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WO 2006/055208 PCT/US2005/035802 -1 BIT-ACCURATE FILM GRAIN
SIMULATION METHOD BASED ON PRE- COMPUTED TRANSFORMED
COEFFICIENTS CROSS-REFERENCE TO RELATED APPLICATIONS 5
wohisappheation claims priority under 15 U.S.C. 119(e) to U tRromis 08s¥62
Patent Application Serial No 60/628,837, fled November 17, 2004, the
teachings of which are incorporated herein. 10 TECHNICAL FIELD This
invention relates to a technique for simulating film grain in an image.
BACKGROUND OF THE INVENTIO]Y_lS Motion picture films comprise
silver-halide crystals dispersed in an emulsion, coated in thin layers on a

]; ﬁfﬁ?ﬁ%‘if‘w ARJ, $RuEIoR .: %ﬁ‘ 1E ] E}?tr?%gl%lrm-

otagrapl
negatives, the silver undergoe arter development and

tiny blobs of dye occur on the sites where 20 the silver crystals form.
CR%%@@@%@Q%@@@ BEbye Bl ¢8RinfeflIeAIRd ‘grain' in color film. Grain
appears randomly distributed on the resulting image because of the
rangom formation _of silver ¢rystals on the ariginal emulsion. Within a
R TGEBERE SFEB PRGN LAgEichs (S O ARP Lo L e Patent
Apphithdes SerdNEFMERIHTS Mesiras anbes hAEE04] e: irateiibe df mhiheare
raer r]l%rclﬁjlmps of silver 25 formed and blobs of dye generated, and the
ore they fehd to group together in random patterns. The grain pattern is
typically known as 'granularity’. The naked eye cannot distinguish
TecAtitdakgERS, 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
largeis theepasaantien ef hedimgeaty 3breamamigherFimgis
becomes clearly noticeable on cinema and high-definition images,
whereas film grain progressively loses importance in SDTV and becomes
BAJRGSQENID IO TSIRIY Bprias. WO 2006/055208 PCT/US2005/038802
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Motion picture films comprise silver-halide crystals dispersed in an emulsion, 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, the silver

undergoes chemical removal after development and tiny blobs of dye occur on the sites where
the silver crystals form. These 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 original emulsion. Within a uniformly exposed area, some crystals
develop after exposure while others do not. '
Grain varies in sizes and shapes. 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 varjf 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.
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-2 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
wiohstearaphic film possesses a characteristic quasi- randomppaierig9tzsso:
texture, resulting from physical granularity of the photographic emulsion. 5
Alternatively, a similar pattern can be simulated over computed-generated
images in order to blend them with photographic film. In both cases, this
image-dependent noise is referred to;fas grain. Quite often, moderate
grain texture presents a desirable feature in motion pictures. In some
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perceptio sional pictures. |Im grain is often varre ina
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texture in the motion plcture industry

herefore preservm the grainy
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Altehﬁﬁtaeppmmraiaﬁqwéﬁﬂwﬂbmsth&mea @m@ls&mpuﬁdtgéﬁy&rﬁﬁ/ﬂﬂages in order to

II ilabl the bility .of lating film ‘
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somd AL LI Q'fﬂlﬁ‘%?&%ﬂ mafé@ {omnigr %'&'Hza%érﬂ%éi E%c?é?%‘éﬁﬁén of

very realistic resul ny grain types. However, the Cineon(r

two-gdisptiesition dseywotiialdudols p&ﬁbm@tbmamgh dHme eptpvidesvarious
clue@%ceree@tét@edteﬂﬁeapte diagonal SR C@%ﬁﬁe applicalion PsadiesR {0y ist for

grain size settings. Further the 20 Cineon(r) application fails to
Esé e BEFERTVIDE She ey
appeRfaeesshigaias mmwtam@rmﬂgwmm@rmﬁpﬁd nicdigially
rocesse Anotherc mmerci roduct that simulates film grain is Grain
requgﬁrﬂg%lryl? f?r%mm g nfln‘i %?(}:) which is used as a plug-in of Adobe (r)
Aftée@if:éc;tm@ﬁhet@r&armﬂuﬁgmqﬁﬁbts pevetiot eqpéditytof gemeiates fiim grain,
one XU SN0, & B S RCD DMIPETS. Bl CRAREREN aceman

suffers front disa vanta%: of a high computational complexity. None o

Kodgkdsp Bashermehias Seveanmel shst iteim iy miergearToimplement grain
sinnARBR! BPS@skeY 9 FANBE RN RORSIRS Do fduenryerask BRE®

phenomenon that typically cannot undergo compression using

aPPIi?&ﬂ%ﬁ‘f?&ﬁ&P&Eﬁ BRI B s iR ARE e U fgavse of the
notidedindacies iaite mde@&emmu%ﬂm&mgaﬁmaes sdednedg m@teer, the

s using MPEG-2.or ITU-T R 264 1. 14496-10
Cme@g@}’ﬁf&% 1op 9%1] rs“tousetrsnula{e grain wi actlequate ﬁg ?{ £n images are subject to

previous processing, for example, such as when the images are copied or digitally processed
Another commercial product that sinmalates film grain is Grain Surgery™ from Visual
Infinity Inc., which is used as a plug-in of Adobe ® Afier 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 computationa} complexity.

None of these past schemes solves the problem of restoring film grain in compressed
video. Film grain constitutes a high frequency guasi-random phenomenen 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 Rec. H.264 | ISO/IEC 14496-10 compression techniques
usually either result in an unacceptably low aegree of compression or complete loss of the

grain texture,
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usually either result 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. BRIEF SUMMARY OF THE INVENTION 5 In
example embodiments, there is provided a method for simulating a film
grain pattern. The method begins by obtaining a set of bit-accurate
transformed coefficients. The set of bif-accurate transformed coefficients
then undergoes filtering. Thereafter, the filtered set of bit-accurate

trakSforRRIn THERRIRAE (M AdRFERIN IR E L Y BT FSRETH fotechnique

that a¥ields L9-a U praibopgiternyIn a first aspect of the invention, there is
provided a method of creating a pattern of film grain, comprising the steps

of. (a) establishing a set of bit-accurate transformed coefficients; (b)

BRIrfrenuenagy filte dirgrset olkhiEacorate transformed coefficients; and (c)
performing a bit-accurate inverse transformation on the frequency filtered

transformed 15 coefficients to yield a film grain pattern. In a second
agpeshafghe-nvediigmihereds Prematd anmpnal dbdSieamprisiadione Ofin

a processpr and dedicated logic circuit.far creating a pattern of film.grain
pattrgy L OIS SR SFBR BT, DEASTFAIE A MBI ROTents The
set offrecuenemditansgseddidiffacematedrantiosae dicaeiliciamisaner (e filtered

erformin abit-%cc%rﬁﬁte t£ nsformatjon on th .frecluency 20 filteredf to vield
set ol é‘ﬁ%‘fﬁsﬁlﬁ%geo“&}é IR S%Fd’té SOFAM PateFRT R thid SspRRtigr™ to yie
a filntleainvention, there is provided an apparatus for creating a pattern of film

ar in,écom rising' eans for establishin a.aeéfof bit-ac{:]puEate transformed ¢

coBAAE AR AN 4O PSRt ‘?fﬁé?iﬁg"é’é b C S AN SR ™ ©
film woelfficienigsapchaneansdon pessaiisigng bisactatectansieormaiiomed

the frequepcy filtered transformed 25 coefficients.to yield a film grain
cocf gt D DAL B AP P DR ATT G e apd ()
perfodepigts kithlock seHamaticitiagtamaobiherchmbinatiorofi Rdrahsmitterand

30 receiver.i ilIm grain processing chain useful for practicing the
co TS P BB B R ples: -oa

In a second aspect of the invention, there s provided an apparatus comprising one of a
processor and dedicated logic circuit for creating a pattern of film grain by (a) establishing a
set of bit-accurate transformed coefficients; (b) frequency filtering set of bit-accurate
transformed coefficients; and {(¢) performing a bit-accurate transformation on the frequency
filtered transformed coefficients to yield a film grain pattert.

in a third agpect of the invention, there is provided an apparatus for creating a pattern
of film grain, comprising: means for establishing a set of bit-accurate transformed
coefficients; means for frequency filtering set of bif-accurate transformed coefficients; and
means for performing a bit-accurate transformation on the frequency filtered transformed

coefficients to yield a fiim grain pattern.
DETAILED DESCRIPTION OF THE DRAWINGS

FIGURE 1 depicts a block schematic diagram of the combination of a transmitter and
receiver in a film grain processing chain useful for practicing the technique of the present

principles;
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FIGURE 2 depicts, in flow chart form, the steps of a method for creating a
bit-accurate film grain pattern using a Gaussian random number
generator; FIGURE 3 depicts, in flow chart form, the steps of a method for
creating a bit-accurate film grain pattern using a Gaussian random
number look up table; 5 FIGURE 4 depicts, in flow chart form, the steps of
a method for creating a bit-accurate film grain pattern creation using a
single image of Gaussian noise; FIGHRE 5 depicts, in flow chart form, the
steps of a method for creating a bit-accurate film grain pattern creation

uSMEERSet depirgscontloutetiaidoretetBosimns Pransrihoki(DEFYNg a bit-accurate
film édags;g&e&%?g@vgcﬁaa 4{53@9%96& AUSRP J0isgs@nd 10 FIGURE 6

picts, In art form, the steps of a etwoc‘i or creating a _ '
bt laddBiatedsmmigrainiputthart oy, the-sopipite BT doeeiesbing obit-accurate

film oBRYSIALIMAES,of CAUSHROARSE nDELALADDESERIPTION 15 To

understand the technique of the present principles for creating a

bitlsteBiatedepictar il patehart et serieal efmpthefdnT srantingierbiticeurate
film gpi&v}ga iRl G UR Fela ARRIRISAMUEL 2000/020 20856 T/US2005/038802

-4 a block schematic diagram of a transmitter 10, which receives an input

viﬂwé?@méld@a&mnmwgéﬁérﬁt@gdm%@m@% f@ﬁré@_ﬁrwiagi?sbit-accurate
film oPHIPHR-ACMIHRR, (B8 rR0SBIeL10 2l50 B8 RREARSIR IR formed (DCT)

indicative of the film grain (if any) present in the sample. In practice, the
coctfigignisrfteesinglc burge ohiprissiap aRist:aidad-end array of a cable

ISIEHSIRE BYRIENs Ah TIOW 8R4 EhrRY IR R S tHBIISS P TREERR bit-accurate

video to one or more downstream receivers 11, only one of whichis .
film geppwAtinERSIng PrersQramidsiter 1ol antorfaiey 3 MoRec 08 EBrERn noise.
that presents media like DVDs. The receiver 11 decodes the coded video

stream and simulates film grain in accordance with the film grain
DETAReSH RS- AHE tédded video, both received from the transmitter 10 or

directly from the media itself in the case of a DVD or the 10 like, to yield

an output video stream that has simulated film grain. The receiver 11 can

take ukierand dhe isehnigy OOk BR BIRS S BENGHRIEh ST SFRaHRg adijwsqprate film
grain PREQHELCHRPIRSSERWIHLRIARESNHAIRANR SRIBHVENRIMICOFTTNERE 1 depicts

overall management of film grain requires the transmitter 10 (i.e., the

encoder) provide information with respect to the film grain in the incoming

video. In other words, the 15 transmitter 10 "models” the film grain.

Further the receiver 11 (i.e., decoder) simulates the
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film grain according to the film grain information received from the
transmitter 10. The transmitter 10 enhances the quality of the
compressed video by enabling the receiver 11 to simulate film grain in the

wiidar/eigngl when difficulty exists in retaining the film grain glatieg2disn3sse2
video coding process. 20 In the illustrated embodiment of FIG. 1, the

transmitter 10 includes a video encoder 12 which encodes the video
stream using any of the well known video compression techniques such
as the ITU-T Rec. H.264 | ISO/IEC 14496-10 video compression standard.
Optionally, a film grain remover 14, in the form of a filter or the like

a bloSeRiIgtachilt a?%asﬁ B@gm&%&eﬁ;m%ﬁ@%&&@%ﬁgﬁ&%&@&%@@ﬂ &hd.an

to remove any film grain in the incoming video strea rior to
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t video, st | as,th tpu f. the fil
e S G A R B G B Sl B B B e o
othergnain syamdethuﬂﬁsasﬁahdsshesmhesédmxgeam mnth@* meoerlogwttemsiggbers 11,

only or%tgfs\mﬁk?% Jﬁﬁ&n%%?@ fil i moﬁ{a rent ?ﬁ?éjg%i(%@lie #ﬁrmaloo% Shboder

le containing film grain mo stoc ionin-

that preseire anaihg Nikgdd \Sipaal h@d@mlﬁﬁfeﬁfﬁm?ﬁdhﬁ:%ﬂ’épdf%d@@m@mgmlly

simuHee It SR BSIRBIRJNIRE IRCORY SraiR tirignandd %@&%@h&&@ﬁiw Qoth
2006/055208 PCT/US2005/038802 5 allowing the film grain modeler 1

recelys&ERR e T apprdiitTLe Hdigrdn Fratbemedticieaifin .SAﬁéﬁriam@z the
like, 108iBliagraupmadelere.aotls BaMpHsRRINEASOL. OTHERICA R 100 take

that Id Igorithms t le th
e S48 AT HRIETH T S TR TS Do Ve L SO EREA o
and sirmﬂyxpadﬁkky graohudethat videa decoder 18 that serves to decode the
f
e L O R o T Tt R
provmé@a@@a@mwmﬁwmétqmgmnmm@gm m@fbgéwords, the

transIRINTBeARREM IS0 ofA0 encadertadhalgmp 5:1 o ;EIB.QQ!:&S the
H.264 { ISO/IEC 14496-10 video compressmn standard to com ess

film %@t@@ﬁ‘r‘ﬁ@@%ﬂb@%ﬁ%@fé‘t’é‘ﬂf@“ﬂi‘é@ﬁ‘%‘?@ﬁ}’( SO BT
transMMitBin Mm@y@ﬁa@@@w@%@@m@w&&a@eﬂmﬂg&ﬁd m:@aauir 11 to

Smut%%ﬁ?ﬁ?eggﬁ%%heé”m %% er%glessor S d|caf3e§3ilsggn$(l:ﬂ§l tr% nzt%r%%?dmng :
the video coding process.

In the illustrated embodiment of FIG. 1, the transmitter 10 inchudes a video encoder 12
which encodes the video stream using any of the well known video compression techniqﬁas
such as the ITU-T Rec. H.264 | ISO/TEC 14496-10 Video- compression standard, Optionally, a
film grain remover 14, in the form of a filter or the like depicted in dashed lines in FIG. 1,
could exist upsiream of the encoder 12 to remove any film grain in the incoming video stream
prior to encoding. To the extent that the incoming video containg no film grain, no need
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
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having the capability of simulating film grain for combination via a
combiner 22 with the decoded video stream. 15 Film grain simulation aims
to synthesize film grain samples that simulate the look of the original film
woantentsAs described, film grain modeling occurs at the transmittesik@:@Ro2
FIG. 1, whereas film grain simulation occurs at the receiver 11. In
particular, film grain simulation occurs in the receiver 11 along with the
decoding of the incoming video stream from the transmitter 10 upstream
of the output of the decoded video strgam. Note that the 20 decoding
process that occurs in the receiver | | makes no use of images with added

alloWAO1edITildR gtbier it ool g abnsisalslatins gonsitate Sithpashprestssnguch film
ethod for. synthesizing simulated fi rain in the decoded images for .
st TN o e ABEHE PRUE R M T e PRRHD fgiod logi
ciropdintaessiod standewheontaiins Agositeciicationsi celgacinmihe fitkeo gudin
' i 0 eyer. fi in simulation requires information
det%ﬁ%ﬁ%%%%ﬁ%%%ﬁ@é%ﬁ%% incoming video signal, which
infofraRitRATKASIL ANyRicrloriebisieraneitnasiorriival 8 tpnsiesrieatig decode the

conpRERBESMENLHLAIMANAR {56, MESRALEWREIUSIAY dhctild of (Re8ecoder 18
264 | ISO/IEC 14496-10 video compression standard as specified by

wilkepouch R APREHRT ORISR RERTRCEREETE BX 5 & PRI oA STt Sie transmitter
10. Standakst dreagterdance withithaeresentprnoipfes, discliesad hrkeimpitgs the

veral i f.a method for creati it-accurate fil .
R R LR L e b o i A eSS P eone
videsDvDMicsys thas:c8fcham Hi2draimphiusrdedadabhde Withbiabditmeiyainl, a film
s L G T S R BBETIRN Fhe i
grayssny ey eandalbrdhsdaBnies +-PIBASPNIPE DYOPRERIG Stifdineasiogic circuit
haviligQHSafa3RRYEr MALeER YirOBYiSasaRstisysias halimpie pentihe

vk Ha1308Y 6 Man %ﬁrﬂﬁ%u gy ek Raimel

the existing or future HD. DVD specifications can employ such a film
decgiisth “G3tabase to store samples of different film grain types, each

charstesizedpndiferentiiagyenbysne dehnammaiepieSins difalassad ok of
detail w, the method of the,present principles for creati bit- .
the R T R RETERY ik o kTP ST R PR e S ol e B 10 of
FiGmiplehzeedafidm grasesieraktifferentrovatyibavithéivtind fedpipatitilaf Herhgsien

Sty xéakgﬁﬁ%ﬂyge@emﬁm@{g il SERID. PAS B PRUINS BYn e video stream

establishing a set of integer transformed coefficients, typically, although

fromghneessing | DiresTeiroranstb thictrroted it ﬁ%@ms,wﬁﬁghﬁyfhe

decbinBfocess that occurs in the receiver 11 makes no use of images with added film grain.
Rather, film grain simulation constitutes 2 post-processing method for synthesizing simulated
film grain in the decoded images for display. For that reason, the ITU-T Rec. H.264 |
ISO/IEC 14496-10 video compression standard contains no specifications regarding the film
grain simulation process. However, film grain simulation requires information concermning the
grain pattern in the incoming video signal, which information typically undergoes
fransmission in a 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.

In accordance with the present principles, disclosed herein are several implementations
of a method for creating a bit-accurate film grain pattern, such as for storage in a database for
film grain simulation in HD DVD systems. Such a film grain pattern database enables film

grain simulation in accordance with the parameters in a film grain Supplemental Enhancement
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10 size where N is an integer. The term "image" will some times refer to
such a set of integer transformed coefficients. The step of establishing a
set or image of integer transformed coefficients can occur in several
wditiesastways. For example, the establishing step could emiailtiseoss/ 038862
processor or discrete logic circuitry in the receiver 11 of FIG. | accessing a
database of integer-transformed coefficients as described hereinafter.
Alternatively, the processor or 15 discrete logic circuitry in the receiver 11
could establish a set or image of Gaugsian random numbers, by either
reading a database of such numbers or generating them directly.
mfoﬁheﬁeﬁf@nmémwaaa&mg%%@e peAfoxmpeston ANECGamasiNs ARed
number imag 3}/135(1 a set % mteger DCT c eff|C|e S. The nex step in
2bOYfe %’85?&%?8?8%3 YT SRR T S HRSHRE ALaiag D DVD
speﬁtﬁﬁaﬂmsyiﬂtaﬂpg)mmtemmmﬁdmm&mmcﬂtqm’g 8 @ifferent film
r%defa” I’%I{]c ize c?tr:»]d cﬁ%% gru%égmigo detf]e freqttée}f_rﬁtcy filtering
ploy a pre &f guencies n,, m, and ffa
thatﬂueqhsesmﬁcntdoﬁrﬁrbciuwm énesr(wthudrofdhn@m@mts)mfcwlﬁttécmmung a bit-
acc %&&% il %%tr siregflm,rawrRatiera. Fallowing iha g %}&é’ntanon in

e integér transformed coefficients ufidergo an inver

sevwé@f&teptowebeatét%tbﬁrae@mtblf.mtleéagraﬁtrﬁaa:éfﬁrfeteetmeecﬁwe@ﬁcura‘ﬁe

fit ﬁ’a%?atfézﬁ gatahaseednnamed @%Qﬁﬂﬁe@@@@ﬂﬁ&%@@&éﬂﬁéﬁ%@%aaﬂy,
the inverse transform of the coefficients. In practlce the film 5‘éc};éram pa%iern

althapgh Agh HeRATBTLSs HHECTE TR MR R R L 9 o5 st B x Nin
sizelNHRFSENIXCah Dpesationss thus Yasigihglivaceuiany whickpirtessesefitteger

verflcat andt tin Howev r dtfferent |m lementations
- fra 8%0 %Be Sgao{”%st

asuc Srategy A desErbed et © 5’rn15?ar$§cessar$§/ SRS
coefptenaaybetwesn mbﬁaﬁcre@mn’gm pm@ﬁathwmtehhammnmuuld

entaHGBE p%goi?&é&eo?%ﬂ&?&éﬁ% Off RELNSE RHNRIMONY Faqitg@enis g, adatahase
computational cost. WO 2006/055208 PCT/US2005/038802 -7 FIGURE 2

of inflegmr-ararsBoRrsd ﬁ?@@ﬁéﬁt%%#@%b%ﬁé%@tﬁ%&mtﬂte%ﬁhﬁ grocessor or

dts&éesegkmm@%t%&feetm #1 Ribas iR PR Ol @mumei random
method of FIG. 2..commences

execution of the start uring
n“‘%ﬁt&t??hﬁt@ﬁié%ﬂ%&&?@%ﬁ%%%ﬁ R B O Dot .
TheReCRSSAT itk MsOT Nexidtepiddoedus ihsitatieg entnydotorarhieoimage to
yleia:at regﬁntis for{%% ossgwle fllm grain sizes and shapes. Upon entry into

é:)ei’ Cog

occurs 1to achieve creation of an image of random
Gaﬂ&elamcvatqem thepraitipaoers of creating a bit-accurate film grain pattern entails

frequency filtering the integer-transformed coefficients according to a desired film grain size
and shape. I*;cr example, the frequency filtering could employ a predefined set of cut
frequencies g1, fvi, fun, and fvy that represent cut-off ftequencies {(in two dimensions) of a
filter that characterizes the desired film grain pattein. Following the frequency filtering, the
integer transformed coefficients undergo an inverse transform fo create the bit-accurate film

grain pattern for subsequent storage in a database. In some instances, scaling could occur

. following the inverse transform of the coefficients.

In practice, the film grain pattern creation method of the present principles makes use
of integer DCT and inverse DCT operations, thus assuring bit accuracy which proves useful
for verification and testing purposes, However, different implementations of the basic
strategy as described belew do not necessarily afford bit accuracy between each other.
Choosing a particular implementation will depend on the desired tradeoff between memory

requirements and computational cost.
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Gaussian random image has a size of N x N values. In the method of FIG.

2, creation of the image, of Gaussian random values occurs by

generating such values via a Gaussian random number generator 103.
wbdbesmmage of Gaussian random values created during steprkQ2oiaainsso2

undergoes a bit- accurate transform, typically by way of an integer

Discrete Cosine Transform (DCT) operation during step 104, although

other bit-accurate transform techniques exist. The integer DCT

coefficients established during step 102 then undergo frequency filtering

during step 106. Typically, the frequency filter occurs using a predefined

set pieuRirenReeies ssivinpladennaty sAh i cepeseni-eutzale with the

frequencies (in two dimensions) of a filter that characterizes the desired
PTESfifh RfF AP BT T RIERE 2Bl 183 LCRAE T AN G rEh TFIG. 2
conitldieﬂeek uisansietmeh @@ﬁiﬁ@lﬁfﬁtb@mmlﬂm&dﬂﬂaﬁmﬂ@cmm although
g rmatlon ctall alth h not ces arlgy an mteger Inverse
s o et R SO, A Ao REHIT G o
loopdteemptatsder dém@hbﬁhstgrmsxzssamdgkdpme Iipexselytiaisfoeriveg, step
102238000k gt gaeificientiolowin aAe Bexabdil BINEHAHID Y8R the

intensity of the bit- accurate film Grain pattern. Following step 108, step

Gaupsgroradabi St s eats Hibh wians thathe surtb o T ik Inseation of the

im EQG:_[F draRsiormatian andssaling thneHaunsd lrdedees:siotagRdPrandom
tabase 111. Steps 102-110 undergo repeating during execution of the

DuniBELEFRGERIE Wiring step 101. 25 The loop continues for all possible film

graifisizesgend Skapes whéseLpOaenapeEUIon sepdSTtHRg BR3P bit-
ter which the met endsd ring_ste 4. To chJev bit accuracy..the
e e e e e
opa@mrémgmttm &Oécahmmﬁeabd-m‘zm mﬁamrmquwai’wnﬁe integer
DC@%@&%‘(}T{!%@%&% ERGY AMARY: f%éﬂﬂ&@é@ﬁéﬁ%@ﬁg %ﬁﬁghg step
aussla

method requires t e 30 use ofgg bit-accurate

106g driaisedly, Wirp i@?ﬁh@?ﬁﬁéiﬁ?@ﬁ@é@léﬁ?ﬁﬁdﬁ?ﬁeﬁll%lﬁé?@éﬂ%@%@ﬁ%%@%ﬁm fur,

Suc

| fim/ SRRANSHAIPIPRERRLAS JeNBA8 ALY H@Wﬁﬁ@ﬁb@dﬁ?&f@ﬁﬁ&’ﬁaﬂ characterizes

& generator As-example, one could use the integer approximation of a
’ =

ROEE HR eI AL WSS 6658485 968 PGS PRpH G EBaucrey Hltered,
trargﬁﬂﬁfﬁ@bdﬁ%ﬁﬁh@ﬁﬂbtge eﬁuiﬂﬂ%@im bhameiremdzﬂﬁ@meﬁom @pTﬁB},AEﬂmfmgh

SC|ent|f| Com utln 110 hICh isb
. not gece % 81% I‘SS ESCI“ S Ilﬁ H‘ﬂ&flon ablt—
’r rans rma tlon oa accurate ussia om

accpam lﬁém@merzawma Bﬁnégcwaxe czrcumstances, scaling of the mverse}y. transformed '
block of coefficient following step 108 will prove useful to vary the intensity of the bit-
accurate film grain pattern.

Following step 108, step 110 occurs and the bit-accurate film grain that results from
the integer IDCT transformation (and scaling if performed) undergoes storage in a database
111. Steps 102-110 undergo repeating during execution of the loop initiated during step 101.
The loop continues for al! possible film grain sizes and shapes, whereupon loop execution
ends during step 112, after which the method ends during step 114,

To achieve bit accuracy, the method of FK3. 2 requires a bit-accurate Gaussian random
number generator and bit-accurate DCT and Inverse DCT transform operations.

Achieving bit accuracy among different implementations of the present method requires the
use of a bit-accurate Gaussian random number generator. Which particular Gaussian random
number generator is used remains unimportant as long as all implementations use the same

generator. As example, one could use the integer approximation of a bit-accurate Gaussian
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implementation of a Discrete Cosine Transform remains necessary to
provide bit accuracy for 5 the whole system. The illustrated embodiments
described herein make use of an integer approximation of the DCT. The
woeehaszysinteger approximation remains possible if the resuitodnasestso2
by the integer transformation lies reasonably close to the result obtained
by the floating point DCT. This requirement ensures that the filtering
performed in the transformed domain constitutes frequency filtering. 10 In
the illustrated embodiment, an integegyersion of the DCT occurs by
scaling the floating point version of the DCT. The N x N DCT matrix can

genebﬂ%@ﬁ@&il %%ﬁ@@ﬁlbl?c%ié:fc‘:‘b{biﬁéﬂd‘ﬂfﬁb%(" _h&id:f_*&gllel% Hl\fl(SaéZB))éliﬁE

SOrt(LIN), = s ; C(iD), = k * cas( ((2*j+1) i *N)): - 20.

CompRE 2t R Do BT B b RSN RARNP TR
angncaldition to BletRadherind €gmissimatrbo torompitechassdtofos bit-addntateN;

. J+) for (i = 0: < N: j++) £ Cint(i.)). = round( C(i.j) * scaling factar), } 3

i PR P R AP s el Bt Abouracy fo

the whalingfeoto r’ﬁb@}ip.a@ﬁh@dmbgﬁmaw écsm'iQ afdl_mea@f ek sosding fadtorger

apprdSHRIRIRES e Beality ol e &@%ﬂ%‘x@ﬁ&%ﬁ%ﬁ%ﬁ%@&%@g piieRg%he

the sc_alin%facto_r, the better the approxim as well as the number of.
resul§iebEnedren s durgsttEms TR s TResemalieriase elmigTde Riaiped by the
fioatBBSSiRiB@Te AV BRARGEHRS INEAR ARPHOXIBaARA @ fahsformed

has been defined, the DCT transform is computed as follows: WO

domsHKBHELEE BEIIESIBEET638802 -9

In the illustrated embodiment, an integer version of the DCT occurs by scaling the

floating point version of the DCT.. The N x N DCT matrix can be computed as:
for (i=0;1<N; j++)
for (j=0;j<N;j++)

if (i == O)k = sqri(1/N);
else k = sqri{2/N);

Oi5) =k * cos( (ZH+1)4#PT) / (2*N));
}

where C(i,j) represents the coefficient of the transformation matrix at row j and column 1.

Then, the integer matrix is computed as:

for (i=0;1<N;j++)
for (j=0;j <N; j++)
{

Cint(i,j) = round({ C{,j} ¥ scaling_factor)

where round(x) returns the nearest integer approximation of x, and the scaling_factorisa

positive integer value. The value of the scaling factor determines the quality of the integer
approximation of the DCT (the larger the scaling factor, the better the approximation) as well
as the number of bits required to compute the transform (the smaller the scéling factor, the
lesser bits are required).

Once the integer approximation of the DCT has been defined, the DCT transform is

" computed as follows:
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B = ((CintT * b * Cint) + 2scarngeactor) >> 2 * scaling_factor where CintT
denotes the transposed version of the transformation matrix. Analogously,
the 5, inverse transform is computed as follows: b = ((Curt * B * CmtT) +
wdsmadinsfactoD >> 2 * scaling-factor In a particular embodimentsoesosasnz
8x8 DCT is used, the integer approximation would be: 106666666 6
8742-2-4-7-8 73-3-7-7-337 7-2-8-4482-7Cints=6-6-666
-6-66 4-827-7-28-43-77-3-37-73 2-47-88-74-2 with scale
factor equal to 16. FIGURE 3 iIIustra_t&ms a second implementation of a
method in accordance with the 15 present principles for creating a
bit-accurate pattern of film grain. The method of FIG. 3 commences upon
exec;rltion of the start step 200 during which initialization occurs, although
B = (Gt ifibalisanonAéed ot neteddamlinadpeiar Next step 201 occurs,
initiating entry into a loop that repeats for all possible film grain sizes and
shapes. Upon entry into the loop, step 202 executes to create a set or

wherg (06 GPrairIahT ERERessA VRIRIes Of s atRiar il end0aEian S03.98aeHY: the

inverfBagasiasmasiemphiiidaNivaduas. Creation of the image of Gaussian
random values occurs during execution of the method of FIG. 3 by
reading a set of Gaussian random values from a Gaussian random

b = ((DimbeB b SkaT) taBTE (E04)2082 ThenlingglasbGaussian random values
obtained during step 202 then undergoes a bit- accurate transform,
typically by way of an integer Discrete Cosine Transform (DCT) 25

In = prstpaimareaibadignens prhos, aalfhidUgh iR dptit e doiaer haprsfimation would be:
techniques exist. The integer transformed coefficients established during
step 202 then undergo frequency filte(ing during WO 2006/055208
PCT/US2065/088862 -80 sfep 206. Mypically, the frequency filter occurs
using & pretlefided &et-af cudifrequerkies fnL,

73 -3 -7 <7 -3 3 7
-2 -8 -4 4 8 2 -7
-6 -6 6 6 -6 -6 6

2 7 -7 -2 8§ -4

-7 7 -3 -3 7 -7 3
4 7 -8 8 -7 4 -2

Cint! =

[ N L= AN
t
oo

with scale factor equal to 16 .‘

FIGURE 3 illustrates a second implementation of a method in accordance with the
present principles for creating a bit-accurate pattern of film grain. The method of FIG. 3
commences upon execution of the start step 200 during which initialization occurs, although
such initialization need not necessarily happen. Next step 201 occurs, initiating entry into a
loop that repeats for all possible film grain sizes and shapes. Upon entry into the loop, step
202 executes o create a set or image of random Gaussian values. In practice, the Gaussian
random image has a size of N x N values, Creation of the image of Gaussian random values
occurs during execution of the method of FIG. 3 by reading a set of Gaussian random values
from a Gaussian random number iook»up table (LUT) 203.

The image of Gaussian random values obtained during step 202 then undergoes a bit-
accurate fransform, typically by way of an integer Discrete Cosine Transform (DCT)
operation during step 204, although other bit-accurate transform techniques exist. The integer

transformed coefficients established during step 202 then undergo frequency filtering during
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fvL, f, and fvH that represent cut-off frequencies (in two dimensions) of a
filter that characterizes the desired film grain pattern. Next step 208
occurs during which the frequency filtered block of transformed
woasffigiess undergoes an inverse bit-accurate transformatigayfsypisaliyso?
although not necessarily, an integer Inverse Discrete Cosine
Transformation (IDCT), to yield a bit-accurate film grain pattern. Under
some circumstances, scaling of the frequency filtered, inverse
transformed block of coefficients WiI_II[Pr_ove useful. Thereafter, step 210
occurs and the film grain pattern resulting from the integer inverse
D e B Bt I
fui. Tamcerg brrcbatisRecsentarheE s anei ey mteio direavgisnaifs {kaidabon

chardRR RXERLHEN-EN S urng iR 1R A REy g 4B s @ﬁﬁﬁg%&%&%@@mcy
step 214. In thifgrvé%é the database 211 stores a plurality of film grain

filterpd Fams oSS AEE R ARSI S SRRt Ghste Agnsiormation,
typicalyn phthed g ibenmetsadlnfa ietegotievilise Disticiinakitio THeHoastlon
G. 3.15 obviates the use of a Gaussian random number generator.
(DG SENPR & RS B8 S R o O R SR of e
freqmnyamgqg:biwmmu@auséb}w_hnﬂwﬁfﬁaim .vﬂiﬂq;rap@ma_ﬁﬁ. simplifies
the-renuiged %@%&E@%&%ﬂﬂ%ﬁ?ﬁgﬁ%r&%ﬂgEéﬂ'lﬂé%%%%@

~third implementation of a method in acCordance with the "present
mVeIB'Fiﬁéfﬁ&*f@%ﬁé&ﬂﬁ@%%%%ﬁﬁf@ﬁ@t@@?@ﬁﬁﬁt@%ﬂ iTpeambased f: The
stepsi363- %1 8Q,HAMMENEES AR BEiiaN.phithe Slaststen30fhd %&%\?B&gme film

_injtialization occurs, although such injtialization need not necessari

Y.
grain SRS A RIRCS (PSP R INR R iR BEtHIASER 20 e rafieforrich the
methGhesdanvaiues M fractice whe, edasibmssaridamitp agtunsispci Fno idin

aﬁéx I}Iorvi%#qfesﬁSCr.eati%n of. lt]h%'ima ghg);n Ga‘}J s(iaasr% raarl]dom values occurs in
PaUCRR IO EthGd of FIG! ZP]?)y &&30 ga &L EAIEAN random values from a

Gassianpeasitiontba mﬁeﬂlgﬁk‘zﬁp Zathle {25 (Llaif s B0 2 tbe tlmhlqdcbm 3
obvidR SRR IS ARSI AN BHPP LA E307, 4088 ARl IERUIR PG, 3

accuracy. As long as all implementations of the film graln pattern

makegateeisdedpoktighitde 342 Sahtonters mejespriad 181 Hedaradplues. The

appréiigtgrvﬁmméa_Qae%m@dmﬁﬁ?gbae@mmpﬂﬁ&ﬁﬁmﬁgh a LUT, then
eneratign can occur at t eginning the fi grain pattern .
daﬂ@&@?éﬁﬁ%ﬁ%%@%?ﬁ% FRT RS E BT PRt ITATERT GRragabite

preseitgr30citlek. forivesnutingtabRiaglaansiosm (SEm3fdhnaigsiethel of FIG. 4

com B RS e DAk bare O A A SRR SR e
such wiigslicemoparesd tothecessuil vbagiresd Witk epidlisiycillustiateehte a set or image
of random Gaussian values. In practice, the Gaussian random image has a size of N x N
values. Creation of the image of Gaussian random values occurs in the method of FIG. 4, by
reading a set of Gaussian random values from a Gaussian random number look up table
(LUT) 303. The method used to create the Gaussian random number LUT 303 does not
require bit accuracy. As long as all implementations of the film grain pattern database
creation use the same LUT, the result assures bit accuracy. However, when using a bit-
accurate method to create such 2 LUT, then LUT generation can occur at the begiming of the
film grain pattern database creation process, avoiding the need for permanent storage of the
LUT. Given that a single transform (step 304) needs to be computed for the generation of the
entire film grain pattern database, the randommness of the film grain patterns stored in the

database is reduced when compared to the result obtained with previously illustrated
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WO 2006/055208 PCT/US2005/038802 -11 implementations (FIGS. 2
and 4). However, the third implementation illustrated in FIG. 4 also has
lower computational needs, which proves useful for hardware and/or
wrealeinmszémplementations. The image of Gaussian randonpyaluesies/o3sse2
created during step 302 then undergoes a bit-accurate transform,
typically by way of an integer Discrete Cosine Transform 5. (DCT)
operation during step 304; although other bit-accurate transform
techniques exist. Following step 304, step 305 occurs which initiates
entry into a loop that repeats for all possible film grain sizes and shapes.
. theyAest ithy I ncy.filteri ft
e cLiobihaq e S i ReO b

also hasdawiseyampniatentsnssisgidsiepemss gssélgbrbefdsaue aedéss fieal-fime
impiéiehachivn thattQrapresenteuiRihiegunsies &%&%&9&1&%@%&@%&%&
S

filter that characterizes the desired film grain pattern. Fqllowm&@ ep 306,

undefgack & ARt RIS Y RE R HiRTeth S RREIg desreivifpetag Transform
(DCDjlopersia i tEans ik msn];gxaﬂthaalmos@khﬁc ﬁ(tjmﬁwﬁu%h(%qdeﬁglm
Invers iscrete ine Transformation (IDCT), during ste to yield a
Pl P AT s R T LB T S B SeBFARG O A
possijtaifilpagtern treated fteprthStap/@bseticlfirit atgforithia tho dfftipianisates
c
=]

ﬁqu&lMﬂgrﬁ{EBﬁﬂQ il F%’@Wéﬂfﬁcigﬁﬁrgﬁ%ggﬁé&%%%s% ng’gg&i%&ly’ the

-~ film"grain pattern undérgoes storage in a ase
frequiigiritiee foepriritiaet etrig elept 305 Writhaeppdiss Atupbssilabe fifrh fyrahat
repres 4R RHShARRS OB AVRAAINAR xS GHtiomerds duling.slen. 342, AlleEd film

. which the, method ends during step 314. In this way, the database 311
ga%@%%[lﬁf’@?éﬁﬁ%éﬁ‘@r%%éf&% caprap el e dRisgEs T filRvgiigients undergoes
an inFESRERdsEratesia-fedh, impleme iationaiainetbad:Hn aecardastverse

. with.the sent principl creating a bit-accura ttern of film grain,
Do B R b B B SIPRALR RS B ke S et ogren
pattegturidgdehiomadiializatiornacstakpabf dlighersiucheititiaticatahinee tha diversely

e S T A s an

‘the fiwgyaip Pata SRt eapoBniaeslves dnepraedéé; the image of DCT

cogflisients seadfiemihaddd Tnﬁ%eﬁ%ﬁxg 2800y %Hez%?'fﬁ* HPIKSIBR film

. previously described implementations of FIGS 2-4, the filim grain

BrRIniERA ARE THRRAR TUETEREE B G R RIS B 6Bt 2 SBparhish the
methitiegas Rchopesatian isincedhae, vadusatead SIankdhe HUd 403 bavans for all

sizes%lxragangp%Qggﬁ%nger aS;H,Ch atransformation prior to

FIGURE 5 illustrates a fourth implementation of a method in accordance with the
present principles for creating a bit-accurate pattern of film grain. The method of FIG. 3
commences upon execution of the start step 400 during which initialization occurs, although
such initialization need not necessaxﬂjr happen. Next, step 402 occurs, during which an image
or set of DCT coefficients is read from a look-up table 403 created from an image of Gaussian
random values. In practice, the image of DCT coefficients read from the LUT 403 has a size
of N x N. Thus, unlike the previcusly described implementations of FIGS 2-4, the film grain
simulation method of FIG. 5 obviates the need to perform a separate integer DCT operation
since the values read from the LUT 403 have already undergone such a transformation prior to
loading into the LUT,

Following step 402, step 405 occurs which inifiates entry into a loop that repeats for
all possible film grain sizes and shapes. Step 406, the first step within the loop, initiates
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30 loading into the LUT. Following step 402, step 405 occurs which
initiates entry into a loop that repeats for all possible film grain sizes and
shapes. Step 406, the first step within the loop, initiates WO 2006/055208
wBChS2005/038802 -12 frequency filtering of the integer BGTS2005/038802
coefficients obtained during step 402. Typically, the frequency filter
occurs using a predefined set of cut frequencies fHL, fvL, fHH, and fvH
that represent cut-off frequencies (in two dimensions) of a filter that
characterizes the desired film grain_pattern. Following step 406, the
frequency filtered integer DCT coefficients undergo an 5 inverse
. : 3 RREESSR!
ﬁeql%]%/c?rcgg é?)%gggag &%%éﬁ?ggﬁﬁyéﬁﬁiﬁé%ﬁ%umg sét%éb}(')aé%oi iel ’gh ©
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reprﬁ%ﬂféﬁkﬁ?ﬁ ﬂ*fd@@xﬁﬁgs({ﬁﬁﬁ@' .qmd&?hmf'l )/'tﬁgiiﬂﬁ@r%lﬁ Mﬂﬂrﬁ%ﬁiﬁé&?ﬁgﬂﬁimﬁi film
. Thereafter, ste OGGUrs a e fi rain patter sulting from
i gptern SO T Ao AP 3T B BT R eerdhatgraeo an
invers hit-acdatslbasmstiimSiensyiGd A Nuthirh the: loepsinitinted dusne Steprse

. 405 undergo repeating f ossible film grain sizes and sha ,
DlSC%’/S?]C &OSIHB ianspormét%ﬁgnfﬁ& mﬁgs&e%‘é%ﬁg i;&f‘_ﬁ [:3 aﬂ%%ﬁl t#e%?h%%%lg

ereupon loop execu ends S er

Undegrsgad gitngrstapcssAohiing stz inrresdiat aivastonist! dorksofinagfiainnts

follo‘r%nﬂgg&i iRfeallifizesyRRd2haPaRRL AN GE31R; 4 3cEhR MRARASLFIGm Y attern

nakes use of a sm?ée re-computed biock of transformed coefficients to
resulfpg Siofbthsdfeen R et il sfeline i agfrsedandergoes storage

in a &aemuared to the previous implantations described in connection with
FIGS. 2-4,_implementation of FIG. 5_eliminates step of performing an
e TR R B i R S b e PRSI
possitiissiiates@ofdfittempiciertg idreehipom kit dxicraiten ks denvighetdyed 12, after
. present.nrinci reating,a pit; rate. of fi rain..rhe_ .
whid R S Bl e e T A g
pattopitar alwiapsanshsbarasrel BMERIN. such initialization need not
NeeRSSANLHBPRRS. NexkSleR 301 QreWSrdNiliRlNe: 8 RIBCINP B.08R bt

repeats for all possible film grain sizes and shapes. Step 502, the first step

cocTHiifRs 3 SRR At R B PRIARS ITRIRO RN etk BF HREhas e Compared to
the pe@abisienisafranyasideictptiileothbEibbO3H FIaclics, ithe iMagehRETG, 5
elimi%% efg ig}ig rs]%gpho%spg eg%ne:ﬁ% Iglnxmlélégléizks &Q”etransfonn, fhus reducin ¢ computational
cost,

FIGURE 6 illustrates a fifth implementation of a method in accordance with the
present principles for creating a bit-accurate pattern of film grain. The method of FIG. 6
commences upon execution of the start step 500 during which initialization occurs, although
such initialization need not necessarily happen. Next, step 501 occurs, initiating eniry into a
loop that repeats for all possible film grain sizes and shapes. Step 502, the first step in the

loop initiates reading of an image of set of integer DCT coefficients from a look up table

{LUT) 503. In practice, the image of DCT coefficients has a size of N x N. Like the

implementation of FIG. 5, the implementation of FIG. 6 establishes an image of integer
transformed coefficients image by obtaining a set of integer DCT coefficients from the LUT
503. In practice, the values within the LUT 503 originate from an image of Gaussian random
values that subsequently undergo an integer DCT. Thus, unlike the previously described
implementations of FIGS 2-4, the implementation of FIG, 6, like that of FIG. 5, obviates the
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implementation of FIG, 5, the implementation of FIG. 6 establishes an

image of integer transformed coefficients image by obtaining a set of

integer DCT coefficients from the LUT 503. In practice, the values within

wihged#35883 originate from an image of Gaussian random 30 VAIkRIEStHsE02

subsequently undergo an integer DCT. Thus, unlike the previously

described implementations of FIGS 2-4, the implementation of FIG. 6, like

that of FIG. 5, obviates the WO 2006/055208 PCT/US2005/038802 -13

need to perform a separate integer RET since the values read from the

look-up table 503 have already undergone such a transformation prior to
need IRASHAB-A thejakle ineleViTrsieR-ae vaien 2OR w&a@%&mﬁlm B8 have

integer DCT coefficients undergo frequency filtering. Typically, the
aimﬂ%&ﬁ%ﬁ@?”fﬁ@?ﬁ@c’ﬁ?@ ' tﬁ’%?é@éﬁ%ﬁé?fé‘é’@df’@f&?’? Eguencies fa, fvL,

fHRcIanddyikidas 0o prepaiticad=cff etuentien (i wegdineliBionsfiofkms

filter. that characterizes the desiged film grain pattern. Following step 506
e L e g SR AR et o
cut fisirmociasahe tfansfarmaatdn thpicaescalthooli frequracassan yanintesjens) of
» P YEESELRIRELAIR (05 e 1UARSPERAIBIUR CRINIA R B BRI dlihency

grain during step 508. Under some cifcumstances, scaling of the inversel

filtergd ifigaerd? 'Eé%ﬁﬁﬂi’é@?sdés@l?@%ﬁ??@ﬂé%ﬂ*ﬁfﬁé’ﬁlmwsﬁ?m@%wicaﬁys
althohBeRAHEESIEMP 1A 19eeer SABa s Rleskaddimaltdhatsesults dPMo yield

the integer IDCT transformation (and scaling if performed) undergoes

a bloghof B eraigAurng step 10%; CRA% 1R BRRRR STt ingiafdhedarsrgely
transfensdtlochdeigeesciepcfatiogier abp S08sibiegitvegraifubiZaeaadahapesio
oo O B 92 R 60 B8 AT e o

rng IS way, the Abase Sore
scaii@éﬁpp@@ln@)mumcaﬂgbépapb@bﬁa‘ﬂﬁigrain. The implt_amentation of
filrg, graisnpaliern alealon AeserHbech Wit [eSREIdP @&r@oeé‘%ﬁ&ﬁng for all

implementation of FIGS. 2 and 3, makes use of different Sets mteq%er
possible filisEieiErS UL RIGRETSTRMEERMS KIon EGerTse TréscinaRmsEenddaatter
whiciOfEheR{HeR ehd Eﬁhﬁg gRgistabasered k), bieGspaliesns as:compameio

the implementation of FIGS. 1, 4 and 5, which utilizes a single block of
patteppsdor P Sret G SRR ATM S Mhile the implementation described with
regprdtipidriefaliod ahiin gfindateducedisiotegaribad witpdtationafIG. ¢,

like t%% %é Menis: SySh implemnentation lc(s)bvl\llseer. iiped patforn QPC?F%C%&E
e same noise pattern Serves as the basis for generating all fifm grain

coeffcitmenEising different sets of integer DCT coefficients allows for creation of & richer
database of film blocks patterns as compared to the implementation of FIGS. 1,4 and 5,
which utilizes a single block of integer.transformed coefficients. While the impieméntaﬁon
described with respect to FIGS 1, 4 and 5 affords reduced storage and computational
requirements, such implementations Jower afford performance because the same noise pattern
serves as the basis for generating all film grain patierns.

The foregoing describes severa! different implementations of a technique for creating
at least one, and preferably = plurality of film grain patterns for simulating film grainin a

video signal.
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rULaechnique for cre®ing at least one; and preferably a lity of film grain
patterns for simulating film grain in a video signal. Xd:"09/10/20@6 _ DG 1
CLMSPAMD US2005038802 Y U 04W 20 EPO - DG 1 -14- ?. 06. 2006
CLAIMS 47 1 1. A method of creating & pattern of film grain, cqmpr@@gzms
the steps of: 2 (a) establishing a set of bit-accurate transformed

coefficients; 3 (b) frequency filtering sgtofdit-accurate transforme
coefficients; and 4 (c) performing a bit-accurate inverse transformatiesi on

the frequency filtered 5 transformed coefficients to yield a film grain
pattern. JZndthedngtbedtageansirertosiaim bydereihsiars fhe @RV 6r:
re&iatecii&o%all 2 %Jssé1 I,e_sizes and shapes of film grain. 1 . The _
mEhTUPRCEOVY S Sl REGHIRLT EaRs g SR tBYSstoring the film
2 @pitegadienn filerdatabosthil-dochi@d HegeRRePEdITS ER-618I g

Whgrein }%os (a).- (d) are repeated for all 2 paossible sizes and shapes of

LS QPR A S SR ETEH 6 AT 1o AR ey isred

transfetapdteetficigiiadiiicld grim peiierpatdef. The method according to |
claim wherein the step of establishing the set of bit- 2 accurate
transformed coefficients comprises the step of reading a set of integer

Discrete Bh€ asitind mnsidimet eogificionteEam@ia@Pags. ake/repbfted for all
ossi ethod a%ccgdin é%g aim | wherein the step of establishing the set of bit-
p CACET AN AR 'de&Hients comprises the step reading a set of

integer Discrete Cosine 3 Transformed coefficients from a database for all
p ssibleﬁmﬂgrﬂi}n(}?izes af‘{]d shaaes. 8. érl][% method according to claim |
wiierein the HERQT SEBALHIAG 2 Bet BIBIEr SUBRESIPG SR R fdagtorng the film
grain paefficmnisisnmpases me Steps of 3 generating an image of Gaussian
random number; and SUBSTITUTE SHEET
4. The method according to claim 3 wherein steps (a) - (d) are repeated for ali

possible sizes and shapes of film grain.

5. The method according to claim 1 further comprising the step of scaling the film
grain pattern.
6. The method according to 1 claim wherein the step of establishing the set of bit-

accurate transformed coefficients comprises the step of reading a set of integer Discrete

Cosine Transformed coefficients from a database.

7. The method according to claim 1 wherein the step of establishing the set of bit-
accurate transformed coefficients comprises the step reading a set of integer Discrete Cosine

Transiormed coefficients from a database for all possibie film grain sizes and shapes.

g. The method according to claim | wherein the step of establishing the set of bit-
accurate transformed coefiicients comprises the steps of;

generating an image of Gaussian random mumber; and
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ST EUUMS2005038802 U4U32U -15--4 performing an inte® Discrete Cosine -
Transformation on the image of Gaussian 5 random numbers. 1 9. The
method according to claim 1 wherein the step of establishing the set of bit-
2 accurate transformed coefficients comprises the steps of: 3 (i)

generating an image of Gaussian random number; 4 (ii) performing an

intggabRIsSEAlE GRS ARARao A IBS MAds of Gaussian ‘

rangdom numbers; and 6 (ﬁ%‘%peaﬂng steps f?) an?;%(%)o%%eﬁIlrﬁlggg"lg?e%?%smn
randfphHIEIbeS and shapes. 1 10. The method according to claim 1 wherein

the frequency filtering step makes 2 use of a predefined set of cut

frequencies fHL, fvL, fHH, and fvH that represent cut-off 3 frequencies, in

1 twé-dimeridiemacsiodl Areprdiarderaite i zabarsnids sepfinfestatili shante the set of bit-
accurlitx]s%aﬁ@%mggeﬁ%ﬁw&mﬁg@ t%:é"é?@é?igf_the step of performing a

bit accurate 2 inverse transformation on the frequency filtered
trebESHRET RS BFibRane CoRmssias thadwspfadererforming an integer
'n‘(ﬁ'ﬁ?eg!ﬁﬁ‘iﬁ{g §r03E T BRIl 4 ARRAAINSCOMBIHING One Of A, ccian
processor and dedicated logic circuit for 2 creating a pattern of Hiln‘ggraln
randqgy pyahsEsHASHing a set of bit-accurate transformed 3 coefficients; (b)
fregipRe¢ fier e Rat PLRINASIUIRIR JARNNN IGens,and (G A
perf%?n% a it-ags:%tlrgte trgnssformag%n on theﬁﬂ%?gn%g%lt%rge%ga&)é&
transformed coefficients to 5 yield a film grain pattern. 1 13. The
1 apraratus RERAIEIRI Q- 6laime 1@ fEthRet SoRPLSIAL. & I8
storir;%;he film grain patterr?ljg 1 4. The apparatus ac%%%eg]%ﬁ%rﬁgfﬁw makes
2 use of g apefmsd sesHG Y Seavracise honfo- Bistentduat tteastonsesscof-off

3 frequiEeeliPiscsRIgeRSNR Transianmed casificents. %h’e%alﬂ?fﬁ%ﬁ?é{% attern.
according to claim 13 further comprising a second memory for onngpa.
plurality of sets of integer Discrete Cosine Transformed coefficients.

I SUBSTIThE Enethibdrab AMENERE Bladtd B EMEtI LN of performing a bit accurate

2 inverse transformation on the frequency filtered transformed coefficients comprises the step of

US2005038302
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~performing an integer inverse Discrete Cosine Transform.

12. Apparatus comprising one of a processor and dedicated logic circuit for
creating a pattern of film grain by (a) establishing a set of bit-accurate transformed
coefficients; (b) frequency filtering set of bit-accurate transformed coefficients; and (c)

performing a bit-accurate transformation on the frequency filtered transformed coefficients to

(E T O VE R N R

yield a film grain pattern.

1 13, The apparatus according te claim 12 further comprising a first memory for

2 stomng the film grain pattern.

4. The apparatus according to claim 12 further comprising 2 second memory for

2 storing at least one set of integer Discrete Cosine Transformed coefficiente.

[

15 The apparatus according to claim 13 further comprising 2 second memory for
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storing a plurality of sets of integer Discrete Cosine Transformed coefficients.
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T prjya8kparatus accor®g to claim 1 qu? egéé{%nprising: 2 ussian random US2005038802

generator for generating a Gaussian random number image; 3 means for
performing an integer Discrete Cosine transformation on the Gaussian 4
random number image to yield the sgt of set of bit-accurate transformed
coefficients. 1 17. The apparatus according to claim 12 further comprising:
2 a second memory for storing an image of Gaussian random numbers;
and; 3 means for performing an integer Discrete Cosine transformation on
1 thébG ausEigriPpaEatdoRT (RIdibR tinslaim th2yfelthtre setpofsset of
bif-2eR1UR Iﬁﬂﬂﬁgﬂrgéﬁgr%?f%ﬂegyﬁerlﬁﬂn% f‘@%ﬁ%ﬁgﬁgﬁ)ﬁ% aIIEIQ Bbr image;
pattern of film grain, comprising: 2 meansor establishing a set o
bit&agé ABTBREED suesieibtssrSntamseltrafrefgooatipiterthg Setiefian
randomtﬁ?ﬁ%?ﬁ%y’g@g‘gfi@lgq&ofeftf'smttséﬁm-aé@ltea?@%'g%f?)% UG Reients.
bit-accurate transformation on the frequency Htere 5 transtorme
coefficients to yield a film grain pattern. SUBSTITUTE SHEET AMENDED

SIHEET THEZppatafl fecording to claim 12 further comprising:
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2 a second memory for storing an image of Gaussian random numbers; and;
3 means for performing an integer Discrete Cosine transformation on the Gaussian
4

random number tmage to yield the set of set of bit-accurate transformed coefficients.

| 18. Apparatus for creating a pattern of film grain, comprising:

means for establishing a set of bit-accurate transformed coefficients;

2

3 means for frequency filtering set of bit-accurate transformed coefficients; and
4 means for performing a bit-accurate transformation on the frequency filtered
5

transformed coefficients to yield a film grain pattern.
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