers; filtering the M x coefticients

look yretehletdontirfing randpe minshercio@bEs ﬂwerandm gfwben. by a
| east one paraneter in the received filmagrain
“information; conputing an Inverse D screte Cosine

Tr3a nsf qf}mlﬁéthé&ﬁ:cﬁtdmgﬂfcﬁﬂalﬁﬁl futthe egthpiigin € tHeStepSsToptildting
the pixel values In the block as 1ndicated by one

the l%kwﬁﬁ@hlé in adyanegeof flapgramgpimplagpy wathandeme ppmbers genegpaigd by a

eated bl ock of filmgrain into a pool of
rando?ﬁﬂim gr ﬁ%ﬁg‘lg (%cks -17-

4. A method for creating a block of M x N pixels with film grain, where N and
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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5. The met hod according to claim4 further conprising

the step of performng an integer approxinmation of a
woOr®sns41e9 Cosi ne Transform (DCT) and the | nverB&I/US2004/033713

Di screte Cosine Transform (1DCT) to reduce conplexity.

6. The nmet hod according to 1071 aim4 further conprising

the step of scaling top . and bottom edges of the

create f|| rai-n bl ock to hjide bl ock. edg
et hod %T?ﬁc?rglqg tg;claug &% GPmpTising tgf) s@p of per?ormmg an

integelt ﬁﬁ[ﬂ’oﬂnﬁ%oh t?o? afiDil Rl r(ﬁisﬁle"ﬂgr%%@ﬁ 0Ty 4Hd HE Inve ATk GER
the step of decodi ng a Suppl enental Enhancenent

Cosing dtansfram GRCIR ssedeccoamipdexiiyng t he at | east one
paranmeter. 8. Apparatus for simulating filmgrain in
an i mge bloeck of Mx N pixels, where N andM are

| Bt egemse gle@Rideiccdldail té%[a‘i?m @fﬁﬁﬂéﬂ SniFisidERe §tef) @F scaling top
computing the avera pi xel values within the

and bigraph Rz SRAOE Pk Blos graeblack Kuhice blogisenrs. a 111 m
grain block of Mx N pixels fromanong a pool of
previously established blocks containing filmgrain as

a7f uncThe metifodtdeeorditfy @@Rimal wherein thb siep BogRelvipcke ﬁnd grain
a random nunber; and neans for bl ending each pi xel

informafiondiithes camprisesithe pigp Af Becodina $qppé?r%fa¥fr @élbémmﬁ’gt
ey ] I arat us accordi ng
Infonit?%%clné‘%srgr?‘%erkf%ata?wegﬂla%ﬂqg%ﬁt %16 pt-[la é’(:el&gont ai ni ng random
nunbers to obtain the random nunber. 10. The net hod
cordi,n | ai.m rethelooku tahle is . V
gpul atAé’gaJiaH‘S AR ERtDE 1‘1?‘1%‘??156%?‘?11%? 13‘3? M Npixels, where
N md‘M%@@ﬁé@éfﬁtﬁEﬁeﬂﬁ&%@fbe&nﬂ%lsﬁ@ andom nunber generator.
. An apparatus for creating a block of Mx N pixels
wmehns forr pomypuating thalaeeregtofathel Mxgl ealies wighinshabloek ef M x N
1xelst han zero, conprising: neans for receiving filmgrain
P informati on that includes at | east one paraneter that

s pRand fo Seladtingld fillnb bitagh WIbck BE M k INThiZERIffonh @meRE & dboll JF
t he bl ock;-18- neans for creating a bl ock of l\/%) »

previquslygsteblished ddocks captaiming filangrainprsafugctien of the average value of the

image block and a random number; and

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

pixel in the image block.

0. 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;
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establ i shed |ist of Gaussian random nunbers; means for

conputing an Discrete Cosine Transformof the Mx N
whb@sk3wasy r andom nunbers; neans for filtering PCEUBR4/0$3713

coefficients resulting fromthe D screte Cosine

Transform by at |east one pgraneter in the received

filmgrain informati on; neans for conputing an | nverse
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OB P R RuliR 0 PR Bhod b 19656 B8 Sl
established et ob Gagsiasrahdsth @ainbeksby one paraneter in the

received filmagrain informati on; and neans for storin

t means fen eaupwingcaa Igmncrte Gositeal ransiaing o theddix Npladk ofrandom
numb%g.ai n bl ocks. 12. The apparatus according to claim
urther conprising nmeans for performng an integer
appasonfitterdng the M xN sedffitientCossuittng firamn sticoDivcleRATYsian d
he I nverse D screte Cosine Tr form (I.DCT), to reduce
Transtogmhvek Tyt O%Q#Werdaﬁ%rgpﬂgecﬁﬂﬁ% SR BRI AI0R; m
f Hebf\efor E%}ggﬁtg% b E8e MaRAse tleﬁné FRIns fm! o Qh@ﬂﬁer_e((ij set of

bottom ed the created filmgrain block to hide
coeffitienmtsk edges. 14. The apparatus according to claim

e AR e SR hRSubi G5 Sis U b
the reGeNEATAREA ihffrRGABE; .08 Nessage containing the at

| east one par anet er.
means for storing the created block of film grain into a pool of film grain blocks.

12.  The apparatus according to claim 11 further comprising means for performing
an integer approximation of a Discrete Cosine Transform (DCT) and the Inverse Discrete

Cosine Transform (IDCT) to reduce complexity.

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 information further comprises means for decoding a Supplemental Enhancement

Information message containing the at least one parameter.



