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FI LM GRAI N SI MULATI ONMETHOD BASED ON PRE- COMPUTED

TRANSFORM COEFFI Cl ENTS CROSS- REFERENCE TO RELATED
WARMWLIE3ATS ONS Thi s application clains priorityPOndsz003638503

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

Serial No 60/630640, filed Novenber 23, 2004, the

t eachi ngs of which are incorporated herein. TECHN CAL

FIELD This invention relates to a technique for

simulating filmgrain in ah-i mage. BACKGROUND OF THE

| NVENTI ON Motion picture filns conprise silver-halide

C IFHIM| GRATSEIMELATION VEITHO TP BASKR 0N PRECOMPUTED

layers on a fil migeRsrOIVIRORFHTETRRG Slevel opment of
these crystals formthe photographic i mage consisting

of discrete tiny particles of silver. In color
CROSRFHBEERINCENO REDASED APPI JOATIONST cal renoval after
devel opnent and tiny bl obs of dye occur on the sites
where the silver crystals form These small specks of
d : [
B B 3SR 12153 U Pro el Patent
Appllbaim&@abN ot (96 30Ad,ailed diovember23p 2064, Itheteachmgs af whmh are
8rh§%IRrgal emul sion. Wthin a unifornmly exposed
1ncor%ﬂr tg crystal s devel op after exposure while
others do not. Grain varies in size and shape. The

TECI—i’I@ﬁE&LF’IﬁEDfi I'm the larger the clunps of silver
ormsd and bl obs of dye generated, and t he m)re they

eSO A5l SRR

pa ern gran Iar mnl % (ed
d|V|duaI gr ai ns, mhlch vary
BAC§¥%“ﬁ@§gU@5qﬁﬁ$b@gggiﬁ 0.002 mm Instead, the eye
resol ves groups of grains, referred to as blobs. A

&M%‘\ﬁ% i ﬁfrhse&irﬁﬁ}%%%ﬂgéroﬁb@ﬁe nysmlé)!%pé}a ed 1'n|a9i]&ﬁ1ﬁ§18n coated

ITng reso I on becomes I-ar ger e percept

in thimiaybfseorfa fihm asei Thbegposmse m«gﬁmzelopﬁdnno@nhasemrbstalsrfenn the

noti ceabl ef% ci nena. and h- def

photoffagisuinag 6P Eaaing of diogreis fppanrles of pbiey. IedloPRegatives, the silver
undergH&Q!hfeﬁﬁ&ﬁ réhovalPANeratd cRBRRAEMJ HREKIEBPf BleSodclir on the sites where

the sﬂ%rerﬂzrlygtralsffgrrmna%‘iese small 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 origiﬂal 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 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-
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Motion picture filmtypically contains imge-dependent

noi se resulting either fromthe physical process of
wexpoesssies and devel opment of the photographi c PCT/DS2905/038503

fromthe subsequent editing of the inmages. The

phot ographic fil m possesses a characteristic

guasi random pattern, or texture, resulting from

physi cal granularity of the photographic enul sion.

Alternatively, a simlar pattern can be sinul ated over

conmput ed-generated inmages in order to blend themwth

randoipatieg); aptexeuré,iresultidd frb@tphysieslaganiliity JffRoshlegapiEie Rnulsion.
ngise is referred to as grain. Quite often,” noderate.

Alternghigsly, ¢ eimilar pathire sunba sigTURled ¥ cempadrgcacTatehisngshin order to
blend me?ﬁ %Ftﬁ?yu eso%{%)gls@tfifn{‘ S#n%‘%]? §ase%fhcﬁls 1fnI g%c ?E}Zénﬁelﬂrr%%\@qu ’f‘?ferred to as

Vi sua acilTitate the corr erce
grain. t Quoitdlofien siaiesdte piait wekese plekdms gdedinblesfeafuiein nmatiorepictures. In
I I I t
some {qs%cqseﬁgsflgﬁgggm%p%ggylgr \gl,}gse@\é@ acﬁ)ge% 5 uqe?aegfc, pergeptlon of
two-dinSGRIMNGPhicRRL. &ifh gfa'lﬂhs%?t%ﬁ vanke Withf a gﬂgferfﬁfﬂ foWovide various
gralntexturelnt notion picture I ndustry.
clues a'mrtemmeét:remeepemwﬁgewwcg I\@nmoﬂaqmﬁﬂmmab endbdrtistimyes exist for

contr hg&r’gcoﬂ%u Iﬁgt%t?% Eﬁg}?? %ﬁ ‘E)? dsitrgrg Lliﬁx g&%ﬁv@ﬁge grainy
appeaB¥e b fim R TRbEd Rt Mna?g\éqirb@l@hﬁg RAPHIRePy El?a\Iﬁ hhdecome a

capability of simulating filmgrain, often for
requlrbmemtdnm@e@oa@mpmﬁngiemmt ed object into a natural

SSEEe BRI o RN c O S it i
often forpledBipta @mpmezsgdaiufaaéd ¢Hject mt@dugaﬁrah/@e]ye r Ciaebs®iffom Eastman
results for ‘ZO% ain tgpes However, the G neon(r)
e5%Tfo

Kodalgpy RecherishNgy, eneefdhe i digiiabfilm ppplicationsio m@nent grain
h-, b
s1mu1£ﬂo‘ﬂ I%Qﬁ@% Je p{ﬁﬁhpc?ccz.%ﬁﬁ{% fgf xanhacg éFh?tg %ﬁ?gﬁﬁﬂb%%%meon@

srf es t Ication pro grain size .
applicaidr dasﬁgalot frietd peerd perfoem@haeeion (rra)1y hpghl-sipcead tibms bedahise dfthe

ate grain with adequat when, i nages are
noticegblE iAgonp b i G Ipohick eEp e SERaRs. dbttther, the

Clneo%eﬁﬁtlgﬁldnrﬁﬂﬁﬁ) EnBlatORh RO RK a@é@h&%deﬁt%ﬁ&?ﬁﬁ@ﬁs are subject to
er commercial product that sinulatés filmgrain

previaus p@casannﬁlfmg@m(pﬂwwh srwhensthalimpgesiang egpi¢cher, digitallycprocessed.

Ad Af t ff M
i OES R areurgodiny o BORRCL i BB RS e ™ rom Visua
Inﬁmt? Vhé.Nehich 1908 dhsRpIag-id 6F ABSheP® Yefker EiffdcATs] onh@wm "Shrgery™
hi s approach suffers from di sadvantage of a high

productoyppearato gengrate @‘mﬁh@m grgin bydiéerinig a debefrapdem nywtbersesThis

approfe et Hids et ongr el roBinatio EagblbxiP
f NegY enRthéséipas kcheaizd 96vENRB PRFHION df RestoringPfilebtaih in compressed

video. Film grain constitutes a high frequency quasi-random phenomenon that typically

cannot undergo compression using conventional spatial and temporal methods that take
advantage of redundancies in the video sequences: Attempts to process film-originated
images using MPEG-2 or ITU-T/ISO H.264 compression techniques usually result either in an
unacceptably low degree of compression or complete loss of the grain texture.

Thus, there exists a need for a technique simulating film grain, especially a technique

that affords relatively low complexity.
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cannot undergo conpressi on using conventional spatia
and tenporal nethods that take advantage of
WO eddfosipti es in the video sequences. Attenpt SPEDUS2005/038503
process filmoriginated i mages usi ng MPEG 2 or
| TU-T/1SO H. 264 conpression techni ques usually result
either in an unacceptably | ow degree of conpression or
conplete loss of the grain texture. Thus, there exists
a need for a technique sin8d ating filmgrain,
especially a technique that affords relatively | ow
BRIEEGUMBKARY. GBRITEE BOMVRRYONF THE | NVENTION Briefly, in
accordance with the present principles, there is
provided a nethod for sinulating a block of film

00 T TGRS SN 2 TR o

simulptires clolopkibEfilbigdk. The hredngdfbegine By obedifing iagne-soinpeated block of

nde filt onsive to a frequency range
trans{PFREd CRERCIEHBr f@%g% hodbre regi e Iclgpf danstarined e cgFHicients then
undergé& Rl qu nglbg td & | BOURALY iR gl?aft\?lﬁ'ﬁ%?ﬁégk%‘? Pg%rreﬁ%ttelfn of the
film graio. (ihmrmmcstlconm;a ftelqatnogfhamr@dtee nwithess a aetcefiut ﬁdqﬂanlcms far, fvr, fan,
grai n.pattern.) Thereaft the.filter.ed
and B O RGBS tahchartrdsiiss pNERbE ey patem)
Therebh@f fiel AMFERER 0P BELIBERNts REIALSERNIERAR FIhEP Jiek the film
W NGS FI GURE 1 depicts a block schematic di agram of
grampﬁ@er@onb. nation of a transmtter and receiver in a
filmgrain processing chain useful for practicing the
techni que of the present principles; FIGJRE 2 depicts,
DETATLHD DESCRIPTIONIOF THEDRASYENGS a first nethod for
creating a block of filmgrain using pre-conputed
coefficients; FIGURE 3 depicts, in flow chart form
t heGERGPP d%tlcﬁ aBIb O hERhtid 81%%’&19{ Seifle B ?ﬁ{aﬂoﬁ: bEAtrh M hitter and

usi ng pre-conputed Discrete Cosine Transfornation

receiveDE fito gffii praeassingréhain sdefigifer proetiping the@acimiqueerof the present

i se; and FIGURE 4 depicts, in flow chart form the
pnnc‘geé’ps of a nethod for filmgrain pattern creation

USTOURE 26560 UnethvPbisht B9, (e Steps of h #P& S FRRreating a block
(DCT) coeffici ents of several inmges of Gaussian
of filmgraim using pre-computed coefficients;

FIGURE 3 depicts, in flow chart form, the steps of a method for film grain pattern
creation using pre-computed Discrete Cosine Transformation (DCT) coefficients of a single
image of Gaussian Noise; and

FIGURE 4 depicts, in flow chart form, the steps of a method for film grain pattern
creation using pre-computed Discrete Cosine Transformation (DCT) coefficients of several

images of Gaussian Noise.
DETAILED DESCRIPTION

To understand the technique of the present principles for simulating film grain using a
set of pre-computed transformed coefficients, a brief overview of film grain simulation will
prove helpful. FIGURE 1 depicts a block schematic diagram of a transmitter 10, which
receives an input video signal and, in turn, generates a compressed video stream at its output.

In addition, the transmitter 10 also generates information indicative of the film grain (if any)
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DETAI LED DESCRI PTI ON To understand the techni que of
the present principles for sinmulating filmgrain using
w@2®et053193 pr e- conput ed transforned coef fi ci ent BCT/ES2005/038503

brief overview of filmagrain simulation will prove

hel pful. FIGURE 1 depicts a bl ock schematic di agram of

a transmtter 10, which receives an input video signal

and, in turn, generates a conpressed video stream at

its output. In addition, tée transmtter 10 al so

generates information indicative of the filmgrain (if
presemriy jipr sagpid. Inrpradee,sheptesmitter po ewild C@mpﬁm part of a head-end array

transm.tter 10 could conprises artm%ma head- end

of a cahle igjevifion sysipmTOdIE SR Bistesy DebdistribptescRmprassedvideo to one or

more &é(@ﬁﬁf'@améelgé@tﬂ ' &ﬂ% Bie Spﬁg{cﬁ§§ Wi ﬂﬁq L9 %E tR_hsmitter 10
nore downstream recel vers oneo "whichi's

could glsowskd the Fir@ oflencidee that@mmnﬂs wdlafllilkerzbmm dAlheaetaker 11 decodes

t.he form of encade esents dia) VDs. . Th
the ool yioR rim GRESHEL tale BE A AcGRg e Wik e giain formation
and d&oibd ides, Hoth Faceivad FrohMthd ¢aakHRRe @o Wt BRcdtifrdh iR ﬂl%éiaritself in

i nformati on and decoded vi deo, both received fromthe

the casq effis PV er the Bikeyrto ield en oytpt video becanp thathast ssmlu{atctdqﬁlm grain.

the case of, a,DVD or.the like to,yield an.outpu
The rq5pygh 1L et FIRPr oGk SFeiap 2P gt P figh affpn ittt serves to
decodt @6Rip¥eREedbid&ndhd siilatd ik BraiR Bf that wi@do.t op box or
ot her such mechani smthat serves to decode conpressed
vilbe everall ngmaggragns of filtmggia reauines thedrangmities. 10(ne., the encoder)

pov 1 b RO 00 ELPLAERIN SRS S it wprs o
transmittehl 0 BEpddd" thefittherdin. Fughaithe feoeivhel | (ieqrcostier) siﬁmlates the

film g'gc}rf%g#%? 0e fcmgl.e f{htﬂilgg?f?lt@[eg @g@ttutirﬂeepwsd ?%gg%% ar@%?rglt{e'r 18" e
s oS DA f LA Ob] BRI TRIRLer 1110
simuldte filmrgrain éx theVidsorsageé s7heh diffjoalty existsin tetningrthe S8 gthin during
he vi i de .b%\’/PenabI ing the receiver 11 to sinulate film
t eVl‘é‘i"aﬁo MEPTPHESvi deo signal when difficulty exists in

r B fhie Aihigrated@nitodith it FIQUT, ithetrhit@nittbidBPine Rde § video encoder 12

process. In the illustrated ‘embodi ment of FIG 1, the
whichtengedasithe Wided greantneips s1Y; ok /the s ldmevmeridamcapppresion techniques
such o AT 16, WLAHGT (SONBETLERE" S Al Prpfpdidffichn iR Bptionatly, a
film gﬂlﬁﬁe%ndveir BD’ ih e ﬂ;)ﬁﬁgﬁ‘aliﬂteriodeﬁ lﬂc&‘d@&ﬁ@i inrdashielgas dn FIG. 1,

Opt i ona a filmagrain renover in the formof a
could gxist lairstreﬁlm ehthe qnﬁ%dfaéa. te tr%rawena%félﬁbaram indhe meomyigg vigeo stream

prior t? :%P!r:ncsjdélr?%' P4 1l %ern?fﬂyt fle lh@&nﬁlg Qg@eg){ croéga#lgsoncf fifR¥Faif'h6 need

inin the incomng vi
would exist for the film grain remover 14.

A film grain modeler 16 accepts the input video stream, as well as the output signal of
the film grain remover 14 (when present). Using such input information, the film grain
modeler 16 establishes the film grain in the incoming video signal. In its simplest form, the
film grain modeler 16 could comprise a look up table containing film grain models for
different film stocks. Information in the incoming video signal would specify the particular
film stock originally used to record the image prior to conversion into a video signal, thus
allowing the film grain modeler 16 to select the appropriate film grain model for such film

stock. Alternatively, the film grain modeler 16 could comprise a processor or dedicated logic
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prior to encoding. To the extent that the incom ng
video contains no filmgrain, no need would exist for
w0 b@6f053183 grai n renover 14. A film grai n nodel PCT/L82005/038503

accepts the input video stream as well as the out put

signal of the filmagrain renover 14 (when present).

Usi ng such input information, the filmgrain nodel er

16 establishes the filmgrain in the incom ng video

signal. Inits sinplest fofm the filmgrain nodel er

16 could conprise a | ook up table containing film
circuigthat Wolldd&lesutt @he gt by aﬁFénﬂﬁﬂsfﬁ) S4Rfle $he MObMIHBY O and

the incom ng video signal would specify the particular
deterrflmeﬁh%ﬁbexraémpgﬁtmnhaywﬁéwnfo record the image prior

[
RS T PR FeECE O et [ Balies P GUbRE the

compga’s@édwldﬂﬁﬁfeaﬁofec&uedlfrf)ni the shaakiiteAl 0.eThastuothrg of theadecoder 18
filmagrain m)del er 16 coul d conprise %{Jr ocessaqr or
will dgpendon thg tyRsRicompesFion PREPrRs Pythecaeedes 1 mathip thedransmitter
V t
10. TR Tp! AT Tn SR i o AT 0 R iRl 13 o Biiloys the
ITU-TLRet \ipi264 ISO/EIE@ l14dies1a vided &orrqussme rstahﬁaxﬂhatcon@rese sutgoing

videop Rl FiEiaHt Pk DR LHE- CHIBRLAEORR NhVuEoderecpier 11, a film
grain Wnhllatd£ PG R eRRs Eﬁéeﬁlhyﬁ‘ﬁanBf&ﬁﬁﬁf)ﬁ %%hpt'ﬂle ﬁﬁlﬂ‘%ﬁ‘o@ 16. The film

the encoder 12 within the transmtter
grain sixauiptor 20 ciretale gheviiorrhiof 2 phegramaned rpmcteesor,lcf.r dstlicated logic circuit

d he JTU T .Rec. H. 264 | .| SQ.I E
naving 05ty a0 iR Sonp Bn Vo g mbier 22 Wit the

decodédtngaorgqemhdeo will dictate the need for an
H. 264- conpl i ant decoder 18. Within the receiver

f il grein simsilationims togynthesiap Jidm graja spmples dhag |snnulate the look of
the ofégiﬁﬁrmme ! g@ﬂgg&%b@a 'ff!’ggéxt%h{‘m éi&' o}éurszbﬁnef&aln@n jiter 10 of

can
FIG. prvaoeesdilm grmmkmdmlaabﬁ dcctuirg atcthe lrasoremet 1hait pbg’nhﬂ&r film grain

bility of simulatin gr.ai ,fo conbi natj on
simulgliop spausvifihorecaen ﬂog& %‘gh cxpdifiece IeORngY1dep sffpam from
the trﬁ{sﬁhﬁ‘elsl'dﬂﬂsﬁ%érﬁ Bt BB E{SLQ of Yt J&%&g@vﬁ%d ?&e& b RoRIARIES decoding

hat sinulate the | ook of the origina I ' m cont ent
procemthaliecsmursbe dhe fecéimemyl laimakgsorbalse og i 1m@gﬁa rvathaadded dilm gram Rather,
ansmttier 10 of FIG 1, whereas,.f rain. . .
film E5FRGTEY PP GRRRLes Pisharosbans B tied 101 o eing pigplated film
grain fd {h@cﬁﬁéﬁeﬂ iflaBtd Rf URP1aYC FUF Hat feabif thKeeRI-TeRecl H. %Q'ISO/IEC
with the decodi ng the 1ncom ng vi deo stream fromt he

14496~ ﬂ@ﬁmtopmpreﬁalomswa@rémootamsm peeifigetions regradingdoraBln grain
sn'nulth(gi Sro%ésrseﬁnwel\lg} %h!hhg%m hrgulgﬁg pequges information concerning the grain

pattern in the incoming video signal, which information typically undergoes transmission in a

film grain characteristics Supplemental Enhancement Information (SEI) message when using
the ITU-T Rec. H.264 | ISO/IEC 14496-10 video compression standard as specified by the
Amendment 1 (Fidelity Range Extensions) of that compression standard.

Film grain simulation in accordance with the present principles makes use of a pre-
computed set of transformed coefficients. In other words, the simulation process begins with
a block, typically, although not necessarily, of N x N size, whose coefficients have been
transformed in advance of simulation, typically, but not necessarily, using a Discrete Cosine

Transformation. Other transformations are possible. Bit-accurate implementation of the
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process that occurs in the receiver 11 nmakes no use of
images wth added filmgrain. Rather, filmgrain
W@ 0mal0ai19HN constitutes a post-processi ng net hpdr/i82005/038503
synthesizing sinulated filmgrain in the decoded
i mages for display. For that reason, the ITU T Rec.
H 264 | 1SQO | EC 14496-10 vi deo conpression standard
contai ns no specifications regarding the filmgrain
sinmul ation process. Howevef; filmgrain sinulation
requires information concerning the grain pattern in
simulatien inathodiof thevirdeent prigeiples ovdvirchy perfamiag aninteygiimedreytransform

d t j fil h t t
on tn 155K SRR ont || nf or rmt Lo (SEL). message <
WHeR filsi g8intsh@ulafibh Indiesd offth@ftksdnt pEit E)‘fc@ pl'éls‘eﬁ% ahdnteresting

vi deo conpression standard as specifie
tradeghfrpetthieem f:ormpl(emtm end menRan gmuezmneuvdm)confpatmuo previously

r ndar d at |
aisel R R Ot SRt Bleat YRRyt BB oty of e
transfbfrﬁib@mﬁ@%a‘bﬁés Bl ab oSS @niREatfRelffthe Higgtt Srantfr@t 8 the other
wor ds, the_ sinulation process begins with a bl ock,

hand,tt%m@ﬁxo yeduges fsugement repesersyy pf databgse-Resedapproaghes by storing
S C
i et C e AL R
apphdﬂ odP BVDaystems, IBRIRODI syatchts walharsatellis dreideadtingisst to cite a
are possible. Bit-accurate inplenentation of
few exafmRieful ati on nethod of the present principles occurs
OYFIBRIEDS Mhilerafl ih AbGASar! BRI HE p@pﬁfhg 0084 b present

bl ock pre-conmput e ues. rain
princmﬂesufcmisnmdam fibul godfin tibieg preee:mnputpd cmafﬁpxlents he swsthed of FIG. 2

comr gt VeSS o Rtea 100 B Beraueh (oA evaL Bacaly happens,
althovi%lt $40H $nitibNzat08 neBEnbatdesshill® 1o 'b@éﬁntThgfétaﬁeld sfe@qlébg %%curs during

compl exity of the transform based approaches,

‘whickag blagk 9 PeoegiupUted sAnEPrmeskoogfiaents, tyrinalio although xtoh eecessanly,

e d nt.s
oGSl 00 e FRAIRY 08 GRS (5 TRIBEK £EGHAATHA St ot pre-
compﬁtﬁfdbbﬁ'icﬁeﬂit&ﬂ the h&:mbr_t?fl 0% iof FIG@IRi Forahingld) the tﬂ'diﬁfonned

roposed mnet hod coul d he a&pl ied to HD DVD systens,
coeffegpts gAY G hg Prescapapyichusiag e Elifcrsie C@ﬁl@ﬁ&éw@rﬁ@twe@c@a on a set of

randoﬁl Qﬁu%%?%s%ﬁ@g@ 1P talfwgég%ct' th UGN %512354' Ot her techniques exist

art form t e st eps e net

for canmgengta Bt oﬁtramslfermedfameffgmmﬂ atadwgndei dffilgr grhin simiilagion. The
re-co ted c effi s. The tho of FlI .
trans{RpmAd Aea Seispis ibenwdsts Oiedens, Bltame durtiesion M wivg pgredefined

set ofk Sl qhdctdsal, ZaL EaN ahd B LAk XpRARRLABoff frequencies (in two
dimensions) of a filter that characterizes the desired film grain pattern. During step 106, the
frequency filtered block of transformed coefficients undergoes an inverse transformation,
typically, although not necessarily, an Inverse Discrete Cosine Transformation (IDCT), to
yield a block of film grain, before the process ends with step 108. Under some circumstances,
scaling of the inversely transformed block of coefficient following step 106 will prove useful
prior to ending of the process. .

FIGURE 3 illustrates in flow chart form a method for film grain pattern simulation
using pre-computed DCT coefficients of a single image of Gaussian random noise. The
method of FIG. 3 commences upon execution of the start step 300 during which initialization

occurs, although such initialization need not necessarily happen. Thereafter, step 202 occurs
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al t hough such initialization need not necessarily to
occur. Thereafter, step 102 occurs during which a
whb@eks3ah3 pr e- conput ed transforned coef fici ent BCT/US2005/038503
typically, although not necessarily, Nx Nin size, is
read froma nmenory 103. Many techni ques exist for
creating the set of preconputed coefficients in the
menory 103 of FIG 2. For exanple, the transforned
coefficients could be pre- c'()'nput ed using a Discrete
Cosine Transformation (DCT) on a set of random val ues,
duri%wbi@b@rblﬁfd@ﬂ ne-dempitedwiansforraspewstficionts) tgSically,aithodgh not

e BB A5 e S SR, 95188t e rom e

menforfROR stéli’mol typiailo 'hﬁ?ge&xct@éeftécﬂb}eﬁﬁpiyﬁ@%VDQTC{%%nn toan N
frequency filtering during step 105 using a predefined

xNy@%ge@er%iﬁsmn@ad@mfaaw HL, fvL f n, and fvH that

t+af i es. S,
" EROIPR AR Seh SPPYSERL ekl R TR Bl bor
poss[h’l& fitkth graibsizeswhdsshapes] ABpont dikryf 1f1’@>qh6 P, ﬂiehfa@x%ﬁﬁm@ﬂ @6dfficients
ransfornmed coefficients undergoes an inverse

undftrg%%fgwpﬁﬁﬁ Herng dymngser 905 uinga @gqﬁleﬁa%d ¥76 OF Sutdrequgncies fiy, fvr,
frm, %f‘%\{g&gﬁ% (%eﬁg F\?t; ﬁf %%Sﬁé}]%le-g r(gng?k{) ?c{éﬁt@ﬁéel Q&I) G RRHer tﬁc?? characterizes

rain, OCess

the desirdd Slne graﬁﬁﬁatteﬂmdeexlsstZ@ﬁ dscrcurmilmmgednclsﬂﬂl ﬁ'engleﬁxfy filtered block
th? i nvers an formed. bl ock of  coefficient

of trnsforgind fgetdic Sf§9cs ap inygEse fesformakon, Higallsn althepeh not

nece@garill}h @n Qﬁ\%%xscret&%TganbfohﬂﬁﬁéﬂlﬁtT) ntof}hQM' 0B of film grain.

forma method for filmgrain pattern sinuldtion using
Undgyy @nmun@@nm;rsw@gforf theanversdy transformedeblopkn gEcefficients

r The od of FIG 3 commences
fouog’arg%gre@ eﬁ{i‘ 2% Ra" BtRPUs Jﬁtugp 300 during which
i n%e@hﬁaamemmmm gradnt tAeUg I8 Ui Y thi@ké Zahdfeimation
need not necessarily happen. Thereafter, step 202

perfgymedrdaine sisg 2RRi(ena rb‘p%lmg 16 suqhrsealipqasuesd upsergeesottorage in a
data%gsfﬂ)b fﬂlﬁﬂé §‘tep 55@' ‘i‘gé (%]/(%p ﬂ{tﬁﬁﬂl&ﬁﬂg g{ep?ﬁﬁ%%ﬁ%‘éoey {;e'}\)le&%mg G.e.,

stepc D zfnddmﬁnirs repeadd)‘ fom il tpoesilie Iﬁbmygré’iﬁ&zésl ahd ghaples,pvRO&upon loop

|cal has bee created hy a a DCT transform
execuliba nmglsrf—ag?el of m@ghgwmgﬁ%% uaggst@&%m@n be

appré&%d %Q?ﬂ th%tfgﬁggﬁ)lﬁ dR6& tl%n 1hRis gfe[e e%?@aﬁsélﬁﬁ finflom values read

[ oop that repe possI gralin sizes
fromethd neneqrg 203 prmg gtiep r292 |0|ﬁ 3 EGI hervaap, thet l:mfnelrfan sdabrafehl film grain

coeffi nder frequency filtering during step
patte?@)%“?@ﬁ H’& ?aé)a%e} ?ﬂqsd set of cut frequencies |HL,

fv ksiethREd; ﬂmﬁre&teﬁn &R RS Wbl fof Sk BRGH Bottdrh Bimulation

two dinensions) of a filter that characterrizes
using pre-computed DCT coefficients of multiple images of Gaussian random noise. The
method of FIG. 4 commences upon execution of the start step 300 during which initialization
occurs, although such initialization need not necessarily happen. Next step 301 occurs,
initiating entry into a loop that repeats for all possible film grain size and shape. Upon entry
into the loop, step 302 occurs and a block of pre-computed transformed coefficients, typically,
although not necessarily, N x N in size, is read from a memory 303. The block of coefficients
read from the memory 303 during step 302 typically comprises a database of DCT transforms

of N x N images of Gaussian random values.

Following step 302, step 305 occurs and the N x N image of DCT coefficients read

from the memory 303 undergoes frequency filtering using a predefined set of cut frequencies



10

15

the desired filmgrain pattern. Next step 206 occurs
during which the frequency filtered bl ock of

wo caasssapired coeffici ents undergoes an i nver sePCT/US2005/038503
transformation, typically, although not necessarily,
an Inverse D screte Cosine Transformation (IBCT), to
yield a block of filmgrain. Under sone circunstances,
scaling of the inversely transformed bl ock of
coefficients follow ng or pgeceding step 206 w ||
prove useful. Thereafter, the block of filmagrain that

fi, fas 644, Snd fiQthiteprese beort ﬁ@@@efn@feﬂ%‘ 133 PR %ﬁﬁ{;ﬁ%ﬁ &£ a filter that

uring step.206 _(or after scaling if such sca
chmggtggg@)th@ Aefilicd dd@ gaippateni MNeat stap 306 oecuzOGuring wh@h the frequency

ﬁlte%(e}g)goa&lo(ﬁf traﬁgﬁmln%’ Q?éfﬁ&tefé%gx% gggs&éiqg?t%r%? gﬁ%sﬁ? s dleogxg%%c’cally,

althaigh noo ss¢dotagily, Ialnl’hagfr&l Dlsalrezcesmnw'rﬁahm%aummﬁmm i) yleld a block
ffhgo ﬁfatlon ends during step 210, after ich 't
ol Eﬁ%’& RAS S90S Gigu@sispcess scalipg of ths ineersghy trensfamttﬁ block of
coeffibRMstHBo RS8R 18 the single imge of
o GaUSSSI an0 r a%d% vaIVﬁg?Hrg‘(’eeggiolsJ ?‘?'om the nmenory 203 during
st dpezaRenpftepBES oGouseandethe dbock i fHhargigih tharesds Hrodf the inverse

e flln1 a|n terns ., tored i.n the database 210.
ffansg? PipREd (6 sG1ig i pepremdl vadegaess siReadia daisbase 309
dunﬁggﬁpgogln pattern sinmulation using pre-conputed DCT

coefficients of nultiple inmges of Gaussian random
nod B loopritigtadiing Step|3G] vadengnespentingi(pe., sxpc30l-d08 are

repea%%)t 3¢ aff g? S% 1§tf 30% %§§r %&gﬂ%éﬁf h@:qpqlg'élglg &ok)%taetxlegutlon ends during

step ae@;mmm thamé&ﬂ)d ehax tursi £ReP 2. O0s 1K Sthe Inﬁlétﬁécﬁ&m@} 3 that
entry _into a | oop that repeats for all Eg33|ble 11

makesruseipf gismgleaRE Tdmage of @p@ww@rr@n@om fHelges allcmpslbbtfﬂm grain

ap 0BR8N SEK Sl BEBEPAL A DRISLRLTRS g

film graum slsapz end sizer Bath rhethnde&alitﬁ;ﬂﬁfeﬁhﬁ@@ dathbse RIf Gitig g@fun Values upon
" 3 nts rqufrtomthe menory 303 during step 3
sys efwl o BhisFY dRisStorage g enma b P mOR A AARGHS 8 33FAN memory.

X thé 8% %Hes@%@ssd @MlM%MIMI@ Ha%g#g BleEfmputed

302, ste 5 occurs and'the N

- transfsreflicopHistents; dwetfyrroducingcoraploxiyy. 303 under goes

frequency filtering using a predefined set of cut
frequencies u fvL, fHH and fvH that represent cut-off
frequencies (in two dinensions) of a filter that
characterizes the desired filmgrain pattern. Next
step 306 occurs during which the frequency filtered

bl ock of transformed coefficients undergoes an inverse
transformation, typically,
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al t hough not necessarily, an Inverse D screte Cosine

Transformation (IDCT), to yield a block of filmgrain.
wQ@enn5H03re ci rcunst ances, scaling of the i nvePGEUS2005/038503

transfornmed bl ock of coefficients follow ng step 306

will prove useful. Thereafter, step 308 occurs and the

bl ock of filmgrain that results fromthe inverse

transformati on perfornmed (and scaling if perfornmed)

under goes storage in a dataase 309 during step 308.

The loop initiated during step 301 undergoes repeating

(i.e., steps 302-308 are rafiednsl) for all possible

filmgrain sizes and shapes, whereupon | oop execution

ends during step 310, after which the nmethod ends

duri.ng s > i |G . 3 that

ks uso o o AT TE M S, Errictie B rps of

val(akebtaigings preposgiutddblock of temaformed apefficrag; i zes,

th hod of...FL.G .4 makes use .a separate DCT inmage

f oﬁbﬁé‘h‘m&?){ %%tFré’h% thejtfansiopme C%ﬁ%éi}émé ReFPSPSEe togpfraquency range
thatehiraotizeh Hese@ Rk Amdakabase of filmgrain values

upon systeminitialization or reset for storage in

c ORGSR IOBmENE Freimege Srandioms om theSRAgeneyriittyred Thasformed coefficients.

foregoi ng describes a technique for sinulating film

grain using pre-conputed transfornmed coefficients,

t hex eby Theduethod am;’mhgw it AVHVR At I8 S¥0btdiBing the pre-
m grain, conprising the st gps

creatin ? bl ock of film ) ,
comBPte?;’;c’Cglﬂ dapsiogmed predlicientp derdkpr lspwpkisestthe stap of veadeng at least one

- pre-6aRhIkEbREK 3 riol RIURRARYed khET AP transt or med

ficlents responsive guency p&nge t hat

characterize a desired pattern of filmagrain; and (c)

perf orm an, i nverse transformon the _

Fr dguendrernithed agFording ey i b ey fheiseqp of framueryyefiltring further
compRidiakk 65 6f Hitéthd Be Glaftbitint d\f,kie? L i

g!gt ai ni ngii he pr e%:onpl?t ed b(l3 ocC ﬁ;#l&%tggﬁ%oi%?géggsemfcm
freqeessies ifigi, &t Suf and: fvaof e owprdisessidrak fiktethandharmedizag tiRtdesired film
graixjxgﬁse%none pr e- conput ed bl ock of transforned . ‘

coefticients froma nmenory. 3. The method according to
claim 1l wherein the step of frequency filtering

furt her ﬁgnprises the step of filtering the
t r &nsf o he&retlnst aqcerding to caipn} whekgin hestepatf peffonuing an inverse

eSS e oA Y A B2 o
transtorm.

5. The method according to claim 1 further comprising the step of scaling the

inversely transformed block of coefficients.

6. The method according to claim 1 wherein steps (b) and (c) are repeated for all

. possible film grain sizes and shapes to obtain a plurality of film grain patterns all derived from

one pre-computed block of transformed coefficients.

7. The method according to claim 1 wherein steps (a), (b), and (c) are repeated for
all possible film grain sizes and shapes to obtain a plurality of film grain patterns, each

derived from a separate pre-computed block of transformed coefficients.
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grain pattern. 4. The nmethod according to claim1
wherein the step of performng an inverse transform
w@eo@bispents further conprises the step of peP€DURINF038503
an inverse discrete cosine transform 5. The net hod
according to claim1 further conprising the step o
scaling the inversely transfornmed bl ock of :
coefficients. 6. The metho#0according to claim1
wherein steps (b) and (c) are repeated for al
pa&ssi bl Enefrhéthv@ acdondia g zeslamnd fsitlepesmpdsiogttla step of storing each
] plurality of filmgrain patterns all derived,fromone . £
invergply trapsipiedsebplbiikeTed CosTHASHE MR ITHEY FPRR 8?1%1%?31’9?‘3‘?%""“#101‘ 0
Step@Ethod according to claim1 wherein steps (a), (b),
id (c) are repeated for all possible filmagrain sizes
and shapes to obtain a plurality of filmagrain

Dibck ot Pahe GrimERB SR F BTy dHLRCtS O PR B iR Db of oring cach

inver?qu QLB dLscf bRF ML d Lok RhtsGR ARkdredryGpbh @ad Rpestbd execution of
storing each inversely transforned set of filtered

step@pefficients in a nenory upon each repeated execution

of step (c). 9. The method according to claim?7

further conprising the step of storing each inversely

tr gnst ornegesol adéorllinlgtte cRémaofafthérdoamirsinigtha steprafisyaling the

upon each repeated execution of step (c). .10. The .
invenvely tiadsfatraest st o§ filtercd icapticients hafpre DG eppsficients gngefgo inverse
r ?trﬁ{% .0f scaling the inversely transforned set of
ansfQraoy coeffici ents before the coefficients undergo

i nverse transformation. 11. Apparatus conprising: a

first menory for storing at |east one a pre-conputed
bl bbk ofAPPHANSCEMPES8oef fici ents; at | east one of a

pr {HE%% TS t 184028 e bRl Bt QDb 1B cIE bf Ghihsfornsd
Si ?ru%%g I ng rPi m gra ?1 by ?a) gbt aoi%‘r;}i? ng a pre-conputed
coeffitionts; of transfornmed coefficients fromthe nenmory; (b)

]; ;gtglgggn gg%fo# %{ng)rg%qr}axataa ﬁ]éc%;:ref‘asg?fgagﬁ{ag%tcgtgg flcfélg L&A for simulating film -
grain by (a) obtaining a pre-computed block of transformed coefficients from the memory; (b)
frequency filtering the transformed coefficients responsive to a frequency range that
characterize a desired pattern of film grain; and (c) performing an inverse transform on the

frequency-filtered transformed coefficients.

12.  The apparatus according to claim 11 wherein the at least one of a programmed
processor, and dedicated logic circuit further scales the inversely transformed frequency-

filtered transformed coefficients.

13.  The apparatus according to claim 11 further comprising a second memory for

storing the inversely'transformed frequency-filtered transformed coefficients.

14.  Apparatus comprising:

a first memory for storing at least one a pre-computed block of transformed
coefficients;

means for obtaining a pre-computed block of transformed coefficients from the

memory;
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characterize a desired pattern of filmagrain; and (c)

perform ng an inverse transformon the
wo e@gueney-filtered transforned coefficients. BRCT/UTINE5/038503

apparatus according to claim 11l wherein the at | east

one of a programmed processor, and dedi cated |ogic

circuit further scales the inversely transforned

frequencyfiltered transforned coefficients. 13. The

apparatus according to claildfrl1l further conprising a

second nenory for storing the inversely transforned

f r cugaes m-ﬁdcmbmyefﬁiltdringnhi ﬁamﬁmfnted&foéff?jimm &spdmdive to a frequency

ratus, conprising: a first menory for storing at

rangégg‘%tc Wgteé‘zg? degt tterg 05#@@1& & #9dinsf or ned

co G PeBforfBRNS | dHdsh SRR

of %Hagﬁtsff or msod cogf%fl{l%rséegﬂt?ir%¥ rom-t %ggﬁg}lmr Y, n&egg%%%?&med
coefficisgtsency filtering the transformed coefficients

responsive to a frequency range that characterize a

desired pattern of filmgrain; and neans for

penfor Mm@ a@Faﬂaﬁl‘é QESRdinG 36 fafth T4 Frthd?@ omprising means for scaling the
. frequency-filtered transformed coefficients. 15. The
invesshattansfiarmed dmaupiny-filtered apmafamned noeffenientonpr i si ng

means for scaling the inversely transforned

frequency-filtered transformed coefficients. 16. The

appér at heappantis agcording katlin 44 ffuntidteompeRRikiasetéh@memory for

.second nenpry for storing the inversely transforned
storipg g Fn e Hangip ec{ regrsPoy diareddume oemen caeticients.



