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WO 2004/104931 PCT/US2904/009491 METHOD AND APPARATUS

FOR REPRESENTING IMAGE GRANULARITY BY ONE OR MORE

PARAMETERS 5 CROSS-REFERENCE TO RELATED APPLICATIONS
WhHIBOdpiidSation claims priority under 35 U.S.C. 119(e) to U.BCPrswsionaks:
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invention relates to a te Fufafimg it

BACKGROUND OF THE INVENTION Motion picture films comprise
silver-halide crystals dispersed in an emulsion, which is coated in thin

cm%%g@%%ﬁ@ﬁ@ﬁmﬁﬂg%@m%gpﬁﬁppment of these crystals

orm the photographic image consisting of discrete tiny particles of silver.
In color negatives, where the 20 silver is chemically removed after

develapmanh gy plahs stavs Bﬁ&w%@é‘tﬁﬁal@b@f%@%b{ﬁ%ﬁéﬁfﬁ&t

form. These smalls specks of dye are commonly called ‘grain’ in color film.
ADPHSHIAn SSFBLMO G AL 2 B b A0SR AL BB Ses SpeReporaicd

heref@andom formation of silver crystals on the original emulsion. Within a
uniformly exposed area, some crystals develop after exposure while
others do not. 25 Grain varies in size and shape. The faster the film, the

TECHNEAher8HInps of silver formed and blobs of dye generated, and the
more they tend to group together in random patterns. The grain pattern is
typically known as 'granularity’. The naked eye cannot distinguish
indiithuaregtaingelasicly eappiemeO0dreting fpogtan002 mm.
Instead, the eye resolves groups of grains, referred to as blobs. A viewer
identifies these %rou s of blobs as film grain. As the 30 image resolution

BA%@&?&%‘I@@@, e @ﬂmﬁl‘&f the film grain becomes higher. Film

grain becomes clearly noticeable on cinema and high-definition images, '
whereas film graj rogressively loses.importance in SDTV and becomes . .
mPAPCEBATETS LIE PR AE L G HIEAA N RGBATR, RS, which is
coatédh agidépendentitisdsssullingeeitharérond theephysinabpbaessvtals form the
X r g V€ ent.of the .photographic.film_ or from,the . .
P e R A AR et yhore e
sitveshaeheridatiy wmevadaderdgystaamews tiny blobs of dye occur on the sites where the

silver crystals form. These smalls specks of dye are commonly called 'grain’ in color film. Grain
appears randomly distributed on the resulting image because of the random formation of silver
crystals on the original emulsion. Within a uniformly exposed area, some crystals develop after
exposure while others do not,

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
grain pattern is typically known as 'granularity’. The naked eve 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 images, whereas film grain
progressively loses importance in SDTV 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 subsequent

editing of the images. The photographic film possesses a characteristic guasi-random pattern, or
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-1 WO 2004/104931 PCT/US2004/009491 texture, resulting from physical

granularity of the photographic emulsion. Alternatively, a similar pattern

can be simulated over computed-generated images in order to blend them
WIgiopHEgedgraphic film. In both cases, this image dependentODisE2i84/609491

T R Sl e IR B DRl g

similprouices visUusl cueddiedideci bmt@utaelwmatqdemegﬂmﬂ ofder to blend them with
mensio t S0 ten varied wi h|n single film to.
phot(%gr% %‘e s ﬂ)a%) ﬂﬁ &R Elﬂnm% % e¢1 S yvatied it ?a 0% ﬁr mfhérmte often,

various C ues as to time r ce, point of "view,
modeEsshisidt e psensedesinblodentegi mapE e rirsutes.diirs g instiones, the film

gram[ﬁ M&Wﬂé&ﬁ'ﬁycuﬂ‘&EEJ?&&{H&%E%H&J&%&@&B%%RB‘%@Bﬁﬁe%f!?ﬂ@ﬂﬁ%ﬂxes Film

roughout image processi E%E}?nd delivery chain has become a
grad?éﬁaf?@m‘@m%%%ﬁmls A9 RERISHS VR0CZR GBI doin Rfdielipyence, point of

vzewah’@”@@ﬁz?'&ﬂékcﬁécﬁﬁitﬁim aRaliline Ot s Eiating Mg 3ifn QB8B4G the motion
) @#H % %?6% ter -generated object into natural scene. Cineon(r) from
PICTEE SR KOFAR E6; HS%%@W%%%WH@W%&HQP&%W lmage
procaeplicatibiditeinan eat gadmsinedatiomeptoneemvecy ealiss mmuljzs
forumany, grain types. Howgever, th n(r) application does.not
o B B G R e R B A A i
oﬁe:dagdnadmlpegmwpghem pifoduoe@ fapthiigiscprin Siweseitings. Eastman

Kodmgiomgs%m%(ﬁ)oﬁip glicaionefalls Eﬁgﬂﬂ‘ Rle, g ﬂ'&ﬁ\gﬁg &%ﬁ%‘”?ﬁ%‘“ grain

fidelity when images are subject to previous processing, for

simulgiign ress tHayifalsdcareuds fredsn Higiem yywﬂﬁcéﬁg@avmn@m&nw@

apph@@ﬁ@ﬁ‘&é@ﬁjatﬂrﬁé!t@EH&ﬁtM&f@& ﬂ@m Sl IR SHIGE BEEM JEQMhe noticeable
Visual Infinity Ini&?’? which is used a -in of Adobe (r%:After Effects S.

diagopLSEiRThH BurBHPRNPLE BRI AHELREB Fansriiassy ikehits ghad Biyon®
applithecin aisgetstitdid cynam witherk:qhhis @pphigaches uffegssfiiomiubject to previous
rocSRgVA o?tc%%e ol fgh uf:ﬂQn ional &«9”‘ L%X%ar nafxthesegs
PO ees Solves the pro Biem of resto ng rain i cormpressed video
resiorsioTEoRimeTfial rpmh@tlth@é@mw@mfféqlgnuqu @asméndgmym from Visual

znfmﬁ'il‘?ﬂ@”%@ﬂ&? xgl?s%%%g&%?g%%%&é&é'@%%%ﬁ%?%'thQ %ymgzt% Surgery™

conventional spatial and temporal methods that take  advantage o

prodpstpigarice sIpctate vidibese grip dudiaren pectoproviess fivmbsryi Tt dpproach
suffe N AgRSHARAMBES- zmgﬂwnwg@ohh?&én%&?é&ageSSIOH techniques
usually result in either an unacceptably low degree of compression or
complete loss of the grain texture. Thus, there exists a need for a
teahsng e desseapRieSendings thevitnhgaiobeda IeCieNistas film grain in compressed

video restoration. Film grain constitutes a high frequency quasi-random phenomenon that
typically cannot undergo compression using conventionai spatial and temporal methods that take
advantage of redundancies in the video sequences. Attempts to process film-originated images
using MPEG-2 or ITU-T/ISO H.264 compression techniques usually result in either an
unacceptably low degree of compression or complete loss of the grain texture,

Thus, there exists a need for a technique for representing the film grain characteristics

through one or more of a set of parameters.



30 through one or more of a set of parameters. -2 SUMMARY OF THE
INVENTION In accordance with a first aspect of the present invention,

there is provided a method for providing film grain information comprising

the steps of. characterizing an image information stream to provide
dotenvhaRanomdicative oEMT@rain within the image stream, the film grain
information including at least one parameter among a set of possible
parameters specifying different attributes of the film grain in the image

strean aetwaaiiag e il firgraipednio thaatieonfonsuwhseg betd ia RsMigstoNmethod
fIor][] acco idg@ﬁr% W;ig‘na %gzcoar‘gldnacseg)ect1 of ﬂlﬁ prtesen{;_iq]venttign,. there is

provi sd’8h ap?para'ﬁﬁs%’r porow&iiﬁésﬁﬁ% gfr:aslﬁ},3 %gm%r%iaﬁg?ﬁlr%% H&dfetor
icharatter gtipgrao frage idformatiomdteamadiroyide mibimatidnagt filmam, the
fﬂﬁ? a%ggmﬁg&gﬂ%gcquﬁgﬁ%%ea%eoﬂg m{gpa%%ﬁﬁd%&gt%g‘ﬁ??gﬁé% Aarameters

parameter among a set of possible parameters spetifying . _
saesibine sibere ftiiyraseirhedinrage sribaimassconanmennesieadorlfiig grain

- ithe-filmgrain sinRimationionauRsequent transmission. Briefly, in
accordance with an example embodiment embodiment of the present

princiBIBLCHABAS Sy Bifea™s ASBRFGUE Fa ST A I RBITn tFEGrS Pqyided an
FMethod LeMReNeTInY chial ALeHiEIIG I iREGeHI GsMAHNN SRR Stabe
.as for example, a videq stream contaipjng a . film jmage, to provide
RO TR AR SF AR Pat TR The I RBAA S (e
isfogamiofl heliing minanformationeiaciudes; atsieasposdhiapameter aspanitying

f ible -parameters specifying different attriputes of the.film .
B B R PR fym i
igigysetRe Rt trersMisSioArBRIEM DESCRIPTION OF THE DRAWINGS

FIGUREAIySIEaLes. A RI00k Sadtamotalitstambadimant-of G Sesiem i

accordance with the present principles for simulating film grain in

PEBEH R AR SRR ITE BT e PRI s¥nuiaing Rim i Fhtsaahpiorgmmences by

HIRERANR]A BeLe | ?ﬂf@@ﬂbﬁ]@ﬂfﬁ%&:@_ i DfsAcBYRIRMelh: é@@d ,@@a’ﬂ@l@hﬁﬁﬁmﬂ%ntaining a
resent prinCipies 1or. simy atln Jim grain in_accorc anc:e_W|t I e present .

ETpREste a@&%&tﬁ%ﬁ%&%&%&w OB R ARGAR I fif drage information
sembodimdinafasistemativacctidenadewitththeapreseniponeipiesoifossible

simulating film grain.in accordance with the present principles. .
parame%rs eci g’xg B A ST RS o?ltlﬁe H}m grain in the 1mage stream, The film grain

information is then encoded for subsequent transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE ! iliustrates a block diagram of 2 first embodiment of a system in accordance
with the present principles for simulating film grein in accordance with the éresent principles;

FIGURE 2 illustrates a block diagram of a second embodiment of a system in accordance
with the present principles for simulating film grain in accordance with the present principles;
and

FIGURE 3 illustrates a block diagram of & third embodiment of a system in accordance
with the present principles for simulating film grain in accordance with the present principies.
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DETAILED DESCRIPTION FIGURE 1 depicts a block schematic diagram

of a first embodiment of a system 10 in accordance with the present

principles for performing film grain simulation in accordance with the

present principles. The system 10 includes a Film Grain Remover 22 that

serves to remove the film grain from an input video stream 12 to yield a

filtered video stream 24 received at a Video Encoder 13. Film grain

removal constitutes a particular case of noise filtering where the noise

signal appears correlated with the image signal. Thus, the Film Grain
DETRempverg2reariake the form of a classical image filter, although such a

filter will not necessarily provide optimal performance. The Video Encoder

13 encodes the filtered video stream 24 to yield a coded video stream 14

fOFIGUI Bliepidisl ecmaﬁc@ﬂmﬂa&&hﬁ&@m&sﬁ&@ SassHRteamatovigld 16 1
ecod clgwdeo stream he Video En g_ der 13 and the Video

A6 der 1B R e e SamaNi e%f‘%‘88i?f6 PeRHRT iRrfGeARGRRCE With

the pmzamplexammswmmawmﬂg Eﬂhe@lam(ﬂﬂﬂamlﬁﬁﬁb&v&'% Femove

o th ype. of block-based c
toe ﬂﬂénr%gdﬁﬁé%&gn%?%! daerst at uti ze%t e }\%éjggcnfan ?Hétﬁ%a%ri%zt’ed aa
VideasEneaaet Iéreﬁ}émmzmmoefd W@W/&@ﬂ@@m&@ﬁyuﬁwﬂ%éﬁéwhme the

noise IRRSYSIRM1QR304pG IS & i gz:lga (D Gﬂﬂf@%@%@? ih fe%%ty >

the input video stream 12 and the Tiltered video strea

the fogmy abactiessitrl iTReerAce @Arhméahawa@rrﬂ@rrmiba@pg@eaam@ssagade optimal
perfoﬂﬂ%@iﬂaﬂtﬁi reteisathiaqs BeRiBdRassFueaksaNang A g %&Eﬂ&ya%oéed video

| for smulat*r;%ﬁ? in, as well at least one of a set of several

s AP A S Bl oS ARG B aelémdecodsd
video pamméﬁermﬁﬂﬂeﬁsﬁydée pandenhe DaimmBiaisiss e By ierdentiietheo coding

Schemm&ds]e ®§1 cussed ] gl%talg below LFgara eters, in th@eﬁ%? cﬁ%gé?{:ré?ﬁﬁ’ e the

message enable sim Ulation of the ong
*ﬁﬁéﬁﬁ%ﬁtﬁ?@métﬁmm ethsmyiber of bfdtiemedmﬁrg, Bridohwtand
I t D Fe if na model is
T ARl A A R

embodiment, the Film grain characterizer 23 generates the parameters in
accordance with a model based on the physical process of exposure and
development of the photographic film or upon processes added during
the subsequent editing of the images. Following generation of the grain
message, a Film Grain characterization information Encoder 26 encodes
the message for transmission to a Film Grain characterization information
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15 Decoder 28 in-band or out-of band from, the encoded video stream 14

transmitted by the Video Encoder 13 to a the Video Decoder 15. Both the

Video Encoder 13 and the Film Grain characterization information
wonmodes426 use the same encoding scheme. Thus, for exampteusmaos49i

the Encoder 26 utilizes the ITU-T H.264 video-coding standard for

entarifveictd ¢ aliedogitAes mlfilenSratérirataeriago i R mesaiwaniizanay video

strearll@i® Ahe frmetdhe ik arain 20 SupplansptabEnhancementanfomation
(SEI) mess%gg as defined in the ITU-T H.264 video codlng standard. The

Char%éﬁ?ﬁl@fa%% PERROSAGH: RATTRS FeRTE8dR 208 HaD HISSTHEE (hfcpntains an

identityoOiaiipdaIEcsagaiiiig yieid, asdecndedAlro@ o chasastoszaparmmeters,
format n stream 2? for. mgut fo a Film Grain Restora;?é‘n Processor 30

inchu IR R AT R BT RRLY SHSPSSRSRER 3G Wi 28 Bkt Re pRendent
pararfittergnasied Withte moddldedensididd As thecgssad mdsmkj@mng)p@mmmfs im the film

grain pespde.InineAlsaace Al Hantication ol ihemadel the %eﬁsaﬁ%ed

assume a ewise, |n sence o E‘CI
modﬂbalh@itﬁ apefuengammbiae Rh@m@éésas@f@@wml@sm@mw VaiRsEng

paran@lN A RAUANE RS IR RIPESIRFEH SNPAdIme Nl oHe BFAMLMESEAY82eMd. In one

FIG. 1 will gﬁlcally include one or_30 more correlation parameters

embadimeitlify SHRSIAEHRIAHEHZ R SRR, LORFERsRERiigirearfgnee with 2
modeTaa@s@bfﬂ @@Waﬁ@npﬁa@da of SapspARIMBRIRIBISRIR U GRRIREDhic film or

Spatial corﬁ%%ogn -4 \{%\{O 004/1 0 (331 PC% US2004/009491 In an
UPon B REREAY dithents FAGit&fAtion of the film grain
in Hodospag gbodomiain mfahdmmonheheagwﬁamdéstm nigapatarireten Spatiadtion
Eucogorﬁgl%&%elﬁx S&%%é%r %&Bls%%ﬁhaé e deiermines t&%n%{?o% rmation

secon order uto regression model and a convolution mo or

Decogies Bpatbir@on ekitioibané Heseribrennedeinafies. sgmpé"émmmtﬁééw@he Video
EncofilP 182N Shovid APPEAISOIRO NG WRRlGal irFaciarstics BathdRh

and Y direction. However, mgractlce the film graln actually cansmgpear

charagiraiesian ﬁf&ﬁé‘%f’é‘&%‘ﬁ FH-GriE PRSP RAIRETIET e al &t P emple,
wherl 6e0BliRGcs UcuaRARQNSIT BRRIHOPhiGdplies DinotrasliRiedesenil the coded

film % in cﬁ acF%rzgllgt r%[?osr%?atygg %Qe@n?%%“na% Eaﬂgt %a%m of the film gram
I ISIVATE epen

Supplemental Enhancement Information (SEI) message as defined in the I'TU-T H.264 video
coding standard. |

The Film Grain characterization information Decoder 28 decodes the coded film grain
message 27 to vield a decoded film grain characterization information stream 29 for input to a
Film Grain Restoration Processor 30. As described in detail hereinafter, the Processor 30 will
simulate the film grain with a model identified in the grain message using parameters in message.
In the absence of the identification of the model, the Processor 30 will assume a default mode.

Likewise, in the absence of a specified vaiue of a given parameter, the Processor 30 will assume

“a default value for that parameter.

In a preferred embodiment, the grain message 25 of FIG. 1 will typically include one or
more correlation parameters specifying Spatial Correlation, Aspect Ratio, Color Correlation, and

Temporal Correlation. Each of these parameters is discussed below

Spatial correlation
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parameter representing the aspect ratio factor will complement the spatial
correlation measure. The aspect ratio of the grain blobs is specified with
at least one parameter. 15 Color Correlation In accordance with the
Vieresertopeinciples, the layer-dependency of the film grain in gotorsimagesis:
"~ is represented using color correlation. The measured color correlation
dele AR HE Y FEPEaRIB Hintltst nassr St e RAGH SREBIEd  dngtfdlp grain in the
spatidnpliasithaharainddabs wieaierkie he 2:diffatent soler dayaisdand oY neasured
_overlay each other. Copsequently, a viewer will perceive the grain as
Spaﬂ%?o%?éﬁfa%fhf&ﬁ%}&%ﬁ%&%ﬁﬁ%ﬁﬁ’ﬁ%ﬁ% méﬁﬁff@rﬁarﬂmﬁe B tbipde! and @
convehmionsdt] depaad pnidtfierebldocaradeseitisd hethisafiase, a viewer will
perceive the grain as monochromatic. 25 Temporal correlation The
temporal correlation of the grain in sequences is represented by at least
Aspegh&apmrameter. Grain by itself cannot exhibit any temporal correlation
between frames, but the introduction of a parameter representing
temporal correlation can help to simulate other observed 30 effects ~
calfisal o yitmeeetinishy GtARP AR SRIENDECi disipncabeharrsisis s bate in X and Y
direcBERV I BRI FisGHS oL PArMNRIBI SYARAseAtNEIhe Henandancy Bf 38 diection,

film??r.ain with the film im%%e, a need exists to represent the intensity of

BReLARRRGOs (90841 AT T PETIHE A5 0RI0156 48R q R tics or non-
squar@belefpEReantes that thaginatmivenEinngiritn Nuisesiaie aitihaarivaiydaiendent
each color ctongnent a”dt""i'%a%‘&?e;{}% on th?efilm{i@hage.t'.l'l?e intc?ntsita/ I%f
P S CRtermines e TeVel i Which HoSe 18 perceved in the image. o ure
The Spralligrmiciitiegsity Bebisispediicd wrtialtVeziabonpanartiseeoriginal image
and hardly appear noticeable. High intensity levels become clearly visible
as 5 peaks superimposed in the image. Other Parameters In addition to
ColomEqgraglitieters discussed above, the grain message can also include 10
parameters that identify the color space in which to add the film grain, and

the blending mode used to blend the grain with the video signal. Note that.
a dRIEATREOY A AR RS O AT B S t B LA Rt £ SRR Shify flm grain in coloc

image® e peestinanithingiferenirielensity Tvatscafithe tivir@gaations determines the
pei'ceived tint of the grain. A weak color correlation implies that grain blobs created in the
different color layers randomly overlay each other. Consequently, a viewer will perceive the
grain as colored. A high color correlation implies that the grain blobs on one color component
depend on other color components. In this case, a viewer will perceive the grain as

monochromatic.

- Temporal correlation

The temporal correlation of the grain in sequences is represented by at least one
parameter. Grain by itself cannot exhibit any temporal correlation between frames, but the
introduction of a parameter representing temporal correlation can help to simulate other observed

effects caused by the editing of the film.

MNoise intensity

In conjunction with the previously discussed parameters representing the dependency of

the film grain with the film image, a need exists to represent the intensity of the noise arising
5.
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well known for example that film grain depends on the local intensity of the

image, and that different color components can have different grain

depending on the type of film stock. 15 The film grain characterizer 23 of

WeI®@0d/earigenerate different sets of parameters in accordarce/vsthdigns491
~intensity levels of the image. If desired, the Film grain decoder 28 can
fromife R RO AR RS TLAGHRN IR TR T Y f@mior each color
compigErCaadmoioibpsansiiar Mkihedidy drednmbaectariaticeal d¥denites the level in
b {'lnterg)ret the %f"t ?gfig%{gmeterssthel iim Hggratin d.(tac?de 28 must havepa 20 tions i

WhICY BLREHBIT O The moder that geRerates the parametard e Nid&atang aions 1o
the ohiginad inriage rradeirdbnaye spetified) ¢thdighaningimatheinbtisahe clearly visible as

N akg‘ilf‘téﬁ?ﬁﬁh&?dmytﬁé%ﬁ seful. First, the decoded image pixel value at
P |maDge position (X, y), color channel ¢, and frame number t is represented

by I(x, Y, c, t). For convenience, assume that pixel values are scaled to
GthdAE-asipum value of one. Further, assume an RGB image

representation (c =1, 2, or 3), although this model can be directly 25 to

monochromatic images and, with obvious -modifications, to YUV

rem?a@mlam? .Mmm@a@iam%@mmm@mﬁmb@%@eﬁfmw%mde

each pixel yalye to J(x, v, c, t) where J(X, y, C, t) IS given by t .

Paro I RDIGE T 0§07 Pk D iy B o) s iipg moce

used Itc(hi@n_d)ﬂ& grmeas_&remmmalsiigtmsw uim_tthmti erwkrapols&(oﬁ gam;_m;th(s)(pwld be

nansfytgeeclflﬁ)?seggﬁ N é"é%e& 0 t%pf%r;’%ﬁk%}%ré%pl @n%ﬂé?f'%&ésoﬂﬁ%eﬁlﬁne i%]ggse. Itis
uminance, or a weightéd sum of "Intensities I(x, Y, ¢, t) over all color

well khairndhs, eeundy 20041104081 emdSo0 0/ OBl ey etdkiv@agodal tat
diffeVEDRY EMBIMN(LYIR RRRIGRHALEWRER AIRaaHD 'aﬂqﬂgf@?éiaf a8k,

used. For linear scale, the model of equation (1) can be replaced by the

folldWiFgn R RaRTE R & (*fé?a?x?aﬁ gengratg differentpets phogggmgters in
accoﬁahiﬂs(%iﬂ& ﬂ?j&) iriﬁlgﬁf?%(\j%ﬁ @f:]&mf\lﬁi@éﬂa %ﬂﬁfﬂi%@%@fdgrﬁﬂ e detisier 28| can
. implemented wi end on the format of the deco image. In general, . .
it P LSRR S AT SR R B A i SReBr Ja iR tmooth tansition
of thédﬁkum@gg‘xddmab‘esismme examples of different kin_d of models for

?XEB%:%%? @ 5Lt ARABAIESHACHLBEE WD HIERESR Thust have 2

Invention. -
specification of the model that generates the parameters. To understand how such a model can

be specified, the following mathematical relationships will prove useful. First, the decoded
image pixel value at image position (%, v}, color channel ¢, and frame number t 1s represented by
I{x, v, ¢, t). For convenience, assume that pixel values are scaled to have maximum value of one.
Further, assume an RGB image representation (¢ = 1, 2, or 3), although this model can be directly
to monochromatic images and, with obvious modifications, to YUV representation,

With an additive grain model, grain simulation changes sach pixel value to J{x, v, ¢, )

where J(x, y, ¢, t} is given by the relationship:
(1) xyot)=Kx ycu+GX y ¢t LKy D)
where L(x, y, t) is a measure of local intensity in the image and G(x, y, ¢, t, L{X, y, t)) defines the

grain value. One possible implementation is to define L. as luminance, or & weighted sum of

intensities I(x, y, ¢, t) over all color channels.
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1. Autoregressive simulation of film grain pattern In an exemplary
embodiment, a second order auto regression scheme can be used to 15
model spatial correlation and a first order regression scheme can be used
W0 Wigdekerpss-color and temporal correlations. All correlatipaifastong/ 009491
"'de&gnd on intensity of the decoded image. Horizontal and vertical spatial
co

Pt TR E ) YRR A B RPB ShSTA APRIRE R T At Pt o ar Uifpnsy intensity

scaleSlHGR&O Bl omsatheale) @wingdaroiWguuibyiglfl sy aeR @iy idUBBovihe

(2%. G(x, ¥, c t, L) =p(c, L)*N +q(c, L) * (G(x-1,y, ¢, t, L) + A*G(x, y-1, c,
multphieatve QA A’ (G(x-1, y-1, ¢, t, L) + G(x+1, y-1, ¢, t, L)) + s(c, L) *

(G(x-2,y,c, t, L) +t A*A*G(x,y-2,¢c,t, L)) +u(c, L) *G(x,y,c-1,t, L) +

v(c, L) * G(x, Y, ¢, 1-1, L).25 where N.s a.r m val ith normalized

Gaussiarclié%tribgu(ﬁb?ﬁ ?&?s’a&dﬁéf&l\lﬁt p?}e?ragsj%égt Cr’;tlt%\{g(p,yqr?%?'s, u, and v

are correlation parameters. Parameter u is always zero for the first color

whealaDElaaRddEe DA KANS @ MQS&EQQ%E?JI%%Q%YF&%M%%J Yormat of

out of range. As can be seen from the structure of equation (2), grain
the dpapdsd faregcyive gsacelisaig oy Sooseis e REmdH drastior slcmasegum pixel value.

rechs iy wipaReeraLhe e ARE & aifrialiesn Shreeibieal Yor ERMREg & set of
are calculated in order of increasirig-frame number (i.e., increasing t).

parapRiERh B ACRORARRE VeOIdP AR £ 8F8E 8sing occurs in order of

increasing color channel number (i.e., increasing c). Within each color
channel, pixels are rast{erized PP izontall %pd then vertically in order of
N t . :
|nc?e§§%088§r g?lsdvﬁ When tis orlggﬁga%%gw%"a, all grain values required
by equation (2) are 35 automatically calculated in advance. -7 WO

20944104931 RGO HUIR2004H00042  Vnaer %@q@gggemms%%gi&@d to

rasterization E)roves more practical, i.e. pixels processing occurs by

modeltaakiak S e aH LR Glds OEtFE AETRSYWIRhERt ren DL HEPE 1R denfiebereRs-color

and {EhiRR0BbHRIBYIRYSIK T alsialeshvalies: R4ddd Siatinéitd .déliv BeokddNmage.
+ qgc L) *(G(x-1,y, ¢, t, L)+ A* ?Q( %/-1, c, t, L)g +r(c, L) * A* (G(x-1,
Honﬁgfyaé 'aﬁic}_)rq;‘t@&g‘f’ag}gjl ’cea’"rﬁlitﬁq_ attofs are relateéd by a constant aspect ratio factor.

Under such conditions, the following formula will vield simulated grain values,

2y Gx,y.e.t,Ly=ple, LN+
gle, L) ¥ (G(x-1, y, e, L)+ A * G(x, -1, ¢, t, L) +
e, LY* A *(Gx-1,v-1, e, t, L)+ Gx+1, v-1, ¢, t, L)) +
s(c, L) ¥ (G(x-2, ¥, e, Lt LY+ A¥A*G(x, y-2. e, L) +ule, L) * Glx, v. e, Ly +
vic, LY * G(x, v, ¢, t-1, L) |

where N is a random value with normalized Gaussian distribution, A is a constant pixel aspect
ratio, p, G, 1, §, ©, and v are correlation parameters. Parameter u is always zero for the first color
channel, and the grain value G assumed to be zero whenever any index is out of range.

As can be seen from the structure of equation (2), grain values for a given pixel in a given
color channel are calculated recursively using previously calculated grain values. Specifically,
frames are calculated in order of increasing frame number (i.e., increasing t). Within each frame,
color channels processing occurs in order of increasing color channel number (i.e., increasing ¢).
Within each color channel, pixels are rasterized horizontally and then vertically in order of
increasing x and y. When this order is followed, all grain values required by equation (2) are

automatically calculated in advance.
-
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s(c, L) * (G(x-2,y,c,t, L) + A*A*G(x,y-2,c, t, L)) +
u(c,L)*G(x,y,c-1,t,L)+ 10 v(c, L) * G(x, y, c, t-1, L). Implementing equation
(2) or equation (2a)) requires certain minimum decoder capabilities. First,
wiheBdne43rain Information decoder 28 must perform all calcetatiosmagadosot
“time. Second, the Film Grain Information decoder 28 needs to keep a
nuifindar GEp A IR EaRsRa e iRy aTirasorPIn iefaRm R P8P iakid gllpixels
proci2APIRNE 0L IELBREAAL @HEE?%UQ{&K'&S'S@%B{%EY% RBWBLIRRSIAL) §¥’i‘$1t modification

(Za%g, the Film Grain Information decoder 28 needs to keep grain values

10 uge PR YETGYREURY SRHAed BAiFSthis perspective, it is important that the
model of equation (2) allow gradual scaling down requirements with some
degradatign of fidelity. A system with slightly lower fidelity could ignore the
last (temp(g?ﬁl) t ?ﬁ?gﬂ’ éqtu anfﬁj. 5‘0ing so would eliminate the need
to lgwd an deigitignatfraierbuffab o, kekp.grdip) values from previous
frame. Fuyrther cost savings would tesylt by, neglecting those terms in
equ Cfi%% 2) thgﬁ?%efpgn%%dr%’gzﬁg%b%ﬂg 1soC ’gﬁe[ﬁ%)lt?weﬁes need to store a
secthd-preigus rovein. temdry ArfdStedrdes. niukiber of calculations.

Neg&gcﬂg‘ug g@gg’r\ggllggrigl@tions described by terms with r(c, L), and so

on will achieve'a further reduction of complexity. The lowest quality grain
simifater *SBwil-fsé& brily-white noise term. Whenever a term is neglected
in a scaled-down system, a benefit occurs if the Film Grain Information

decoder 28 adjusts the remaining parameters sq that the effective = ., ..
T R PGSR0 RO A PHEDY S TRAPURHBLOFFatig sRpabilities.
Firs(nisEipo Gehn difmindien semaa? theysvyeuiorin dlfuladalions real time. Second, the

Filni éer’qnefg atiot?oOf Qc%cﬁgro ??{%Egﬂp%dj{%g bél neu%]ugetioor%%;v;léﬂgl S%@%Xé@ed grain values
adjustment should occur for the Tirst rows and colunns o ea%h rame in
in nitrecapsSnecibfalie tavaititiiytotapettserprisiiond grairrvigiues: Fvations (2) and

2oyl 8P UG MRdRleaPedissin equation (2wl BRCAME: tHEI previous frame. |

apparent by setting parameters p, g, r, and s to zero for all but first color

lor,
Fromalimersasits Stimpaedhy Bemadaicaratiey 1 alloy gedupiseriing down
requitehesRAGIIDAS e ainibecemesepmpletely 0 o WO 2004/104931

PCT/US200:}5/8\&)94;&#1 onogiléo matic. This s%t &1”3 hara eters alueshtiaenuaﬁon .
(o<t BT AR oY TR L e e et emporal erm i esation 2
Doing so would eliminate the need to have an additional frame buffer to keep grain values from
previous frame. Further cost savings would result by neglecting those terms in equation (2) that
depend on s(c, L}. Doing so eliminates need to store a second previous row in memory and
reduces number of calculations. Neglecting diagonal correlations described by terms with r(c,
L), and so on will achieve a further reduction of complexity. The lowest quality grain simulator
will use only white noise term.

Whenever a term is neglected in a scaled-down system, a benefit occurs if the Film Grain
Information decoder 28 adjusts the remaining parameters so that the effective first-order
correlation and even more importantly, the autocorrelation (noise power) remain the same as they
would i a full-scale implementation of the model embodied by equation (2}. The same
adjustment shouid occur for the first rows and columms of each frame in the absence of the
availability of all of the previous grain values.

The flexibility of the model embodied in equation (2) will become further apparent by
setting parameters p, g, I, and s to zero for all but first color channel, and by setting the color

correlations u(c, L) for ¢ > 1 to 1. Under such conditions, the grain becomes completely
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out by previous YUV 4:2:0 transformation of the color space. For a set of
three colors, the model of equation (2) describes the grain pattern in terms
of a group of seventeen parameters for each luminance level, plus an
waspwetiratits that does not 5 depend on luminance. Luminaneesdesmendentol
~ parameters can be encoded for several fixed luminance levels. The
monerbEeaaticvill Hisk Sbre pmusRetaiecs sRedefsTiRR drmedrater eRinnypesions washed
out beYRIside A Paranaters Aehebharenodambrapsesented exactly in the form

of equation (2). For .example, any gne-to-one transform of the parameters

col e Gbie RO MHEFLA SALBIOR GGV Mty FEVER in terms of
a groopufisbesned faraliffensfoperdnieteimanddifiorias intespelatiomn that does not
sepeRlEmEs coUd Besed, 6. 2. Gonvolution n (e spalal dmanie. ) frca

PR OIAtE The Tim grain patterr? T TR another exemplary empodiment, %}16
lumifitmeg tavalpafiberdeerioevsihintatpel ¢ rroaveein o 2lusefaofingrdediate luminance
}evelﬁ_umbe'rs x by a linear, time-invariant, digital-filter h defined in the form: (3)
= (ho, hi, h2, h3, ... h"). 20 This states that the filter output simulating

fil PR BI R RIS RO H VBN ISP FERECTARGE SAATHWIER threfarerahsgusion (2). For

exarfSRPANSEIR(D-ohe (anidim S Bariliedots" Al DA 0GR BAURTDN e set of

yields a simulation in one dimension, a two-dimensional pattern could be,
HaRERBY SR eHMRG s kR AL S PRG VB BRI RS Hon
schefiFensi®be ddagletsuch circumstances, the coefficients of the filter should
be transmitted in addition to the aspect ratio factor. A Film Grain
Information decoder 28 with limited capabilities can limit the spatial size of
302he cofimiutibrtite inclhodnetialifloresintin malets t filEmoBinpdttern
processing power requirements. 3. Filtering in a transformed domain to
simulate the film grain pattern -9 WO 2004/104931 PCT/US2004/009491
AstaigruBeeerprariRsy sTbesHveninee then sisinsatiesp srskesiaulred pywgnvolving
a setdSRLALEARGARRUMRE S Jesamshanelae cabadilmeranaaites Gdhim:

same operation can also be ‘ :

refe

(3)  he=(ho by, ho b, .. Ba)

This states that the filter output simulating film grain y(n} is the convolution of the input

x(n} with the filter impulse response h(n}:

(4) yn) = i x(Dh(n— i) = (x*h)(n)
i=0

Although equation {4) vields a simulation in one dimension, a two-dimensional pattern
could be obiained by concatenating the vertical and horizontal convolutions in one dimension.
Under such circumstances, the coefficients of the filter should be transmitted in addition to the
aspect ratio factor.

A Film Grain Information decoder 28 with limnited capabilities can limit the spatial size of
the convolution kernel, which will result in decreased memory and processing power

requirements.

3. Filtering in a transformed domain to simulate the film grain pattern

9.
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described by multiplication in the frequency domain by the Fourier
Transform of the impulse response H and the Fourier Transform of the
set of random numbers X: 5 (5) Y(u) = X (u) - H(u) Filtering in the
witeruemeyrdomain affords an advantage because it is computatiesadys 009491
faster if a Fourier transform of the image is available for example as part
of AR BTESIARTEs SRIN phiRe e irpRRits TWRRy S8t BfWsrdhvetBisset of
randyitldesisatisfenieharasuiisdthecpiiasenihipagendapensent HaisseRRdRG be

in accordance.with the present principles. These parameters assume an
dese b B TR PTG CEAAG QTR e hGHIe PGB h R B awpulse
respovoelid bedrdpresentedran fomilef tabiesollGrdotomspaees garithmic RGB
Blending mode: additive Aspect ratio: 1 Number of intensity levels: 3 20
Parameters for the R component: qruv p level [0, 84]:0.1.010.00.2
0.02 levels) 85,1687 =0X(:01/(6)0.15 0.03 level [169,255] : 0.3 -.01 0.0
0.15 0.05 25 Parameters for the G component: qruv p level [0, 84] :
0.30.00.10.20.01 level [85,168] :0.2.01 0.1 0.15 0.03 level [169,255]
. 0 Hitoingip ©afx@B5ueD durametérsitomthévBntagnpormrst i s gompuletiehally

faster & SRt Rinlo? tgepgnage is available for example as part of filtering or

COMPIession process.”

The following set of parameters yielded satisfactory results to represent image-dependent

grain according in accordance with the present principles. These parameters assume an
autoregressive method of simulating grain. Parameters for other methods would be represented

by similar tables.

Color space: logarithmic RGB
Blending mode: additive
Aspect ratio: 1
Number of intensity levels: 3
Parameters for the R component:
g r u v P

level [ 0,84]: 0.1 .01 0.0 0.2 002
level [ 85,168]: 0.1 .01 0.0 0.15 0.03
level [169,255]: 0.3 -.01 0.0 0.15 0.05
Parameters for the G component:

| gr u v o}
level [ 0,841: 0.3 0.0 0.1 0.2 0.01
leve] [ 85,168]: 0.2 .01 0.1 0.15 0.03
level [169,255]: 0.1 -.01 0.2 0.1 005

Parameters for the B component:

g r u v p
level [ 0,84]: 04 .01 G.1 0.2 0.02
level [ 85,168]: 0.1 0.0 0.1 0.15 0.03

level [169,2557: 0.1 0.0 0.2 0.1 0.04
-10-
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level [ 85,168] : 0.1 0.0 0.1 0.15 0.03 35 level [169,255] : 0.1 0.0 0.2 0.1

0.04 -10 WO 2004/104931 PCTIUS2004/009491 Correlation parameters

not shown in this table are set to 0. After specifying the color space, the

Welenglingimode, the aspect ratio and the number of intensity plewreledos/009491

which different parameters are defined, the film grain on each color

component is 5 encoded. Note that only the data in italics in addition to
Cordanen| prsinfinitensityjhinfon iretidntiisis see he tbamsmitted. FIGURE 2 ‘

i 0 [ t,.10:.0f a system for simulating fijm grain in _ .

S R e e
levelhos atisheféfiveentsrasametesy stedefioedf Bkilingnaidike satéresioe component is

JAMDRERAERGNG ARSI MGG i 19 of QO EIG.. 2 -

e differs only in the9absence of thg gﬁrgggfglnr} Eié%%c%‘ﬁ%%gﬁeﬁ%%mugﬁgﬁ} ation has to

be URPMBIEE 26 and Film Grain characterization information Decoder 28 of '
FIGuGURIE SR 49&@@@%%&5@@%@@%@&%? SRR Y MR grain in
Decoder, 15 to encode and decode respectively the film grain

Ao A Y T PR RTARRA s SRt Tnk) FRPATEST AR K& Fae fefhectiments as the
systéhe(syB M. 10inaf lik¢Gef2renqel ifambaes dsecaba Nidageaing BlaadaitBatem 10° of

rts the transmission fi in 15 characterization information as
FIG B A R S S it s 26 e
Film@_fﬂéj_f eheystierivdopsimisetiagofil Megraier I8 aCEIGdanCEhwitisihie [PESERIG. 2 uses
the Wd@&'ﬂh%%a@ﬁ%t%%él?@&@?@%‘é’n%&g%@ e%o%leggeé]etgtiaglthtg film grain

system 10' of FIG. 2 and like reference numbers describe Iike elements.
charjfireigationdrdganakiords spprsoSbsfdiindmyinCheattwireed df Tie Fiviem 107 of
FIG. CralfuRe aeei=22 ot Tdée. cddthiesaysiam tﬂQs%BM 5e 3436386k fitm grain

h reconstructed images available at the Video Encoder 13 to simulate the
AT B PD ST S JRIR o AR EPSEEMCE GPGPRAtoTs affords two
adVaGIIRES dspdompatied émboaimyatams 3000kl fanahBaOh FHierain in
sccof iSRRI, SHEIC3 reguces he computational, complextty |
& 1*%ng Seeohaty, Tt adspes THEYifh Qraipme elements as the

related to film grain remov

systeghdrhetdrigafomddiith ee&rﬁmnmhibmsgiaécrwmesmm.tﬁe_ddﬁeme system 10"
of F@@Qﬂﬁﬁé%@%%%&éﬁ@e@%&@@ﬁ@%%&gg ﬁ%‘f élglsfo 2 soyfstcm 10

both the input’video 12 with film grain, and a reconstructed vidéo

of FI <58 RO ARSI beeact 3Vlkaie 4t Sambiisn Broedek 16fto simulate the result
of reghafagtanzingitheTipbsanad fim @i, 3 affords two advantages as compared to the

systems 10 of FIG. 1 and 10" of FIG 2. First, the system 10° of FIG. 3 reduces the computational

complexity refated to film grain removal, and secondly, it adapts the film grain characterization
to the amount of film grain suppressed by the Video Encoder 13. Once the Film Grain
Characterizer of FIG. 3 disposes of both the input video 12 with film grain, and a reconstructed
video 24 resulting from Video Encoder 13, it can accomplish the task of characterizing the
observed film grain.

The foregoing describes a technique for simulating film grain in a video signal. While the
film grain simulation technique has been described in connection with the encoding and decoding
of a video signal, the technique has equal applicability for other purposes, such as for example
post-production of motion picture films for example. In this regard, the original image could
exist as image information in a form other than a compressed video signal, and the film grain
information could exist in 2 form other than as a message, such as an SEI message. For example,

the image information could exist in one of a variety of different formats that exist in the art,

-11-
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The foregoing describes a technique for simulating film grain in a video
signal. While the film grain simulation technique has been described in
connection with the encoding and decoding 30 of a video signal, the
wechmiqueiias equal applicability for other purposes, such asdanstampleso1
post-production of motion picture films for example. In this regard, the
original image could exist a¥ FafeSittb/bidn it a form other than a
compressed video signal, and the film grain information could exist in a
form other than as a message, such as an SEI message. For example,
théimag&msmiﬁwaguﬁ%m BrorAn R OFRRS AR F TR Rl
thathexdsieinzing aftimide \ME200%WH 4834 1B GrodIG00400940 I dWktiAd dSfilm
i TR e ke MSI0f for prov! '5‘.9?‘2%% 10, AIormalion ComPUSING: amon
sraiyyd sf%pseo :ﬁggﬁafzamcl}lenzing a |mafge information stréam to provide g
a setinfgorablerpmaicativspidifinng giferanithinitheeinnide Sthoamithe filmigegmstream,
inf Hon. § ' ' of possible
e e age
stream; 5 encoding the film grain information for subsequent

trapsmissiQR rlethol R AL AAERFHNGHQ SRR deydiasainibRsetQhdes a

parameters includes a 2 plurality of correlation parameters and a plurality
Plurelty RE ARHy ANIB ReFIRT e P e iy PR Y B AR eRET Bl MG RS ElS
-2 wherein at least one correlation parameter 2 defines a spatial
coryelation.in a perceived pattern,of fi rain. 1 4. The method accordin
N ey S E N
defimporaiatich dwetvladm ¢oloptayarsd paTheimdtheth@ccording to claim 2
wherein at least one correlation parameter 2 defines a temporal
correlation resulting from previous processing the image sequence. 1 6.
Thé. methbek deebad 36w EREte ZNReiaheielaaéfengbone correlation parameter

defirlBiensitysingepsandret Hpanapeters defines an aspect ratio of the film
grain. 1 7. The method according to claim 1 wherein at least one

parameter defines intensity 2 of a random component of the film grain. 1
8. The mathothahicarsiogdmglaimtdnvberkireat keagisooreabidation parameter

mtensg-lndlen%%rg&nt Zegﬁ{amm ters defines a color. Zggl%el and blendin

Qe B SRS GEE T Therge tha ShmUsted Hi 3 Graim Witk the Jmage.

6. The method according to claim 2 wherein at least one intensity-independent

parameters defines an aspect ratio of the film grain.

7. The method according to claim 1 wherein at least one parameter defines intensity

of a random component of the film grain.

8. The method according to claim 2 wherein at least one of the intensity-independent
parameters defines a color space and blending mode operation used to merge the simulated film

grain with the image.
9. The method according to claim 1 further comprising the step of transmitting the -

film grain information transmitted out-of band with respected 1o transmission of image

representative information.

-12-
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1 9. The method according to claim 1 further comprising the step of

transmitting the 2 film grain information transmitted out-of band with

respected to transmission of image 3 representative information. -12 WO

W2ODHAI4981 PCT/US2004/009491 1 10. The method accorelingtalainy &1

further comprising the step of transmitting the 2 film grain information-

trah&mittedih BERAIAEATESHIEFID thAHERTS SRIRPEFIRgAE Step of transmitting the
film EeRECEEDiAtRIrinianmat on bintbyilhe:spethaddinasenarsanc efaiagel edpresentative

2 where the set of parameters are computed 2 in accordance with a

TR order auto regression representation of the spatial correlation and

a 3 first order regression representation of the cross-color and temporal

Cor{?l a“o%é ]fn:el',fmyﬁ%a@c% c%%&ﬁdé %%@c W%@tr 8%@&%‘4&% computed

oné parameter describing the 2 spatial correlation of the grain is
in acegrdplichedtire second aries it IaSpiion canootutivionitdes. spatR! Weclation and a
firs: DAL ALCRIRIRG QLRIB VAR SINNG R 1825 LRR PRI RIons.

describing the 2'spatial correlation of the grain is obtained from cut

frequencies of a filter in the Fourier domain. 1 14 The method according to

claim 1 wingseidhsl abesding lepgamplisasehediRgsib e ilimeiaiBescribing the

informatign according to the 'E.U-TdH.264 vgﬁeo cod'n‘%ﬁstan ard. 1l 115. del
SPa“ﬂpi?éFéﬁ}é"Po?f *?iﬁ%“é’ BRCLBMAFRERY 2 ivd hiRAH g volution model.

characterizing an image information stream to provide information of film

3 9fgin WLF?)'Q rh@%ﬂgg%g&?é{g%%1cﬂh$ﬂ%f%ﬂé?é{g'%h'g %H%@o%?%?ﬁl%@? describing the

parameter among a set of 4 ossible parameters specfymg ifferent
spatiatteitnotiasiof tHaRl grajrainobtanedrirage sty EameBise cdadiles a the Festpigiomain.

the film grain information for subsequent transmission. 11 16. The

method apparatus to claim 15 wherein the set of parameters includesa 2

plutlity of eoFretafidAssardinmte daimd S PRIFMIPOF RIS IR fepIRiten Frcoding
the fRafMaaiShSerndtor REGERA BlUBAUOTIFQ X clriep daiwperaid-ad least

one correlation parameter 2 defines a spatial correlation in a perceived

pattern of film grain. 1 18. The apparatus according to claim 16 wherein at

leass.one sppretatiofoppraviteterfibrdefire Sangarisadgtion between color

Iaygggt. means for characterizing an image information stream to provide information of film
grain within the image stream, the information including at ieast one parameter among a set of
possibie parameters specifying different attributes of the film grain in the image stream;

second means encoding the film grain information for subsequent transmission.

16.  The method apparatus to claim 15 wherein the set of parameters includes a

plurality of correlation parameters and a plurality of intensity-independent parameters.

17.  The apparatus according to claim 16 wherein at least one correlation parameter

defines a spatial correlation in a percetved pattern of film grain.

18.  The apparatus according to claim 16 wherein at least one correlation parameter

defines a correlation between color layers.

16.  The apparatus according to claim 16 wherein at least one correlation parameter

defines a temporal correlation resulting from previous processing the image sequence.

-13-
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1 19. The apparatus according to claim 16 wherein at least one correlation
parameter 2 defines a temporal correlation resulting from previous
processing the image sequence. -13 WO 2004/104931
WeCQHUB26004/009491 1 20. The apparatus according to claisiaydereinss:
at least one intensity-independent 2 parameters defines an aspect ratio of
th@®iim gFamanPeEivpIRECaRHaRIR Sl st d RITR T RiilPRISPRMIBEERS it jedegendent
pararREBrPAEARRIGH Hafieftd BreRsinPEaKandom component of the film
grain. 1 22. The apparatus according to claim 16 wherein at least one of
the intensity 2 independent parameters defines a color space and
blending medpmpseiatiendising to therge Shehedesintlatatfibingraiswyitafines
. the ir’gage.gl 23. The aé)rga%%usf'?n accordance with claim 16 wherein the
ntengd Tha s 8%68?&%"% 2'set o %ﬁraa?ﬁ'eters in accordance with a second
order auto regression representation of the spatial 3 correlation and a first
order regressi ress ' r0SS- r e 4. .
coIato e et
indepergdnns marpacieriofefioRist ApiPI PR ensia et ieerreddt o ertien predrigomerge the
simuBRiattishedin @aaardangeavith a spatial convolution model. 1 25. The
~ method according to claim 17 wherein the at least one parameter
describing 2 the spatial correlation of the grain is obtained from cut

fregpienciegeaippdilies ih teedrauiide witislmain 6lwheatbin khe fappaatusomputes the
ccording to claim 15 wherein second means encodes the film 2 grain .
set o A BRSSP o MR PO T IRE B SO Ga A OF the spatil

correlation and a first order regression representation of the cross-color and temporal

correlations.

24.  The apparatus according to claim 17 wherein the at least one parameter describing

the spatial correlation of the grain is established in accordance with a spatial convolution model.
25. ‘The method according to claim 17 wherein the at least one parameter describing
the spatial correlation of the grain is obtained from cut frequencies of a filter in the Fourier

domain.

26, The apparatus according to claim 15 wherein second means encodes the film

grain information according to the ITU-T H.264 video coding standard.
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