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WD 2004/ 105250 PCT/ US2004/ 009866 1 METHOD AND

APPARATUS FOR REPRESENTI NG | MAGE GRANULARI TY BY ONE
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APPLI CATI ONS This application clainms priority under 35

U S.C 119(e) to U S. Provisional Patent Application

Serial No 60/470,712, filed May 15, 2003, the

teachi ngs of which are incorporated herein. 10
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S tﬁpryygmgllraﬁ ggmwg]egsﬂver-haﬁde crystals %lspersed 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

larger, the perception of the film grain becomes higher. Film grain becomes clearly



10

15

20

25

30

WO 2004/ 105250 PCT/ US2004/ 009866 2 noti ceabl e on
ci nema and hi gh-definition i nages, whereas filmagrain
wpe@gnersi vely | oses inportance in SDTV and bePCDDOE204/009866
i nperceptible in smaller formats. Mtion picture film
typi cally contains imge-dependent noi se resulting
either fromthe physical prdbcess of exposure and
devel opnent of the photographic filmor 5 fromthe
, SEI?S uent editjng of the images. The photographic
noticea 86%‘%%%&1%“'9%#93@!’(% Ig18gesq Whsireas fitio graatregressively

loses fpbREhte th SEFN el HecbhS NI ARl diT Sinllel fofrs
phiotienrpictane fitm dypioalbt mmtamnmagenmrﬁ%ﬁ?\? ngﬁ I@?:Jltlrrrl]g either

n order to blend th
from thi iR RIFal PLAGES offeXPasHiR BN Ao RIBRIeT s Jos paoragrapiediim or
from the SbsBhakbRt e§Mhbf thé ffag é@d?ﬁéﬁ %@Bﬁlcﬁﬂﬁﬁﬁééﬁe@ses a

presents a desirable featUre in ctur
charagigfistic muaghtﬁmjom ipattefn,lantgxiaie, rpsulhngémm iphysicat gesularity of
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becomeauiehulrémmfﬁtﬁlm@hfdti@ntpiaaﬁe inddewgver, the G neon(r)
ggllc t|on does not yield good performance for many
h
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Howe?gptéﬁgpr:ﬁ%ﬁﬁ%gﬁﬁkﬂa%@%% bl el §HYH Pedrhhh8s #@hlny high
speed films because of the noticeable diagonal stripes the application produces for
high grain size settings. 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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informati on representative of an image fromwhich film

SUMMARY QESTHEINVENTIONt attenuated. Acconpanying the
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PTI ON, OF THE DRAW 25 FI

'“fOFW‘E*'%E*P%Et'@% udes @b igash Ppg Parreter ampag aeﬁfti&iun@éﬁtbl%paéameters
specHyifi§ ifférBnt attributes 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.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates a block diagram of a first embodiment of a system in
accordance with the present principles for simulating film grain in accordance with the
present principles;

FIGURE 2 illustrates a block diagram of a second embodiment of a system in
accordance with the present principles for simulating film grain in accordance with the
present principles; and
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utilize the same video coding Schene as ar€
ofa dﬁ%ﬁmah Imag$efll'@ﬂft altirargh suchnaffiber wilenati lisadiyrmowde optlmal

portFRFE, M RSBy ok s R S5t 2% v

code&rm@teweanw 4lesradesipt bhatvidéd Deé@dei s tﬁﬁﬁﬁ‘eo’oo%ﬂthé Reded

T H 264 standard are well known. The system 1

Stream E%ylpm ggsedgdmidan ereamn 1Ghathe NedeoZ Bhoodet ‘n%ntand the Video
Decddef A5\ itizE e f?ﬁ%{nd\éb es@t %;Tfh?@ aagg r\é&?kl%\kntn # 8L art. For

video stream rom-t
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.

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
enabie 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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descri bed in detail herei nafter, the Processor 30

a spegifiad walHgiof@egivar Perametaraine Riocesaondaill rasymefa default value
for thaPphffneter.

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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Aspget Ratip | cast one parameter, Spatial Correlation. The
neasured spatial correlation determ nes the size of
t he bl obs. A WD 2004/ 105250 PCT/ US2004/ 009866 6
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Coloy|Gargelatiorspeci fied with at | east one paraneter. Col or

Correlation 15 In accordance with the present
principles, the | ayer-dependency of the film

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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intensity levels of the film image. It 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 model can be specified, the following mathematical relationships will prove
useful. First, the decoded image pixel value at image position (x, y), color channel c,
and frame number t is represented by I(x, y, ¢, 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 modifications, to YUV representation.
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of paraneters could be transmtted for each col or
conponent and for different intensity levels of the
wo pdomitoszage. It is well known for exanpl e thatPET/U82004/009866
grain depends on the local intensity of the inmage,
and that different color conponents can have 20
different grain depending onghe type of film stock.
The filmgrain characterizer 23 of FIG 1 can generate
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snooth transition of the filmgrain characteristics.
25 1In o i nterpr the set of paraneters, the
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t he nodel that generates the paraneters. To understand
how such a nodel can be specified, the foll ow ng
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et SRRl b Sl itBonlallanie S SehnS L {iuminancs, or
a welghtedsent efirgndifies 1%, y,%, tf a)veﬂzélfcé]ﬁf‘i{ﬁé}'\ﬁéEe assune
- that 30 pixel val ues are scal ed ave maxi mum val ue

of Tpadditiyetmedel given hi eguation (1) nsaagmroppatesemmau Iogarlthmic
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thefummumgaauﬂmMGahuexnvuv representation. WO 2004/ 105250
PCT/ US2004/ 009866 8 Wth an additive grain nodel,
grain sinulation changes each pixel value to J(x, v,

, L 1) S '
(r:el aﬁ.ﬁﬂ%‘Re Sy B ElekYy, S eaGt L, L)
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ol S 35 B RBE iy o SR it on
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(1) can be replaced by the follow ng rrultlpllcatlve

nmode; L . . .
H 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,

() G vy,ctL)=p(c,L)*N+
q(c, L) * (G(x-1,y,¢,t, L) + A*G(x, y-1,¢,1, L)) +
rc, L) *A* (G(x-1,y-1, ¢, t, L) + G(x+1, y-1, ¢, 1, L)) +
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(1 a J(x, y, ¢, t) =i(x, vy, c, t) * (1 +x, vy, c,

t, L(x, y, t))). 15 Wiether an additive or a
wordotitpd2scat i ve grain nodel is inplenented w | PCHER®NH009866

on the format of the decoded inmage. In general, grain

shoul d conprise small fraction of maxi num pi xel

value. The follow ng describes sone exanpl es of

different kind of npdels for extracting a set of

paraneters in accordance with the present invention.

203(4; '-)Au{éf)‘eéﬂéscsit’vlé SATUAZLGOR YR, & it] ) giude, L) gaBdeync-1, t, L)

In an exenpl ary enbodi nent, a second order auto

regressi on schenme can be wused to nodel spati al

corcellpt Gdn, yrogltd, L) r st order regression schene can be

used to nodel cross-color and tenporal correlations.

Al correlation factors depend on 25 intensity of the

I

Wherg Y Bt ah COfal b Wi R Ha3Rd Qs AT TR, Als augqnstant
pixelragpiest fatis, ¢ g, Un?deir, apd ofnareocoirelam patdmetiers.| E‘aralgeter uis

alwa}ég EEH) %r%!e 61 %’ 'a?;lrjllggt o tﬂ%ﬁg‘;rgm\/\? | u;sci ag mG& tp ,be zero

whedévefahfln@é%ls dutlof rén%é L)) + ft(C L)Lg * C\D * (G (x-1,
, +
2o‘tm¢%mwdwmsfzemwg 366 equiagpn (2). grain(\@lwefory given

plxeﬁn al glxé% c?SId? ch’g‘nnegPé q_a;fckﬁaﬁﬁ retCUré'l%gly ul’sl&\g E%ék@q;a%g;%lculated

gralnN/allsesa. $|aemmallyaframe\s1 drb oatnutaﬂedﬁﬁd:r@énéﬁmaféasmg frame number
di stributjiop,. A is a_const ant pi xel aspect ratio, p,
(0., rcipasig ), "Wl pBef 638t r“&%&‘ihﬂﬁ“’}?&? BiREEEPIEQ OcaLTs In order of

lncreaéfr@'@?léf ch’aﬁrﬁal nBhibY i.é efrﬂ:r&%ﬁ gréz ﬁih el‘;a%%lor channel,

channe and the grai
pixelp/ace sasierizey hpnu@Xtallys andtther vediogdy |msrdmrofhmmaeng xandy.

el G R Y ok Bl 87l

automéhéwll)abﬁdura%wTnSadA%ln‘,éeUSl ng previously calcul ated
grain values. Specifically, franes are calculated in

orlémeroqeﬂ% cEadMstpnceaneigabr@sterization proves awwe myactical, i.e.
pixels kroé@é&“ o@%ﬁg b&rc%ﬁ‘fmng‘?fr&r IR a6R" 8GERFND) wil require a

curs |
slight modification to use only previously calculated values:

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

Implementing equation (2) or equation (2a)) requires certain minimum decoder
capabilities. First, the Film Grain Information decoder 28 must perform all
calculations real time. Second, the Film Grain Information decoder 28 needs to keep
a number 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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i ncreasi ng col or channel nunber (i.e., increasing c).
Wt hin each col or channel, pixels are rasterized
whooosaen2s@l | y and then vertically in order of PCT/US2004/009866

increasing x and y. 15 Wen this order is foll owed,

all grain values required by equation (2) are

automatically cal cul ated i n gglvance. Under certain

ci rcunst ances, vertical rasterization proves nore
practical, i pi xel s processing occurs by col ums

lnformeft@n dercw@u@ﬁ naessdo kegpagraimvalags for a fullpreviosisframe. From

this @%HFEQEU\FEZ’S{ %éﬁu;%g%ﬂt fridt H’ieen-{odﬂe[?f’é&‘é%tgouns@ *a;illal cu @@uaﬁycalmg
dowrt reéq’ﬁ(werﬁentys with sd)meLdegh'at.‘)\e\f’ioIG()f(fldedI’t)1 t ) L) ) + r (LC

A §y§tenp_§rv¢t51 ql@bﬁ ower ﬁQellty conglp lgnwekthg Iast(ﬁe(npgwaﬁ) 2e)rm in
equa‘t’lont(Q&LDémg sozﬁoHId(&rm%ﬂ)ate th% iéérﬁ%dn lﬁ%"%ﬁﬂ addh on(agrgﬁ}e buffer to
keepegyain values 2ton) prevjous trameer Falrthemcrst waingecrsidd result by

e e
needJeCAtBfb alde@ohd Ipi@bas Fow M AdmbhOah 5 mnBSeSScdiCulations.

keep a nunber of previously calculat gral n val ues
Neglegting gingpnabpereiptions pl;zscmlzﬁd h’jolteﬂmwﬂhtr@md),ram so on will

s A oot ol THEDEBALPAG b8 s v

only Whitenfadsertdran decoder 28 needs to keep grain val ues
evious frane. From this perspective, it

if %h%ﬁ%%éﬁ? rfiﬂhbﬁ neglectesdaa sraledndaminosysten, allepwfit occurs if the
Fim SRRl eeclara AR COREIe RIS Rt o

effective irstegrdevabuelagjoo ramdt éverl motre (rpopanthy, the aumddnre‘iatlon (noise

ponei a3 S THoy Sl B B2 5l oo i ot moce
embédnemu@r@quaam (é? aWe shvet Ahsthrst sﬁ%\ﬂd‘&&;d’f"qﬁ} fhe st H&Ns and

negl ecting those terns i n equation depen
colurgﬁs &f each franmg imipesabssncei quthggvallablllty of all of the previous grain

values.

The flexibility of the model embodied in equation (2) will bécome further
apparent by setting parameters p, q, r, 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 monochromatic. This set of parameters values can
describe the case for color variations washed out by previous YUV 4:2:0
transformation of the color space. _

For a set of three colors, the model of equation (2) describes the grain pattern
in terms of a group of seventeen parameters for each luminance level, plus an 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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need to store a second previous row in nenory and
reduces nunber of calculations. Neglecting diagonal
w@ororebdRse ons described by terns with r(c, L),PEntSmo4/009866

on will 10 achieve a further reduction of conplexity.
The |l owest quality grain simulator will use only

white noise term Wenever ajfermis neglected in a

scal ed-down system a benefit occurs if the Film

Grain | nformation decoder 28 adjusts the renaining

usedy dnaarditien, difetaniset elrefereneetintensity levielsocaldd be used for different

paraffRief A PeRa FTPoER6E spRRIe TRl pe viRe. et as

they would in a full-scale inplenmentation of the nodel

enbodi ed by equation (2). The sane adjustnent should

oclur. f O ‘Hé'af'PPs'P they&patial dempimts simutate thefilnegrain
pattéll?'P absence of the availability of all of the previous

grain values. The flexibility of the nodel enbodied

in equation (2) will becone further 20 apparent by

F AnaPEFRERB R eiogiimett, 1e i sgaipratiash san be simulated by
convelin@ baddt O sanddm numb&rs )@b)?ajrinbﬁr,]t'lné%l(ia'}lﬂgé'riaw,cé]gital-filter h

.conditions, the grain becomes conp
defingghiodhe i c. This set of parameters val ues can
descri be the case for col or variations washed out by
previous YW 4:2:0 transformation of the col or -space.

(8) 25 Eqhpghséb, I, .Liee colors, the nodel of equation
(2) describes the grain pattern in terns of a group
of seventeen paraneters for each | um nance | evel, plus

TSRCs 0808 SRRSO ACRENSIAD LA Forcttion o

a
Lum nance- dependent p

the inpuiter(a) with;the filteninmEulse résparise. h(Ake decoder wil |
i nterpol ate paraneters values for internediate
| um nance levels. 30 Grain paraneters do not have to
be reprgsented-exactly in the formof equation (2).

(4) Fop(mxappt@h(any) otetk)xmone transform of the
paraneters could be WO 2004/ 105250 PCT/ US2004/ 009866
11 used. In addition, different set of reference
intensity levels could be used for different

pakitiraiglr equatibndi) fyisldat simuiitionl intdnendifrems La-dimensional
pattekr)r? c%ﬁFche %L?eiined 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
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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2. Convolution in the spatial domain to simulate the
filmgrain 5 pattern In another exenplary enbodi nent,

w0 b@4fidd2s0 grai n pattern can be sinulated by cPCWUB200410P9866
a set of random nunbers x by a linear, tinme-invariant,
digital-filter h defined in the form 10 (3) h = (ho,
hi, h2, h3, ... hn) This statgs that the filter output
simulating filmgrain y(n) is the convolution of the

i, nput X n?nvvith,the filter inpulse response h(n): 15 n
FoureayfTrWﬁgo Qi theripypulse fespopge H and e Feurigr Transfiorm of the set of

g% vields a simulation in one dinension, a
randt?:%f}gl rrer';és?(énal pattern coul d be obtai ned by

concatenating the vertical and horizontal convol utions
in 20 e dijyension, Under such circunstances, the
coeffi c@nts@?yfﬁfgp@iﬁﬁé} shoul d be transmtted in
addition to the aspect ratio factor. A FilmGain
Informati on decoder 28 with [imted capabiliti-es can

| i Filterihen tispirbabne) demain aiierdeqily aliviniage ecaake it is
whi ch \thjlq%ﬂ result_in decreased nenory and™ processing

compyiaiien stk atRouries transtorm ef thegmagedsavailablerfac axample as
L@ ' ' i tt As di d
part @Pﬂﬁéﬁh&ﬁr ébrﬂgl'@éﬁt}’c\,/,ll,‘ Egoé;elﬁgm grain pattern i scusse

previ ously, convo e i mpul se response of a
f i The following Isebiof patanudtersapisitvodsatistactiony ©aults to represent
ract(gel?rﬁtzelhefil.mgrain ttern., This sane 3
#ag

_ch 5 ~
imagisdoBendant QlAnAcs B0 da SFpBCByWiIRING PIeseR: PURCples. These

hefd SSHIRRE ¥indAABISYr&Ysiid i
paraififiold SEmME anaATBISYeiVa Mt P dmtdlatind orain. Frarameters for

other mgibade waulthbe reeresentacoby Finilasftablesof t he set of

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

g r u v p
level [ 0,84]: 0.1 .01 0.0 0.2 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:

g r 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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random nunbers X: (5) Y(u) = X (u) H(u) 5 Filtering
in the frequency domain affords an advant age because

WO poorgos26nput ational ly faster if a Fourier treeEis2003/009866
of the image is available for exanple as part of
filtering or conpression process.". The follow ng set
of paraneters yielded satisfggtory results to
represent 10 image-dependent grain according in
accordance with the Bresent princi ples. These

levely 68232l s0ds §ered-3an0dut®Pégr essi ve net hod of

sinmulating grain. Paraneters for other nethods woul d
be represented by simlar tables. Color space:

Corrélaganipalnarineté?@&ot kﬁo@handhisgab@dﬁe seldb Dl ve Aspect
i ntens 3 Paraneters for

rati unbr ty, |levels:
Aftertquc%y@(gr}g sg?c,e the,b tg;n ding mege) the @spegdyatio and the number
of lnteQ%ItVl&/e% forQvilén d'ifféf@ht %&%ﬂ&% C]%f r%d 8!1%{91% HPain on each

| evel [169, 25
colommp@m@mtgs f90c0tﬂeé Nate tipatraly theqdataun\atemcs ababiditieh tb some
[ 85,168] : 0.2

level YpsSiadity) ytotingtich Pap 49 56 t{%%“'é@gvelz 0.1-..010.20.1
0. H@Uﬁ&@ﬁ@p@fs‘a %ééoﬁcﬂ‘ %nﬁ;d&i&ﬁ@ﬁf‘?@’tof a?’Qyéie{n Mr%gﬁg?grg film

| evel 0, 84] [eve
grain mcaopoodqmqg witly tl1¢, poeap;mt prmc;ples 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 as the system 10' of FIG. 2 and like reference numbers describe like
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 charaéterizing the observed film grain.
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0.1 0.00.20.10.04 Correlation paraneters not
webawnoi2zeo t his table are set to 0. After speci PgI/ns2oD41@9866

col or space, the blending node, the aspect ratio and

the nunber 5 of intensity levels for which different

paraneters are defined, the f4 I mgrain on each color

conmponent is encoded. Note that only the data in

italics in addition to some |evel (intensity)

i iherfregeing iWescribepa teclmmgueﬁmlesimuﬂt@gilﬂnﬂgm"mamcbeo signal.

whi A GRSl o BB Mo e

encodingtad detodingiofa viasy sitnal,tRe tdéhrfigli® hak YRRl appifcdbify f
smgtem 10 of ?:IG 1 and like refereﬂ%e nu% peffc ytor

otherauBPEB® §Uokeas:H0s Exanple mébﬁfpdblcﬂenWm@mmmbtwe fimefor
exanpldl id ﬁﬁér%r}ﬂ {2 &r@rn%gl i %IS'(Est B lllﬁ?@%ﬁf ofmatign in a form

aracteri I on |n

otherdhan aacd:caanSedmdemt@n&htdnﬁﬁh@dﬂm@alrﬂﬁfmeﬁldﬁ cduld exist in a
; Tﬂle? \%stem 10" of FIG uses he Vi deo Encoder
orm QHpr a%aS@em?&éﬁgﬁssw 2%ep afﬁ@s%%dgo’?@ﬁi@@fq \tféqe ymage

inforrhBor bbmdgéﬁét”injo%ec@laé Q8FiE A SBnt fgrﬁffg?{%%ﬁsﬁ in the art.
output of the FilmGain aracteri zer . e system
10" of FIG 2 requires the use of a video coding
standard that supports the transmssion filmgrain
characterization informati on as parallel enhancenent
information. FIGURE 3 depicts a third enbodi nrent 10"
of a systemfor sinmulating filmgrain 20 in
accordance with the present principles. The system 10"
shares many of the sane elenents as the system 10" of
FIG 2 and like reference nunbers describe |ike
el emrents. Indeed, the system 10" of FIG 3 differs
only in the absence of the Film G ain Renover 22 of
FIG 2. The system 10" of FIG 3 uses the
reconstructed inmages available at the Video Encoder
13 to sinulate the result of renoving film 25 grain.
The system 10" of FIG 3 affords two advantages as
conpared to the systens 10 of FIG 1 and 10" of FIG
2. First, the system 10" of FIG 3 reduces the
conputational conplexity related to filmagrain
renmoval , and secondly, it adapts the
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filmagrain characterization to the anount of film
grai n suppressed by the Video Encoder 13. Once the
wo-R00ai1@280 n Characterizer of FIG 3 di sposes oPCTDUS1904/009866
the input 30 video 12 with filmgrain, and a
reconstructed video 24 resulting from Video Encoder
13, it can acconplish the tagk of characterizing the
observed filmgrain. W 2004/ 105250 PCT/ US2004/ 009866
14 The foregoi ng describes a technique for sinulating
filmgrain in a video signal. Wile the filmgrain
si mul ati on techni que has cribed in connection
with the encoding and degggﬂﬁgng a video signal, the
technlque has equal applicability for other purposes,

1Bt B BirauRRRG i Gre Baripising tos RipHeat:
' F%ﬁnﬁg ithég S’Frhf‘é?mﬁﬁoh '?@&%géﬁlfaﬂ(/g%ﬁ‘ 'raﬂr]a r@eﬁﬁéﬁ}[%ﬂ&h film grain has

ot her t a conpressed eo sSi

been g’r&aﬁtaﬂenumdt on could exist in a formother than as

ebRg i MK B RPh astiEstRRe shPast o Ratamslsr among a set
B t
of p osf.zbcl) 0le agg?gf(t)@’g g‘hg4d/"§%'§§‘§6%“ﬂ?@é@&‘ﬁ?ﬁe fﬂ?@gram previously in the

imageiet hod for simulating filmgrain conprising the st eps

Of m1aii Ry Emﬂ tion representative of an

'%%'Sé"'ﬁg %‘?@ﬁk a’uﬁégl:enﬁ 3 been at | east

amtmﬂa:lszme HinT gz ¥ agcdrd!am:@ mrthem‘ewcﬂ”@a In@édélfa%l the at least
ncl udes at | east one paraneter anong a set 5 of

onepBE?g'gg Ne?Mar aneters specifying different attributes of

tmrélhpﬁhsrsﬁhma@é&mn?g%m intd thg%néﬁg”ag_e: 7 selecting
a nodel” for simulating grain; siful ating the film
gral n in accordance with the sel ected nodel and the at

t th | at
81'm ot TPBE BT et WheBbiden a6t 8L BRratgrs o includes
a plurhmycdf@oﬁﬂelatmp@amétbﬁs aed aqflur@ﬂfyaﬁﬁhférﬁsit?-ihﬂébé&%t parameters.

3. The method according to claim 2 wherein at least one correlation

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

4. The method according to claim 2 wherein at least one correlation
parameter defines a correlation between color layers.

5. The method according to claim 2 wherein at least one correlation
parameter defines a temporal correlation resulting from previous processing the image
sequence.

6. The method according to claim 2 wherein at least one intensity-
independent parameters defines an aspect ratio of the film grain.

7. The method according to claim 1 wherein at least one parameter defines
intensity of a random component of the film grain.
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2 a plurality of correlation paranmeters and a
plurality of intensity-independent paraneters. 1 3.
wab@4tre2biod according to claim2 wherein at | eBST/USIVE4/009866
correlation 2 paraneter defines a spatial correlation
in a perceived pattern of filmgrain. 1 4. The nethod
according to claim2 wherein at |east one correlation
2 paraneter defines a correlation between col or
layers. 1 5. The nethod accogding to claim2 wherein
at | east one correlation 2 paraneter defines a
tenporal correlation resulting from previous
processing the image 3 sequence. 1 6. The nethod.

cord.hgg to claim?2 wherein at |east one intensity-
depe Rethad Arccding de Flaas? whereip&éleasione afithe mtensuy-

mdepéhdi%t%at?’bﬁretérﬂdefﬂ%% éTEBIBPQ gﬁg'bn&ndnq%?rikcﬁq enéﬁe@ogfused to

wherein at |east one pararre i Nés

mergeatheasituiatedrfidorgnain withtthe lrhagm grai n. WO 2004/ 105250

PCT/ US2004/ 009866 16 1 8. The nethod according to

claim2 wherein at | east one of the intensity- 2

| ;depeTHg MethatiaBRbAtiAg @@Eld“rﬁsi ﬂ/héﬂélﬁrthé Pﬁis%agg% ntaining the film

bl endi ng node operation used nmerge t ﬂ
grain infermagiodl is transmittad quiregband V@th ﬂ'ieemmehm@resmﬂahivmg\formatlon

to claim1l wherein the nessage containing the film 2

grain information is transmtted out-of band with the

i Tlhge The h&éthbﬂadc\bﬂil;ﬂﬂi@bmﬂovi'heﬂelﬂ%e s sagERMtaining the film
ng to claim1 erein the nmessage contai ni ng

r dj
grain 'l“?f%m?qtl% is grafisapifted i Bard Wikhthedmagerepresaniative inferenation.
with the inmage representative information. 1 11. The
met hod in accordance with claim2 where the set of

ptr.anetlee snathed ir2 acoonpianed with caiarm Rdshe Wetdet df pacafibters are
er auto re% sion re entation of the 3 spati al

comp 5T FREPGIFMERAN pi§ReN DO # 86 BEETDIPN fepreSeTtation of the
spatial 66/ EREBhH %iﬂdoé‘flpsft otrBé*r PSSP F@ﬁre@@ﬁtatlénto??ﬂ?c?ﬁﬁiss -color and

correl ati ons. . The "'nmet hod according to
tempojplgasrelations. at Ieast one parameter 2 describing the

spatial pattern of the grain is established in

accordance with a spatial 3 convol ution nodel .

12.  The method according to claim 3 wherein the at least one parameter
describing the spatial pattern of the grain is established in accordance with a spatial
convolution model. ‘

13.  The method according to claim 3 wherein the at least one parameter
describing the spatial pattern of the grain is obtained from cut frequencies of a filter in
the Fourier domain.

14.  The method according to claim 1 wherein the set of selecting the model
further comprises the step of selecting an additive grain model.

15.  The method according to claim 1 wherein the set of selecting the model |
further comprises the step of selecting a multiplicative grain model.



N N R C R

W AW N

~N O AW

1 13. The nmethod according to claim3 wherein the at

| east one paraneter 2 describing the spatial pattern
w@bookhes26r ai n i s obtai ned from cut frequenci esPCf/US2004/009866

filter in 3 the Fourier domain. 1 14. The nethod

according to claim1 wherein the set of selecting the

nodel 2 further conprises the step of selecting an

additive grain nodel. 1 15. The nethod according to

claim1 wherein the set of s? fecting the nodel 2

further conprises the step of selecting a

mul tiplicative grain nodel. WD 2004/105250

P/ us’zb@mema&ﬁ:coicﬁng tdﬁtaurﬁhﬁwﬁ@témdh@@féﬁ 611 é@eéﬁhg the model
est of selecting the no

furthef B?Wé'ﬁem@ﬁ% SR %‘H@C P Mepdel dhaleyimmatas ﬁlwélm Qh@it\ by
convoﬁ)nﬁ@' baééi%ftraﬁdéﬂd Hﬂ]rﬁ apé( ln?ieéfro rﬁ)’r@ }Hv%giaﬁt Sb%ltaq filter h defined in

random number s |ne I nvar
the foang@ft al -filter h deflned in 4 the form of: = (ho,

hi, h2, h3, ... in the set of pararreters

includes filter lE'oeh"r P\Mg}?t EL '1 The met hod .
whereht iy SbN6f parabiatbrs m&lu‘dﬁ@"ﬂﬁéf‘céé\‘ﬁc@hﬁs" of selecting

the nodel 2 further conprises the step of multiplying

in the frequency domain by a Fourier Transform 3 of

a i I sfo m.se

o aRe SRR anG i {MGrEa0e3R A FBfindhe moce
furthelvéornpriseadic® stémcfanudtblym@m thel faéqmnﬁiw dbmém\ﬁyd& Foufier Transform

é qﬁgg&ratusfor simulating filmgrain,

of an @b&kﬂ?% ?F)gonsez 4 RUHAL Trassform set elcaingoryniumiges to yield a
simuldied YA resnitvqay ﬁﬁ@é&dr&‘&wﬁ‘wﬁﬁ@ﬁé réléﬁa?\gm%‘:h 3 film

grai'n has been substantia attenua recei ving

filmgrain Yikor &) dd(@hat 4 includes at |east one

paraneter anong a set of possible paraneters ,
specifying different 5 attributes of the filmgrain;

€::] seAﬁﬁémas ﬁ%ﬂgmalatﬁagffnmig[lﬂﬁlrﬁtdo n@en and (4)

si mul at aln éccor with the
sfefs’emeadlsrfode(rl) mlulm@|magda édstmatien pepresehtnig aamdagd from which

fim o3 RERRS KBRS oebintiie Aalunte, B imeesh fic i o AT

includeb et ficst iohe pardrletsAMehe @ Bt dfRssible 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 merging the simulated film grain with the image .

19. The apparatus according to claim 18 wherein the model selected by the
first means comprises an additive grain model.

20. The apparatus according to claim 18 wherein the model selected by the
first means comprises a multiplicative grain model.
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2 first nmeans conprises an additive grain nodel. 1 20.

The apparatus according to claim 18 wherein the node
wa@eloegoes by the 2 first neans conprises a  PCT/US2004/009866

mul tiplicative grain nodel. WO 2004/ 105250

PCT/ US2004/ 009866 18 1 21. The apparatus according to

claim 18 wherein the nodel selected by the 2 first

nmeans simulates the filmgrain by convolving a set of

random nunbers x by a linearyq 3 tine-invariant,

digital-filter h defined in %%e formof: 4 h = (ho,

hi, h2, h3, ... h") 5 wherein the set of paraneters

i ot ud€be fappaedtus @etbrdn@ s Slairh 122whéhen ﬂi&’ﬁfo@fe‘l@elected by the
accor di n?att o claim 18 wherein the nodel sel ected

first megpssimitates the HiRg gEibl 08y olvingra gedioh rm;dqmmurrpnqra oy a linear,
E% J er 3 Transform of an
time- lv\yr?biﬁea@ggg@%@ ancﬁjg]qﬁgﬁg)lﬁﬁr Transform set of
random nunbers t b= hoyhglhd, hssiny)ated grain result

wherejr tHe bt ATREARNER Mbldet Aef SodfioRnta, P ° (W) = X

22. The apparatus according to claim 18 wherein the model selected by the first
means simulates film grain by 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:

Yw)=Xw)-H®u).



