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Bl T- ACCURATE FI LM GRAI N SI MULATI ONMETHOD BASED ON
PRECOVPUTED TRANSFORMED CCEFFI Cl ENTS CROSS- REFERENCE

wa oRBERIED APPLI CATI ONS Thi s application cl ai PET/US2005/038802
priority under 15 U . S.C. 119(e) to U.S. Provisional
Patent Application Serial No 60/628,837, filed
Novenber 17, 2004, the teachings of which are
i ncorporated herein. TECHNI CAL FI ELD This invention
relates to a technique for silfulating filmgrain in an
I mge. BACKGROUND OF THE | NVENTI ON Motion picture

BITRCCURATEF RN \GRAMSISIVFUEATION BIETHDD BAKE ON PRE-

ermul si on, TBDUPR ANS CQ)EFF{EWS The

exposure an evel opnment of these crystals formthe

phot ographi ¢ i mage consi sting of discrete tiny
CROBSREEERENCE BO REHATED ARRIACATEQONS ves, the sil ver

under goes chem cal renoval after devel opnent and tiny

bl obs of dye occur on the sites where the silver

g ;’Fllﬁg gbﬁicfa%ﬂlam%y%???ﬂ%ﬁ%ﬂﬁ ggég % #.6. ﬁ%m%)l?y Patent

grain’ in col m G aln ears randomnl
Applitation BeugléNb @H62$H83 7, dded Novgmberd §e20ds thedeaahingshod which are
. ran? faormati on of silver crystals on the original
mcorB?ﬁ?ech?ﬁ‘?thhi n a unifornly exposed area, sone
crystals devel op after exposure while others do not.

Grain varies in sizes and shapes. The faster the film
TECHNICARIJEED he cl unps of silver formed and bl obs of

dye generated, and the nore they tend to group
together in random patterns. The grain pattern is

t yphie aivieytideneiutesas a' tectaiqiledbt §iytulatihlgefilmadeaih ia)a ifapaot
di stingui sh individual grains, which vary from 0. 0002
mm to about 0.002 nm |Instead, the eye resolves groups

BAC fGI&ﬁ@NWOF“ﬁh?W@ THORE bl obs. A viewer identifies
t bl o

ese groups o s as filmgrain. As the inage
resol uti on beconmes | arger, the perception of the film

TP RaB BB i kIR sV GG TAY fisRersoriges emulsion, coated
in thﬁgll eBPn 4 Flbadei TheRikPOHRS _§ﬁd’§é¢_éldp%§éﬁl§ lofé HRSY E5GR fbfin the

DTV and becones inperceptible in snmaller
photdgpzphia nageconnistpigeaiidiserdte kiny pytictss lof yilvasn {mielor negatives, the silver

une BGB8O80 R S35 e s wher

the siPR@tA8fadPdim. Thesw Biall §R0kd bRiyeWRS &sbRBhlyeAllbd taiafin color film.
.the images. The photographic film possesses a

Graircappears fardogtly distikided e thepsulting 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 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.
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pattern, or texture, resulting from physical
granularity of the photographic emnul sion.

wa@\kdaoes2ds vel y, a simlar pattern can be sinmul Bt BUSINGE038802
conmput ed-generated inmages in order to blend themwth
photographic film hi both cases, this inage-dependent
noise is referred to as grain. Quite often, noderate
grain texture presents a desirable feature in notion
pictures. In sone instances,2the film grain provides
vi sual cues that facilitate the correct perception of

t Wletionrpieaire fidh tpdicdllyr @ataids ihtiggidepéndesit wdiseresmeing eflher from the
within a single filmtq provide various clues as to

physigalpsosess ef errasuresiil develepmentf the Rhotograghie fiffeor from the
subseglr éx?c%'d{te cﬁ}’?ge Iﬂxﬁ]&éteﬁt e #}? ¥6to p?ll_(l:lté Lﬁrhfg‘ijlrorsi% ggsr oéﬂafa'o}gensuc quasi-

randofhpatedios @, textuees easu]tnng ftolmap]gysaaah graapheisy afmhe phbtogr@g&&mulsmn
t hr oughout i ma essi nd delivery chain
Atterpgl3HE 33T T EHUATE DF AL O P PTpR G P THaR SpFges in order o

blendstﬁ&ﬁrva&h ?]Sﬁ;dfggﬁaﬁh{e"ﬂlﬁﬁ i Bbﬂh@ﬁk& ﬁﬁé’ﬁ’x‘x‘é‘g%sdegﬁl’{c%gf hise is referred to as

capabi | simulating filmgrain, oft
grainp me@mftgnamodmwtgamgmeamr@dntsbq desirable feature mamotiah pictures In

s s T R S P S B ebion o

two-difBhe 58] (i didb.NFEmBhiatis Oflen PIrRAUFESN MRINE1E AR kSprovide various
results for many grain types. However, the C neon(r)

clues ap i iimgreisrengeaimor vigve eie. Jdary pder sehnipdlant artisignges exist for

»contrgl:hgg &? %{t&ﬂe 1ﬁﬂfhebrﬁ n&gﬁ%%ﬁggstpf t’i‘l%%@i%k ggésgg/%gga{he grainy

appllca

appegigide ofgmagdsithidighouttimegépioeennig) anﬁﬂi&lwa@tdhaim HagibeSorh®a
.Simul ate grain with adequate fidelity when i nages are
requikgHpIg gt ¢ PRI iBletRssi ng, for exanple, such as

vv*“see%fah @omﬁﬁgﬁéllf{\%ﬂﬁﬂg @ggdu;aﬁ e kﬁé%} gxblﬂﬁp ﬁgtmﬁ film grain,

Anot her commercial pro at sinulatesf ral
oftenifer erding Suogwujp@{gm)erﬁued wbidcsinéd a hathrahs¢enel ﬂmeon@wfroim Eastman

ST e T e —
simulad o, PRbices K/é&‘yrfezﬂiétlf: 'réshﬁé fdi'gnﬁay? hinG{pdsa W’V@H "di@ CHeon®

Thi s appr oach fers from di sadvantage of a hig

applieasioplogs n@trisacldcg@ﬁé pestormancederanaty hlgb§peqslat'slms§mms>f the

notlcea%:ggpg‘égérgg %pgggh% fl%tﬁflgx%du%g%?r!hﬁhg %{nnsnlfﬁ sge]t]tlngs Further, the

Cinedn@ apisiftayion fdBito lsnamd@nmgnhﬁ PafEdefudtd atelity pittealilnages are subject to
cannot under O CO ressi on _using conventi onal Spat i al
PTCVIWTP@%@EJOWE% sSUch 28 WhsR éheienagas Algecopred or digitally processed.

r %&B}ﬁi !njjﬁeljcﬂ\] B&%g%’ﬂ tgﬁcénﬁﬁﬂlfég '}ﬁﬁ‘ls m@ﬁ]&:‘g}g’tﬂ%’bg ™ from Visual

process 111 moril I mages us

InfiniReInc., W16 is| ust Sa¥ hEElgllﬂ‘bQ@:dee @M‘EBEE&:I %&@W&t ery™
usual ly either result in_an unaccep tablfy | ow degree ofg
produch apireaEsio gsneratecsyriietie graip by fiffering a set of a

approach suffers from disadvantage of a high computational complexity.

ndom numbers This

None of these past schemes solves the problem of restoring film grain 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 Rec. H.264 | ISO/IEC 14496-10 compression techniques
usually either result in an unacceptably low degree of compression or complete loss of the

grain texture.
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grain texture. Thus, there exists a need for a
technique sinmulating filmgrain, especially a
wo ealinsspoe t hat affords relatively | ow conpl exPeCyUS2005/038802
BRI EF SUMVARY OF THE | NVENTION Briefly, in accordance
with the present principles, there is provided a
met hod for sinmulating a filmgrain pattern. The net hod
begi ns by obtaining a set of bit-accurate transforned
coefficients. The set of bit3accurate transforned
coefficients then undergoes filtering. Thereafter, the
f i They, edréetisteh nkd fRraabid felstiAmafing TRA ofALf dsp&difiN} 5 technique
undergoes a bitaccurate inverse transformto yreld a
that gffords gplativielplemt ecomplexdiyr Al LED DESCRI PTI ON OF THE
DRAW NGS FI GURE 1 depicts a bl ock schematic di agram of
t he conmbination of a transmtter and receiver in a
BRIEF SUMMARY OFOTHEINVENTREON useful for practicing the
techni que of the present principles; FIGJRE 2 depicts,
~in flowchart form the steps of a nmethod for creating
2 Bis | . Si ' ,
el ek B DR e RIASIRE & oA Zlhothod for
simubdtiagta fTlor gmint frettest. €fie méthad regihobly bbminingatdtod bit-accurate
It-gccurate filmagrain pattern using a Ssi a
wransf R ORISR | ettt Db srait e re hogiaans fenangsreoes
filterfifp@ " theted, thdB1t8re8 B&t oTfbitth BB ROh Ik RIrmel 881 End undergoes a bit-
bi't -accurate filmgrain pattern creation using a
accurstenigiverse trapfornh tapiakisd Ailm guispatte.GURE 5 depicts, in
flow chart form the steps of a nethod for creating a
bit-accurate filmgrain pattern creation using a set
DETAL EDDESCRIHHEONOFCIIEE ®RAWINGSTr ansf or ned ( DCT)
coefficients of a single imge of Gaussian noi se; and
FIGURE 6 depicts, in flow chart form the steps of a
; . Co ] | AL patt .
o TR IR bR Rk P B By b Sl Bllmiter and
receioér ivauial gainywbsssinPichéih bkt uDiSERIcHTingthd tecluiidae 6f tiegresent
) tfle techni que of the present principles for creating a
pPringpieSsaccurate filmgrain pattern, a brief overview of
fi [ t Uk ek o | I : :
o | i D R om0 R Hesholl (et o bit-acourate
film g@in pitiechusieg e iGaussiamrandpmtnunibtde gersrgog! and, in turn,

g - [?I%ﬁ% feﬂg:?ﬁrgﬁégﬁe% ifglﬁxg té% étg;?snc])ﬁ\t mietth%)d %th &cleja{tingI a bit-accurate

film grain pattern using a Gaussian random number look up table;

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;

FIGURE 5 depicts, in flow chart form, the steps of a method for creating a bit-accurate
film grain pattern creation using a set of pre-computed Discrete Cosine Transformed (DCT)
coefficients of a single image of Gaussian noise; and

FIGURE 6 depicts, in flow chart form, the steps of a method for creating a bit-accurate

film grain pattern using pre-computed DCT coefficients of several images of Gaussian noise.
DETAILED DESCRIPTION

To understand the technique of the present principles for creating a bit-accurate film

grain pattern, a brief overview of film grain simulation will prove helpful. FIGURE 1 depicts
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generates information indicative of the filmgrain (if
any) present in the sanple. Ih practice, the
wo ec@a®ss2og er 10 coul d conprises part of a headP€nds2005/038802

array of a cable television system or other such
systemthat distributes conpressed video to one or
nore downstreamreceivers 11, only one of which is
shown in FIG 1. The transmitter 10 could al so take
the formof encoder that prefents nedia |ike DVDs. The
recei ver 11 decodes the coded vi deo stream and

a blocki scrhd:mati;sdiagfam gfrairamsimttarddowtvhaeceiwdshantihputividen ggmal and, in

tur, PR QAP Ee YIGED LTt R OHPE D gt e Py 10 also
generht3€ infastidh 1§d1@éf@ecﬁf th'BInh rkg;}‘a Gf 5&1% r%? ssdn@in (R %}zﬂh’ﬂile In practice,

vi deo streamthat has sinmu grai n.
the transoaiterdi0 couldeenmprises pathef 4 beadl-@fd anrrasreifatcraplektebcvxsuon system, or

other s?célesgstg gﬁrﬁgqt&gptes ?P{rlﬁ%f,e evﬁ eostoioﬁg?o?gq%gg gg easr’ric’ree(cjzelvers 11,

only éhéafarticid @E@QH@@ FI@fl F Thd RraHsAHiler 1OWoLIEASS Bke the form of encoder -
transmtter M%ls , the encodqﬁ? provi de information -

that pygsems medisddee P¥Dishdheirpasiver Al deades e doded wideg strparaend

SlmUlLtQS ﬁ ﬂ%ﬁauﬂ\ﬁ'[lgcscbfcﬁagger ;év:l:tg?@égfr' ﬁ‘xi%[ | ngor%g@hzclag rdfgoéed vnaeo, both

recen&dlﬁdnﬁtk&irdhbmltfdrl 10 o3 Idixiectl e omrthie m@diadtstifén thd dis@6fa DVD or the
. rmatlonrecelvedfromthetrant§mtter 10. The
like, yéﬁi@

AR PHIRH! Yige@ pieate Hhat Rarsingulatad iimpgrain, eTh?o‘i?ﬁ‘Fl@%rs]eldcan take
the fotth 489 sB¥topBBRok gﬂlerr E’l?chrlﬁf:‘&iﬁg %‘ dePred tHEHAE cBHp?éssed video
grain 1n the video signa Ifficulty exists
and sinetlate Milmgraihen fhiak midgoai n during the video codi ng

F T ER Pl aferignfe o T0E S BRe M o sen ] G, te Shooden)

prov1@hﬁﬁﬂﬁﬁtlbﬂ Qithi régechior tRe Mird 18 irfihg 11‘Pcfon‘ilhg VIR IK QP words, the
I deo conpression techni ques such as the | TU-T Rec.

transmﬁze 10 [medds"she floagsing Furtherdbe tesaiver! éls (i, decadethsigulates the

film g%{fn tag‘?’%l é’t% ﬁ]lg{rk%érﬁl ?I{HEIEBX ?%:el]vééd (iji‘ o %hggcranﬁﬁ'n@% 102 The
transiiittet 10 extiagtesthe hﬁﬂ&moﬁfchetdm;ﬁ‘maﬂﬂde& Byteﬁatslﬁigahe r@@Wer 11 to

filmgrain in the incom ng video stream prjor
sirmulgd Eeh Fign inthe Yidow SEBH MR A TICHRY Pric R ﬁ%jammetbe film grain during

il mgrain, no need would exist for the
thewg&f%%&;?n renover 14. A filmgrain nodeler 16 accepts

t I.’ﬁmthenhuﬁtra%cﬁ&nb@hmemf H6. hethé trassrhiter DOJirmlndes lagriddo encoder 12

.,of the fil rain renover n pres )
thbs%’&ﬂg‘?sﬁé Eegﬁg?%flﬁlaﬁ MmyR fhﬁ(‘%}rﬁ&}%‘%‘“ ?J@?@Prei%}gn techniques

such é%StB@Pﬂ‘UﬁJ"'E& thees | iS@/m@'lﬁM%’-‘lG Vﬁeb @ n?i@ﬂoﬂ bﬁ‘ﬁ@ard Optlonally, a
signal. Inits sinplest form the rai n nmodel

film gt#n coudcer démmrths gorm bﬁmﬁltmrtthtbhlee dnlsmtad in daghéd hms in FIG. 1,

could Tkt upstream osf tlge encoder 12 to remove any film grain in the incoming video stream

prior to encoding. To the extent that the incoming video contains 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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different filmstocks. Information in the incom ng

vi deo signal would specify the particular filmstock
woeoogiosebs y used to record the inmage prior to PCT/US2005/038802

conversion into a video signal, thusallowng the film

grain nodeler 16 to select the appropriate filmagrain

nodel for such filmstock. Alternatively, the film

grain nodel er 16 could conprise a processor or

dedi cated logic circuit t hat “%oul d execute one or nore

algorithnms to sanple the incom ng video and determ ne
allowing the fdmgrainmegsiard 6o sélett theappreyaate filnTigenin ewelel/for such film

1.typical i nel udes a vid decpder 18 that serv . .
stocky AR el e ERaBet o R Gl e hes 6t of Raticated logic
circhif éhat HOREBicbe okl or Hoge Abbtitinate sethpleliBe BREMEES vili€o and

w ||l depend on the type of conpression perforned by

determinedhe S rain pasterAithat iseresentnsmi tter 10. Thus, for

ex le, . iJ hi '

encifafes AR LR E ViSRRI €8 hDscthe depoqe he
compfebsét didey @stgl@m m@?irwe%ﬁshmhe srtaﬁnﬂ'aireﬂ (11 0.?Th@§lm&m of the decoder 18

...out goj ng _vi deo wi ictate_ the pe or _an o .

willidep %%WPM PERBERIOD PsToypech Y therpacedss AP pthin the tgansmitter

i . . e . % i
1. A 6 L e S CELERL | AT el e
ITUGT Rien. Hi26w || 33 QMAECQA 4496+ 10 alkdeotdomphessionatandayrto gosapnasd outgoing

viad PR iale e hede ot AR F At Sifnaiogh Achorol? hifin BB reseiver 11, a film
grai sBn@a®P 10 r&Rfved &é’filﬁh?gﬁﬁn@&ﬁﬁﬁ@ﬂ fonfiee i 88 mbddl T6. The film

grain sinmulation ains synthesize filmgrain sanples =
grain lsipulgiorrdp gewtakn ghd four ofp prograwiiedipiedessdr] on dedinatadilogic circuit

escr ] 1.1 raJ LN urs .at the. .
B8 E SRR o6 ST TR0 AR otbiner 22w e
decadedutiddo sireamccur s at the receiver 11. In particular,

filmagrain sinulation occurs in_the receiver 11 al ong
wi tHilny geainy siandatiog sdms theynthesisitiy graasgmplesdbahsimulate the look of
- r ' r : f .
tho i Enl ARF AR, AP ScHRRLA A o BBaOH Uil ot WiBranamitter 10 of
FIGt havharessUfiilsn graint dimutationioceurs i theméeesven d 1 uSepaticolagddm grain
. Wth added. fjl m grai Rat her, . filmgrain, sinmulatio

simplgfich PeqHeid the frser e} hulote Mtk the CRatE o1 (S iRBERS Fijgo stream
fron$ tHE}Ak Rk tdr 100pet@ind of theduEoifl 86 BRAGRcOABIGREd Weam. Note that the

di splay. For that reason, the ITU- T Rec. H 264 | _
decqdby pRCessAhgcedrsvi theaeesiverrld snikes notuse dhintrges mith added film grain.

Rl RBEEH SEOARE SAMES AReMntioh e b B P st
filml SHhiRrifWhd @toa@NERIges R didiiayy ' Rdrthftatdsen the ITUMERec. H.264 |
incom ng video signal, which information typically

ISO(JR&e4496<! O videnseamapressioy fandagl pentaing e spe AueragArding the film

e S5BUAEL Bhetcoy FSEE 787, AR S Bk WriRfion cgpoeming the

graifi pegérniie thdiypcdning video signal, which information typically undergoes

transmission 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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Amendnent 1 (Fidelity Range Extensions) of that

conpression standard. In accordance with the present
w@eioaos2bes, di scl osed herein are several PCT/US2005/038802

i mpl ementations of a nethod for creating a

bit-accurate filmgrain pattern, such as for storage

in a database for filmgrain sinulation in HD DVD

systens. Such a filmgrain pattern database enabl es

filmgrain simlation in accdi~dance with the

paraneters in a filmgrain Suppl emental , ‘
InfoxEndtﬁmc(?Eﬁ)nhd:ssﬁg;% avebrddmg ﬁﬁﬁg Hmﬁ W%ﬁ&'ﬁﬁﬁm@ia&@ ad diecussed

H. 264 MPEG. 4 AVC standard a | scussed. above. Moje
b0V SR B GA Y AE Y E G oSy MR th, PR OF fare HD DVD
D R R LA RO RPN s ifforont fim
graindiypts eaclt cardoteriped iby differest, fremencychede peemictend. by

di f.ferent freque nodel r ers. As discgussed in .
detSiiseBiset i e Shiaihasr rapiopd BT e atisk AL IeaarD s cropBpe o bit-

accubdt& phttdd o filh loRGh %a%%@u%fta%a@ic%ﬁatfeg# Mo EAdHled A ASm&tf tion in
of a basic strategy that enables inplenentation’in

severd diffeaentovaysevinn theargeeivirtiii Mhetbesic strategye forkteatiniga bit-accurate

s G850 b B o a5 080e ik g Pt BB o e iy,
althdugB mst AE0EEAriCy Bikdrete TYsthe ﬁryxmf@x@iddy(ncai)tdae%éﬁ%m@, typically N x N in

. hecessarily, Discrete Cosine Transforned ]
size wererlN & aninieger.y Phetermy'image” will some simestielertosuch aggt of integer

ol ST ST TSI by SO0 B3 Bl o

coeffitients ohn osdua lh ssfetal differattways. Foneeangile,ithe egablishing step could
ente AP RPN A STt FO R BTN G 1 e st 1§ SAFRG: Lcgsssing a database
of inf¥et-SafdtbAhdd dRETRERS 8S QLB KHrSiRaHdre A1RSAively, B prbdessor or
Inm the receiver 11 of FIG 1 accessing a database of - -
disciiettt legiercincnidrysihdhermdeivoe! If ¢wiléettablish adetoriniagd of Gaussian random
ereinaf.ter. Alte tively,. the.processor..or discrete
b Gt e o S ftned P ion OB G n ot L GFELS.
TherS&fterOin inf@@e DUT PolRHeaRrfoal P oh tHeGalsSian Bihddhd AGhber image to
__reading a database of such nunbers or generating them
yieldip ses of Injeger R B apaflicientsn i nt eger DCT woul d be .
pe | i . "y
5 ThPhER et e iR 55 ER oF SRR UG blin el cnait
frequichey fiksting fiedarger-ninstorardicogifitiditd acdoxtinggoea ddsirad film grain size
rain_pattern eﬂtai I's frfquency filtering the
and §hape.qEPL ¢xagis. Sheraaqucsey filterng eauld smplay; dRyedefingd set of cut
. . . . ; _ _
reafBEL B Sy T PS80 1y s D s RNRTHL o BEpion of
filterctabt dhaesgptesizes the deklred filnh grain pattbrd. vFbildvaihg tlepfreqenty filtering, the

. cut-off frequencies (in two.dinensions) of a fjilfer
inegeh R ARG BGS EhUETEd 8F PR DGR cisaicy b i accurate fim
grairf- ﬂ&e?x‘l‘fdi’%u“&%uéﬁt%?d%&é@ﬁﬁ af dadtdHatd. N& sohfé‘inétﬁﬁc%g,%alin% could occur

tr.ansfo'rmed coefficients undergo an inverse transtorm
following theatecrspansifornnetthe aveffitichis

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 beldw 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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grain pattern for subsequent storage in a database. In
sone instances, scaling could occur follow ng the

wo pwe0se0g r ansf orm of the coefficients. In praetT/vs2005/038802
the filmgrain pattern creation nmethod 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,
di fferent inplementations of -f-he basic strategy as
descri bed bel ow do not necessarily afford bit accuracy
be e R B2 diststhes firsEhopkiegtatiopaf & nethat in accordance with the

i mpl enentation will depend on the desired adeof f
presERRREEIPI R{)W?‘tﬂ%%?‘?‘é 16 Paffern e, GHPorse _me?hod of FIG. 2
comfRateshlfehREechtioh ot el RdrE Steft 166 BSdingd Wﬁicﬁqﬁiﬁﬁﬁia}tﬂ 0?%1}1@, although

met hod i n accordance with the present principles _
suchcingiadizatiprendsi mot resesseritychapacn.eNaxtofept 10 Innoguzs; initiafing entry into a

t.,hod of . Fl 2.GO nces upon ecution of the start
toopJRiatBhest ot P ng SHE SHE e sigRr uf HaRe RpLenety Bredirgiioop step
102 stsiis i MchieRt icZaatib® 6f AERELRAUS riRIoasSalidsian VARREE I piBiide, the
step 101 occurs, initiating entry into a ldgff%lthat

Gaugsigperandomaiags hasoxizsg ofi M xflY valugs. alnthe megh Sh3pweation of the
. LY ] | t . achi
imed P SN, 1 808 1SRG 95550 §30FCp Rt
numpéegdnetfor 108 Gaussi an random i mage has a size of N x

N valuyes. In_ the nethod of FIG 2; creation of the

i mdge 1Bpeccel Rasaian FanaBhy A uss raeatek ding Sigp Hindearndgygoes a bit-
scoufiE Ralioh bR Ry B 0 TP ki et o)
operdtion dygring ggp 10 attharghuinibertyeasumtbirsmfaur ®tkniques exist. The integer

ransform typically b f an.integer D screte .
pelitiathd sradined dias epava thes indeiep it duensy Hilsaig during step

106270 es) 10 H&Juelty ARG Ak Ssingd\Srb M Hel 8618 ¥ B8 quencies fixr, fur,
exist. The integer DCT coefficients established during

 frm, 318% Bultbat mh?rmn nuiﬁvfé refiengiss r(U?ItVTq dimensions) @ aifiiter 1ag pharacterizes
: N lca I u | el QCCUr 1 N a
the PRt AR Pl bt "Rt T eebbld Pl i e iy iterea

trandfyithdd@effi@@iteanddrocan ivkfse bitepaarntd wsfdrmativs, typically, although
di mensjons) of a filter that characterizes the desire

d
. not gecpspaRyaphieger Bpversenizerety @osing Bragsfoppation(APRd)iRivéeld a bit-

accuheﬁg gﬁrgl?%iﬁ %g’éferm l[fn%%lle?omé Eigt,:hz}ésg&??% ﬁgﬁfé{g@ﬁfﬁﬁt\@mely transformed

an‘inverse -acc mat'| on,
block pfceeffitignt fallotvinggitemd@8 wdt powausdfyl toanry thiedgiensity of the bit-
Inverse Discrete Cosine Transformation (IDCT), to
acc%‘ﬂ%%i‘“ﬁ%ﬂ’é@%r ate filmgrain pattern. Under some

Ci FEHERIRNEDS108S §3h 11 0Burt BRI IR RRLMtd iR g fHRfresults from
bl ock of "coefficient follow ng step 108 wll “prove

the inegéulDQ D tremmafgrmationi(andsmiing ifqferfomed)ivnadergoesistorage limp database
11 l.gétaeipg 18?—“(? 1rnr1]dergo repeating during execution of the loop initiated during step 101.
The loop continues for all 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 FIG. 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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Fol  owi ng step 108, step 110 occurs and the
bit-accurate filmgrain that results fromthe integer
wo DoE/0s2e81sf or mati on (and scaling if performedyCT/US2005/038802

under goes storage in a database 111. Steps 102-1 10
under go repeating during execution of the |oop
initiated during step 101. The loop continues for all
possible filmgrain sizes and shapes, whereupon | oop
execution ends during step 182, after which the nethod
ends during step 114. To achieve bit accuracy, the

generapdridedcrifedfth Ghe ublieation ‘@6uraeriial Racipey mt(é TeuAgiofiScientific

Compiiies MBS zlaﬁﬁfoﬁf{ya@cﬂas Pesca S5 46, Bey Miellas fasformation.
aCﬁMcﬂ?tYor?t@%"lﬂt—QécHa% &iss| haﬁmb an%cengf'at&h § bit-accurate

present nethod requires tLe use of accufate
1mplememaﬁ1@mof abdomtnlnsine Tgmaﬁxrmtremams\nnmdssq:ra to poaviiderbit accuracy for

the (S SR Pan e R GHE SeLaF e R CEa TR ERE s pan integer

appr&aﬁaaneﬁ asfh@tmr:T Afe QXA int@ @f HxImbS6h FRSindBRGBle if the
appr oxi mati on of a bl t-accura ussi angener at or

resultjelfained by theninteger pansforomtion dies mmabbactlowet@utb@sesuh obtained by the

ﬂoatlz[rlgg)ogt D% %ﬁﬂs (SIBas eeggg sI tﬁ% &Qé k}ﬁ%’l\llgg) peSr ormegl in the transformed

domdih @08stRaeRFe@iency filtadsl.t | on to a bit-accurate Gaussian
random nunber generator, a bit-accurate i n}él enment ati on

of Intheyiliustrated eaboimacnty anviategeryaraina of tedde L osayry by scaling the

floaefeScRidn SRBUERY TRV a0 FEE BB SR oolined o,

an int eger approxi mati on of the DCT. The use of any

|nte?e R oxi mation remains possible if the result
for (5% 15 the integer transformation |ies reasonably
cl &1 cd; ﬂﬁéNarJé'S‘-Dﬂ t obtained by the floating point

{ 'DCT. This requirenent ensures that the filtering

P Felkd sgrt(1/MY; t ransf or med domai n constitutes
Elsequenky Sgrt(2/BHj ng. In the illustrated enbodi nent, an
i nteger version of the DCT occurs by scaling the

C(i,jf + Rt ¢0zg (@&HY*ivEN$(PNYf the DCT. The N x N DCT

y  Mmatrix can be conputed as: for (i = 0; i <N;j++) for
() =0;) <N j++) { if(i = Ok =sqgrt(l/N); else k
sqrt(2/N; C(ij) k * cos( ((2*j+l)*i*Pl) [ (2*N)); }

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

Then, the integer matrix is computed as:

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

}

where round(x) returns the nearest integer approximation of x, and the scaling_factor is a

Cint(i,j) = round( C(i,j) * scaling_factor)

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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where C(ij ) represents the coefficient of the
transformation matrix at row | and colum i. Then, the
WO paoe@ei208mat ri x is conmputed as: for (i 0; i <PLT/H$I005/038802
for (j =0;] <Nj++) { Gnt(ij ) round( C(ij) *
scaling_factor) } where round(x) returns the nearest
i nteger approxi mation of x, and the scaling factor is
a positive integer value. The value of the scaling
factor determ nes the qualit9- of the integer
approxi mati on of the DCT (the |l arger the scaling
factor, the better the approximtion) as well as the
numher of bits required to conpute the transform (the
B = (&int |*dy * Chiet) $RAT1"hg " T bet 3r* scaling_ffastarer bits are
required). Once the integer approximation of the DCT
has been defined, the DCT transformis conputed as
wheré Olrdtbiioesthé (rehdplosdd Verllof ofdhBtiansfoRB&edn MatrixaAldgously, the
i 2 * scalingjactor where Cint t denotes the transposed
inverseetFagisimos computed 48 Sallwaat i on matri x. Anal ogously, the
inverse transformis conputed as follows: b = ((Cnt *
B* CGnt t) + 2scaling-fact01) " 2 * scaling_factor In
b = (@imar B i*aCihd) + 1888 AEt> phecalingn fa&x@ DCT is used, the
I nteger approximation would be: Cn with scale factor
equal to 16. FIGURE 3 illustrates a second
Tn a pafRuBARRIBAAHt Xheft ABEROICT S ﬁé‘e?l?fhgqmgeﬁ’ﬁlpgfbﬁﬁﬁtion would be:
present principles for creating a bit-accurate pattern
of filmgrain. The nmethod of FIG 3 commences upon
execution of the start step 200 during which
in tiéal i %at Pon 6occéjrs? aPt h gh such initialization
nepd §1ot7 nedgesaril y-happens [Next step 201 occurs,
infti ti?g_snt_ y _iftq3a l,oop [t hat repeats for all
possi fifmgdrali'n si zeé and shapes. Upon entry into
. Ahe I'bop2 sBep R0 ex&8culesT|o create a set or inmage
CintgF ra@dggn Ggusy arg vagueg. lg1 practice, the Gaussian
rapdom i nage has a size of NJ|x N values. Creation of
the i4rag® of Gdussi anZrafdorhival ues occurs during
execu i op off t.he rethpd.of BI[G 3 by reading a set of

Gapss| an,rapdom val ue
(ssj an,rapdog vagues 4 5

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
lbop that repeats for all possible film grain sizes and shapes. Upon entry into the loop, step
202 executes to 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 Gaunssian random values
from a Gaussian random number look-up table (LUT) 203.

The image of Gaussian random values obtained during step 202 then undergoes a bit-
accurate transform, 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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froma Gaussi an random nunber | ook-up table (LUT) 203.
The i mage of Gaussi an random val ues obt ai ned during
W@ b@p/ 020288 t hen under goes a bitaccurate transf oP@OT/US2005/038802
typically by way of an integer Discrete Cosine
Transform (DCT) operation during step 204, although
ot her bit-accurate transformtechni ques exist. The
i nteger transforned coefficients established during
step 202 then undergo frequd@ey filtering duringstep
206. Typically, the frequency filter occurs using a
step mse d@&idaﬂyl tB€ freQienGyl filtef GELUENGIASa f)ﬂéheﬁﬁédsei bf &t fredéhcies fir,
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methodhérel dufigg 6Rp 204, BESs Why,itAQ dshigdRe aw stobdd d plufaldPYe film grain
t he database 211 stores a plurality of filmgrain

patterpifm@ﬂge perinfsimulating §migrais ima videpstgnpl I m grain in a

AR AR, b 0L S TRl By i
obv1ateseh@ﬁseaaf%msmam rardlogomamberipenergonemtead, the mettbcaﬂof FIG. 3

the ne d of FIG_ 3 kes use of the | ook-yp tabl
makespse 9li{Re ?Q%rﬂpa*? Zﬁﬁé@&ﬁﬁ@tr@@rﬁa@gvﬁﬂ Coptigntapdpmeilues. The

appmg sﬁ%g;ﬁgéﬂia réc‘ipﬂFéd' HakB3ark BB eddadbE & éﬁ‘@eﬁ@ﬁa&@rs e needed

enmentation. FIGURE 4 il1lu ates a third
| FIGEIRIN dhistmtesh thirdranplovhentation oba d&ﬁm@ iniat¢ordavee with the

t f t t
prescRignmmeDr Prering Bt cothE Trbidr O ety Hiehfined cgEic. 4
commtReEs SR RIINQT tﬁ@ﬁaﬁfs 1308 tdﬁﬁn§ Qi SHinitRGiz¥dESecurs, although

initialization occurs, ho such initialization

such étiedizatien needaws amersgprlﬂuabmn t, ,stept3@|a 0BOI's e exeate a sgt or image
reat.e a. set. or | an val ue

of rarg Do ResBioR s TR e R GR e SR e x N

valuehl €adati6h of Hedaiab®Bf Chudsh @GR valuedBetasd iathé ﬁféﬂﬁi@ofFIG 4, by
val ues occurs in _the nethod of FIG 4, by reading

readingo? 54510 GAUSKILDARM A6 AToo8 GRREHATX TS SHENhCF Wligin table
(LUT')1 49erht BRIhARSERR Eeate 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 a LUT, then LUT generation can occur at the beginning 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 randomness of the film grain patterns stored in the

database is reduced when compared to the result obtained with previously illustrated
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‘the film graay patteEn 1RdEreess siarage i a

(LUT) 303. The nethod used to create the Gaussi an

random nunber LUT 303 does not require bit accuracy.
WA00bosoas all inplementations of the fil m grBETUS2005/038802

pattern database creation use the sane LUT, the result

assures bit accuracy. However, when using a

bitaccurate nethod to create such a LUT, then LUT

generation can occur at the beginning of the film

grain pattern database creatlilen process, avoiding the

need for permanent storage of the LUT. Gven that a
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occurs which initiates entr to a
repregeppeuttadt froqueanlcies fingwo dimersions) gf afitiesthaechagavterizes feesired film

srein ppEHme Yo e sesR T B Tlorht Dar® e et rontBeds undergoes

an invR$detiit-hehede &Hﬁdf&ﬁla‘ﬁbﬁptyﬁﬁélly,-ﬁ\ltihbﬁ@ hotnebEBarfilyCALBRGDEr Inverse
filter occurs usi n% ?r edefi ned set of cut

Discrete £epgigclirarsfprnafion hdaring step 348 tca)ynelﬁoa bit@peurate film grain
. ; | _
st R o BRSOy A Rk b ey

transfbahédvdefficisite folkting ttep 308 edlippeye dsbﬁil £eTaerehfiéregep 3D decurs and
coefficients undergoes an |(§\F/erse bit-accurate
aRsfudhl-not necessarily,

a t I

A AL ST e o
grain gizes mdosiiapes, whetdugen lovpreeaitionends dmstepam iafftgr which the

fil rain reated fromth nvers
method i EHRRE ARRLFY Peiblnre ot frang 241 Bresdaim pmein gt for al
sizes #fBdHapes JELERalLr . step 310 occurs and the filmgrain

pattern undergoes storage in a database 311. Steps

30BGRRE ﬁwlllhltrﬁtes hdourBoimplemnentatieniofumiethpddn epeoddiice with the

preseifftiFEHed BF oBalinf LBl paloR R Ml ufly DR §FrIG. 5

commitéugoRexeRitiabrediiad bieh 200 ShfRg Shioh ihitialiBatfonétiurs, although
t he database 311 stores filmgrain patterns for all

such igjtiedigatigiinesH ot secsssarily barpeni NextsEDRO2 Deeyrs, chmna_tvésclaan image
or set{og ?(H" c$éfﬁk1%% 1L AhH Aond I\ lo%kqﬁat JAB% 408 R&& H»S‘&Ca% ix"r"ia&@ 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 previously 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 initiates 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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present principles for creating a bit-accurate pattern
of filmagrain. The nethod of FIG 5 comences upon
wex@e055201 of the start step 400 during whi ch PCT/US2005/038802
initialization occurs, although such initialization
need not necessarily happen. Next, step 402 occurs,
during which an image 5 or set of DCT coefficients is
read froma | ook-up table 403 created from an i mage of
Gaussi an random val ues. In pl2actice, the image of DCT
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Pt B 56" 1| prove usef ul.
THaeendthed of EiGe p Mdkesase of ssiapk préeofmphited dil adkrofpens fermed

esulting fr e integer | t ransf.or i on n
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the prévibus %@Eﬁtaﬁ@@s JekErivddtiRicBnddeBoh QR FTOISt Dat, %FQH{ehﬁgion of FIG. 5
. .step 405 undergo repeating for all possible fTilmgrain
elimirgtosethe gign of hedersningian intagrs B C'h pnywee, thioredeeidg compitatjonal
step 412, after which the nethod ends during step 414.
In this way, the database 411 stores filmagrain

PFIGEUIRTS6 t1histrates aFifteisnpditetNaRest Dhethol th sédidancd Wéth the
met hod of FI G 5 nakes use of a single pre-conputed
¢

presep) pkteindes fOF gieating AbH-acewpieinaftem of filg grame rBicanethed pf FIG. 6

i t t S Q- .
oA B 5 GRSy 1B ORI B on s, tons
such mitindiestioromeediriohnédetsaril Phahpeh nPlertystep S0il @iccws, ikitlating entry into a
loop tS:at;r?g?agsi ﬁ;? a{l E)Egs%]g%}]g & iencsgﬁﬁr Lor ?{ngg}pag)g%: Etteg%%rZ, t%glf-irst step in the

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

cost.

(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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502-510 within the loop initiated durl ng step 501

which widlizes e singredpeck oﬁv@tq’g@r trapsforprpdgiopfficignts. niViilaitie waplergentation
descr@%j w?@?r?é;r%ctv&?"ﬁgﬁ%;‘lﬁ gnand(?ﬁa&f ‘%é?? %g%;ﬁt&ﬂagg ﬁ&ééﬁﬁmﬁ{u‘%&l

requitteftietsy@ich ilnpenttataioas ﬁ)ﬁ&hfﬁ)t@f)ﬁ&rfnah% Bécatise hatshidk MBise pattern

for all sizes and shapes of, fi rain
serves as the basis for generating all film grain patterns

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

video signal.
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The inplenmentation of filmgrain pattern creation
described with respect to FIG 6, |like the
w0 pgbesent ati on of FIGS. 2 and 3, makes use of PCT/US2005/038802
different sets of integer DCT coefficients. Using
different sets of integer DCT coefficients allows for
creation of a richer database of film bl ocks patterns
as conpared to the inplenmentation of FIGS. 1, 4 and 5,
which utilizes a single bl ockdof integer transforned
coefficients. Wile the inplenentation described with
respect to FIGS 1, 4 and S5CBAIMISds reduced storage and
comput ati onal requirenents, such inplenentations | ower
af ford performance because the sanme noi se pattern
sefves Feit ' [ ok i .
At or o MRS ACh S PR O DAYl copri Bl deps of
i mfe) estehligtinga setoff bit-acewhtel ttamefoimed coeffitienty; at | east
on nd preferabl urality of. film i.n_ patterns
£ oft) PR G o S et toumned SRRt Re L A
metd) perfefmBalit-Aebusat O RvERE RrafdfofrhdtBnrAihB freg RSy flicha
the'steps of: (a) establishing a set of bit-accufate
transforaredfooe Headerdd tef Yipldiadflmsgrainpatterrequency filtering set
of bit-accurate transformed coefficients; and (c)
performng a bit-accurate inverse transformation on
t he, fr equemngsthdd ddcerdah forodditf DHERiCAedsl (aFl @) tfe fePeated for all
ield a filmgrain pattern. 2. The nmethod according to
poss lea$1ﬁﬁslaﬂﬁf§éﬁléqsrpf§il’é‘p§alpa) - (c) are repeated for all
possi bl e sizes and shapes of filmgrain. 3. The nethod
according to claim1 further conprising step of (d)
st 8r i ng Thhendthddacgoaling tpafdiar hilirtheacalapadiag step 4f (d)3eoring the film
. met hod, according to claim3 wherein steps (a) - (d)
grama?%tepb’d’eaa&gﬁbqs& al | possible sizes and shapes of film
~grain. 5. The nethod according to claim1 further
conprising the step of scaling the filmgrain pattern.
6. 4The be methatkasseudingtotcdain hivhensiesteps(a) hal) aresspedted for all
t abl i shi t h et _of bitaccurate transforned
pQSSl?)Z%?l%?Sczllnleans gp ec?oor?r‘pﬁ?llns%gmt he step of reading a set of
i nteger Discrete Cosine Transforned coefficients from
a database. 7. The nmethod_according to claim1 wherein

the st ephemeghadascoudingiy olaie Lewther comprigrg fhgstep of scaling the film

grain pattern.
6. The method according to 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

Transformed coefficients from a database for all possible film grain sizes and shapes.

8. The method according to claim 1 wherein the step of establishing the set of bit-
accurate transformed coefficients comprises the steps of:

generating an image of Gaussian random number; and
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transformed coefficients conprises the step reading a
set of integer Discrete Cosine Transforned
we@oeowbosient s from a database for all possi bl eP€T/U82005/038802
grain sizes and shapes. 8. The nethod according to
claim1 wherein the step of establishing the set of
bitaccurate transformed coefficients conprises the
steps of: generating an i nage of Gaussian random
nunber; andperform ng an intléger D screte Cosine
Transformation on the i mage of Gaussi an random
NiyEERfing An idteger Blsfleft @6ty ThaFofRatfdnddnthd imhed 6f Gaussian
the step of establishing the set of bitaccurate
random awgb@B.med coefficients conprises the steps of: (i)
generating an i mage of Gaussi an random nunber; (ii)
performng an integer Discrete Cosine Transformation
orp.t he ThHeagehed adcarding anclhiam U ovheriirtiRrstép Gfedtablibhihg the set of bit-
repeati ng steps _(i% and (ii) for all possible film
accurgtedrapsiorped coptficisply seRPrises theffersek hod according to
cleai j [ l.ng step makes use
of(ﬁg%%rg %Iﬁ{erﬂaése g{? %@@%&f%ﬁg@d{gﬁﬁe& f Lfv, and
f \(H) pdrdrmiegpareseeger Dikcraié Cobine fuanfiremtion on theoimage of Gaussian
di mensions of a filter that characterizes the desired
random ppbersiaMdpat tern. 11. The method according to claim
1 whesgiating Ek@?sseiﬁﬁhd)(fﬁ) H&YJIP%dibi'Bﬂa BinbPaiPGS4Y A hapes.
i nverse transtormati on on the frequency filtered
transfornmed coefficients conprises the step of

ot orméiiod KeBAThe lLURRRT wiiehih B e phl Fhsing. g matces

use of# fredefih e s Fiequendicdtiyl, £1Qfing hed fhatrepdsériont-off

filmgrain by (a) establishing a set of bit-accurate
frequencigss ideedimentipns of ahlier thatwharetergesiag desireddilpngrainapattern.

of bit-accurate transformed coefficients; and (c)

performng a bit-accurate transformati on on the

f riaquerkhe rhéthd @ acdrding tsélaimnd dvheesh thecitgndSpdrforyired aibih accurate
) filmgrain pattern. 13. e aratus_ according to,
inversq gt orBafieh ph e %ﬂ%‘ﬁf‘%gﬂ?je’g B SRG GRS TYC PSS CamBRifcs he step of
perfof'cgﬁgfahlimegér% rB@blkfdle Cdéine ThEIsARRAr at us according to
clarm 12 Turther conprising a second nenory for

storing at | east one set of integer Discrete Cosine

R e M T

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

yield a film grain pattern.

13.  The apparatus according to claim 12 further comprising a first memory for

storing the film grain pattern.

14.  The apparatus according to claim 12 further comprising a second memory for

storihg at least one set of integer Discrete Cosine Transformed coefficients.

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

storing a plurality of sets of integer Discrete Cosine Transformed coefficients.
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storing a plurality of sets of integer D screte Cosine
Transforned coefficients. 16 The apparatus according to
W@ b@ieo53288 f urt her conpri sing: a Gaussi an r andoPCT/US2005/038802

generator for generating a Gaussi an random nunber

i mage; neans for performng an integer D screte Cosine
transformati on on the Gaussi an random nunber inmage to
yield the set of set of bit-Hecurate transforned
coefficients. 17. The apparatus according to claim 12
further conprising: a second nenory for storing an

i mge of Gaussian ra nber.s nd: neans for
pe]r or By a%”'i“l‘ﬁ%gi% @éﬁ@%{%&ﬁ%@nﬂ%ﬁir mat i on
of Set 1?\ oY grfdp Bﬁfd?g@?? %‘%g%coe ﬁé&nhﬂﬁlb%fv‘fmage,

courate t I cients.
Apmaargstfpspérﬁmmgeat lnlngeamtﬁe Cosioé trhnsfnmmtmnmn the Gaussxan

conpri sing: neans,for estapljishing a set of .
rand iR PRRbE RS U PR O ook T eotarls Eonadiaed sqefficients
frequency filtering set of bit-accurate transformed
coefficients; and neans for performng a bit-accurate
t r Hhsf ofheanporaterrechiing @cﬂj@lmgﬂ furthepeanprisingisf or med

cog ];efclogél ren%tm%r}tf ?oryslcoermdg a% 1mage 0of Ei%ussw%ar%ﬁ&m numbers; and;

means for performing an integer Discrete Cosine transformation on the Gaussian

random number image 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;

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

transformed coefficients to yield a film grain pattern.



