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WD 2004/ 104931 PCT/ US2004/ 009491 METHOD AND APPARATUS
FOR REPRESENTI NG | MAGE GRANULARI TY BY ONE OR MORE
wWE2eAVEDERS 5 CROSS- REFERENCE TO RELATED APPLPEAUSI0NB009491
This application clainms priority under 35 U S.C
METHQRD AND AEPARARUS FOR REPRESENTANG IMAIGE GISANUALARITY BY
No 60/470,712, filONEWGE MORRPARAMBIERSIChi ngs of
whi ch are incorporated herein. 10 TECHNI CAL FI ELD
This invention relates to a technique for sinulating
filmagrain. 15 BACKGROUND OF THE | NVENTI ON Moti on
' crystals
CROS%S?%ﬁ&ﬁ%R%A}@%ﬂ% bh\]%ecoat ed in thin
| ayers on a filmbase. The exposure and devel opnent of
these crystals formthe photographic inmage consjstin
of This applisatdon ¢laymsRHiqrity |ua§er<§r5 ‘31S| <5e1r 19(g)ko g{ﬁ drrovisional Patent
r V.
AppRFE SHE NIRRT 1% £ Blak 13" 2003, BUAEIChRgs b W€ incorporated
hereis.i t es where the silver cryst aI s form These smal | s
specks of dye are commonly called "grain' in color
film Gain appears randonly distributed on the
TECHREtAL i p™Rge because of - the random formation of
silver <crystals on the original enulsion. Wthin a
uniforrﬂy exposed area, sone cryst al s develop after
osur e whi ¢ ttherts do n Eﬁ:‘r varies in size
o ERS Bt b Baferifattbr sl Bhine be ¢1 tps
of silver formed and blobs of dye generated, and the
nore they tend to grou oget her in random patterns.
BACKEERO@NQ QF JHE BN Bﬂ)l cal ly known as
"granularity'. The naked eye cannot distinguish
i ndi vi dual grai ns, which vary from 0.0002 nmto about
O.Maﬁompmctdm ﬁlrﬁadompxhse stlyver-haliiel C\tﬁalg dsp@sedin anggnailgion, which is
referr to as Vi ewer i nt| es these groups
coategqn g}n’é e%§§nfq flﬁpg _ e/gg(p?sﬁlée B)é) Bf seogyystals form the
phot %M@ﬁnzllg,@rcgﬁglsnﬁ di§r&E ﬁh&%ﬁn&iesto'f'%ll@érl T 8618t Regatives, where the
ones Ni gher ' mgrain econes clearly noticeable
silvemis chémieaBly sambved gifter dévietopmaent, tinyeyelss, ofwlye roeasf dri thersites where the
silve%%?%}aé £ _r e%g Iﬁ%l/}%hg épq% S gmrq)ag% tchgn Cmeﬂgiysca Ygrgﬁldin color film. Grain
appedtb %ﬂbﬁﬂf Histribuyddl sipdhk YesuRtiHgainage bRiSe dfhe p&RIdn finaon of silver
resul ting either fromthe physical process of
crystalx oo dher erigingl egu\aon pWErin s tnifpanlyicspesgd apiw some Fiys@ls develop after
ent 35 editing of the inmages. The
"XP";‘{]gtWé‘g?ggﬁ cf&?{m possesses a characteristic

quatiin vaied gnsipahidsinpe 0Mhe fdstéﬁ&e?ﬁﬁd,/tﬁ@@@el the clumps of silver formed

PCT/ US2004/ 009491
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 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 quasi-random pattern, or
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texture, resulting from physical granularity of the
phot ographic enul sion. Alternatively, a simlar
wEadotae43can be sinul ated over conput ed- gener aP@miUS2004/009491
images in order to blend themw th . photographic film
texturbrrebdtlhg ragephysical granwlagy- oféhe pei@ngraplic seilgon. eABematively, a

similq B a8 1P sinatlple o864 Sy PPy SRSt i PGt aend them with

photogﬁﬁﬁld 151 ARG cdsbe thik ihde-Gpehderit hOlk defottedalas §H8S Quite often,
hat facilitate the correct per ception of

modetamgr@mmﬁ@ir@n@ﬁerm & degirable featupg ingpefinn pigtusssst Binsopeg ingtgnces, the film:
grain pio mlsders ev?su%i &i%' ?hgt 'szd??[ltta% the gngréjc? pgﬁéf)tﬁ)c#)aofcttv%e(ﬁm%ﬁms&l pictures. Film |

rence,

gradetie6fieti vatledavichin ratshﬁgllet filn! &Eproeidesianf)@s“ claendstoltime@ference, point of

grain texture in the notion picture industry

view, Tie Mpwy athepieghnicq]iang atiptic ypes sxyst dpfreoarating %amﬁ%e@én the motion
pcaHAUBD0 fhel R e BB LS o s

proceéﬁlﬁubdeﬂivethm‘r hnseHetxymau aequateirenpinotie mcmohqm&ultehndustry
pabl t ing fi I rain,
b SERaP Hpim ety e TR Brode s W capshilS bt rulpuing film grain,
often ?&Q)néhdu% Q@&H?ﬁ%r-%é&%t&ﬁ§$1@&ﬂnt&%ﬁﬁl {eBne. ROMRBER® FrorhEWStman

one of irst digital filmapplications to
Kodak rapl Bnehnsteg NevnY ok, on¢ of the firstsligithl fidm appligatiogsita inplement grain

ts f Ho G x.
simulfS1 PR vain et el B inpl B Fpene Mo0 D B Hhipeon®
applidatieh de@ees yidld BodpsrtstaRned for el git Gl €ilrhd bedaagodrthe noticeable

stripes the application produces for high grain size

diagonaltstripeg she Fmplicaéon profecesiferchigh glain sigp petiings. drurthar Ithe Eineon®
aPPhCZ*'{}Eﬁ" E%{sec? %ﬁﬁlgte"gj&ﬁ vﬂﬂxeﬁégﬁzﬁeff dgﬁl]fy \LﬂenVYﬁﬁl_gfé ﬂ'@gﬁ%ﬁ&rtg previous

roc

proceSyiy) fbmamm eaclaasewh@mhe mlrna)gesdiregcéméd yr dignalbspredessed.
Another commer.c product that simulates film grai )
rﬁogmeg@afy Rflege al?ﬁtwgldaqes AlmiErHin i Craie Surggey B from Visual
S
eSS0 P M SO S e
produsy fipeaisitc goterate spythétid grain gfihersey a seft of samdom mumthees. SThis approach

suffrs i, SRS GRIBEC DA BIGAPAGSEl GIREEE past schanes

sol ves the probl em of restorl ng filmgrain in
conpressed video restoration. Filmgrain constitutes
a Nongtof thesq past syhapuessiolves Htpropleanafiresioring fikm gp@n in compressed

. [ ] annot un ession _us
video Kr@pn o FaR B TS 2 PRI SR e Al S RE Pheggmenon that
typicARNARhadmhdefgol RHPRERRI Rng ddntERionhDgnatisleaidasspsral methods that take
Attenpts to process filmoriginated i mages using
advanyrgef zedindpreiesrin thovideo senueneasr AStamms toRrRegsy fidig-originated images
I
usmglol\?ﬁﬁ%‘ n% crnre lgzjld %IS@H?g&pQﬁﬁmelggg&%ﬁﬁ%QBgl}ﬁllb’%\%uﬁitqg eftﬁer an
unacctptably lohedegredfompessioadr tompktd leshof thegrdio texture

representing the filmagrain character| stics
ggther@ﬁéls@ﬁ,a op teghnigpe fgr rﬁgpmgg@ f11112 gigim characteristics

t
rou @R SRR RGH LERRRALARD49T  SUMVARY CF THE



10

15

20

25

30

35

Briefly, in accordance with a preferred enbodi nent of
the present principles, there is provided a technique
wo or04804981 ating filmgrain. The nmethod commencEST/DF2004/009491
characterizing in 5 image information stream such as
SUMMARYQRHE INVENGdONst r eam containing a filminage,
to provide information indicative of the filmagrain
within the image information stream The film grain

i| M 9efTRin Qitotdanbei ot adrefead emo@inRaAk Qﬂﬁfe?&eséﬂpﬁ%c?ples there is
set of possible paraneters specifying different

provigded @ tashmigye for Sfrn@lafmg filmgezaip. The nwélqdrmggngtcp@byrpham@erlzmg in
imoet W R bRl 25 sl g GRS R R e, o

provii¢ @ibimationlihdisstivetafshafibh gedin diite deidbgainfdrhfition stream. The film
. enpbodi nent of a systemin accordance wth the present
grainjpformptigaaciuges 4ilFast are pRjampteReioas A setrPfaesubla paeameters specifying
: [ Gage S.
d1ffefg11 Efbglf‘eg%?amm O'l Si’rgfglotﬁé ?fﬁ%e]sgre%n THe ffﬁnf ér%/ﬁ‘l MO%L]%&OI?IS then
encodeddor sldsepentiratsntisséorpr esent princi ples for si mJI atl ng
filmgrain in accordance with the present principles;
and FIGURE 3 illustrates a block diagramof a third
BRIEFIHESCREMIION OF PHEISRAWINGR$or dance  with the present
principles for sinmulating filmgrain in accordance
with the present pri nci ples. 20 DETAI LED DESCRI PTI ON

F:ﬁé@%&%%‘f@h&es g?pé %@gghho n?&réquad%q{g : ggn\; ﬁl styﬁtginrli accordance

with mé @S@Bﬁt Rincipléstoe Slrﬂlﬂ!itu{geﬁﬁ*@%mm& dcbbr@hftiealith the present principles;
lation in accordance wt 25 the present

prﬁlﬁéﬂﬁﬁ 2 dlusyrates g plockidiagramnd|a sgeendembadimentzifia system in accordance
[
with t!ﬁ@ %Péé@xattﬁéc dJ;«gs fg?r mﬁﬁlh?gaﬁﬁg g?rde%]r»g%l'?hl% d)rés%nt principles;
and stream 24 received at a Video Encoder 13. Filmgrain

r I stitut articul ar. case of noise .
¢ FIBLRE S ittt oiblock ditamat grihird appediment of ¥ syssara n accordance
ith e tpRestRSrintRAS fof SitRllatink ¥itth nfacb SRS 'Jr‘xt}ﬁ&fé‘b
s catr%) takg)r the form ofaéan-gm gﬁ dcma e cf%|I Y@sremz;?rmmples
al t hough such a filter wll not necessarlly prOV|de
(o rmance. The Vi deo Encoder 13 encodes
DET‘?ﬁ‘ééIFﬁEtsgﬁ{eIgﬁ(ifngeo stream 24 to yield a coded video
stream 14 for receipt at a Video Decoder 15 that
decodes the coded streamto yield a decoded video

s FHGAIREL b denie 2 erdschpmadesigamanin fvecmbadipeobesten 10 n
accoré%g\gwt\]a'/i%ﬂntﬁg R g’}tﬁﬁﬂlﬁ \fésdt%f) Pr%x?gr'rrﬂ?% ﬁﬁﬁ% simul@ich fﬂe aﬁc?ngance with

exa e VI 0 codl ng sc

the presunk grinciples.i The syseem T ihcTudds 264 1rv IGigin-Repebivief 23 ta skétivék to remove
or anof her tﬁge of bl ock-based coding. Encoders and 35
the fifFa SERIL RGP 1990 ASreRel APResld adHisTecdeorykenm P recived at a

VideSEAQSIRS 5. Fifm Wehih r&MOVA! constifutes a particular case of noise filtering where the

noise signal appears correlated with the image signal. Thus, the Film Grain Remover 22 can take

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 for receipt at a Video Decoder 15 that decodes the coded stream to yield a decoded
video stream 16. The Video Encoder 13 and the Video Decoder 15 utilize the same video coding
scheme as are well known in the art. For example, the video coding scheme could comprise the
ITU-T H.264 video-coding standard, or another type of block-based coding. Encoders and

decoders that utilize the MPEG-2 and the ITU-T H.264 standard are well known.
-3-
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WO 2004/ 104931 PCT/ US2004/ 009491 The system 10 al so
includes a Film Grain Characterizer 23 that receives

WO be4itoeBt vi deo stream 12 and the filtered viBeDus2004/009491
stream 24. Fromthese video streans, the Film Gain
Cliiee syctemi 1@ elso 2icloddsauRikn Gram<Iageterizer 23 taf teeeives the input video

referred to as.a grain age, that contain g )
srear (it iy TP VigRIRAToREh e T ess g gpccftamaohggim Geain
CharaktBsdr 28 rb%gﬂfts énﬁegatge,fhe%amélmfeﬁa@mseg gﬁmbggsga @41 Gontains an
correlation paraneters, 1ntensity-indepéendent
identityaf ameddet foraimdulating gain, \as cvetlent deastt onepd aseeofsesenab patamyters,
. the identified del . As discussed in detail, .bel aw, :
includingcrolationParamstsyS: RisneRy-JRISHRRL prdiuclsts 4o BiERsty-dependent

| paraméﬂeMs@H 'b? MhOfdehfife PhbaiINAs distasRddgBend ®Rlow Qlilesﬁarﬁxgbﬂéﬂs in the film

‘the identified nodel. In the absence of any of the
grain pessageersbls; simubhtion off the,erigiealiimagesdepgndent noisevaing the identified

m.ssin ar anet e (Indeed, if del is. : o
modely' J8 i foerie of 2 L therpaRsaiarrss &ty TRIGF 5 drSiencd oupiggissine
parambter.O(Ifdeed, FHdGHbdBE Y idetitifeedlh ldBfaglt ahdilet o TGt @hinZ€ hssdthed. In one

(generat es the paranmeters in accordance with a nodel )
embodimeal thenFilth &r3in gBAraeterignr 33 snergtes digRasapetersig accordance with a

t i,C 3l . .
mol{5EL SRy 5 L0 AL LA ern 4 i i o
upon proeges. added Herhnhegabsgatitediting of e igragesn message, a
Film Grain characterization i nfornmation _Encoder .26, )
eFieliRnias eraerAlan ahiae BEHN MCesTAgHi R G hapaofsrzefien fpformation
EncodeP86 86doRkd dRh&8add YoP iriRini®&ion fra BRAAIEI dfrdferl28fih Biformation

out-of band from the encoded video stream 14 .
Decoder 28 smbartdeat day-of hendArdmo theEmcodtdrvide®d stgam tdhwangimiged by the Video

Decod 15.. .Both t 13 t he. Fil. .
Encodef 55 f6 & Hs- PR PROS 41 ERALIRATHEHERRABHL) MRE sl fzein
charat&iAiti6A G HA& i onIRITRer 261k8 thd mEARBBING schthie MThlRe for example,

Encoder 26 utilizes the ITU-T H 264 video-codin

when ecinsarler 2ortilizas thei NG THh 364 wideet coding siagartfor encoding, the coded

. charac . zat ' i . .
fim gl G ZRph RO RART B R0 TER O i of B Fithliain
Suppl¢mémarBdiliaaceri SitlhformssapES Bl mdsdage egddéfinetl ie tHeTlWUFT H.264 video
. H 264 video coding standard. The Film Grain

coding stapdad-er i zati on i nf or mat i on. Decoder 28 decodes the

cofle i*ilﬁ#ifﬂixg EifirfcteTRRA $FoRmhatidh IERKE: 28 885868 CbidR film grain

grain characterization information stream 29 for i nput
messaze 27 to fAeldna Gaided fibs tgoain chaactPrizatios duforBationgream 29 for input to a

) escri bed..i n_det aij | er.einafter,,. the. Processor, 30 w |l .
Film G REIPAHER PHERCF AP OIoEN TP S ERL B Erpitor 30 will
simuldtB ehedfila GralBWRAUSnOtR] MEnBAERITRHE Efaih thefBipe @Qiﬂﬁ patdindti€ in message.

absence of the identification of the npdel, the

In the pbspnee obtheddengification efl the mpdghtheaFrocesser30 will psswmea defaplt mode.
. the. f ifi | ' .
Like SRR SR GF b §RRTLL B ) dFeBborpflel e REBISE Ry ssume

a defaDRVARRI6Y thal parampresf erred enbodi ment, the grain

nmessage 25 of FIG 1 will typically include one or . 30
mit @ peederred embashimenl: HieATaingnessRas; ﬁ?ferGsé atijldypically include one or

more S 10l SRAGELIAL s PR SR v Wor Corction,

Temp6ia$ Cofrsdohe Eash of these parameters is discussed below '

Spatial correlation
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Spatial correlation -4 WD 2004/ 104931
PCT/ US2004/ 009491 I n an exenpl ary enbodi nent, the
wo nageeqependent correl ation of the film grai nPdTMU$3084/009491
spatial domain can be nodeled with at | east one
phT @an@legnplareatbiodimédy the iradgeadepeiidient coaelatiedof thp filmgrain in the

. correlation determ.nes.the size of the blagbs. A second
spatialRyiiin g BF FIOGF B0 BBt AIYIARPBetet SROGH G R de measured
spatia%&f'&rse%ﬂﬁm%%?édn%es% §i%d 6t the BIgbs € ANRR6Rd HiAEr ARG BdgiedsioAmodel and a

ect Ratio ldeally, filmgrain should appear
convolwiohrmulet forkhe Spatihd Forrekikion arer descrbdddiereisaftast h i n X
and Y direction. However, in practice, the filmagrain
actual ly can appear stretched in one direction, 10
Aspe@Hdifp resulting fromfactors related to film
recordi ng, such as the use ananorphic optics or non-
square detector geonetry. For that reason, when

el,i filmgraj n..atensit.y-i , . '
RS ) G0 s AR AR por i X and ¥
directioRMHEvEvet, ih PRicE e theaflilng grairth@tdlDcaneppedr Stretchiétkin one direction,
aspect ratio of the grain blobs is specified with at

- often resuléing fiom fgtaanealated forfzlnocgrdiggy spe 4% the Hsq #pamorphic optics or non-

t ri [ . . .
sauarf GEGOARETCMY. Fok Ui RaESE Hneshfeli Fim el an intensity-fndependent
paramie ks eseheng theiaspect cdtior factor méll adinplemenhiae spatsal cenlelation measure.

col or correlatjiqn determnes the erceived tint of
The aspegt 13HQof thegrajalobsds specitind with ot IsastoRp PRRRCIYat grai n

bl obs created in the 20 different color |ayers

randonml y overlay each other. Consequently, a viewer
ColonCotrelationei ve the grain as colored. A high color

correlation inplies that the grain bl obs on one col or

conponent depend on ot her color conponents. In this _

C 3§ Becofdanc€Wath thé ples@ft pEiatiptes] the 1g/edidBp@slency of the film grain in color

nmonochromatic. 25 Tenporal correlation The tenporal )
imagesds represented using coler geraelation, Trsymessaead golorcopelationdgtgrmines the

b t e .alF i . .
percelf¥a fht o8 br A PO B e iBh Fplies bR MR Cented n the
differtfeoldr Myeeitandoraly oferlay pacteothtre rComspquestntad vigweewjlbpateive the
. correlation can help tqo sinulate of her. ohserved 3

grain a§ eqlered. Aqlghgoloy Comelation tf{qﬁge%‘?attth%gf@mo‘ﬂ?gm ane &lor component
deperldUnfdtfidridbldrito LT IrORisMabd) alviEw & v feiEdive ik %Péiﬁ aed

parameters representing the dependency of 35 the film
monoghmimatind th the filminage, a need exists to represent

the intensity of the noise arising -5

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.
Noise 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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WO 2004/ 104931 PCT/ US2004/ 009491 from the random
processes that originate the filmgrain. Noise
wo mioeneiosly can vary for each col or conponent BITUSE0b4/009491
depend on the filmimge. The intensity of the grain
from e tardoimp®cesses theva@iginate therfilohgrani. Soise inpansity icaredaryfor each color

the i Smal,l grainh intensity |evels. |ntrodyce . .
compeyyeg ] AR nthe Tilt imager helpeRHial iy, grah fifgnines the level in
which®RRaE pBREIvES %’Phﬁ-im‘i%& hSingll @fksh intedsRY Sve1REOER e small variations in

clearly visible as peaks "superinposed in the inmge.

the origineé im@ge andehasdly appeaaaatic¢able. tidighhirtepsivyderealebecome clearly visible as

ak di scussed abﬁl\ée t he grain nessage can al so include 10
peaks SUPCTHRRQSFY 1 G MAB% 1t i'fy the col or space in which to

add the filmgrain, and the bl ending node wused to

blend the grain with the video signal. Note that a
OtherjParfameters set of paraneters could be transmitted for

each col or conmponent and for different intensity

| evels of the filmimge. It is well known for

exaaddigoi fathe patamegora iz cukspdalsts/epthe tghein Ineessdge icah eRs iitotude

of the image, and that _different color conponents can
paramessrethgl ideat e gelar tpage ﬁéwgr:ﬁgo afd ﬁwéﬁwgénngﬁmf fherhlending mode
used 3 bHHS thd ?raTﬁ@één'f*&ﬁE@ki nglh al‘l?&ttﬁét'az(ﬁffel%ﬁt Q& of b&Famtters could be

can genefate erent Sets of paraneters in
transmaicted fatamacke coliot borhpenennarehfor diffdrentantensify levas phthgdilml ifnage. It is

e et s BB S0 SRl AR Bt o
differt ¢6lor OmPERAn{ L cah 15aR Alfferbhtaininidepéndind ol R tﬁgé @f} fAlhétBek.
(0]

characteristics. In order to interpret the se .
pdha fidmegrain characterizen 23 of IGd & sar genez@e dif§eremizpgts of parameters in

e S STA LB, JEE Il SRR BB g 20 can

interpdR&Lthkisechf gafrandters k@ varihsihteheyrtvelain érdbtol defishagmooth transition
will prove useful. First, the decoded i nmage pixel

of the\film graigy chiapaglsEisiesi ti on (x, y), col or channel ¢, and
T 1R BR1eP R plet bR sE?&ﬁ%?ﬁﬂét@g fB¥ Filnd graiﬁ/ dedoder 28 mEQ'have a
conveni ence, " assune that pixel valueS are scal ed 1o .

speciffieation wh Rienmodel ghat gendrates the paFamétémsr Toamdenstind hoRGBch a model can

i mpge representation (c.=.1, 2 .0r . alth .this
be spirail, tedQIGRTE PEbema i FgionshisS il ke vuise o Bl decoded
imagehikEl R R 49apPpbshticiAll, 9))Solot ehafldY] & ARA LAY Rirhi¥ ¢ is represented by

th an additive grain nodel, qraln si nul ation changes
I(x, yeath Ipircehvenagnge, aseun¢ that pixebvalpgs argpealed tphaye gnaxgmumyvalue of one.

Furthlﬁﬁ a%i}l}/r}%;]an rﬁ%aée,:e lre?%és?rﬁ%ﬁéxg éc =§/ 1‘,) %,5]0)&?5), %IB()%eErh)és Iﬁ?éi(él)%an be directly

X,

~ to moMocHrdmhaic fndgRaaud e obwied modifiemsorsyto YUVhepiesagaidnd

g\é" y, ¢, t, L(x, y, t)) defines the grain val ye.
ith 88 8ddifive Bray Bodel Sfeib¥imudatiop changes sagh pigel value to J(x, y, ¢, 1)

Wherécﬂqglaccr;@g? g@?ﬂg‘gﬁé lqmnﬁ,qslﬁ.gm of intensities I(x, v,

or channels. -6

1 Ixyet)=Ix,y,c, )+ G,y ¢t L&y, 1),

where L(x, v, 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 a weighted sum of

intensities I(x, y, c, t) over all color channels.
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WD 2004/ 104931 PCT/ US2004/ 009491 The additive nodel
given by equation (1) is appropriate when a

\megmnmmhn1c intensity scale is used. For |inepcT/E880£009491
the nodel of equation (1) can be replaced by the

f diHeadditiye nmadel given bateqwaiomi(deis appfdpaiatehen alogarithijic intensity

[(x, .y, c, t) * (1 + v Y, c, to L(Xx, v,.t))). .
scale st Forfincaasels Foe e afGiediism (Luinte Splacdd o hefoligwing
rmﬂﬁ#ﬂ@ﬁ@@%ﬂk@d wi || depend on the format of the decoded

mage. I'n general, grain should conprise small

fracti on of maxi num pi xel vaI ue. The foll ow ng

describ S exa s of t els

f or extigktﬁﬂg3h 5 g G@?Q 9395§%3$ggnce

with the present |nvent|on 1 Aut or egr essi ve

simulation of filmgrain pattern In an exenplary

Whetherbrngiddisive, oral rsel@@h@atrylecg@rm amnds! isdgparaented \ydh@mnd; an the format of
the d%:rogeécf Frgaegtﬁ? ég §|e16 ngldg hals rréh%g.lgcgccbrﬁ rrxsreeI 1I f?&tlgﬁ %f %amm&‘x{i pixel value.

CrieSoll&Witg deddtibek €616 eRAmples bﬁhlﬂel‘fﬁm &indA¥flmodels for extracting a set of

correl ati on factors depend on intensity of the decoded
parameterg én acqapfaned with| the,presed payeHPN.spat i al  correl ati on

factors are related by a constant aspect ratio factor.

Under such conditions, the following fornmula wll v

yikelAditeregrebvedmytaion of filmegaingatté¢d) G(x, y, c, t, L)

= p(C’ L)*N+ C](C, L) * (G(X'l’ y, C, t, L) + A* G(X,

y-1, ¢, t, L)) +r(c, L) * A* (Ex-1, y-1, ¢, t, L) +

G(Iﬁ"é}rexé{mf)}&rfemﬁodlh)e}lt B séécﬁljd dfé%r(ag( e e%m%)({ sclfemd %anl% used to
modef spatial eorralftoqn dnd a-firg( qrdeg/gegoessmn scheme Q@ bnhgpd; tq\mpéel &gross-color .

d I di st
and PR M PPl SRR Shep B Mg image
Hori26n8il an& 0&1{1@51 ?hﬁkﬂ cBAERTEH &ictors BRY reIBdeHy Alcdritanl ¥EPY& ratio factor.
zero for the tirst color channel, and the grain val ue

Undegsughsenrditions, the following framalaewilhigld sipalatedsgrain vagies,
range. As can be seen fromthe structure of equation
(2), grain val ues for a given pixel in a given 30

Q). caB@wypaaﬂmpiparErﬂﬁchlated recursively usi ng
previously cal cul a ted gr | ues, Specifically,

f ra{fde) HfQxch Ve Gt tal-bt 4 %ft Né easi ng frame
nygbgn #(A +QGxJiNglieas ﬂ§4+td(x+W§ @'@te@ﬁh- frame, color

channels processing occurs i n order of increasing
cod(cer)d‘n(ﬁ(nei yncmble)r+ @A * &% Ghnor-2as tdg) eple, LW Gikny, c-1,t, L) +
each ﬁ) ar chann pi xel s are rasterized hori zontal ly
an®t &@rtft I in order of increasing x and vy.

When this order is followed, all grain values required

equation (2) are 35 autonatlcally calculated in
whergé{na ragéndony value with normalized Gaussian distribution, A is a constant pixel aspect

ratio, p, , 1, S, U, 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.€., increasing c).
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.
-7-
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WO 2004/ 104931 PCT/ US2004/ 009491 Under certain
ci rcunstances, vertical rasterization proves nore
w@e@atooal , i.e. pixels processing occurs by eoOl/USINS4/009491
~first. In such cases, equation (2) will require a
sluget ceredh tiraahdtaitet, oversel enteyizpti@vproved Morapractical,é@. pixels
values: 5 (2a) (%, y, ¢, t, L) = p(c, L)*N + q(c,,.L) i .
processipgpscurs by colgmng flrsLt.) hq.sgsgh*caggsxg:qumgr} (P will reqyiye q_sllxgl}g ,modlﬁcatlon
L) % A% .t, L) + g(x-1, y+1, c, t, L))
to use&nlg PE?Vl?_‘{s%&%z%ilg(tgé(}}alyfés.c’ (L) +AYA* Gx Y2,
c, t, L)) + wu(c, L) * c-1, t, L) + 10 v(c, L)

X, y,

* (X, ¥y, ¢, t-1, L), Inpl ting equation (2) or

equat i dAa) 2a56% Yefydi L)eﬁggéigggﬁ' m ni num decoder

C i th@S. (FLIS thhe i | Jr Iy Lf or mat i on

dzc@%’a“e)r g%&nlugf b’ptéﬂgerPn gi?( g%& ]g)t)i ons real tine.

Satqild * AKgG(Kill miGccai b) # G @rlvatHlon tdeddder 28 needs

to keep nynber o reyi.ously cal cul.ated grain val ues

15‘(‘?’%&"9&5?‘ 2 yébéc{‘)f?éa%/ﬁ/’yat(% X’ﬁxﬂ’ gr@ﬁﬁ" t enpor al

c Iyt & t-18t,L)l+ast termin equations (2) and

(gg)&)q“)a‘: hgﬂgi(l m Gra%i n I nformati on decoder 28 needs to

kedp, IgraGx,wakuek )or a full previous frame. From

this perspective, it is inportant -that the nodel of

equation (2) allow gradual scaling down requirenents ‘
Impléthélling@aRatitw0Nydatqubion (24) fhirtycerAissdiammiédoder capabilities.
slightly lower fidelity could ignaore the |ast )

First,(the Fijmr Grajn Indormationgigeder 88 npsy perform albralgulationsgpldime. Second, the
. . : o val
Film SR B35 8898, 4001 o By IS D A, QN80 grin vl
in m&nery. Spetifigalyyvonimplemsnt ttmpyrah egiraatiom@.et, hass ertneinreguations (2) and

equation (2) that. depend.on s(c, .L). Doing SO .
o SBE e bR oS0 A0Bcl 1o b dsB0fen il previows rame.
Froﬂﬁf&&fe)‘gf%@@ve, 566 HAFS MY FHRE theGhoddd EPHJtpﬁﬁiioﬁ 2) all¥ed %1?@&&1 Raling down

diagonal correlations described by ternms with r
requitdmenanwithcome degradataarnetefidelity.f urt her reduction of

conpl exity.. The | qwest.. | it rain.si;nyl r . .
CORR 55k Wi T SRR, b AR SR g e in auaion 2.
Doin?%g vl @ dlithate the ab&Dodwe af Yadicohal drapeafffdr tokedp grainfvalues from

the Film Gain Information decoder 28 adjusts the :
previousrrarien Fupheraaest svings ovauichresylh By egleeting, Boss tegps Hygauption (2) that

depegtflj H% g{)c??zlogﬂﬁlg%o Yifilndted Igile'\g A Eéc)énﬂ gt@'ious row in memory and

nolr se p ry remarn t same as they
redud® uthbenoficdl edliticns a Negleophg dingomd] icomelafionshdesomitbel by terms with r(c,

enbodi ed_by equafion ... The. sa 30 j ust ment .. ..
L), 45 601pR "oH 2O TR Piper 10kion GhOTIRIE Do G BR. gty grain simulator
willﬁ%%%it&ﬂ&s@%ﬁﬂce of the availability of all of

the p

evious grain values. The flexibility of the _ .
no¥dienevey adermal isineglegtedtin esc{led-daivhisyssemonberafit opeyrs if the Film Grain -

intof SRR Pl 28 ST R S ou BB Rgh i 651 B

corrd@id and even more importantly, the autocorrelation (noise power) remain the same as they

would in a full-scale implementation of the model embodied by equation (2). The same
adjustment should occur for the first rows and columns 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

-8-
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correlations u(c, L) for ¢ > 1 to 1. Under such
conditions, the grain becones conpletely -8 WD
wWQ@0M4nd0P4031 PCT/ US2004/ 009491 nonochr omat i c. PANUS208€009491
of paraneters val ues can describe the case for color
monodtadinafi¢. OTkis \setslfqadrammd:rs lyylups cari dessribé e 4as; for color variations washed

t ransf oYlt['lﬁ; he col or. .sp For a set of three

out by RIFPYs pnsfermation of the C(Qg‘?r S88Scri bes the grain
p%{ £5d olfﬁuwédrérsoﬁle Rodd] 6 Equafion EYaIRt& s RS SHRIAktern in terms of
for each lum nance | evel, plus an aspect ratio that

a groupad seviottech pregmagiers Gor ¢aghilyrainence leveti pﬂaneeamp@nade rﬂtat does not
met er s n be en ode for se er al g 4};1 ANGE: ed
depenfl Gy diainanrs ULBGRFe GfeRde: Parabiiat Sttt Sred 10T5BRARS

lummﬁ&re 1V €T TRAd b 8er! wAll 1ﬁ&ﬁ§(ﬂate| raebers (hlakdfop Ait3iRddedte luminance
do not have to be represented exactly in the form of

levelsequati on (2). For exarrpl e, any one-to-one transform

of, t.he met,e I t .

d g g.ﬁa(mi fn%t ﬁ%‘% tgfb 3fe gsgeglterﬁlt%ﬁgﬂ?in t*leve Lol ufl%o n (2). For
example, dh§asheft6londitfahsfoan of pr/REEhEES conld lfséer andddition, different set of

i nterpol ati on schenmes cqul d_be used, etc

refereqemintsingity invelsiconldebesysad fon different nmﬁwe@rwdé%l@er@ﬂ@nmwtwn

t 5 I n anot her exenplary enbodi nent, the
SChe"%’lsl%#’n&d%%Jﬁg%gtwtlern can be simlated by convolving a

set of random nurrbers x by a linear, tinme-invariant,

dlgltal-fllter h.defi ned th,eform 3), h.= (hq,
hZ; h3, Convolytign it patiel domain toTimpiaes the i biip g paftern
simulating filmgrain y(n) is the convol ution of the :
input x(n) with the filter inpulse response h(n):
(4n aly((thgr exemplar embodiment; thifikm igyain pattgrn capbe sxmqlmgbhy convolving -

s AR5, L R, BB ROIR o form

concatenating the vertical and horizontal convol utions
in one dinension. Under such circunstances, the
(3) cdet thochieht &3.0f- Bahe filter should be transmitted in
addition to the aspect ratio factor. AFilmGain
Informati on decoder 28 with [imted capabilities can
| imihst stitbetlﬁpaxbifﬂter putpet sinulBigtfiim graimyh Lis itlencdooingbn of the input

ch will sult in g?acreased menory and processing
x(")"p‘g%/\@ﬁfﬂﬁeé&ﬁ? SRSPRSe B | ¢ er | ng in a transforned
domain to sinulate the filmgrain pattern -9

@  ym = xDh(n—i) = *h)n)
i=0

Although equation (4) yields a simulation in one dimension, a two-dimensional pattern
could be obtained 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 limited 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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WD 2004/ 104931 PCT/ US2004/ 009491 As di scussed
previ ously, convolving the inpul se response of a
wo dotao49B1 Wi t h a set of random nunbers x can PCT/US2004/009491
characterize the filmagrain pattern. This sane
0 macﬁsdmwdqaﬂviau%n doavoldingcthé trephlkwreamnse of a Eidter b |witihra set of
the f equenc he Four ansformof.th

randof e ¥ ZBE M iFe Y - bl . N SrE dReBiopan also be
describd b9 mulapEaibh iR fleqiendy doplain by theFoftirled Irarfsfd#n of the impulse

Filtering in the frequency domain affords an advantage

responsedtd gae thetFaugieg Em@fom ertger sey of randpmrnyntbezs Kour i er
transformof the image is available for exanple as.
part of filtering or 10 conpression process." The

fol l owi(pg seru9t Xaipmeugrs yiel ded satisfactory
results to represent inage-dependent grain according
| n accordance with the present principles. These
amat er sunme an _aut edressj ve ne hod o .
S T o e A e B SSBRIBES REHER s ppptationally
fastert??a EERIGSIRRLREM dTYhSingeas adaAlabRYor dxanfplé 8¢ ai‘PéiCﬁltermg or
l ogarithm c RGB Blending node: additive Aspec

compressiop praceduinber of intensity levels: 3 20 Parameters

f 8(%1e60 ovgm%os ?C;tn entrge}glis y[letigeéi %ggﬁagtorbréfuﬁ%)tf rﬁlniesejl(e jmage- dependent
grain Qc&ﬁdmg @y edcolddmnde ¥Ath]the pfeséht -pnﬂihpﬁ:so ”IQeﬂe%e@arﬁéte&&ssume an
Paranmeters for the G conponent: ¢ | eve

autor@g:sswegngh@d of sjmplaging gmaip. Pajagmgtars forgghe_gggqmodsm@ld @g represented
bysu'gzlr 0.03 level [169,255] : 0.1 -.01 0.2 0.1 0.05
% ﬁararreters for the B conponent: g r uv p

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

level [ 0,84]: 0.1 .01 0.0 0.2 0.02
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:

| qr u v P
level [ 0,84]: 0.3 0.0 0.1 0.2 0.01
level [ 85,168]: 0.2 .01 0.1 0.15 0.03
level [169,255]: 0.1 -.01 0.2 0.1 0.05

Parameters for the B component:

qr u v )
level [ 0,84]: 0.4 .01 0.1 0.2 0.02
level [ 85,168]: 0.1 0.0 0.1 0.15 0.03

level [169,255]: 0.1 0.0 0.2 0.1 0.04
-10-
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level [ O, 84] : 0.4 .01 0.1 0.2 0.02 level [

85,168): 0.1 0.0 0.1 0.15 0.03 35 level [169, 255]
w@2@4300930.2 0.1 0.04 -10 WO 2004/ 104931 PCT/US2004/009491
PCT/ US2004/ 009491 Correl ati on paraneters not shown in

this table are set to 0. After specifying the col or

Corresmﬁgglep gtellgln%P%({l& H,l"tﬂ\; P@Q%}?S ct ratio and the

nt ensi ‘h di fferent

Afterrspécﬁfsliﬁg?ﬂﬁ caloe sﬁﬁfel, thedbleddigs iolENtBE ApBciaati6 asd theHuber of intensity
nponent. is 5 encoded. Note t hat only the data in

levelﬁ fomhé@ differcal pupBIsterparg slefingdy ke film gn:aem en £40h color component is
enco%ereaf: g\fcg@{ﬂr%g Brél? %lﬁ_al b&’ ftal qug é{% %&)S g(? sorm H‘ﬁE]I (iqterh%)tyf I.q??ﬁmatlon has to

be trapsmittedl N accor dance mnth the present pr|n0|ples The
system 1Q' shares mapy of the sane elenents as the

sydGRE S dgpicis|acsecandgrabedimnent 1Y f arvysicp e msilating film grain in
L e

systemhla)rqfd’d@r il aad lige refntfencemlmbe‘rs Hewooithe ik 6leatedits. Ahdd¢wd, the system 10’ of

Fic, s S AR P OB S et 20,01 L B 26

Film @Qﬁnghﬁﬁ@te%%qm%aﬁ&l PREQIE 28 3¢ FRECOPLd ﬁ%fe%ﬁd)’v(ﬁfl PIG. 2 uses

the filmgrain characterization informatiori 25 out put
the V&COtE:@O@rl I aBdaY idecRgeedsr d Hite encogle anérldeccx}ysewamy thie film grain

charapelfpr R Ana0n 0 By iREeftbe Bl CFin Briatirgar DS e system 10° of

FIG. 2 hequared @el alof @Widedfcotima!istMidarSthRtsupbb:®d the MARGAREBAilm grain
i nformation. FIGURE 3 depicts a third enbodi nent 10

charagferigatiopsptammation a5 pasalisl iepbarcemeniginformation. accor dance
W t h r .
el REAEEY iR BB 15, O LBl G gainin
accordarbelwiktethe pfesemrinciples eFle sysear 1Besharésemen eofht Same elements as the

FI 3. differs only i
Syst“&g'@eﬂfg%@}g e eécapﬂmha%gi?&ﬂbﬂﬂ%fe lqopegts. ‘\élndqwe the system 10"
of FIGY$ Hi‘ff@rsl@nly P telabdre of NG En IGin TRGRNRE "ZF of ?fb' fm’ﬁﬁessystem 10”

avai | le at the Video Encoder 13 to sinulate
of Flg ek u$qs thQ)lfeC<PI!§m§v'ied amagésravgilable at thi évléqcsEmmdmw m‘ sifallate the result

o ey PG RGBS R EIGOTRAS B 9 0y B 0

systetb 16bEFIG. I &dUIEsf FI® 2¢ Gt tiad dyeieal 10°C 8 PIG3 feduces the computatlonal
related to filmagrain renmoval, and secondly, it adapt

compiexity relpied 4o Him eetiareee i angdiseendly, ot adaptsdhefilm gofin £ armtenzatlon

t
o ey OE AR ERAF Hurtesh Ao LSRR ERESler 13, OReE ey G
ChardcleeizengfUFIGy B diéspod& ofibiokh thielinpwg vadeo, 12awith film grain, and a reconstructed
reconstructe 4 resulting from Vi deo Encoder

video24 resylting,fomc 'Gﬁ‘b%f‘% ef &> ¥ suKacsPmpHsh hertask of Ghgraeigeizing the

obseroé&”,ﬁ]’ny idilmgrain. The foregoing describes a
technique for sinmulating filmgrain in a video signal.

Wiihiedorepgeing 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 a 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.
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filmgrain sinmulation techni que has been described in

connection with the encodi ng and decoding 30 of a
woaeao®Bgnal , the techni que has equal appli cabdT/U53004/009491

for other purposes, such as for exanple

post - production of nOWHAT [ CLAIMED ISvs for exanpl e.

In this regard, the original inmage could exist as

i mage information in a formother than a conpressed

viideo ${ gla@lod f@lnﬂ'obi?l%% filV iR fformdtioR 'cBRIpkiSg GRStEps of:

exist in a formother than as a nessage, such as an

SEhametsszige an Foageinforplation stréam toprgeriderinformatioroimdinativelof film
. exist_ in one of a variety.of different formats that -
grain B3 he st L D BATRNSS T PE DB PO gageter among

“aset Isible pakathdVER shRifyingldiffbrete hsliéOof thé Bivth %'kzﬁﬁ it tHeMnage stream;

grain information conprising the steps of:

c kacaiingthie filmgrain infeagetiomias shpseuent $lapyaission. provi de

information indicative of film3 grain within the-

i mage stream the filmagrain information including at

| @ast ame mahadRdcofdifg@aintt1 avhefdin (e seosSpddarfeters includes a

parameters specifying different attrjbutes of the film
pluralgfy gif ﬁonﬁlatlmpmﬁ@gér%mwﬂralgy ehsasiyrindsgendenhpyrmeisrs-

information for subsequent tr ansmission. 1 2. The

" ‘method according to claim1l wherein the set of ,
pad: anet®iesnéthed actesdiag ta’clainh 2 vdierdiy avlieast one edbmtlaton parameter

_paraneters and a plurality of intensity-independent
defingsz sptiplegorrelajiog in werCﬁef@ﬁaatt%m@E?@l@m{ylo claim 2
wherein at | east one correlation paraneter 2 defines
a spatial correlation in a perceived pattern of film
gdai n. Thednetiibdacrordingl taadeion diwhgrein acleastipng copeladomparameter

defi | east qu ogrel at hogsfararreter 2 defines a

elinesft FRTEOTPLETREE DY 1 ayers. 1 5. The net hod
according to claim2 wherein at | east one correl ation
paraneter 2 defines a tenporal caorrelation resultin

) . g .
f rSem priheiraeibo pesoeding Hyclame 2jwhein dklgat pag corelgtion pgrameter
. et i ] ai i . t.
U R T B T
ratio of the filmagrain. 1 7. The nmethod according to
claim1 wherein at cheast one

ranetey defines . .
| i ens; T metheg acPordife BB BRACHHED 3f ISpHONE IRERYjwnfependent
paranfetéts d;ﬁ?ﬁfﬁtdg?&t 2R dhoBIh@rahai m 2 wherein at | east

one o e Intensity-independent 2 paraneters defines
‘a col or space and bl endi ng node operation used to

ge the sinmulated,film, 3 grain.w the image,. 1.9 . .
T e HGameBes Ao o Heite froiiefeifah Bp i pFfeier defipes intensity
of a s BbmperRASD hbif e, 2 11 m grain i nformati on
transmtted out-of band with respected to transm ssion
of image 3 representative infornmation.

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 to transmission of image

representative information.
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-12 WD 2004/ 104931 PCT/ US2004/ 009491 1 10. The net hod
according to claim1l further conprising the step of
WO e@agodost i ng the 2 filmagrain information trarsnis1084009491
in band with respected to transm ssion of inmage
r épr es€efeamethed aGedrdingtorataimi. fumhdﬂconilﬂmmgﬂhh olgp pﬁtransmlttmg the
ccordance with cl aj.m.2 e the t arame

film e8BBGO P e 4o LanuRvgH G Phasg rgprosentative
inforth@nessi on representation of the spatial correl ation

and a 3 first order regression representation of the

cross-col or and terrporal correl ati ons. 1 12. The

hod ccor th t :
ot ame 2 o] PhtcRgreRe Vi SRR PherE e BBk gre computed
in acc@f(ﬁinee With@Sdeatild &’ﬂ@x%dt@ re@@&@foﬂ&é%&sdﬂtdtﬁna)f shxedpiatihl correlation and a
convolution nodel. 1 13. The nethod according to claim

first cydextregression Iepresentationsef the, eroserFoler pre teapoEs] icpiTpigtionfe 2
spatial correlation of the grain is obtained from cut
frequencies of a filter in the Fourier domain. 1 14
Tl’lQ Weﬂﬂfedncﬁhccbﬁdﬁoflﬁng o chian Bwhevdie thei 21 [¢dseorenmnathetgr describing the

conprises encodin the film n informatjon
spatwéeerzsqﬂaﬁmgoﬁ 56 &ran e opEheSgn ae?%eﬁflcegﬂﬁh@ safighcepvglutign model.
1 15. Apparatus for providing filmgrain, conprising :
.2 first means for characterizing an i mage information
stiBeamThe metbed decordifip taneltinod vdferdin kim at 3eagt merpammﬁsndescnbmg the

s RS o b S 5] B BBl 3 & Fburie omain
speci fying different attributes of the filmgrain in

the i mage stream 5 second neans encodi ng the film )
gridi n iTfeonethed aerording %@Q%@é’mﬁfﬁtm shesericeding step comprises encoding

v ol GBS ORI o 1N T S0

paranmeters and a plurality of intensity-i ndependent
parameters. 1 17. The apparatus according to claim 16
wWhir ei rBRRArytEREQr Pé‘i’\"éd‘é‘érf‘fhé‘l%?‘iﬂo?P’B%rﬂsé%t er 2 defines

ff’r?taﬁlé% fgxo&{?.ﬁlc?éri AdinfhgB %ﬁ?&ﬂt@(ﬁl :Rﬁztaﬁ%rbr&gldé irdfSRmation of film

graln eap at us "acco |ngtoca|m
grainwndhieihe iatagé stastm,sheinfomagioatindudipg atieastene pzradmtermamng a set of

A correlation.

possifls Farammeias sewiv e G et St filp &t 1 fisdmags,ream:
CQeksdddhi AR eASsH: ﬂ?&ﬁrﬁlngrgﬁlf inffhafioh E8HRAbSquent transmission.
correlation resulting from previous processing the

i mage sequence. -13 WO 2004/ 104931 PCT/ US2004/ 009491 1
20.. Th [ g
| elgst gﬁgeo rflatguacti %Pga%:tﬁn < R 19 vﬁl 9&1%%&‘@1%&5&6@1% includes a

ens ep edent
plurality of correlation parameters and a plurahty of intensity-independent parameters

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

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

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

defines a correlation between color layers.

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

defines a temporal correlation resulting from previous processing the image sequence.
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2 paraneters defines an aspect ratio of the film

grain. 1 21. The apparatus according to claim15
wobmereo43nt | east one paraneter defines 2 i ntBIBU$2000609491

a random conponent of the filmgrain. 1 22. The

appar aThe agpacatnsiacrgrding tol caim 16 whieireatrieast oheamtnsmyrmdependent

of the intensit ndent paraneters defines a
paramgtsstelings, anaspg rﬂp‘éﬂgﬁﬁgq%%fémoper ation used to merge

t he 3 simulated filmgrain with the imge. 1 23. The
apparatus in accordance with claim 16 wherein the
f21.st Theapmoatpsiaceerdingto daigel S wherein attease pse parameter defines

) ce with a s rder aut o regression
mtenspgs?@ggﬁpg}qomogpn&ﬁéﬁgs HPEHI 3 correlation and a
first order regression representation of the

cross-color and tenporal 4 correlations. 1 24. The
apdar aflbe aamaiu@l pepgrding &0 elpim 1 whsesie pieasi one of the ntensity-
paranet er cr [
indepGEnGRLFRERS eBRSE] dlbEipack add MshB Tk naciBRRELE W@ heree the
smula@cnﬁﬂh diPWithaBeimagel 25. The nethod according to
claim 17 wherein the at | east one paraneter describing
2 the spatial correlation of the grain is obtained

fhom C %itaf)[%ggtgg ﬁ{rﬁ%oﬁfan@e $iith cBlim' 18 dﬁlﬁelﬁ% £ me%n gomputes the

domai n apparatus according to c aim1
set of phanetdrs fexoodaneawih eseandorddraufd tegresdoy reprcsentatlon of the spatial
I nf or mat | on r he |I.T H. 264 n
correlationang, 11%t 9y %f Peg(rjésgl ntrgprtesereltatloltl} o}-the crgss e{)llc()jrea%d%grg{)or%l

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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