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WD 2006/ 055193 PCT/ US2005/ 038503 1 FILM -GRAIN

SI MULATI ON METHOD BASED ON PRE- COWPUTED TRANSFORM

CCEFFI Cl ENTS CROSS- REFERENCE TO RELATED APPLI CATI ONS

- j plication clains priority under 35 s
W?%ﬂg ’é’ﬁ%’t@% U.S. Provisional Patent Applicat F%?l/%g%??ﬂgfﬁ%

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

of which are incorporated herein. 10 TECHN CAL FI ELD

This invention relates to a technique for sinulating

filmgrain in an inmage. BACKGROUND OF THE | NVENTI ON

15 Motion picture filns conprise silver-halide

cryig v GRAINS REVIRA A TIONMETHDT BASESAG FoMPTrED

| ayers on a fil Fdﬂ¥iéﬁﬁ9%Wﬁhﬁﬁi evel opnmen

of these crystals formthe photographic inmage

consisting of discrete tiny particles of silver. In
CROSDREFERIPHTE VORERAEER APPEICATHONE goes chemi cal

renoval after devel opnent and tiny bl obs of dye occur

on the sites where 20 the silver crystals form These

s malid appliesicd chimeytoray end@3EUNEY. ¢ lﬂ(?ﬂd V.8 BroRisiohsl Patent

istributed on

col or. fj ] doni
Apipgion el B 65/S5fiad SRR avewbBTES Rl Saodesshies pevhigh e

 incorfratsh ¥R, crystal s on the original emulsion. Wthin a

uni formy exposed area, sone crystals develop after
~_‘exposure while others do not. Gain varies in size
TEC AhEPd.-DThe faster the film the larger the clunps

of silver 25 fornmed and bl obs of dye generated, and

t Adisvpventioh eglateeied tedhnigue dpr smyletilefiln graimsincoimage.

patterns. The grain pattern is typically known as
BACKGRANINBIOE YHE INNENTA®RA eye cannot di stinguish

i ndividual grains, which vary from 0.0002 nmto about

0.002 mm. I nstead, the. eye.resol ves, groups of ‘
o PR Pl ERed s Qompprst STpraislioe AR fisPorat Py radsion, coated

in thit DEER A 208IBSHBE. QRS os1@Sarfd dBpRAER of fifesd AEshITRSS: the

resol uti on beconmes_ ] arger, the perception of the film

photographic igBEhHewsERE 9f digeetts tiry parfigleapitilee dnsalorpegativep, the silver
under30d hEARaPretdval SRS  BevaldPizh O ad il itk oP Bye occur on the sites where
the silver crystals form. These small specks of dye are commonly called ‘grain’ in color film.
Grain appears raﬁdomly distributéd on the resulting image because of the random formation
of silver crystals on the origiﬁal emulsion. Within a uniformly exposed area, some crystals
develop after exposure while others do.not.

Grain varies in size and shape. The faster the film, the larger the clumps of silver
formed and blobs of dye generated, and the more they tend to group together in random
patterns. The grain pattern is typically known as 'granularity’. The naked eye cannot
distinguish individual grains, which vary from 0.0002 mm to about 0.002 mm. Instead, the
eye resolves groups of grains, referred to as blobs. A viewer identifies these groups of blobs
as film grain. As the image resolution becomes larger, the perception of the film grain

becomes higher. Film grain becomes clearly noticeable on ¢inema and bigh-definition

Images, whereas film grain progressively loses importance in SDTV and becomes

imperceptible in smaller formats.

Motion picture film typically contains image-dependent noise resulting either from the
physical process of exposure and development of the photographic film or from the
subsequent editing of the images. The photographic film possesses a characteristic quasi-
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i mages, whereas filmgrain progressively |oses
i nportance in SDTV and becones inperceptible in
smaller formats. Mdtion picture filmtypically

w6 96bsAiNSs | mage- dependent noi se resulting ei E,E@;US£€{09€38503
the physical process of exposure and developnen
t he photographic filmor fromthe 35 subsequent’
editing of the inages. The photographic film
possesses a characteristic quasi WO 2006/ 055193
PCT/ 1 TS2005/ 038503 2 rangtom pattern, or texture,
resulting fromphysical granularity of the

randoR}Akte6 aPiRkGre [’@éhﬁxh d;ﬂiyhleﬂrﬁaﬂumity of fhe phéo %ﬁbhlc emulsion.

pattern can be S|nu ate over conputed-generate
Altemaﬁﬁﬂésa sippilay pattern qsn bp siapdated, @vﬁrwpmautsﬁaﬁwatarb frhages in order to

blendﬁé%mghmwp&@m T Bt chBGBTS B4R s Referred 10 as

referred to as graln |teoten erate graln
grain.t Quitwiofterpmedenatesgrain thagire atﬂseits zeétmleie ifeature it miotion pictures, In

some BEHE e 1 R QR A RAPRER: OBl d LR prceoprion of
two-dpmnsmph]i julia e R Fﬂm:gmin ierfenonskd withinuy siisple ﬁlnh m ﬁﬁ)aide various

s RSRS8O PO, o o

coni:rcﬂliﬁg b yxtatel 10 thel 106HUN Hathrean@hsti! Thitbfors) PRSeSHghhe gﬁiny

controlling grain texture in the notion picture
appeafage et m}agesm#éq‘@%ﬁtémawgg@swa gq ¢rdiveyrbatp has become a

requn@ﬁ’ieﬁ‘t% LR n JiFRRSSadsRyoughout i mage processing and
delivery chaln has beconme a 10 requirenent in the
: mdevesal qompianeially andilshle prodse‘.v bavel the capability eflsiyulating film grain,
I t L] f |
ofien i Bicofiiets RN LR dBNP 88 1FER TN el ] Bastman,
Kodab BpeRochesitoNew Natkyoat obthe Iﬁﬁt digitabhing apphi:atﬂms Easﬁpmnent grain
one of t

s Broocs VARG BT PIHS? PELY RALVERT P, the Cincon®

apphcﬁuam H@lnﬁﬂyleﬂf@ﬂd geForRnhde fof lah$ high-sheGbilhE bhQfusd BN He
ain types, the G neon(& 15 application

mﬂceaslééﬁargefmiﬂr&ea ﬂ’g’fc?ég{“fﬁ‘@PIF Brodurredoy gh EeaHlsitn seitingp cBrther, the
Cinechid) dﬁll@.ﬁibﬁlﬁfs B kidkdige F,ﬁﬁi WiE a@éq%até IRt hed tuhhé@ Srd fBject to

appl'i cation produces ror grain size setting
previqug Provessing @ exappleoch ps %(b?ﬂ ﬁbe ADRESA afeiopisdop d%siltﬂilﬂ' progessed.

m&%&&a@%gﬁtﬁa&ws nlf,&la&ewm 985a'sty Sgseum{%gﬁt%m Visual

to previous processing, for exanple, suc
InfinityHec.| whiphds wsed ag @ plugedn of Adolg ® A ftey E;ﬁieas@s Sid Grédhcﬂuh@?ym

commercial product that,similates fi ainis &
produ RIS 10 §SBHIAATESI B9 T HRInEs SRS o AR ki
approdéh skfietsUBorh AisRivaNAeB8f 4 hibh AbphitafidraPedilitlity. The Grain

SurgerfM product appears to generate synthetlc grain

by¥ope pf teseppskschapesgPlea iy oreemieérestorippfidm graip 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 fo process film-originated

images using MPEG-2 or ITU-T/ISO H.264 compression techniques usually result either in an
unacceptably low degree of compression or complete loss of the grain texture,

Thus, theye exists a need for a technique simulating film grain, especially a technique
that affords relatively low complexity. |
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approach suffers from di sadvantage of a high
conput ational conplexity. None of these past schenes
sol ves the problemof restoring filmgrain in
conpressed video. Filmgrain constitutes a high
frequency quasi -random phenonenon that typically 25
cannot undergo conpression using conventional spatia
and tenporal nethods that take advantage of .
redundancies in the video sequences. Attenpts to
process filmori ginated 3-i mages using MPEG 2 or
| TU-T/1 SO H. 264 conpression techni ques usually result
BRIEE SUMMARY OF THIRBCCENTHINY | ow degree of conpression
or conplete |loss of the grain texture. Thus, there
exi sts a need for a technique sinulating filmgrain,
qu %Gécﬁhzh%e @nﬂleaq'ﬂ@i &B&t @{Qhé seﬁtﬁﬁ@ér@%n,rtﬁé@}\n_iﬁ%lviﬂed a
lexity BRI EF S
meth%fggs CER e%a\h}qctﬁ 05 fifrp rgsetm,acs)ﬁemsw the Reppeicgbeltaining a pre-
comp'u@d%dk%fﬂah%ﬁﬁed SocPEQUItE]D) FreqhBih Gllefifd tE rtr‘(?xﬁ%f’oﬁﬁe@
b ock of filmagrain, conprisin the Steps” of
coeffignnts enogsiac ft @ fregnengyinnge thas| chatacisrize » deried pagan of film
grainCART (&) fdr@fntig {lhverkd RMMERAY of ihd ﬁérju@ﬂc)ﬁﬁﬁered transformed
transforned coefficients responsive to a frequency
COB‘P&ﬁﬁe that characterlze a desired pattern of film
ra|n perform ng an inverse transformon the
f B GEHsH CF “11 é!rSéaortdra&a%cg Of Mipresssb frveption there jsprovided an

apparas @6ﬁ§fi§ﬁg Vi i3t ReMBBOMH sRSPRG: 1€kt dlR@ RE-L&BPhted block of
f ve §$€ ther |s prOV|ded an 10 apparatus
trans BBH‘EfF fFestiigents; ar oA Pye e dgrpergsolt andeledicatsA dogic
circuip i@ =GRt EH D bﬁﬁkb)ﬂfa) obfaﬁﬁﬁé apredoip@bd blebe Bt ansfdrmed
fIeast one of a E;ﬁ% r and dedi cat ed
coefficisgfscfrorg thegppo kit e e fmastomsy cpaficients
respoRsiVé@iod REnRn@f ﬁng@ﬂﬁﬂékﬁﬂac@ér%% &l*fsu&d ﬁ&flﬁ)ﬁf@ﬁl am and (c)
coefficients fromthe frequency fi terrn
perfopae ap INCFS e orp anfhe sqrteéwnfggem g goefficients.
fre uen raqgaéhﬁgt cha§a terize a deS|r d pattern
o AGOR pecy ﬁe PFSERAYEIEAN, thee Asrovided an
apparhtu80SHERSThen ﬁf@ﬁ‘m&&l@ﬁw@ﬁ 8toriink ot RIaSthnk ra@ﬂé—ﬁ&hﬁ@r@cti block of
ect_ of

oefficients rdance wth a't
transf{iaed S BERAE: TG G GOIUMBE & HFE B Byieq blpck ot Hansformed

| coefﬁaﬁﬁﬁrﬁ:\irm ﬂle(?tﬁél’ﬁbﬂﬁ tﬂé@ns far ﬁieflﬁénd?&méﬁﬁg ftlfél'trﬁltsﬁ)hh% cdfficients

st o re conput.ed bl pock ransforne
feSPO%%‘éﬂchf Y REgH At darasiiriges lr%r‘ PHESIE oinkligh gi@in; and

meandfod qakrfﬁxfmih% an sivRERRENsoaa foll thE GRYSenkt ITMetAQrBIFBHYd
neans for frequency filtering the transforned

coeffitl§aEt | ci ent s



20 responsive to a frequency range that characterize

a desired pattern of filmagrain; and neans for

perform ng an inverse transformon the

frequency-filtered transformed coefficients. 3a-

DETAI LED DESCRI PTI ON OF THE DRAW NGS FI GURE 1 depicts

a block schenmatic di agrampf the conbination of a

transmtter and receiver I1n a filmgrain processing

chai n useful for practicing the technique of the

present principles; FIGURE 2 depicts, in flow chart

form the steps of a first nethod for creating a
DETAIFEKDESCRIFTION OF THRIBRAJVINGS conput ed coefficients;

FI GURE 3 depicts, in flow chart form the steps of a

method for filmagrain pattern creation using

prRGUBEpUdepittl Blotk tchefost difgrhiostiheedrBbingion(d?@ ansmitter and
- .coeffLcients of a single _inmage of , Gaussi an, Noi se;
receiYen it 4-11 RInPragasFIBe SDeTh Hocfil 07 RFRSHoiog B fgcopiEe of Gpresent
principlesf Met hod for filmgrain pattern creation using

pre-conput ed Di screte Cosine Transformation (DCT)

- cOePVRE Zirpictain Hay shart formphgsteps pf whtst siethedNor eeating a block
 of Sl bk HECRPRdIefRienrder stand the technique of

the present principles tor simulating filmgrain
uﬁlﬁﬁP\E 3 depictnin Pow chonfounethe stepn of @metied for film grain pattern

, | ef rview.of fil ain.. . .
creat§f i e S ik 8 CHBE NiteRanton DO fofreicpnapta single
imaghbidddussohiome;ianddi agram of a transmitter 10, which

r iyes an. i npuf video.signal, 6 and, in_tyrn, i

QTEPEE A Bt R ho¥ B iacle sl PEats e tod douilmparein patem
creatibf uislglpreicomputedDibdred Dkint Trankormhiéh ARTEY RbARients of several

i nf.or mat i dndicative of the filmgrain'(if any) WO '

images s EABEHRIPICT/ US2005/ 038503 4 present in the
sanple. In practice, the transmtter 10 could

conprises part of a head-end array of a cable
DET@%%/P@@RE’@@Nm or other such system that

di stributes conpressed video to one or nore :

downstream recei vers 11, only one .of which is shown

| Fofn@&rstand thi¢echriyms of the eresdrid principled fal sSOulhBKEFi D grain using a
set 0 g%g%n\%lge%ﬁa%g%%%}aggéefg&gn s%g ?’ie m%n?ie*lwl oi}”eﬁhg\é?gm si-Qu?ation will
prove helpful. FIGURE 1 depicts a block schematic diagram of a transmitter 10, which

receives an input video signal and, in turn, generates a compressed video siream at its output.

In addition, the transmitier 10 also generates information indicative of the film grain (if any)
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5 the coded video streamand sinulates filmgrain in

accordance with the filmgrain information and

decoded vi deo, both received fromthe transmtter 10
wlboodlshef |y fromthe media itself in the C%%%/U@Eﬂﬁﬁmsssos

DVD or the like, to yield an output video streamt

has sinmulated filmgrain. The receiver 11 can take

the formof a set-top box or other such nmechani sm

that serves to decode conpressed video and sinul ate

filmgrain in that video.410 The overall nanagenent

of filmagrain requires the transmtter 10 (i.e., the

presexﬁﬁﬁ miﬂaanplep Fiﬁ)ystadﬁ‘cd tHeQrABhiten 1 bddld ERSHRA6E pdrPof d1Rad-end array
graln in the incomng video. In other words, the

ofa 0?‘?13 FF%W%I%WS% oRpfhe peh pyitent hehdigribvtes compresied vidae to one or
more HS& SIS rééen(c'rs B 19?%@ %ﬁvhcﬁhﬂﬂo%(ﬁ rider, Tid gx%ﬁiep 10

accordlngto mgraln i nformati on recelve

~couldalse taleethe fﬁﬂﬁlt'ié Pn‘?E@ier thhlepresents meavia lilerDY Ds. eﬁh@megert Halecodes

the coﬁgc?]v{dteg éf.lix{ i S%g{ﬁg{eg ﬁ?ﬁ gm\(x# %eﬁc&ﬁmﬁ:g Q’H{hl tp% grciun mformation

recel ver rain in
and d@o@ﬂfbhid@m@ﬂﬁﬁtaﬁve{d&m tkemsmlﬁen 1@ et difactin @otmhe fielifnitself in

the coflf St AP tlfe 1kt iy VR o fided SOERER 4t e ity Flp cain.

The réddfiiet! U Sarctaked ﬂie @r@mmdsef-toi;%oxwh bibbr SI0E aReEanine it &8s to
" stream usi n of thg wel I, known  vi deo conpressi on

decod@@ewmeai?és)ﬂ b, oMt SHRIAR S T3 IRBE Vid9op04 | | SO | EC
1%8 Bvdt Miaﬂf‘gém?:ﬁf%fﬁﬁﬁgrﬁhﬁ SR afeqméaq&aep mh e, meaen%Qder)

| mgrain renmover 14, the formof a l'ter
prowcﬁei ipboraebore vk rqsnecaalsfhé élm |gfﬁé1$ irj the He@ning, Vldf@o dh @tb@xwgtds the

it tﬁe%d%fs" Eﬁkeﬁlﬁ{‘%'%e FulthertRe FBHRYS 130Y. fiécgﬁérg ki htes the

I ncom ng video stream prior to enc
film griie aeootf@ng totthafilom Eram mfmnangn vacdized fromtths mansmoittdr H)nﬂ'he

wansrf et Th o ndE B Qi ot sfedoplonl REq 18 ) bGP receiver 1110

simulste @@ @dﬂi&ﬂﬁbvﬁﬁo \!@hﬂ v&&ntdilﬁcﬁlﬂi guidts §i rgadlingofhe il gtdiR during
filmgrain remover 14 (when present). Using such

the vid B Hati on, the filmgrain nodeler 16
eﬁi ﬁl’é'ﬂh&hﬁ@d ‘éﬁ:@o&h’leﬁi &GN 1) tHe trB@nliAGAN iNdudbs 88eo encoder 12
gnal, In_its sinp]est form the filmgrain nodel er

Wmchleelce@ﬁﬁlﬂaﬁ Eirpitica® uaime Bk ohibe el mowB vider sPRgressiphiechniques
such #rt'ﬁ’é AredelSihes | Iﬁjﬁ@ﬁ@% id 4’1&0?'5 oh@{aﬁﬁgﬁt Opfonally, a

n the i ncom ng VI deo signal woul ecif
film gpain rémavienit4, if fHerfomn of;kﬁbm cguthealkkqdeps:@d in dashed: hn@ m HiG. 1,

cont 85 B RE: 4 SARLEL Bl sl 858 38 e s
prior @Rpcefing. of cethé iektenigphat the mdeingfvidecsioatains inb filmirsit kno need
woudiSHASLL el Yot he L1 orat 0 rodel o 146 could
20081PpakdBodel 1 22008/ 183 8pBBvideo 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 mcoming 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
fiim stock originally used to record the image prior to conversion into a video signal, thus
allowing the filin grain modeler 16 to select the appropriate film grain model for such film

stock. Alternatively, fbe film grain modeler 16 could comprise a processor or dedicated logic
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5 circuit that woul d execute one or nore al gorithns
to sanple the incomng video and determne the film
grai-n pattern that is present. The receiver 11
wbYRie@adiby i ncludes a video decoder 18 that $erNRSsekBssses
decode the conpressed video streamreceived fromthe
transmtter 10. The structure of the decoder 18 5
wi |l depend on the type of conpression perforned by
the encoder 12 within the transmtter 10. Thus, for
exanple, the use within tse transmtter 10 of an
encoder 12 that enploys the |ITU T Rec. H 264 I
circult 8@t Wo@dletdQfe dkb otinale e 2AROHMERIS bAH1S tRAMENE Qideo and
conpr e outgoing .video will dictate the need for .an
dtﬂ'ﬁqﬂféﬁ g afropptteHBgdePrei®t Wi hin the receiver 11, a

fityredivak 01 §jpiaall EIQ:'iud%F)arvﬁféS HY&Aed dmhgt Gskfvegfoaqea?de g

i nformation from he filmgrain no
compgesgedvideaeamaeced@ddeom theleensrhiger HY: rﬁlmfstractpmgrtmmdder I8

will %é%ﬂ;ﬁﬁ@% Qrpg f gc?rg r%% o%g% lr?;g'bgd % galg %ﬁcfog?rh \él i éﬁer %?Fsrmtter

10. Rhius, for cenila) é:re 1132 wmhhfthb rensndeedded ay estwdes1y paremploys the

to synthesize filmagrain
53%1 ?g‘!é E‘&@@&ﬁ@gg Yideo csBprsrion fianda] F’g‘i"l‘iﬂcﬂf@sﬁ Optgeing
videcoWillt @¢thte tH¥ncBE $6iTan TR UGA-EdthpTia@lf @dcbddF 8 e Wil BeGEidverll 1, 2 film
the transmtter 10 of .15 FIG 1, whereas fllmgqraln

grainSimplpiar P Orrepiveshe filp eraininfermative fromthe filn gein wedgldf, The film
grainfs s{dlﬁfhtgf% BanSthEBth 8 bR b AGH M Smblad bR e4:6C BF YT a%édleg.%%m

h the decoding the incom ng video stream rom
hangrfhfr}Wﬁblll@r of g piing Elamgrein foheonthingtion visfa Qdméama-@adreﬁl the

deco&éd%&éosshgﬁﬁm Note that the decoding process that
occurs in the receiver | | makes no use of inmages

 Wililm gelgedimfiation girsito syffadshe film graih sangpled thatsiimrulagttholbok of
tl.tu ost -pracessi ng net hod for synthesi zin

the o SRR b ERAE RS HRIeR ERT iRl 0s ety A ok P ptiet do of
FIG. d] whdraas. fihSCg%aih RikulstRasRBurs bhde téEbl:v&'r Rean gbhﬁﬁﬂr Ifilm grain

%SO’ | EC .14496-10 vid TL st andard cont ai ns
SimlaEoR OEUrSHp IF?ﬁﬁ‘éﬂrrlé&g%“& @P fee &1 thfrigpeaming video stream from
the ﬁﬁﬁéﬂi{t@tﬂm@s@éa%@ﬁﬁe otIpUE ke de‘cbaéail R sBesth MMoa! hhe decoding

%glres Information concerning the grain pattern in

procgsh

t oreuRsivn hovpesder &1 grekes noie oh imagrowith eidad film grain. Rather, |
|
s B SR HESRE DEARAIFAL AR 18 b bLINSE B i
grain(iShHe)denpisd ag%eaﬁﬁ@rﬁlmam FoR Bhat feesdr] the TTRET Red¢d 1286 I ISO/IEC
ol TS B R R 5 BB Bl e i g
sunulﬁxmemcae s Howbvdrhfilim @@Muﬁﬁl&txﬁﬂmﬁmdﬂbﬁnaﬁd J¥hEEring the grain

| ation in,accor h the present _principles
pattew aiﬂg&grrﬁgg V)éleﬁ glgnal, w 1ch mftormanj?)n ty%lcaf]y unde@goes tragsmlssmn ma

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

7._)

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

Transformation. Other transformations are possible. Bit-accurate implementation of the
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conmput ed set of transformed coefficients. In other
words, the sinulation process begins with a bl ock,
typically, although not necessarily, of N x N size,
wéﬁ’gt%%}ﬁss‘i%eff' cients have been 30 transformedpiPusrnnsioissoes
vance of sinulation, typically, but not
necessarily, using a D screte Cosine Transformtion.
O her transformations are possible. Bit-accurate
i npl ement ati on of the WD 2006/ 055193
PCT/ US20051 038503 6 sinubation nethod of the present
princi ples occurs by perform ng an integer inverse '
simulbti@nséthodrof tha présent pkiaciples bequeebycsurfoutinig adhisgs: invdhe transform
ai n_si nul ation nmethod of the present
Gnth?)i’llﬂﬁég TELOmPUEA XplES y i nterest i ng tradeoff bet ween
C arhe e amalﬁﬂﬂzi’fﬁﬁﬁﬁé’nhé@%é gm\mﬁ
t he one h%ﬁg}%{e%smg

previously 5 disclosed methods.

 tradegi¥f hefwigen ?F’é‘{*m SHLT B FeEROTY FRIEBHBIE RbeR COTPaTHdto previously

G MR M W PR A0 OB e
transfopnivestdrappuvedes; yeavebting sompitption efithetdiredf transform. On the other
sane 5L A S8 EBEORCNSR ) 8 e GRS Bths by o
transformn@bseticiatdnstesdol ﬂnbgam@ﬁfr?ﬁﬂdprbp?s{@d BMkhod could be

S as we s sat ite
eopli @A LY iy By BOBY e o1 yf Snsatiireiossiggig o cie o
few edamblesistrates in flowchart form the steps of the

nmet hod of the present principles, for sinulating
f i BIUEERE Hlugsatergindlos-eharfa F@éﬁ% gesrqf themethod phige present

princiisNRY sRful e g%%%i Recd e iee SRt Bl xﬁélﬁ?c} of FIG. 2

tart step 100 durin zat1on typica

- commhrepreuron exeduting QgﬁaegmhtdprﬂiOQidahngmcbmmelmm:mtypmany happens,
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oo BF RS, B55 USRI s SRR FEHD S duin

‘whicke bfci‘ck of prtcomptiyedi mbﬁoymecbdotafﬁn@ks tipicalipctibeagh dof necebbarily,

is read fr

N i il e den oy Bab Ry EREMLE i M sing the st o pro-

com;ﬁﬁmemwmaﬁ fechanbs 108 of FRG.ITE MRk ¥xahihie, Qﬁe frdrfeforded
For xa the transforned coefficients could be
%ﬁ%&eﬁgﬁﬂagteé uping & Lusceeteeting Trppsiagraiond PCdp on a set of

randmmeQ Bs ds888edqh detaARHATR: %@Jﬂl{@ b I%@? ﬂl(ﬁflﬁ gﬁrtﬂﬁqeélﬁlques exist

detail wth respect to FlI
for cq:::@m@@égo é;anggnggi (p@,fﬁ(@mtaﬂﬁglcg o§Bn gq’am simﬂation. The
oA LA L USR0Sl PONRR e b T e o
set ofid élegmnﬁnee&meﬁnayfyﬁj drdefig ﬂngt ndpmei;amg cistofirdddbneisd fytveo _
aimeR§GT ob 1 e PcnfroBtites b APRRERER enilapei. Ryt tep 106, e

frequency filtered block of transformed coefﬁmgnts undergoes an inverse transformation,

typically, although not necessarily, an inverse Discrete Cosine Transformation (IDCT), to
yield a block of film grain, before the process ends with stcp- 108. Under some circumstances,
scaling of the inversely transformed block of coefficient following step 106 will prove useful
prior to ending of the process. .

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

occurs, although such initialization need not necessarily happen. Thereafier, step 202 occurs
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di rensions) of a filter that characterizes the

desired filmagrain pattern. During step 106, the

frequency filtered block of transformed coefficients
wH?QﬁfoQﬁﬁ? an inverse transformation, 25 typipgahkYensossses

al t hough not necessarily, an Inverse Discrete Si ne

Transformation (I DCT), to yield a block of film

grain, before the process ends with step 108. Under

some circunstances, scaling of the inversely

transformed bl ock of coeff7cient follow ng step 106

Wi Il prove useful prior to ending of the process.
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of trdEifo:B0atbefficiets uhadrbbG @Nhvearse thinSfofndtRAPybRAly, RSB0t
for_all _ possible fi-Imgrain sizes_and shapes.

. . . : Upon
- NECRSPATHY AP AR VTEHYSTrES 5, 0s R & IS ERBA B HERCE b 9 Miedd %hlogf of film grain,

UndePStR5dQrchiBHAR alidd 418hE Ry kRt eSRR LARR HEb&Bcints
predefined set of cut frequencies fin, fvL, fj., an

follgwing ohprecediner seepeii6 wllproveruspiidquenci es (in two

RN e e e
perfdumedniyring sich 206 éorfafteqsee ey if fudht sealeg debwskudliBrgobs storage in a

i i L S T M,
step@l _BO? ?ﬁ&l%?r&fpéitﬁ) Q?@Bﬂadiﬁbﬁrfﬁ%ﬁ%ﬂﬁ BRebd @ shhp¥sTWherb®on loop
i e ock of film n. r sQ
3"'3%1‘“#08 Gﬂ%t ‘g‘ﬁ‘é‘g_é",ep géérl %ﬂﬁ‘gg’gghﬁli‘%m?tﬁ\’fg?@é |d9n§¥$ HER £ bt nptican bF
appRLRAFH ffn $eFhbiGih@BtRriphd, HRWidpe: iﬁ{aFé’ bEGRESNA rHdBR values read
206 will prove useful. Thereafter, the block of film

frong theimeregr 203 dening gerr 2@efiile. § pryessse therkemned &meach ofitha §lm grain
JAed j p 206 (or after scaling if such
paﬁé}ggﬁg{ng ogh%ﬁa{g)@&gﬁf&g.r goes storage in a database 209
duiIGYRE eiplugtses itHow dep fomi ¢ msthed fehfiimngyaiatpeped @dnulation

usin%rf}gg‘—{: 01?11%3({ SE%%%&%%%ieﬁﬁs' o%mulﬁple images of Gaussian random noise. The

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

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

 from the memory 303 undergoes frequency filtering using a predefined set of cut frequencies
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steps 205 and 206 are repeated) for all possible film

grai n sizes and shapes, whereupon | oop execution

ends during step 210, after which the nethod ends

w?h’dok/ﬁ%ﬁ'st ep 212. As canbe appreciated frompERfs,nsnssses

oregoi ng description, the single imge of Gaussl an
random val ues read 20 fromthe nenory 203 during step
202 of FIG 3 serves as the kernel for each of the

filmgrain patterns stored in the database 210.

FIGURE 4 illustrates in flgw chart forma nethod for
filmgrain pattern sinulation using pre-conputed DCT
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X in siz .5 read froma nmenory 303. The bl ock of
codPrteeniiy SR sl bt RochBhGP coUBtatierHy Srae inverse
trandBORndrs i@t dXANICIBRAT BorfithRUPSRIeRloetXelrabd NP4 300

.30 of N x N imges of Gaussi an randdm va
duriggsteR,3tthg step 302, step 305 occurs and the N x N

g idep iHElich g ST i Bbes SohARRE 1, TERF i Bpe
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makesse € b 6ingeASCT IreagasiGatshidn tandos od1GesTat AIPHRsIbNENM erain
hast%§%9061gccu&% dﬁgh?%_mg%gh the frequency, filtered
ShapR FES TGP BF FWEPE R doBtes Sserfiasentiae Yok imags for each different

fiim igritesiape bAdlsd. GBOTR iie@ibds Y. 6RiNG & dAUROMH ] \Bhin vatues upon

necessarily, an I nverse D screte Cosine
systop} UpRalgaien qraFset fopetpyage incqpventipnal Ippwety sBelpis #n SRAM memory.
Or Fhd\fordeey : _
i nversely t rdaf'ﬁg?%? %%ﬁ%ﬁ%%%? gﬁrﬁﬂ%‘%g? Hn Eélgﬁlgélg %Ie*computed
transfgpried wopigicisnispthewly widnting covplexisef ul . Thereafter,
step 308 occurs .and the block of filmgrain that
results fromthe inverse transformation perforned
(and scaling if performed) undergoes storage in a
dat abase 309 during step 308. 10 The loop initiated
during step 301 undergoes repeating (i.e., steps
302-308 are
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repeated) for all possible filmgrain sizes and
shapes, whereupon | oop execution ends during step
310, after which the nethod ends during step 312.
W&%Okﬁggl;ﬁe method of FIG 3 that nakes usepgf S200s/038503
single DCT i mage of Gaussi an random val ues for
possible filmgrain shapes and sizes, the nethod of
FIG 4 makes use of a separate DCT inage for each
different 15 filmgrain shape and size. Both nethods
allow. creating a database9f filmgrain values upon
systeminitialization or reset for storage in
conventional menory such a3 am$SRAM nenory. The
foregoing describes a technique for simulating film
grain using pre-conputed transformed coefficients,
t her.eby A geinel
Rt DR RS Of\lﬁgi SRR Bty the steps of
cr 3 shiginiag BipaRompLted blackyefiransforoededesiaient; he st eps

tr ans?%@)erreﬁb@géé‘% g?% tg%t{gf&m%g E@#é?q g{FS?%WF 19 ¢ femprgey range
thﬂttdhéfacfpw@suaﬂpat@af 6f fiivegrbin; s ponsi ve to a

n 4 that, char rize desr red
ot PUEREHpIoR A s SR Of et eaEp ey framsformed coeffiients
| nverse transform on the frequency-filtered
nsfo coefficients. .1 2. The nethod according
| ai crording te elajm bvhssizatha step of taiping the pre-
confp@féﬁ BicRE obh@&s'forﬁ{edtcbé‘ﬁﬁfeﬁfs'ﬁz%&g $i6es B spep dfr&@?ﬂg at least one

onprises the step of reading at ast one

: Pre'ﬁ?‘@l?‘tt@ﬁ’r?}e?lé@f%@m@ﬂ qufﬁﬁgﬁt@ﬁm wewdtyi ci ents from a

menory. 1 3. The method according to claim1 wherein
the step of frequency filtering further 2 conprises
thé-ste S'beﬁlethddtaecordlglgttm elaint Andibeimbd sep of frbopieﬁébt Sltering further

r set, of cut 3.freguencies fA\' L,
conBHERTN M LB ol S0 s A RSt o' sof of o
frequdsr&rea G 7B a8 €08 tvockifohMnaB GBERRS RAh&EHFs tHe dbsired fim

.The met hod according to claim1 wherein the step of :
gra‘ﬁ@?‘? ‘'mng an inverse 2 transformcoefficients

further conprises the step of perform' ng an inverse

di screte cosine 3 transform 5. The net hod

ac8or di ﬁae msthod aceRrding i ?]H@ifl@@ﬁﬂi?ﬂ e Algp phperfirmingo inverse

uanifglzﬂ]} %‘:‘f%iéel%tﬁss fitheP ¥ EhH LY ek ?cB%ff Bér?@rﬂﬁ’é Qv &Le disorete cosine
transform.

5. The method according to claim 1 further comprising the step of scaling the
inversely transformed block of coefficients.

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

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

one pre-computed block of transformed coefficients,

7. The method according to claim 1 wherein steps (a), (b), and (c) are repeated for
all possible film grain sizes and shapes to obtain a plurality of film grain patterns, each
derived from a separate pre-computed block of transformed coefficients.
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1 6. The nethod according to claim| wherein steps

(b) and (c) are repeated for all 2 possible film
grain sizes and shapes to obtain a plurality of film

' terns all derived from 3 one pre-
W(g?@léﬁssg%ttransfor med coefficients. 1 7. TheS?reﬂtB 329038503

according to claim1l wherein steps (a), (b), and (c)
are repeated for 2 all possible filmgrain sizes and
shapes to obtain a pluraligy of filmgrain patterns,
each 3 derived froma separate pre-conputed bl ock of

t raansf %@%@&ﬁ)‘&%fc&rﬁing% SlainY\©r2H6 LARHAD the step of storing each
PCT/ US2005/ 038503 10 1 8. The net hod accordin

t .
invergslpiransGorngd s¢ief fidlored cpeffinignis proa BRBEITLIPORBFY ?@gaéﬁgﬁ‘eéuﬁm of -
; 'pversely transformed set of filtered coefficients in’
Siep “menory upon each repeated execution of 3 step (c).
1 9. The nethod according to claim7 further

coppri si.ng t step.of stori e r :
t ransf %&W@@t aCS?I%fnlgl tp (S}raéra Hg%g?e? ?g&flérrﬁlgé/ﬁlﬁ %gek’ﬁ orye cach
inversdl9 Bafd§itncd e pediiBredcecficlonts inh metosy epon(@ph rdpeditd execution of
The nethod according to claim1 further conprising
step ithe step of scaling the 2 inversely transformed set

of filtered coefficients before the coefficients
undergo inverse 3 transformation. 1 1] par at

.. S ..
colfpr i sThegnethodadepiding teehimyl FoRe SOBPIHGS @l fosling the
SRS - W o[ A =5 t Qeds - NS as0el codreR@lshirtb@BtiSierse
mvelﬁelgttr%f‘égg@%osﬁgoﬁl a pér%fgfgﬁrcgmrec? prr ocggsor, and 20
transti@fhiatiei.ed |1 ogic circuit for sinmulating film 5 grain
by (a) obtaining a pre-conputed bl ock of transforned
coefficients fromthe nmenory; (b) 6 frequency
fil1.eriAgpdritas édnagiing: med coefficients responsive to
a frequency range that 7 characteri esi I
pat fist megiory for siogrg iaﬁ]f'a% 8 ¢ 8L gegr%?%"g‘ ogrt}r aﬁ%\.?%?ege

coothibigisf ormon the 8 frequency-filtered transformed.
coefficients. 1 12. The apparatuys.accordjng to.claim .
11 atibest ene o iHEOETIRAPEOGSHER. GRS A5G Rs RRredoupfor stmilaiing fim
i ] dedinaliefh ke kanFbkediche fiidichRfons e ln@snory,; (b)

gmﬁ%ﬁf&ﬁ%@%ﬁﬂéﬂ ygrte%g)%??or med frequency 3 filtered :

freqhienen Sittoringiie trouffeimsdaoeicients responsive to a frequency range that

characterize a desired pattern of film grain; and (¢} performing an inverse transform on the

frequency-filtered transformed coefficients.

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

filtered transformed coefficients.

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

storing the inversely'transformed frequency-filtered transformed coefficients.

14.  Apparatus comprising:

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

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

Memory;
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1 13. The apparatus according to claim211l further

conprising a second nenory for 2 storing the

inversely transforned frequency-filtered transfornmed
w&9Rkhigéents. 1 14, Apparatus conpri sing: ZPQTC{I‘UE{G%, 18503

menory for storing at |east one a pre-conpute ocC

of transforned 3 coefficients; 4 neans for obtaining

a pre-conputed block of transforned coefficients from

the 5 nenory; WO 2006/ 055193 PCT/ US2005/ 038503 11 6

means for frequency filterilng the transforned

coefficients responsive to a frequency 7 range that

chaicaat frifibqueancy EibrRoth @bdsBirted bod Hibih@ rébBasivANE a8requency

nmeans. f or oerf&%ning an i nverse transformon the

range it GRHAGIEREY § B patismdimegaRdoef f i ci ents. 1 15.
ThenARP 2 RESmALE M BB trthsfdr@l i tﬂé‘ﬁ&ﬂfeﬁ@ﬁf‘ tered transformed
conprising neans for scaling the 2 inversely

coefficightsf or med frequency-filtered transforned
coefficients. 1 16. The apparatus according to claim
14 further conprising a second nenory for 2 storing
t hd5i nvdibs epperatusavsdinged clire 44 énther Eorhprésimdmeans for scaling the

inve?rsre%pt%gn% o%g:d %’%S&&%&:ﬁﬁﬁeﬂg@& transformed coefficients.

16.  The apparatus according to claim 14 further comprising a second memory for
storing the inversely transformed frequency-filtered transformed coefficients.



