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1 METHOD AND APPARATUS FOR REPRESENTI NG | MAGE

GRANULARI TY BY ONE OR MORE PARAMETERS 5

CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s

application clains priority under 35 U.S.C. 119(e) to

U.S. Provisional Patent Application Serial No

60/ 470,712, filed May 15, 2003, the teachings of which

10 are incorporated herein. TECHNI CAL FIELD This

METhQRANR ARPARATUS FORRIERRESENUNG IMAGE GRANULARITY BY

grain . 15 BACK tion picture
films conprise s%%ﬁ?&ﬁh%!%%ersed in an
emul sion, which is coated in thin layers on a film
base. The exposure and devel opnent of 20 these
crystals formthe photographic i mage consisting of
di screte tiny particles of silver. In color
negati ves, where the silver is chemcally renoved
CROSS-RERERENQE O RELATED ARPISICATIONS occur on the
~ sites where the silver crystals form These smalls
specks of dye are commonly called '"grain' in color

fiITHR aPpéRticPRSARS pFigmYUHder 34 919 CPYY QGB)QG_U.B?OPfrovisional

resulting i mage because of the random formation _
Patest ApplicationsSerial Nx560MH 7001 2 filed Maly EmaA0Bothe teiachingsaof which
.uniforr{i osed area, sone crystals develop after

are '%f;‘&{gg[ﬁ%g\iﬁ(@a- others do not. Grain varies in size and

shape. The faster the film the |arger the clunps of

silver forned and bl obs of dye generated, and the nore
TECHMGALIAELD) group together in random patterns. The

grain pattern is typically known as 'granularity'. The
naked 30 eye cannot distinguish individual grains,

WIS iaitiohrrelités 08 2echinigee fraitnuatiP@Zilmngraid nst ead,
the eye resol ves groups of grains, referred to as
bl obs. A vi ewer

BACKGROUND OF THE INVENTION

Motion picture films comprise silver-halide crystals dispersed in an emulsion,
which is coated in thin layers on a film base. The exposure and development of
these crystals form the photographic image consisting of discrete tiny particles of
silver. In color negatives, where the silver is chemically removed after development,
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
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
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identifies these groups of blobs as filmgrain. As the

i mge resolution becones 2 |arger, the perception of

the filmgrain becones higher. Filmgrain becones

clearly noticeable on cinema and hi gh-definition

i mages, whereas filmgrain ppogressively |oses

i nportance in SDTV and becones inperceptible in

smaller formats. Mtion picture filmtypically
largaroﬁt%mwgepﬁmgef tﬂlerfﬁmmlaﬂn hetemesddghdri irinegtdimbecomes clearly

notcGbB SR S - iRR mBbR e eBR duBl BBERLssier
lose€hpdrtgnsd intSBTVEREESecoies MPERLHEBIRI i shidIIBr FOSRAESes
a characteristic quasi-random pattern, or texture,

r edlgtien .ﬁg:ttﬁr.ed’mmmga&mcogtmn%lraag@-ﬁeaendmimonse resulting either

fromﬂﬁgbﬁgéﬂgggﬁgggy bf bgﬂ?sﬁege\%dp&évéfﬁérﬁ{a goﬁtlgl éil‘ﬁ{t ographic film or

_fromltha@absequmwltmgaoﬂheﬁdwdd@%m'ﬂhé bhcﬁtbgtawiic&ﬂlhn pofssdzmaes a

In both Llo cases, this imge-dependent noi se IS

charaglegplieguas ra8dgmapatiortu Pt Eewr@eres%irw ¥gical granularity of
the dﬁé%@gﬂé’rﬁﬁ@fcﬁl %ﬁ&%‘gﬁ%@l&? tsﬁghéi’]ﬂ Fattdin 'E'éh't%‘smulatgg over

I'n sone i nst m grai n provi
compﬂfsd@enana@dtlhme‘san ordeératoeblehd tlhemnwitit pipstogegphiofilnof In both

t wp-. di nensi onal ictures. Fil rade s often_varie
casey s oS RERadeRriies & iasbirad 4 5 dbab QUL OnER ydderate
grairl !é%ﬁué?fr&é@rﬁ@% ddidble Rlatiiiein m%fl&? gf@u%sOH“%me instances, the

technical and artistic uses exist r 15 control ling

film gnain pravidasuyvisualcuesdhablaciitatel tbe woerechperseption of two—dlmensmna!

st IR B 30K At gV e PR R o8 & as o
time PERPERCE poRttldf VR tc] MaME of it E&¢hriéA ta‘r'lﬂeathﬁ%J 856y exist for
Sever al corrmerm ally available products have the

conteedighgrain {exgredn te moatian picture industyy, Diereforeopreserving the

grairl) 5N Gk SR PRAOSL ARG Tthete Rbekal e oy ghain has
becoNeavaYetkirewieat ivf thehRofibn @tctamhﬂah (?FI | mapplications
to_i npl enent grain simulation, uces verg realistic

r e36Yeral commergiplly pxailable @@ductsmayeéhe capabiifynelosipujating film
ari AER B A ool b gaped B AT AR e Cineon

fromEastpan KodalePp| Roshéster pevdYods dnerof the firstati ?Ataﬂ fittnzapplications

?ttln s. .Further, the C neon(r) application ils to
to implemen grajj simylagign, produces very real;stlc results for many grain types.

. However, the Cineon® application does not vield good performance for many high

speed films because of the noticeable diagonal stripes the application produces for
high grain size setlings. Further, the Cineon® application fails to simulate grain with
adequate fidelity when images are subject to previous processing, for example, such
as when the images are copied or digitally processed.

‘Another commercial product that simulates film grain is Grain Surgery™ from
Visual Infinity Inc., which is used as a plug-in of Adobe ®-After Effects ®. The Grain
Surgery™ product appears to generate synthetic grain by filtering a set of random
numbers. This approach suffers from disadvantage of a high computational
complexity.
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25 adequate fidelity when i nages are subject to

previ ous processing, for exanple, such as when the

i mges are copied or digitally processed. Another
commercial. product that sinulates filmgrainis Gain
SurgeryTM from Visual Infinidy Inc., which is used as
a plug-in of Adobe (r) After Effects (r). The Gain

S eSO Tl SR AR i
conﬁ%éé?—!dswﬁé@ ?‘éﬁbﬁa’%@ﬁamlﬁ‘ﬁ %r@[ﬁ ndtiflfles 8 HgH ﬁblqgéﬁby quaS| -random

onplexity. 3 None of these past schenes sol ves
phemraa@n@mtbat typically cagnel undesgaicompressiop rtmqoweiﬁ@nai spatial

and iR R8Il S el BE HBNERREE AtfbRRada itk B UARE Sgguences.

Attenpip te pricels filnAgigheatedniages | usiipMRE G- za@ﬂmwrm@caH 264
nmet hods that take advant a?e of redundancies in th

Comr%ﬁ%orsm iues usually rasyt i @lﬁwqfr%t@@@cqqntablwﬂm\gud@sr%ﬂof
comP {;%% @{thk%ﬂi{@ (5l 264 conpr essi on

ec nlques u ua resu I'n erthér an unacceptably
| ofhdggheee ekistsca mpedief attechniquenforaeprésesdingfthé fiém grain
n.texture Thus, ther eX|s s a need for a
Gha'%sﬁﬁ#a%@f%ghpé\&%@ﬂﬁ ﬂéatsﬁ&o FEIEN R
characteristics through one or nore of a set of
araneters. 10 SUMVARY OF THE I NVENTION Briefly, in
A&ﬂﬁl&EHEINVEN'ﬁI@ﬂerred enbodi ment of the present
pr|n0|ples there is provided a technique for
simulating filmgrain. The techni que commences 15

UpBHefifiein ra%@@fd@nc@fwﬂﬁfﬁq#eferﬂfé?! SRbbaméMBIaRe rﬂiré&érYt%nncuples
of an 1mage fromwhich filmgrain has been at | east

thereis pinvidasda teghriage fori sigutating fiteggraimf Sherdechnique commences

uporgﬂféal%ﬁegl ogﬁ@nﬁée an gtg?l%h?n n%érésgﬁ@?%glroj%i{ ig?%ngee from which film
grairs RES bbrhng IehdtiAtePiatert. tAb&HhBénﬁﬁgttﬁé Iﬁ]bb@lﬂi‘bﬁh@tion is film grain
previously in the inmage. is selected for

informationdhahipclidesratdadstiane panamn@teaamqr@ a petivbpessible/ parameters
spec%fﬂgndd‘fgre%%%rr%ﬁ[bs of the film grain previously in the image. A model is
selected for simulating grain and the film grain is simulated film grain in accordance
with the selected model and the at least one parameter. The simulated film grain is

then merged into the image.

fn accordance with a first aspect of the present invention, there is provided a
method for simulating film grain comprising the steps of: receiving image information
representative of an image; receiving film grain information that includes at least one

parameter specifying at least one film grain attribute; and simutating the film grain in

~ accordance with the at least one parameter.

In accordance with a second aspect of the present invention, there is provided
a method for communicating image information and film grain information comprising



20 wth the selected nodel and the at |east one

paraneter. The sinulated filmgrainis then nerged

into the imge. In accordance with a first aspect of

the present invention, there is provided a nethod for

simulating filmgrain conpri si3§g the steps of:

receiving image information 25 representative of an

i mge; receiving filmgrain information that includes
the stapeafdransmaittingr thedilrergraipdoidryiatign aut-Hof hand avith reispact to the
. %rai n attrité%uteh and.sinmulating the filmgrain in
IMZgE SERGTERRRVEHNOHNEEPN east one paranmeter. In

accordance with a second aspect of the present

invention, there is provided 30 a nethod for ] ]

comii Areaidange vvitige thirsk asneat obhepresent invghtiom there is provided a

A . | . .

et 87 comGiRERlnd Ifidoe Brolritic} & fim o 4R Helineln cgmerising
thelstep ofringesmitiinethenilat grain infdromationi insbandwitie cespboh éethe image

Wi th thi.rgl asaﬁ.ect of the present invention, there is
reBF%?ﬁ'@%Qi’ea'nQ‘fB} 198 f or communi cating i mage i nfornation

and filmgrain informati on conprising the step of

transmtting the filmgrain information i n-band wth

r esga@ccouianee wittng dountle pepaeiaf dive peesent swentionntheranis provided a
_ a}ﬁcgrdanceI Lth.a fourth as ecttof tt heOE_r esent . inf fi
MeRGE o Ymuiayng im graih SomRLEINg thestRBa of Jeceivig ifgggyinformation
reprebEhtakioe bf 8ATREGR! fish MIRCSS fiIRR §ralh hasas&in éﬂ%\zzﬁf‘é‘lﬁ&wuated;

f fromwhic

information representative of ~an image
redaiving dimignaindsfaneationthatdasiudas ot reast ede pararietémamong a set of

fi. rain.informgtion.that ipclydes_at |east one ,
popibl e Bietrie apeitiion et apbeliipilas g e FEsts Breviously in the
S S o 10 6 AR SR S B i acorcnce
withithelsetactey] grogieh and ithe: bleiastond pafarneteyr and merging the simulated

accqrdatnce .Wth the selected nodel and the at | east
filg QERIR dptQrtBe #Mag8nd mer gi ng the simulated filmgrain

into the image. In accordance with a fifth aspect of

the present invention, there is provided an apparatus

f or Isiacodmianeg With anfiih aispecioaiithe ipsésent imesamionf there is provided an
ap{)ae% lljgl %‘onrgsiilnﬁ?aq%g film grain, comprising: means for receiving image
information representing an image; means for receiving film grain information that
includes at least one parameter specifying a film grain attribute; and means for

simulating the film grain in accordance with the at least one parameter.

In accordance with a sixth aspect of the present invention, there is provided an
apparatus for simulating film grain, comprising: first means for: (1) receiving image
information representing an image from which film grain has been substantially
attenuated; (2) receiving film grain information that includes at least one parameter
among a set of possible parameters specifying different attributes of the film grain; (3)
selecting a model for simulating grain; arid (4) simulating the film grain in accordance
with the selected model and the at least one parameter; and second means for
blending the simulated film grain with the image.



information representing an inmage; neans for receiving

filmgrain informati on that includes at |east one

paraneter specifying a filmgrain attribute; and neans

for sinmulating the filmgraimbn accordance with the

at | east one paraneter. In accordance with a sixth

aspect of the present invention, there is provided an

apparatus for sinulating filmagrain, conprising: first

means for: (1) receiving image information
BRIEDHDESCRIPHON OFTHE DRAWINGSh fil mgrain has been

substantially attenuated; (2) receiving filmgrain

information that includes at | east one paraneter

aMPIQURE 4l ' ﬁ£ﬁ§ﬁ¥ in

different att rtlragg?gsm%f&( tahe ﬁ%??ﬁ%?ﬁl%%ﬁ%ﬁﬁg éf"égtsuyﬁgem
accerdande Iwithothesprieseat plmgcngieaufo: smuulatn(\gf iinigraindniaggotdance with the

rain in accordance wth the sel ected nodel and

film.
‘“eqﬂﬁép'ﬂcﬁﬁﬁ%t one paraneter; and second neans for

bl eMJURE PhRustitbs atifeck b élr'h%frh \éb&dihd Bfbodmaent 8Pa system in

BRI EF DESCRI PTI ON OF THE FIGURE 1 illustrates
accerdsnee with ther priesent pringiples f@n@omla’em fin graigyis tageordance with the

th the present principles for sinulating

pfe@ﬁ?ﬁf‘ﬁ?@% dgccor dance with the present principles;

FIGURE 2 illustrates a bl ock diagram of a second

enbodi mrent of a systemin accordance with the present

principles for sinulating filmgrain in accordance

with the present principles; and 4 FIGURE 3

illustrates a block diagramof a third enbodi nent of a

systemin accordance with the present principles for

simulating filmgrain in accordance with the present

principles. 5 DETAILED DESCRI PTION FI GURE 1 depicts a

bl ock schematic diagramof a first enbodi nent of a

system 10 in accordance with the present prlnC|pIes

for performng filmagrain



)10

15

20

25

30

simulation in accordance with the present principles.
The system 10 includes a Film)10 G ain Renover 22
that serves to renove the filmagrain froman i nput
video stream 12 to yield a filtered video stream 24
received at a Video Encoder 3. Filmagrain renoval
constitutes a particular case of noise filtering where

the noi se signal appears correlated with the inmage
si lj|ﬁllJRE”rfB1 ilbistrates &blookaliagrarrefrawtbird Emmmakef alsgstem in

accdBpfibe Bt RS hrneFReS ror, Bl BRI ebordance with the

preseet panciplese. The Video Encoder 13 encodes the filtered
video stream 24 to yield a coded video stream 14 for
recei pt at a Video Decoder 15 that decodes the coded

DT RETIOR i Geo Decader 16 utilize the same
video coding scheme as are well known in the art. For_
 TEIBURE b splcies ok selimats diaiy, ofr TERBTReHIG et 2

Sy e A Wie prEva P S PR i prein

simulatian ioracoeerdamee w;tbttberpltebeiltmlncmbéwd'éhe systiehml Girdlodes a Film
. ter r 23 th receiv he ut vi deo . st
Grai iRV 27 fatReniar b 6aiove TR iaraiom o dat Vidgeratream 12

to yiskir£iN@red Vidso Etréﬁh@&kébe@@f ach ides En@édé’rui@uf:ﬁn"lagram

message, hereinafter referred to as a grarn 2
remonad §QQ§tltUt€rﬁaﬂ pesticuancasenofinse filtgring whenmthe ncfuee sugnal appears

com 3Bt b o S g 50 ey 28k the o

of a claiseital inYage fiRen afHengh BackRaEllRr wilkAt necessarily provide optimal
i nt ensi tAﬁ endent paraneters used by the idéentified

performRpce. gdﬁpsgegoqler %Eﬁwdﬁtﬁeih@thetfﬁ@ visiaomsttaam 24i tg yield a

coddd g T8 GERAHE v OBAS SRl e cov

streamcle lyiel3@ decddeei \ﬁ@é@sﬂeaﬁf 1@nYhefvitibe Bhebadart 8ahd the Video
gned to that m ssing aranet er.

th &t val ue i s assi ﬁ >
DecederqkHtilizer thesarae videoscadieg seherme, asaigaraliknowbde the art. For
t :
oxar, ol 04862yl L, Bl Hod oo o
stangardh e taothdrriype 0b b%kdﬁswdtdmcﬂlﬂabom%dmeédt&ars that utilize

| gal f
the MPEE-5nd heS TR T Y 284 Alsrdard-are-weil known.
The system 10 also includes a Film Grain Characterizer 23 that receives the
input video stream 12 and the filtered video stream 24. From these video streams,

-the Film Grain Characterizer 23 outputs a message, hereinafter referred to as a grain

message, that contains an identity of a model for simulating grain, as well at least one
of a set of several parameters, including correlation parameters, intensity-
independent parameters and intensity-dependent parameters used by the identified
model. As discussed in detail below, the parameters in the film grain message
enable simulation of the original image-dependent noise using the identified model.

'In the absence of any of the parameters, a default value is assigned to that missing

parameter. (Indeed, if no model is identified, a default model for film grain is
assumed. In one embodiment, the Film grain characterizer 23 generates the
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and devel opnent of the photographic filmor upon
processes added during the subsequent editing of the
i mges. Follow ng generation of the grain nessage, a
Film Gain characterization 5 information Encoder 26
encodes the nessage for transgnission to a Film Gain
characterization informati on Decoder 28 in-band or
out -of band from the encoded video stream 14
parametessin acaprdgnacheitiViadeod&hbasket od $hé physitdlervtesoof exposure

C r 15. ..Both the Vid Encoder 13 and the Film
and @%agﬁ%mﬁgém POSIPGERPTIG FIBP ALLUPOR RERGeRRES adsied driticythe
submm@anmgr&tﬁ@hﬁﬁe Thus, for exanple, when the

Encoder 26 utilizes )10 the | TU-T H. 264 vi deo- codi ng

st BalRwingrganesaliuetie arain nesedgé, 4 FilgrG@rain characterization

info *O%Cl%ﬁ%dn@fiﬁ’éhdg@sgrx%%%aﬁée??a%émﬁﬁ@i Frs i Grain
charbofeviza&bn anfofriélion DR8686E28 n-BBhH ¥ Gut-Bf bARd Frb¥h, the encoded

ﬁ VI deo codi n(? standard. The Fil m G ain
videg sifeap 44 teansmitte hY&PMdeED@@weTS trga dhe Yitlep Dreoder 15.

BothPEefided ErdonB 958 &nd tHEFiRS %—ir%? %a%h%ﬁ&a@?r? gﬁﬁﬁﬁ%thrb Encoder

fiI'mgrain characterization 1n
26 use e sameaermddmga;memaeé‘tmrsafomaﬂﬁmé exRen tRYEnbsder 26 utilizes

et ft the P 30
the (712 268 video-Soding standsrelor sieasiag baepdpdaimiarpisy
charh@teh%ﬁtloﬁ irﬁbﬁnmﬁﬁ%eﬁ’lsﬂwgaﬁ %l@ﬁ%ﬁbﬁp I tﬁ@gﬁ‘rﬁ‘%%lﬂ L n

he absence of ntifrcation he no
Squm@ﬁnmwﬂent dnformatian 8Efuhessagteas Hiefined frethd ITU-T

0 .a specified value of a given
”266‘23‘3%?@3'”%%%“ Ycessor 30 will assune a default
valye FllﬁPGrélh%aF@ftéﬂ'@étﬁfn snf&n@atﬂn%@édd’éii %‘B"'@é’éﬂldr'%"tbg coded

the grain nmessage 25 of 1 wll typically
film grigén Bresssge 27dervigldE @echmhfdm grain sbatactqnzaj:oﬁpafaraiatlon

L c Correl )
strecf 25oR e to GV Gz Rtopmiarh B asanhgit Asgwrbsd in detail
heremam@usts.ed:rbeéswrmluaémmtéqhétﬁlrﬁrgrém ith 8h lasaéntured in the

enbodi nent, the inmage-dependent correlation o
graingmegpage using parameters in message. In the absence of the |dent|f|cat|on of
the model, the Processor 30 will assume a default mode. Likewise, in the absence of
a specified value 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

In an exemplary embodiment, the image-dependent correlation of the film

- grain in the spatial domain can be modeled with at least one parameter, Spatial

Correlation. The measured spatial correlation determines the size of the blobs. A
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30 grain in the spatial domain can be nobdeled with at
| east one paraneter, Spatial Correlation. The
neasured spatial correlation determ nes the size of
the blobs. A 6 second order auto regression nodel and
a convol ution nodel for the goatial Correlation are
descri bed hereinafter. Aspect Ratio 5 ldeally, film
grai n shoul d appear isotropic, with identica
secatithorder auicstagresdion madel axdeaan doMvalutiee hicele! fdidhe Gatial
racti rain actually can appear
COFF?FQI@F&{Q&F&%CHB%&Qe&glp@@§I on, often resulting from
factors related to f|In1recording, such as the use
ananor phic optics or non-square detector geonetry. For
AspegtiRafigason, when nodeling )10 filmagrain, an
intensity- |ndependent paraneter representing the
aspect ratio factor will conplenent the spatia

Cordealllﬁtﬂlmﬂgmshkb@d appRaf [RRRIpid, MitPidehtiE M HYr ¢ Bristics both in
bs 1s ecified with at |east one paraneter. Color

X a"éo\g diesiionn Howsver, indragting ke i grainactinaltyesan appear stretched

o RSB D1 DB BAF T FAAEIEA 14 K i o8 e oo

anambephieapticsedr nmh-squarmde@lcairlgmnﬁ*aher Fontat té&@son, when modeling

ercei v%? ti, nt rain. A weak color correlation
film graiy,; asinfengit VdP ﬁ%ﬁ@%@@&t@d{eprﬁmnﬁﬂm @spaet ratio factor will

comﬁl@'rﬁént'tﬁé’% StiAIPRIBNO PN RES A, qq@asg:%c%trgiﬁf of the grain blobs is
Consequently, a viewer w |1 "percei E3

specifigcowithl at east gheparameteror r eI ation inplies that t he

grai n bl obs on one col or conponent depend on ot her

col or conponents. In this case, a viewer wl|l -
Coldratéfelgidie grain as nonochromatic. Tenporal

correlation 25 The tenporal correlation of the grain

i n sequences is represented by at | east

In accordance with the present principles, the layer-dependency of the film

- grain in color images is represented using color correlation. The measured color

“correlation determines the perceived 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.
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one paraneter. Gain by itself cannot exhibit any
tenporal correlation between franes, but the
i ntroduction of a paraneter representing tenporal
correlation can help to sinulate other observed
effects caused by the editing of the film 30 7 Noise
intensity In conjunction with the previously discussed
_paraneters representing the dependency of the film
Noisg iitensityh the fil minmage, a need exists to represent
the 5 intensity of the noise arising fromthe random
processes that originate the filmagrain. Noise

| NiredsjliCtoR WiR the b%vimpdfs%eée&aﬁfmﬂ%gs e¥bhling the
depend on the filminmage. ~The intensity of t egralng
depw&\%qﬁ&e filne graineyith awa/ﬁiim: imags, senéad pristssiomepresent the
: : [ : . ipintensity | evels introdyc , .
intertsifof 18 ASise AMking fofth the, (A GOR) blackR3es hatdrictiaifyhe fim grein.

_ Noisefipteasity ot veapfor.eddhatoloné@pbihant sl dSsaitPon the film image.

clear|y visible as peaks )10 superinposed in the -
V@th@@r@'@r%f@msmeéwlﬂm vhictoneire ip aetoaivast in the

i | S ; ; ' | SO [
Imagd, SN e iteheit Kvek MRS (@ Briindfip oRblry inage
and hadily appéari motipeablte. High intensityl levsls becondecloay visble as peaks
blend the grain with the video signal. Note that a
Supejiniigsedp tg%txmagf:. paraneters coul d betransnitted for
each col or conmponent and for different intensity
- levels of the filmimge. It is well known for exanple
OthenRarametergr ai n depends on the local intensity of the
i mge, and that different col or conponents can have 20
di fferent grain depending on the type of film stock.

Thie ddditiorotorihe Fdranfte Ry didllissddl Aove th a%réiﬁ'ﬁnﬁs%{%%zéa% also

. different sets of paraneters in accor ce w
includgtrasameters dhal ideotifytthe dolargpackfin adbch tedadd ttee Finh grain, and the

enfi5BpHEE8LF o Bl B8] B4 The BB Sha A BRL B iferot o
of parametdrstooansbé itimsaiittéd forf dddR &18F ForhPahast £hd 3r different
intensity levels of the film image. [t is 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.
The film grain characterizer 23 of FIG. 1 can generate different sets of

. parameters in accordance with the intensity levels of the image. If desired, the Film

grain decoder 28 can interpolate the set of parameters to various intensity levels in
order to derive a smooth transition of the film grain characteristics.

~ In order to interpret the set of parameters, the Film grain decoder 28 must
have a specification of the model that generates the parameters. To understand how
such a modet can be specified, the following mathematical relationships will prove
useful. First, the decoded image pixel value at image position (x, y), color channel ¢,
and frame number t is 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 (c = 1, 2, or 3), although this model can be directly to
monochromatic images and, with obvious modiﬁca_tions, to YUV representation.
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25 In order to interpret the set of paraneters, the
Fil mgrain decoder 28 nust have a specification of

t he nodel that generates the paraneters. To understand
how such a nodel can be specified, the foll ow ng

mat hemati cal rel ationships wid!l prove useful. First,
the decoded image pixel value at inmage position (X,
y), color channel ¢, and frame nunber t is

r erthsmmaddlttw dréin, mpdeb grain. sifatatioproh@inge s @achasigel Rilue to J(x,
i xel values are scaled to have nmaxi mum val ue

Y, G 8?Wbﬁ Vt Frdy 1S QWENRY the reiglionsRipge represent ati on

(c =1, 2, or 3) al though this nodel can be directly

to nonochromatic inmages and, w th obvi ous

nodi fi cék)i ond(x, yoc iy lu()e,w,esé}rt &(kon.c,8, LW yht)an

additive grain nodel, grain sinulation changes each

pi xel value to J(x, y, ¢, t) where J(X, VY, c, t) is
wheg; e ybt) is henéﬁétﬂbl cffnéésmnnteh%}t i the i !

g‘y b iy ¥ Phavgn%e? q 3()% t>’|5(x ¥, 1))

definds er%amf%uw erﬁ:atpssmleeﬁmlwentatmnes tmdgﬁn@hdasﬂ(.lmlnance or

a we)f%s %F' bsltum bf fﬁlteNSItn-{gQ E(x Oﬂeé 'tfﬁgerg%f?cﬂéra{ﬁ]%@%l%m nan c e,

orTha addltgbtmddsltgiveri biy Ricesibh I(¢)$is|%oproynaté wﬁén avéarithmic

int al. | L?gr ch ng:el The additive
In efl?&Ma‘?PP IS UBLa; %ﬁw&eapﬁpalﬁet%ﬁwdsl phgwattqnmc) Cﬁll(be replaced by
thefbmg\ﬁ I Mt ﬁ% | ed. For linear scale, the nodel
of e@gatl OIE l;%/ec@ﬁa e replaced by the follow ng
rrultlpllcatlve node: (1a) J(x y, ¢, t) =1(x, vy, c,
t) * ( L(x, 5 Whet her _an
addi ti v¥ i(,xrréi ¢ |t25r'|19‘at3ﬂ \‘Fet) rdi %Bﬁ%délcs itk (X, Y, ).
i mpl enent ed wi |l depend on the format of the decoded
i mge. In general, grain should conprise snall

Whethersan additive oraxnuilipligativel grain nmde]l'rselrﬁmém"newtertgwull depend on the
bes exa | es of diff.er i nd ,of
+ form B R B2 ingsal i sBom efoeem ST iraskion of

maxiniimpiesi ealud. nve nTh@ follocdfing- déﬁh@f@ Eéﬁéﬁ%ﬂéﬁnﬁﬁa@‘&f HiftBnt kind

of filmgrain pattern In an exenplary
of madelsfar extmating.a set @fgaarem&ierssiomcerdmmebmth the present invention.

1. Autoregressive simulation of film grain pattern

In an exemplary embodiment, a second order auto regression scheme can be
used to model spatial correlation and a first order regression scheme can be used to
model cross-color and temporal correlations. All correlation factors depend on
intensity of the decoded image. Horizontal and vertical spatial correlation factors are
related by a constant aspect ratio factor. Under such conditions, the following
formula will yield simulated grain values,

(2) G v.ctL)=pc LN+
a{c, L) *(G(x-1,y. ¢, t, L)+ A* G(x, y-1, ¢, , L)) +
He, L) * A*(G(x-1, y-1, ¢, t, L) + G(x+1, y-1, ¢, t, L)) +
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used to nodel spatial correlation and a first order
regressi on schene can be used to nodel cross-color
and tenporal correlations. Al correlation factors
depend on 25 intensity of the decoded i mage.
Hori zontal and vertical spatigl correlation factors
are related by a constant aspect ratio factor. Under
~such conditions, the followwng fornmula will yield
si B, &) G-, i, oall, Lp s, A £ B * G(x, y-2, cct, L) +l(k, E) p&Ex, v, ¢-1, 1, L)
L)*N + 30 g(c, L) * (Qx-1, y, c, t, L) + A* X,
y-1, ¢, t, L)) +r(c, L) * A* (gx-1, y-1, c, t, L) +
Al L)Y Gx, ¢, ctt-1,) +9 s(c, L) * (Ix-2, y, ¢, t,
L) + A* A* x, y-2, ¢, t, L)) +u(c, L) * x, v,
c-1, t, L) wv(c, L) * gx, vy, ¢, t-1, L) 5 where Nis

I it b L zed -~ Gaussi distribution
whefl: NS SRR Sellesliul R ATt AR caEganSlsbifion. &'l £ Bonstant

pixebaspect aao,qurd, 4] 8} u,EhdMaABORERtIORTRERIBrsY Parameter u is
or the first color channel, and the grain-

al ways _zero :
always 2560 ETtbe iraticalar shannalcandihsneran valie Grassumies tore zero
whebveraiiiPingd i€ 80t BErigen from the structure of
equation (2), grarn values for a given ;)10 pixel in
a gbvan wseen foamtie stewctueadfoedurition (29cgraii vallgs bsriagiven
. Pr evi ousl IcaI Cu'n%ttl ed rajn val ues. Specifically,
pixetin g.dven colerghanng afe palcylated regursivelydssing greviewsly calculated

graimvailes. Specifically, Trses hRfcdibulaldd N (5‘1’8%?%? irfc?@é’éﬁn% grgl'r%r number

channel s processing occurs 1 n order I NCT easi

- (i.e..docreasiigann dVithinreaeh ftame, coloncharas|s gradessiig déure iicbrder of

eS8 507 B8l BB bRl Ty B g, obdine,

_ i ! | _ . )
S oo oM s A A IS e
Whendhigersler is trdlowesk alligraipivatuasstequired  byvequationl (2) are

autofg?a?fcﬁﬁgngéu%lgﬁlﬁ,g\égia@me practical, i.e. pixels

rocessSing oc Btums first. In such cases,

equatiepcertaih oMdumstanitls, eftical FAABizARM proval nMtelRactical, i.e.
use only previously cal cul ated val ues:

- pixels processing occurs by columns first. In such cases, equation (2) will require a

slight m‘odification to use only previously calculated values:

(2a) G(x,y.c, t L)=p(c, L)*N +
q(c, L) * (G(x-1,y, ¢, t, L) + A* G(x, y-1, ¢, t, L)) +
(e, L) * 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)+ A*A* G(x, y-2, c, t, L)) +
u(c, L) * G(x, y, c-1,t, L) +
v(e, L) * G(x, v, ¢, t-1, L).

'Implementing equation (2) or equation (2a)) requires certain minimum deéoder

capabilities. First, the Film Grain Information decoder 28 must perform all
calculations real time. Second, the Film Grain Information decoder 28 needs to keep

- anumber of previously calculated grain values in memory. Specifically, to implement

temporal correlation (i.e., last term in equations (2) and (2a)), the Film Grain -
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20 i (2a) gx, vy, ¢, t, L) =p(c, L)*N+ g(c, L) *
(g(x-1, y, ¢, t, L) + A* x, y-1, c, t, L)) +r(c,
Ly * A* (G(x-l, y-1, ¢, t, L) + x-1, y+1, c, t, L))
+ s(c, L) ( x- 2, y, c, t, L) + A* A* Gx, y-2,
c, t, L)) + 25 u(c,L)*(x,yq-1,t,L)+ v(c, L) * (X,
y, ¢, t-1, L). Inplementing equation (2) or equation
(2a)) requires certain mnimumdecoder capabilities.

Information, dedwlelﬁﬂBm@cts to Kewpograi valued 608 Qlill gvivigtiframe. From
ti me. Second, the

this BETSRBEA i o dMBRRaNT Lipt dat Gundel sberuainn (5 Aloupgradual soaling
dowﬁmﬁferﬁénﬁf\ﬁ‘fh QHﬁJé/dQ?%BH{léﬁ %ﬁfi&élﬁyn vaI ues in

menory. Specifical or al
c of\ rsyBlam avith( slightly Iw\aet flcﬂdltyrconldaguate tb!eslaémempdrai) term in

e B2 AT RO REAT GRS e PSPt to

keegt dniatn pamserdm Yeevibls FaMEPPUHABE cdd@lavini® WOdEIreSiit by
uation (2) allow gradual scaling down requirenents

neg[%ﬂmg tose teene inaavaliproe2)thakdersnd on s(e tlomboing so eliminates

neecF{d QBP&- ¥| eﬁpﬁﬁl l;gré\%lgé %v&gr? %eﬁn%%]gﬁ&q%eggﬂm%roof calculations.

Neg!ebilmg dﬁagsnaheonneledohg deswiben bdstinis aftaln(d, mgna?dp 56 foprwill
urt her

I f ous frane.
* achibe MaeHEAUNIMN A Semplax ity Thedghest Higityigsal sisiator will use

HEad 2) that depend on s(c, L). Doing so
onEyWhllt% nat%gé}ré]eed to store a second previous row in

meffienesenia teniu ieseglaatedrin ef sbcagdawbm Qmemt Eﬂﬁ(rﬁaﬂt b!)ﬂ@Jrs if the
I de terns W r(c
i A L S0 B e o bt

- effecﬁvémkﬁxcbrﬁlér ca'ﬁéla'tlew%ﬁd St frWe %@bﬁaﬁﬂ hé‘%ﬁfod@nlélatlon (noise

use white nolise term
powerégqematre & sarme ssdhey wibaibdh irsg Stlbstale |mtmﬁemtaﬁonmf$he fnodel

' embé@ﬁgib:ﬂ %@ua?gﬁg@g{ﬂé rsg%\telt %ﬂpdeco esrhof'x% g uursi‘})? thte 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, r, and s to zero for all but first color channel, and
by setting the color correlations u(c, L) forc > 1 to 1. Under such conditions, the
grain becomes completely monochromatic. This set of parameters values can
describe the case for color variations washed out by previous YUV 4:2:0
transformaﬁon 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 aspect
ratio that does not depend on luminance. Luminance-dependent parameters can be
encoded for several fixed luminance levels. The decoder will interpolate parameters
values for intermediate luminance levels,

Grain parameters do not have to be represented exactly in the form of
equation (2). For example, any one-to-one transform of the parameters could be
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effective first-order correlation and even nore
inportantly, the autocorrelation (noise 15 power)
remain the sanme as they would in a full-scale

i mpl ementati on of the nodel enbodied by equation (2).
The sanme adj ustment should oggur for the first rows
and colums of each frame in the absence of the

avai lability of all of the previous grain values. The

‘used. | lexaddition ydiffiérenb sehaftreferembe dntetisity lseisadduid bed)sed fo different

econe further 20 appar.ent setting paraneters p, d,
parafEigtand BB PoIglio isohbmeasiokd b tseHapive , " and
by setting the color correlations u(c, L) for c >1to
1. Under such conditions, the grain becones
cofpl et &gnvalntionrivitheispatialidomain td simulatethke $ilm grain
patté( ues can describe the case for color variations

washed out by previous YW 4:2:0 transfornmation of the

col or space. 25 For a set of three colors, the nodel

of equation (2) describes the grain pattern in terns
of Inakptaahexsmpepe ambedipant the din grain pediem canibesimelated by
0, td -nat. dep
convbfif o b LA B gr K10 Ry SRR Bk G her
defineddndhd férom: several fixed |umi nance |evels. The
decoder will interpolate paraneters values for
i nternmedi ate | um nance levels. 30 Gain paraneters do

- (3) NG =r‘(ﬁ¥q11t(ﬁfbﬁ3 r eprpsent ed exactly in the form of
S Iy 2 1. « 1in

equat’i on For €xanpl e, any one-to-one transform of
the paraneters could be 11 wused. In addition,
diff.erent t, of .reference.intensity levels could be .
S e TR S SR SRS s £ S Soiuton o
the inPUtSHRPWRhItRS RENPARASE 5&% d, etc. 2,

nvo@gtion in the spat?%%&ona’?@?to simulate the film
grain 5 pattern In another exenplary enbodi nent, the
filmgrain pattern can be sinmulated by convolving a

4) sepdf= @nr}w@e{?f)ﬁ’@by a linear, time-invariant,

digital=ilter de dinthe form

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 shouid 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 kernet, which will result in decreased memory and
processing power requirements.

3. Filtering in a transformed domain to simulate the film grain pattern
As discussed previously, convolving the impulse response of a filter h with a

set of random numbers x can characterize the film grain pattern. This same -

operation can also be described by multiplication in the frequency domain by the
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)10 (3) h = (ho, hi, h2, h3, ... h,) This states that

the filter output simulating filmgrain y(n) is the

convolution of the input x(n) with the filter inpulse

response h(n): 15 (4) y(n) _ x(i)h(n - i) = (x * h)(n)

i =O Al though equation (4) yighds a simulation in one

di nensi on, a two-di nensional pattern could be

obt ai ned by concatenating the vertical and horizontal
Fouremimainsidromsf the imp2seoreapdhse s and théFdariesPdhsform of the set of

ci rcunst ances, the coefficients of the filter should
randg E\Ti??ﬁsr ted in addition to the aspect ratio factor.
A F|ImGr_a|n I nformati on decoder 28 with limted
capabilities can limt the spatial size of the
convol uG)on Wée)relX (i G will result in decreased
menory and processing power requirenents. 25 3.
Filtering in a transformed domain to sinulate the film

B o TR S P A

- computaiionaliyfaster it b dFcariee tiansfdriveof therr@igei is analldisie for example as

same 30 oPeratlon can ,al so be described by

partRE ?r,!nq CLEPPRTGIFIAhRrAGEEGlency donain by the 12
EC’Pﬁé %IIOWlﬁ@%EPB@Q%rﬁ{@ré ﬁ@k’i atfs Bﬁﬁeﬁﬁéers géb‘??g nt

ourier Transfor e set ran om nu

image-dgpendgni grair(accordingiin aecmndgnce w;ﬂ'etmrmaewlniﬂmesn These

ords an advan because it ational
parafitpls Soid Bl ARSI iathed of eIl oralf. Pardmeters for
otheAHRithéds ®olRT b&X¥&sR5enRy by similar tables.

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:

q r 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:

qQr u v p
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
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part of filtering or conpression process." The
follow ng set of paraneters yielded satisfactory
results to represent )10 i nmage-dependent grain
according in accordance with the present principles.
These paraneters assune an ﬁ$toregre33|ve met hod of
sinmulating grain. Paraneters ot her net hods woul d
be represented by simlar tables. Color space:

levell M@ 255]ni €.1RCR) 012 @Herglpag node: additive Aspect
ratio: | Nunber of intensity levels: 3 Paraneters for
the R conponent: gr uv p 20 level [ 0, 84] : 0.1

comylffpe Sy s g Aol 010 01

Afterrpesifgingribe fcotortspace, ttenplendirig made, thle\/aspecﬂﬁati()f—‘aﬁdi the number
ot nyot ot B e b e s g o

colou%c&ﬁpo@ﬂ%h@ééed ?Notté1 that Wg&g dn ?’tﬁggse ?ld%g&l é%fome

level:(injensi )mformatmaaae t@beﬁmnSmmeti [ 169, 255] : 0.1 0.0
r met ho
t abpg" %@%q g@o"‘{ glegéﬂd)en% mentew‘ ?a syst WI1‘or sm&afc'ng film
grain in accordance with the present principles. The system 10’ shares many of the
same elements as the system 10 of FIG. 1 and like reference numbers describe like
elements. Indeed, the system 10’ of FIG. 2 differs only in the absence of the Film

- Grain characterization information Encoder 26 and Film Grain characterization
- -information Decoder 28 of FIG. 1. The system 10’ of FIG. 2 uses the Video Encoder

13 and Video Decoder 15 to encode and decode respectively the film grain

-characterization information 25 output of the Film Grain Characterizer 23. The

system 10’ of FIG. 2 requires the use of a video coding standard that supports the
transmission film grain characterization information as parallel enhancement
information.

FIGURE 3 depicts a third embodiment 10” of a system for simulating film grain
in accordance with the present principles. The system 10" shares many of the same

elements. Indeed, the system 10" of FIG. 3 differs only in the absence of the Film
Grain Remover 22 of FIG. 2. The system 10” of FIG. 3 uses the reconstructed
images available at the Video Encoder 13 to simulate the result of removing film
grain. The system 10” of FIG. 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 related 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.



After specifying the col or space, the bl endi ng node,
the aspect ratio and the nunber 5 of intensity |evels
for which different paraneters are defined, the film
grain on each color conponent is encoded. Note that
only the data in italics in gdltlon to sone |evel
(intensity) information has to be transmtted. FlI GURE
2 depicts a second enbodi nent 10' of a system for

si e doriegoirfg descripyedi ntdohnf ROl &NAElaNAE filh fg@alﬁrlﬁ%esﬂéleo signal.
h§$@gles The system 10' shares many of t )1
Whilg Sraik Smpdatioeteshione has beemrrescrbeshin qqrm@ct{on with the
encddihg BRACROUITRES P2 UERAYT 4i0Ral, HHEIBhAIRIR! s dARR o1t Aty for

Sys en110 ers on y |n the™a

other purftides, s@&laas fohexampler paﬁtprodumtm‘rocbfrmbtlm plotgrediims for
26, and ﬁjln1C} i characterization .information
exarfidle B thisgSgards the ofic! §"§9§108H1d1@x'5"o?3 iEnage migpgration in a form

Othegﬁfa%%g%g?e&rggﬁﬁg%dleégs@@he ?il I'm gr g%ﬁ i@ﬁn{@n&lﬂ%gﬁ existin a

formcqtheaﬂwaaa& atmessager, suohis@an SEI messageofFor lexaRiplen the image

oA G BEREI5 of Sehl oE Pkt s n o o

supports the transm ssion filmgrain characterization
informati on as parallel enhancenent information.
FIGQURE 3 depicts a third enbodi nent 10" of a system
for simulating filmgrain 20 in accordance with the
present principles. The system 10" shares many of the
sane elenments as the system 10" of FIG 2 and |ike
ref erence nunbers describe like elements. |Indeed, the
system 10" of FIG 3 differs only in the absence of

~the Film Gain Renover 22 of FIG 2. The system 10"
of FIG 3 uses the reconstructed inmges avail able at
the Video Encoder 13 to sinulate the result of
removing film25 grain. The system 10" of FIG 3
affords two advantages as conpared to the systems 10
of FIG | and 10' of FIG 2. First, the system 10" of
FIG 3 reduces the conputational conplexity rel ated
to filmgrain renoval, and secondly, it adapts the
filmagrain characterization to the anount of film
grai n suppressed by the Video Encoder 13. Once the
Film Gain Characterizer of FIG 3 dlsposes of both
the i nput



30 video 12 with filmgrain, and a reconstructed video
24 resulting from Video Encoder 13, it can acconplish
the task of characterizing the observed filmgrain. 14
The foregoi ng describes a technique for simulating
filmgrain in a video signgk. Wile the filmgrain

si mul ati on techni que has been described in connection
with the encoding and decodi ng of a video signal, the
techni que has equal applgealps ty for other purposes
such as for exanpl e post-production of notion picture
films for 5 exanple. In this regard, the origina

1. AR RSP ANBERA 8 o g meoe

inforrpatiomreprésemtativoof apuindgexi st in a formother than as
a msssa such as an SEI nessage. For exanple, the

VIND S, Gran BFPTENion Rl BeiLdes ot deast oReRArARelerof

q1 the art. -15- CLAIMS 1
speciﬂhﬁé a ﬁ:'ﬁ%tgﬁor sﬁm{ﬁajlttr%hé’i? m grain conprising the
slsefpslabhg the Gilon graip in magerdanoé evithetheat leagtroergrdrahmeter.
of an inmage; receiving filmagrain information that
i ncludes at | east one paraneter specifying at |east
2. OMefbiRodr #idordhbth RiFif: 1 ﬁnﬂwe?';ﬁ%lhéﬁhgﬁﬁetstﬁp bt t5|€hdmg the
grain in accordanCe with the at | east “one paranet
simulatedriilen exstimdo dee dnageg to claim 1 further incl ud| ng
the step of blending the sinulated filmgrain into
the imge. 3. The nethod according to claim1 wherein
3.t rmeshémo@fado@qe@ihglta @ldif m%?élﬁ thé ﬁféH B‘ﬁ@c@mﬁd]ﬁlhvﬁl%?n
) the ste recei ving a_plural |tY par aneters eac
' INfOFmﬂféFPfttﬁlCP'-tﬁ@S toe séep pf fﬁcgp\anm aqilynefityefeparameters gashhodicative
ofafﬁﬁg}émé’@n&ﬁec' aim 3 wherein the set of paraneters
udes"a " plurality of correlation paraneters and a
plurality of intensity-independent paraneters.

4. The method according to claim 3 wherein the set of parameters includes a
plurality of correlation parameters and a plurality of intensity-independent

parameters.

- 5. The method according to claim 3 wherein at least one correlation parameter

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

6. The method according to claim 3 wherein at least one correlation parameter
defines a correlation between color layers.

7. The method according to claim 3 wherein at least one correlation parameter
defines a temporal correlation resulting from previous processing the image
sequence.

8. The method according to claim 3 wherein at least one intensity-independent
- parameter defines an aspect ratio of the film grain.



5. The nethod according to claim3 wherein at |east
one correlation paraneter defines a spatia
correlation in a perceived pattern of filmagrain. 6.
The nmet hod according to claim3 wherein at | east one
correlation parameter defipes a correlation between
color layers. 7. The nethod according to claim3
wherein at | east one correl ation paraneter defines a
tenporal correlation resulting from previous

9. PrORESStE 46oriiMade clFRIY WMeLeint AR IR ft8meter defines
according to claim3 wherein at | east one

intenpify eha raydorneephanent of e lireg@in.def i nes an aspect
ratio of the filmagrain. -16- 9. The nethod accordi ng
to claim1 wherein at |east one paraneter defines

10. i nthensiethodbcaordimgdo olaiond amenéinadt ¢ dnid gntBe &iﬁt@nsil@-
t hod accor.dj to claim3 wherein at | east one

. Th . , )
indengndeRk PRFATERSTS 96*'%9% selisrec andriieadisg qeeds egeration used
eration used to nerge

o e e B B W B aBRe (mge. “10. A et hod

for conmunicating image information and filmgrai nh

i nf t risjng.the step of trangmttin e .
1. ¢ ) fielfed FohcoPaPHaeRng snede Telnaton eRd Tive gpiBdnfogmation
compriz¢thd thedftep AP traPSMHitBhd 1o fifih gfamtimgﬂpaﬁé’n BuflBf bast With

conmuni cat 1 ng i mage i nf ormation an II'mgrain
respadh fe theaimage repsapentsiiveyinferenatiosp of transnitting the

filmgrain information in-band with respect to the

i mge representative information. 13. The nethod in

12 agcmietisdt for\dohimaniehtih@irMbigs tfbMeatiat and fikR GRTBLISOEmation
are obtained in accordance with a second order auto
comprisiiceiis; BAP of Praseitiag thmfil graia infepaatien incbané withireapect
' : jon representation of the
to thégi'él@age_ éé(qr%%ergt%g\% {ﬁ%ﬁgﬂ'cor relations. 14. The nmet hod
according to claim1 wherein the at | east one
pal.r amet %r ) ) )
13. he method in accordance with claim 3 where the set of parameters are
obtained in accordance with a second order auto regression representation of the
| spatial correlation and a first order regression representation of the cross-color and

temporal correlations.

14.  The method according to claim 1 wherein the at least one parameter
describes a spatial pattern of the grain.

156.  The method according to claim 14 wherein the at least one parameter is

- established in accordance with a spatial convolution model.

16.  The method according to claim 1 wherein the at least one parameter
describing the spatial pattern of the grain.

17.  The method according to claim 16 wherein the at least one parameter is
established is obtained from cut frequencies of a filter in the Fourier domain.



describes a spatial pattern of the grain. 15. The
met hod according to claim 14 wherein the at |east one
paraneter is established in accordance with a spati al
convol ution nodel. 16. The nethod according to claim1l
wherein the at |east one pgrameter describing the
spatial pattern of the grain. 17. The nethod according
to claim16 wherein the at |east one paraneter is
established is obtained fromcut frequencies of a
18. 1A hedthbd fdrembRiing SImIRER Comphding #8e stdp¥Rirhod for
simulating filmagrain conprising the steps of:
r deeelyinggmagegeidrmpépnaepmsentativesd mndmage fosmavhichditye
o f i (N . has been at |east attenuated,
grain Kbk ﬁppﬁkﬂ?rﬁ{agéal

recer ving 'nformation that includes at

| eastivingefilpedgrairein@irnaitiohdthatingRidesfat pesstiodlegparameter among
rs specifying different attributes of the film

par anme el A | . /
a setgy ogsibip parasuetels spediying diffgesnt atiribetesf the b @rainor
S8 ak in; sinmulating the filmgrain in
prewgg%igrng%%‘gn%%h the sel ected nodel and the at | east
orselqrdingreetmede| fondimelatinggraing sinul ated filmgrain
The net hod accordin

wiinulatng e 8 ofain i peesTlgce Ha s toiShtbs ridd! Bnd the at

least PP ArafRetéPangt ep of selecting an additive grain
model . 20. The nmethod according to claim 18 wherein

t meerging tie seiudated fitm inginriotdethe imageher conpri ses the
step of selecting a nultiplicative grain nodel. 21.
The nmet hod according to claim 18 wherein the step of

19. sqlRChiltbd &scor@ifglto cldifmt T whefsTRIths 88t bsulSétfRy Bl model
sel ecting a nodel ‘that sinulates the filmgrain by

furthergiarapiisesithe e obseleating an muldiivesgrein modehear
time-invariant, digital-filter h defined in the form
of :

20. The method according to claim 18 wherein the set of selecting the model

~ further comprises the step of selecting a multiplicative grain model.

21.  The method according to claim 18 wherein the step of selecting the model
- further comprises the step of selecting a model that simulates the film grain by
convolving a set of random numbers by a linear, time-invariant, digital-filter h
defined in the form of:

h = (ho, hy, hy, hs, ... hp)
‘wherein the set of parameters includes filter coefficients.

.- 22. The method according to claim 18 wherein the step of selecting the model
further comprises the step of multiplying in the frequency domain by a Fourier
Transform of an impulse response H and a Fourier Transform set of random

‘numbers to yield a simulated grain result Y(u) in accordance with the relationship:

Y(u) = X (u) - H (u)



h = (ho, hl1, h2, h3, ... hn) wherein the set of

paraneters includes filter coefficients. 22. The

nmet hod according to claim 18 wherein the step of

selecting the nodel further conprises the step of

mul tiplying in the frequengy donmain by a Fourier

Transform of an inpul se response H and a Fourier

Transform set of random nunbers to yield a simnmulated

grain result Y(u) in accordance with the rel ationshi p:
23. Y(@pparat¥s (o) simuthtnid) filml§raid orpRasagt us for simul ating

filmgrain, conprising:. neans for receiving inmage

i MeANOr fpraivipg dvage infgrmationrepresartingan inagecei vi ng

e 18R A2 R 883 7o et
specifigag s fllargrainmattriiutegande filmgrain in accordance with
the at #east one th@a&arreter._ 24. The appar at us

adiRANR fRg Staulating elim graim &t aceridabes Withdha at Jegst one
pararﬁb@?.di ng the sinmulated filmgrain with the imge. 25.
' Apparatus for sinmulating filmagrain, conprising: first
nmeans for: (1) receiving inmage informtion
representing an i from ich filmgrain has peen,.
24. s bgr A C&?E‘ﬁ?ﬂaﬁgfﬂ g 24 b NG Meprgriar Riending
the simililQtelEllmQitali@lth the |Hags at | east one paraneter anong
a set of possible paraneters specifying different

attributes of the filmgrain; (3) selecting a nodel

far Si ' | N.and.(4) sinmulating the film
25. g?‘&p@‘%‘[w‘:’ i‘&%’?‘é‘%@@'}&ﬁ"ﬁ{a{rﬁ OUBNEd  nodel and t he

afirdt @asdnsOfde: (AR FeeBNiRgG imane iﬁ!@ﬁmaﬂqﬂ?@ﬂéséﬁ’ﬁng?éﬁ'ﬂ%@é from

_the sinul at ed |Imtgra_| n wth the i mage. 26. The

whichh{ipngeainbaabesndiungtangaly attanostedhtdarneiving fitwugain
inforr@?lﬁaﬁfh%g g&YU&é%eatfléé&tonerrﬁgﬂgﬁn&gpgmoissa &4 &%%stslb\fg
parameters specifying different attributes of the film grain; (3) selecting a model for
simulating grain; and (4) simulating the film grain in accordance with the selected
“model and the at least one parameter; and

-second means for blending the simulated film grain with the image.

26. The apparatus according to claim 25 wherein the model selected by the first

means comprises an additive grain model.



