WO 2006/057703 PCT/US2005/034723 -1 LOW-COMPLEXITY FILM GRAIN SIMULATION
TECHNIQUE CROSS-REFERENCE TO RELATED APPLICATIONS 5 This application claims priority
under 35 U.S.C. 119(e) to U.S. Provisional Patent Application Serial No 60/630640, filed November
23, 2004, theweeathanys7es which are incorporated herein. TECHNICAL FIBCDuddikhmsimyention
relates to a technique for simulating film grain in an image. BACKGROUND OF THE INVENTION 15
Motion picture films comprise silver-halide crystals dispersed in an emulsion, which is coated in thin
layers on a film base. The exposure and developmegf_of these crystals form the photographic image
consisting of discrete tiny particles of silver. In color negatives, the silver undergoes chemical removal

after development ang §iRy_ieii Pl B¥8 PEGHT A &R SHeSIIERE valeﬁ:éyﬁtfé rm. These small
naom

specks of dye are commonly called ‘grain’ in color film. 20 Grain appears ra IStributed on the
resulting image because of the random formation of silver crystals on the original emulsion. Within a

uniformly expREFS REFERENCETSAEIdereonpRercPrRIMEE 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 25 patterns. The grain pattern is typically known
as ‘granfularity'. Th¥makpplieyocarinatsistriguisidend/ idisaby1amE) which, ey HRas0paag2 mm to
about 0.002 : 1he. e e s of grai erred to as blobs. A viewer identifies
these groupg%ﬁf?rgl%@? §as | rz\I aéﬁéﬁé’c%éﬁ }%&%‘g"?énst%%ﬁ%?h géb REtshiRes fevBiskttion of the film
grain becori€8IAeH Mrsirgrain becomes clearly noticeable on cinema and high-definition 30
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 pro@gwg%og@@%nd development of the photographic film or from the PU040323 -2-
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This invention relates to a technique for simulating film grain in an image.
BACKGROUND OF THE INVENTION

15 Motion picture films comprise silver-halide crystals dispersed in an emulsion, which is
| coated in thin Iayers'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 siiver
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. |
20 Grain appears réndomly distributed on the resulting image because of the random formation
of silver crystals on the original emulsion. Within a uniformly exposed area, some crystals
develop after exposure while others do not.
Grain varies in size and shape. The faster the film, the larger the clumps of silver
formed and blobs of dye generated, and the more they tend to group together in random
25  patterns. The grain pattem is typically known as ‘granularity’. The naked eye cannot
| distinguish individual grains, which vary from 0.0002 mm to about 0.002 mrmn. 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
30  images, wbereas 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



SUBSTITUTE SHEET subsequent editing of the images. The photographic film possesses a
characteristic quasi- random pattern, or texture, resulting from physical granularity of the photographic
emulsion. iﬁzrnaﬂvely, a similar pattern can be simulated over computed-generated images in order
to blend th 4\Qﬁ’ﬁ?’photographic film. In both cases, this image-dependent noise is referred to as
grain. Quite often, moderate grain texture presents a desirable feature in motion pictures. In some
instances, the film grain provides visual cues that fafilitate the correct perception of two-dimensional

pictures. Film grain is often varied within asﬁg%lfﬁ@aigé:ﬁ%%%e various clues as to time reference,
point of view, etc. Many other technical and artistic uses exist for controlling grain texture in the

motion picture industry. Therefore, preserving the grainy appearance of images throughout image
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computer-generated object into a natural scene. Cineon(r) from Eastman Kodak Co, Rochester New

York, one Hfigreativelyig RERHRNRAFEIR SERAS TEHPRhINAT SREP SRS dYBRRREES YEReTBalistic
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many high speed films because of the noticeable diagonal stripes application produces for high
grain size SHfin Gk 68 OGRS R IRt A S5 AR (A AR R RS fRielity

when imagemaiassrbiecihofipreyiaspprorks sitgalonexanm e kurhvessshies tecpagesfre copied or
digitally processed. Another commercial product that simulates film grain is Grain SurgeryTM from
Visual Infifi TRIRMhRS 1580 asa E‘gl?fﬁ %??d‘(f)%‘e‘;‘(ry%f‘eiraf—fﬁ'e% S%E(]ir‘)l.I HE Fﬁfnvéltﬁc\r'laséry T
product apesarssto tererdteenyainetic gf aiebyefittehiagnctetrobehmidohanlisniissic ndsisxispfovach

suffers frop afheRian t.ehad 1A heqRBAKIAaNAL samasKbloneobibaseipaloghisres solves the

problem of restorin grain in compressed video:- Film grain constitutes a high frequency

quasi-ranPRFBARISOIH BRI BIQYEhERIYMASR REACSHIRSFOE BphiyraY sl A M@ Ational spatial and
temporal q&m%ﬁa% takensfbiepiaan pidedrndancies in the video sequences. Attempts to process

cithor an. unacodRUat) S BEETEL A BUFAL EECTNS L B SHPRALR A SR AT AL Rernatonal
Patent Appfieatforb(diag 2328 puklighedateN obpmibia20tktuirathesnan@nedi® drasoRakinemsing S.A.,
describes lec;[%khalcg lf%}; és%jewg‘grigoﬂ(r,nogé%? th%s‘ﬁ(rjs%%(f\gl?ﬁ qﬁm applications {o implement grain
simulation, produces very realistic results for many grain types. However, the Cineon®
application does not yield good performance for many high speed films because of the
noticeable diagonal stripes the application produces for high grain size settings. Further, the
. Cineon® application fails to simulate grain with adequate fidelity when images are subject to
previous processing, for example, such as when the images are copied or digitally processed.
Another commercial produet that simulates flm grain is Grain Surgery™ from Visual
Infinity Inc., which is used as a plug-in of Adobe ® After Effects ®. The Grain Surgery™
product appears to generate synthetic grain by filtering a set of random numbers. This
approach suffers from disadvantage of a high computational complexity.
None of these past schemes solves the problem of restoring film grain in compressed
video. Film grain constitutes a high frequency quasi-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/ISO H.264 compression techniqgues usually result in either an
unacceptably low degree of compression or complete loss of the grain texture.
International Patent Application WO/095829, published 4 November 2004 in the name
of Thomson Licensing 8.A., describes a technique for simulating film grain. As described

thersin, simulation of film grain in an encoded image occurs by extracting the film grain and

AMENDED SHEET



therein, simulation of film grain in an encoded image occurs by extracting the film grain and
AMENDED SHEET PU040323 -2a- SUBSTITUTE SHEET then characterizing the film grain for
encoding in a video stream to enable the film grain restoration upon decoding. Typically, the film grain
is charact&%X¥43dsed either on the type of film, or by using a particular model. In practice, the film
grain particulars are transmitted as parallel information to the video coded stream, typically as a film
grain Supplemental Enhancement Information (Sl%)a[nessage when using the ITU T H.264 video
coding standard. While this approach cogﬁﬁ%%?gegﬂé%ﬁhnique, the complexity associated with
the process is not necessarily low. Thus, there exists a need for a technique simulating film grain,
espetially a technique that affords relatively low complexity. AMENDED SHEET -3- BRIEF
SUMMARM«D Blinitd Echiivitee Oh graiodordancdingitn a Yidaaspesmdo trapeaberitlingsaiion, there is
provided & method, [arslauiaig Hpuinp Eempsha e sieps ah e salnemeflienispla
transform of a ?ﬁ'm grain sample wherein the coefficients are random values for so long as they lie in a
band passofdijionodefineir ey peséeevmefdglRprarsictyHeHTd: SRUY RefEFRes ST BanuR R 3rain

pattern; and establishingan inerssstopsicsndianthe sieatedcosificients taysiththefiim grain
sample. In accordance with a second aspect of the present inyention, th$5fe 's?ﬁcg&ggged af{n thod of
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x>=fHL and y>=fvL and x<=fHH and y<=fvH, with fHL, fvL> fHH and fvH being cut frequencies

defining aﬁé‘ﬁ&%ﬁ%@%@&%‘x’and with fHL < fHH and fvL < fvH,, but a zero otherwise; (b) setting the

value of the coeffiaigntiateonidinatesdfory) tectingyobtnddtinglfibn andr(cysmmsiralingtetdpsitg) and (b)

until a vaIuEais %%}, gg&ge‘%xg?oe‘gi%%glgﬁgg block. In accordance with a third aspect of the present
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apparatus for simulating film grain, comprising one of a programmed processor and logic circuit for (1)
creating coefficients of a transform of a film grain sample wherein the coefficients are random values
for so long as they lie in a band pass region defined by a set of cut frequencies which are
characteristic of a desired film grain pattern; (2) establishing an inverse transform for the created
coefficients to yield the film grain sample; and (3) s®aling the film grain sample to create a simulated
pattern of film grain. In accordance with a fourth aspect of the present invention, there is provided an

apparatusfﬁ%ﬁwﬂﬁé&@ %%Eqwﬂﬁqg:)ﬂneans for creating coefficients of a transform of a film
grain sample wherein the coefficients are random values for so long as they lie in a band pass region
defined by a set of cut frequencies which are characteristic of a desired film grain pattern; means for

establishing an inyerse fransiavmHarihe Lieaies eegiicients v yisld e dingrainsamalesand means

for scaling the film grain sample to create a simulated pattern of film grain. - In example
embodimeitssitialaipg gibvigaina soapréung Becorannbewring eqsidisisntpAhaiprasTosphalating film

grain. Themgthog compIendrey Healing aHackdisaanMali%atae gﬁlgraagﬁmgqlggefﬁcients

responsive to a band pass region associated with a desired grain pattern. (The band pass region is

defined bybanskpass cagivaaEnerk TPl sHiHredmeny naehapredurtativie e dadmdddmin two
dimensiong,).of daaféié?ﬁm@& characigrizes theedesieddiim asaind,atem Jheiblagk of Wanrsigrmed

coefficients undergoes an inverse transform to yield a bit-accurate film grain sample. If desired, the bit
accurate sBH¥p%E3EARTAGergo scaling to enable blending with a video signal to simulate films grain in

the signal. In pragfice.gengratiomof BeRlosk et trnsiosredcortligientsimry sk fpllows. For
each coefficient at coordinates (x y) in the block, where x and v are integers designating the row and

column, restielyraat DaIeri Aty panelttssetesirehinbetne Ralsary cepwraimnadslies
within the bapd rass ebthaisutirenwensiesdiilocans dhit: anskivhaadd Vi, wesResivahuosthe value of

the coefficient at the coordinates _(x,y) may become the random value r. The process may be repeated
for every efiEIPHIHE MBEIRSTHRE FilnPBfais Sl aad o Téen AlLE o1 the Wident hintipiiay afford

reduced QSEH@%&IY1-@®EQ&H%Q{@H11§%£Q%h@%&%@@@é%%@éiﬁ@@@?fﬁ%&@@xﬁcﬁ%j iy graiysimulation by
avoiding the computation of a direct transform. The technique may also reduce the memor

requireme At BEERs b asbaS bsrsaltsed By %ﬁﬁ@%’%ﬁ%&%&%‘ﬁ%ﬁ%ﬂﬁ%&%@ﬁi&%ﬁs

value; and {(c) repeating steps (a) and (b) until a value 1s set for every coefficient in the
block.

In accordance with a third aspect of the present invention, there is provided an
apparatus for simulating film grain, comprising one of a programmed processor and logic
circuit for (1) creating coefficients of a transform of a film grain sample wherein the
coefficients are random values for so long as they lie in a band pass region defined by a set
of cut frequencies which are characteristic of a desired film grain pattern; (2) establishing
an inverse transform for the created coefficients to yield the film grain sample; and (3)
scaling the film grain sample to create a simulated pattern of film grain.

In accordance with a fourth aspect of the present invention, there is provided an
apparatus for simulating film grain, comprising: means for creating coefficients of a
transform of a film grain sample wherein the coefficients are random values for so long as
they He in a band pass region defined by a set of cut frequencies which are characteristic of
a desired film grain patiern; means for establishing an inverse transform for the created
coefficients to yield the film grain sample; and means for scaling the film grain sample to

create a simulated pattern of film grain.



instead of film grain patterns. The disclosed method in example embodiments has applicability to HD
DVD systems, BD ROM systems as well as to satellite broadcasting, among other uses. 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; FIGURE 2 depitts, in flow chart form, the steps of a first method
for creating a set of transformed coefficients for simulating film grain in accordance with the present
principles; FIGURE 3 depicts, in flow chart form, the steps of a second method for creating a set of
transformed coefficismsplercsitmdatingsfithegrai pripy abcor dambedwithchedoreseritiptingiptesit and WO

2006/057703 P 0] 723 -4 FIGWUR pi in flow.c form .the.steps of a method for
creating aldata aégéé ??f% m%ll %%n%%alt g?h%%r%%&%@?n%%%ﬁt n‘iﬁ#ﬁ%%éﬁ%”%#ﬁ%?é? ETAILED
DESCRIPHO\k &Hp)é stanserstandefiieitechrispmoitie phesdmapringiptessforsimitating film grain

using a sef, of cut jes that r I film. grai ief over view.of film grain
cimuation o o o B e B 0, which
receives amihput Wideepsigrnlcand!lifftawngenerates doenjresséd fovitheocbtraateriatitdoutput. In
addition, thefiaasinltiardbalRe generies niormaan lndcaie. ol IR iLapy) present in the
sample. In practice, the transmitter 10 could comprises part ofcalhea -end array of a cable television
system, or@théprsuthyssiste MitiatutitribimeyasosaprissEdivitied, thohie ascwdresdonnseeam receivers

11, only °%&§=%@8§ﬁ%§§£%£‘ai Qi JHE eSSk cpulfplsg ake:he fgum af gncoder that
presents medialike 15 DVDs. The receiver 1 | decodes the code v!dLeO stream and simulates film
grain in accordaficereatisehesisnatirair thdphnekiohteemdideced eer lidiso oty rscuivisd dHomisthe

transmitte: 10 ar ety rom: e Mmadiatiss)f i dlesase 9ha DVRLY Iheillke. o yieidan, putput video

stream that has simulated film grain. The reéceiver | | can take the form of a sét- top box or'other such
mechanisii¢iarsaid eslisraetastectyphp re srRutd v debia o 1w bl edBiged, if cach of the x and y

coordinates lies within the band pass of the cut frequencies fiy. and fyyy, and fyvr and fyyg
respectively. The value of the coefficient at the coordinates (x,y) may become the random
value r. The process may be repeated for every entry in the biock.

The film grain simulation technigue of the present principles may afford reduced
complexity as compared fo prior- art transform-based approaches for film grain simulation by
avoiding the computation of a direct transform. The technique may also reduce the memory
requirements of database-based approaches by storing a small set of transformed coefficients
instead of film grain patterns. The disclosed method in example embodiments has
appiicability to HD DVD systems, BD ROM systems as well as to satellite broadcasting,
among other uses.

DETATILED 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;

FIGURE 2 depicts, in flow chart form, the steps of a first method for creating a set of
transformed coefficients for simulating film grain in accordance with the present principles;

FIGURE 3 depicts, in flow chart form, the steps of a second method for creating a set
of transformed coefficients for simulating film grain in accordance with the present principles;

and



20 grain in that video. The 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
transmitter 10 "models” the film grain. Further the receiver 11 (i.e., decoder) simulates the film grain

according to twe fitmsgsamsinformation received from the transmitter 10. ThecZodéansmukias 10
enhances the quality of the compressed video by enabling the receiver 11 to simulate film grain in the
video signal when difficulty exists in retaining the film grain during the video coding process. 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 comrﬁession techniques 30 such as the ITU-T Rec.

H.264 ISO/IEC 144%8&&@/%1 oc mpzﬁssiorﬁ%tg%%rd. Optionally, a film grain remover 14, in the form
of a filter or the like' depicted frdashed fHes 1, the S{GRS ekR Mg afing erietesd 8fto
remove any film Grairpatttines incoronivid evithithapreeropiiadprading. To the extent that the incoming
video contains no film grain, no need WO 2006/057703 PCT/US2005/034723 5- 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 th&HF\GER FBSRIPTIQWhen present). Using such input information, the film grain
modelef 16 establishes the film grain in the incoming video signal. In its simplest form, the 5 film grain

modeler 16 could gomprise a look up-table containing film grain models for different film stocks.

Information in the ihg fied i&%%%ﬁ@@%@%ﬁﬁ@mahﬁm sioclatisgdiba griginally

record the ng@@&bf@M@@f&mm%@t&Mvd&ﬁﬁg'&x@'ﬁ?ﬂyéﬁ@%m&h%@g} gralp;modeler 16 to
t

select the a arlgpsriit%%q film g/r:ﬁinf model f r'fs" “_-“ ilm stock. A éfﬁatively,’t e ‘flllr.n v(\frla‘ff‘r?"‘rfn(())ld‘é'lreﬁr_ 16
could comp%ge 2 procesor Bt %‘8&?3&?&’%3%48‘&&9&%&%% gshesppticotisgstmere algorithms to
sample the frresmitier lileshicitreleteemindthe: g siinapatie) i et igHesRat JhaHacalyer 1 |
om e ran e e e e O SR e e o corghesson
performed 15 the At s EDanihniessattimhensiepld 510G tics, fior exampier tecuERs Whkajsttke
transmitter o8 PNHRACRHAR aka IRk RANRAURWon system, or other such system that distributes
compressed video to one or more downstream receivers 11, only one of which is shown in-
FIG. 1. The transmitter 10 could also take the form of encoder that preéents media like
15 DVDs. The receiver 11 decodes the coded video streamn and simulates film gréih in ,
accordance with the film grain information and decoded video, both received from the
transmitter 10 or directly from the media itseif in the case of a DVD or the like, to yield an
output video stream that has simulated film grain. The receiver 11 can take the form of a set-
top box or other such mechanism that serves to -decode compressed video and simulate film
20 grain in that video.

7 The 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 wdrds, the
transmitter 10 "models" the film grain. Fuﬁher the receiver 11 (i.e., decoder) simulates the
film grain according to the film grain information received from the transmitter 10. The

25  transmitter 10 enhances the quality of the compressed video by enabling the receiver 11 to
simulate film grain in the video signal when difficulty exists in retaining the film grain during
- the video coding process. ‘ ' .
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
30 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 depicted in dashed lines in FIG. 1,
- could exist upstream of the 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



ITU-T Rec. H.264 ( ISO/IEC 14496-10 video compression standard to compress outgoing video will
dictate the need for an H.264-compliant decoder 18. Within the receiver 11, a film grain simulator 20
receives the film grain information from the film grain model 16. The film grain simulator 20 can take
the form of a pr@geasnsTees processor, or dedicated logic circuit 20 having thegeapahiitgseisimulating
film grain for combination via a combiner 22 with the decoded video stream. Film grain simulation
aims to synthesize film grain samples that simulate the look of the original film content. As described,
film grain modeling occurs at the transmitter 10 of FIG. 1, whereas film grain simulation occurs at the
receiver 11. In particular, film grain 25 simulation occeTs in the receiver 11 along with the decoding the
incoming video Isc{reamffrot@ y}e transmitter 10 but upstream of the output of the decoded video
stream. Not& that The - dacaing pYBRRLEIRLF et urs in the receiver 11 makes no use of images. with

added film grain.  RafimrgtilimgeaiviesintulatignschnjiulesdanasaRI0Ressing MRIOG fos synthesizing
simulated fi in i images for display. Foy that reason, the ITU-T Rec. H.264 30
ISO/IEC 14?1%@6?{% %Tglé? %‘5@%?333‘3’%%@5%*3?9@%{&%@ UBLLIHEAORe the B39 8FEiIim  grain
simulation pregeles. g eebkishethgfidin irniatinineomiresvidesigtion GonserminasiTera/aia pattern in
the incomingideg;sigRabiwhiend | ical rgoes_transmission in a Supplemental
Enhancement Igg?c?;mation (SEI m@ggggg%%gﬁégg%%ﬁ%ﬁ%@ﬂ%ﬁ%ﬂg@%}smomsmm
-6 T Rec. HEEFF15Bmestodkss dnfamstinsdin e frewsios videnlsighalswpét ijediBythemaiimdsdment 1

(Fidelty Range Exsensiana) ofhatgespression aiaiiaicolsoaceaidancs widhs prepeptprincivles,
there is progﬁjoe‘%r? I?%W}clom Iexi%ﬁFéthod for simulating film grain, which presuppds€s that the
transformation e 16 &

Bret S HrEHReRETRRsAS b ariprasdat forisenblsmwhich is
practiced bystiieds filkitgraitivelimtbafin2gif Reielergenaratbsomplasa rfbaL grain Ra-RerRss.that

includeg th%ﬁgugv&;ggwm{ eps: (1) create a blocl?B(;f transfoymed coefficients in accordance with
the cut- frequencies for a%%gée%iﬁnhg&a%oﬁeaﬁé?ﬁt S I8 AA5NR eﬁ%iﬁ\%’@@ﬁrﬁﬁ@%ﬁ‘?ﬁand (c) scale the

resultant vaﬂiﬁ&?@ﬁiﬁ?@@@@iﬂ@te&ﬁ@mtﬁﬁ@p&é@mh process follows hereinafter. 10 Creating a block
of transformed coefficieptadher Ryprans Al Giaalingala flogk ol fransiamed coefficients takes as its
nput a set %];mpressed video stream received from the transmitter 10. The structure of the decoder 18
will depend on the type of compression performed by the encoder 12 within thé transmitter
15 10. Thus, for example, the use within the transmitter 10 of an encoder 12 that employs the
| ITU-T Rec. H.264 | ISO/EC 14496-10 video compression standard to compress outgoing
video will dictate the need for an H.264-compliant decoder 18. Within the receiver 1 L,afilm
- grain simulator 20 receives the film grain information from the film grain model 16. The film
- grain simulator 20 can take the form of a programmed processor, or dedicated logic circnit B
20 having the capability of simulating fiim grain for combination via a combiner 22 with the
decoded video stream. '
Film grain simulation aims to synthesize film grain samples that simulate the lock of
the original film content. As described, film grain modeling occurs at the transmitter 10 of
FIG. 1, whereas film grain simulation occurs at the receiver 11. In particular, film grain
25  simulation occurs in the receiver 11 along with the decoding the incoming video stream from
' the transmitter 10 but upstream of the output of the decoded video stream. Note that the
decoding process that occurs in the receiver 11 makes no use of images with added film grain.
Rather, film grain simulation constitutes a post-processing method for synthesizing simulated
film grain in the decoded images' for display. For that reason, the ITU-T Rec. H.264 !
230 ISQ/IEC 14496-10 video compression standard contains no specifications regarding the film
grain simulation process. However, film grain simulation requires information concerning the
grain pattern in the incoming video signal, which information typicaily undergoes

transmission in a Supplemental Enhancement Information (SEI) message when using the ITU-



cut frequencies characterizing a desired film grain pattern and yields a set of normalized 15 ‘random
numbers. In a preferred embodiment, the normalized random numbers will follow a normalized
Gaussian random distribution (independent and identically distributed Gaussian random variable
samples withweravmsarr@and unity variance) while the cut frequencies are pgansenitiogh»a film grain
characteristics SEI message, as defined by the ITU-T Rec. H.264 ISO/IEC 14496-10 standard [1]. 20
In the illustrated embodiment, the creation of a block image B (e.g., a block of transformed coefficients
of size N x N) in the frequency domain occurs in the manner illustrated in flow chart form in FIG. 2.
The process begins at Start step 100 during which #éitialization occurs. Following step 100, step 102
occurs, commencing a loop which scans all coefficients of the N x N block by setting a pair of running
variables (XyRts.d8 poEEIBR/EE0/HA86- 19 tideimtogmressioe Birfdard 8§ xpi@;ifiet] b¥ e variables x and y

each represeién P AUERN RlE SERNEE) AR AAYD Adlpgl (- a matrix array) of

transformed coefficients produced by this process. During step 104, a check occurs whether the
values of x and y Ireagrthfiere wihéhp ssesers mrgiplesnbagisgyided ed mrrcampipriyanetiod, and

fVH. If so, signikQfeneuthapdia, RERAPramaEdsHenRs ated eRfduH g epsiffisheampdom 30-
number is assigned to the_coefficient in the block at the x and y coordinates matching the current

value of theFaihiinFariabiesnetiod §f s prcHvaRy e RS DA SRS CeH RIS BB diment of
the checkingiafie@nd/of#Hi@sliqaesides whiiticoOfi lnogiheyitia wisbésstiat hansipage detineipy the
cut frequen%il?sé t%ut other criteria are RQ sible. WQ 2009/057703 PCT/US2005/Q34723 7 _If the
current valudE s R \}%rgaﬁ%? RS TR SHE ydv‘\:/ﬂ in 58 DA %%lrsgn gfmlé%t%aycﬁ%'e cut frequencies
fHL and fHHrenefuiesfod fddsofthilcegindpitternyr Gih qeantmrie, aasinrenss miagtefbim tel 88 keakegbage, then
the coefficiagln e PiAGk ASaRAPLEHMIR HeABISPb Al Al Aol SRR ERE during step 110

Following either of steps 108 or 110, then step 5 112 occurs, and the running varia les x and y are
increm®nted, provided that x and y :S N and execution branches to step 104. Otherwise, the loop

ends duringesienihd s sskikng waihasditishearidand step 11 4. The method for creating a block of

transformed coefficients depicted in FIG. 2 can be described in a "for" computer program loop in the
following manner: 10 '
The process of creating of a block of transformed coefficients takes as its input a set of

cut frequencies characterizing a desired film grain pattern and yields a set of normalized

15 random numbers. In a preferred embodiment, the normalized random numbers wili follow a
normalized Gaussian random distribution (independent and identically distributed Gaussian
random variable samples with zero mean and unity variance) while the cut frequencies are
transmitted in a film grain characteristics SEI message, as defined by the ITU-T Rec. H.264 |
ISO/IEC 14496-10 standard [1]. |

20 In the illustrated embodiment, the creation of a block image B (e.g., a block of
transformed coefficients of size N x N) in the frequency domain occurs in the rrianne; .
iimstrated in flow chart form in FIG. 2. The process begins at Start step 100 during which
initializafion occurs. Following step 100, step 102 occurs, commencing a loop which scans all
coefficients of the N x N block by setting a pair of running variables (x,y) to all possible

25  wvalues in the integer range of [O,N-1} x [0,N-1]. The variables x and y each represent the x
and y coordinates, respectively, of an entry in a block (i.e., a matrix array) of transformed

| coefficients produced by this process. During step 104, a check occurs whether the values of

x and v lie within the band pass defined by the cut frequencies fHL and fyy and fup and fyn. - If
s0, step 106 occurs and a random number is generated and during step 108 the random

30  number is assigned to the coefficient in the block at the x and y coordinates matching the
current value of the running variables x and y, respectively. Step 104 illustrates a preferred
embodiment of the checking of x and v values to decide whether or not they lie within the

band pass defined by the cut frequencies, but other criteria are possible.



for(y = 0; y <N; y++ ) for( x = 0; X < N; x++) if(x<fHL&&y<fvL) lIx>fHH 1l Y>fvH) B[x)[y)-0 15 else
B[x][Y]=r B(OO0 0 20 Note that fHL and fVL constitute the horizontal and vertical low cut frequencies,
respectively; fHH and fvH constitute the horizontal and vertical high cut frequencies, respectively of
the desired fie goairegattern, and r constitutes a normalized random numperytezpiaoticeza Gaussian
random number r could be generated from two independent, uniformly distributed random values,
using the Box-Muller transformation specified by: 25 r= - 2 inn(x,)sin(2ax2) where In(.) is the natural
logarithm, sin(.) is the sine function, it is Archimedes's constant, and x, and x2 are in the range of (0,
1), with 0 not included. FIGURE 3 depicts an alternate preferred method for creating a block of
transformed coefficients. The flow chart method of FIG. 3 includes almost all of the same_steps as the

30 method of FIGH Mg mearafires Rt 2 L AR SN IR Slre Liansaushn fein she DAvERESS Se5fds cribe
like steps. Bhenaihpequbidies Bidifiersiiretierjolindihg of shedesinadn gfaphiaittimgs random number

during step 106 in FIG. 2 t h mathematical c utatiopn, the WO 2006/0577

T o AT i PGP EFe L0 RIS A Lia Fiogh RCHEIEh Il BREUITE L es the
step 105 ofvaitkaifiingnd yandetrtoramiderifipsten 100k-Eplabiegldhof gisepsukdl cohiputbenGapssian
random numbers. Otherwise. the two I S [ S . onal

transfcr;grrhegnl ?o%?ﬁ%%natngvélﬁee%%%é %gﬁ%&c{% %félg@%%ﬁ?%%%g gg’u f%!ri:d(ge@m{%q 20%11‘?%3%:1}50 égtljl?he
position 0,XkeutitiebDachoefistent)Ob Habsmisecis loen arsidueing fent a2 snd thsvardiogansform,
the signal will:hiave, 765 meam.d.arge deviations from zero for the DC coefiieient could cause large
deviations in the average value of the resulting film grain block. As a consequence, when blending the

film grain with the EhscaabadRIgEaingAbleskrf ERBvRmRns Serfisisrdrpiret MEGuR RBE (e., the
blocks coulgebgassmen k0 Rt esHpika 126 Lag Tas). in the following manner:

10
for(y =0,y <N; yt++)
for(x = 0; x <N; xH)
f((x<fa && y<fu) |[x>fan || y>fm)
B[x][y]=0 |
15 eise
B{x]){yl=r

"B[0][0]=0

20 Note that fiy. and fyy constitute the horizontal and vertical low cut frequencies, respectively;
fin and fyy constitute the horizontal and vertical high cut frequencies, respectively of the
desired film grain pattern, and r constitutes a normalized random number. In practicle, a
Gaussian random number r could be generated from two independent, uniformly distributed

random values, using the Box-Muller transformation specified by:

ps  r=y-2In) sin(mx)
| where In(.) is the natural logarithm, sin(.) is the sine function, = is Archimedes's constant, and
X, and x; are in the range of (0,1), with 0 not included. ‘
FIGURE 3 depicts an alternate preferred method for creating a block of transformed
coefficients. The flow chart method of FIG. 3 includes almost all of the same steps as the
30  method of FIG. 2 and therefore like reference numbers appear in FIG. 3 as in FIG. 2 to
describe like steps. The method of FIG. 3 differs in the following respect. Instead of

obtaining a random number during step 106 in FIG, 2 through mathematical computation, the



In the case when fuL and fvL both equal to zero, the creation of the block image B in the frequency
domain can occur as follows: for(y = 0; y < N; y++) 15 for( x = 0; x < N; x++) if(x > fHH [ | Y > fvH )
B[xJ[y]=0 else B[xI[YJ=r 20 B[0][0OJ=0 Assuming also the ability to accomplish zero value
initialization wgoreseenNg allocation of the block image, the previous methog/gsnda simplified to the
following expression: 25 for( y=0;y<N;y++) for( X = 0; x < N; x++) if(x <= fHH && y <= fVH ) B[X)[Y)=r
30 Note that the processes described in FIGS. 2 and 3 make use of (fHH - fHL+1)*(fvn - fVL + 1)
normalized random values, thereby avoiding the filtering step that typically follows the computatlon of
the forward transform of a block of normalized randefn numbers. WO 2006/057703
PCT/US2005/034723 -9- Compute The Inverse Transform Following generation of the block of
transforme @ EOSfSTReE8H B BEWW%W%WEMMMuWPMMdeg to the

general formlbga(ﬁﬁd&nxﬁﬁmﬂéemﬁ&qaéﬂlué%@espﬁi'ﬁgSP&L%BEWE fes. for intensity
variation resulé\ E%fronkfge <é%‘gener sS;l’]((%n of the bIock of transformed coeffici ents yplcally the .
scaling factora’ te'5Fu RS RGEStISEthesaRIStARS computation of the

transformation mabpxicdbeuhs bB)ciOﬂﬁﬂ&)med coefficient generation methods of FIGS. 2 and 3
5  could force the coefficient at the position 0,0 (-i.e., the DC coefficient) to become zero in order -
to ensure that after inverse transform, the signal will have zero mean. Large deviations from
zero for the DC coefficient could cause large aevnatnons in the average value of the resulting
film grain block. As a consequence, when blending the film grain with the decoded i image,
blocks could show visible variations in their average value {i.e., the blocks could become:
10 either darker or brighter).
In the case when fiy and fy, both equal to zero, the creation of the block i image B in

the frequency domain can occur as follows:

for(y = 0; y < N; y++)

15 for(x=0;x <N;x++)
(x> fun || y>fwm)
Blxjlyl=0
else ,
Bix]Jly}=r
20
B[0][0]=0

Assuming also the ability to accomplish zero value initialization upon memory allocation of
the block image, the previous method can be simplified to the following expression:
25
for(y=0; y <N; y++)
' for(x = 0; x <Nj x++)
if(x <=fyy && y<=1fyy)
Blx}{yj=r
30
Note that the processes described in FIGS. 2 and 3 make use of (fun - T+ 1)*(Foy - fyr, + 1)
normalized random values, thereby avoiding the filtering step that typically follows the

computation of the forward transform of a block of normalized random numbers,



CO.0 "™ CO.N-1 15 CN-1,0 CN-I,N-I J =k cos (2n+}ma 2N k{ I/N ifm=0 1i 2/N otherwise 20 in this
case, a = lIcflICT Scaling of the Inverse Transform Resultant Values Following the creation of the
block of transformed coefficients and computation of the 25 inverse transform of the block, the film
grain simulatisroproeess@f the present principles typically includes the stap-@figgasdgsikg film grain
pattern to the appropriate film grain intensity, although such scaling not necessarily occur. For video
coding applications, information about the film grain intensity typically undergoes transmission in the
SEI message, as specified in the ITU-T Rec. H.264 | ISO/IEC 14496-10 standard. WO 2006/057703
PCT/US2005/034723 -10 The scaling process typic&fly occurs in accordance in the following manner:
for(y=0;y<N;y-+) for(x=0;x<N;x++) 5 b[ x ][y ] *= scaling_factor Th +' S a roach resents a tradeoff 1 v c
t av c~i+ ee pp p + ¢ complexity situ memory requirements when compared to prior art. methods. On

one hand, tTempalte § hediiag el Thengfesant principles reduces the complexity of transform-based
approaches by avoiding computation of the direct 10 transform and filtering in the frequency domain.
On the other hand, the scaling method of the present principles reduces the memory requirements of

database-based aiyplowttegchyraniy cftdririgalsofathaavahsdosionmescesisitnisinggad of
complefe filg, grain PARSIAS LIRS r{gés had of the present prig%gﬁs can serve to initialize a database of

] .
film grain patterns. In particular. e Staps oF o Saing BGhs g nsformed coefficients and 15

computing the inverse transform of the block could serve to initialize a database of film grain patterns
as illustrateglip. flow ghart form in Figure 4. The method of FIG. 4 commences upon

= E 2

where a constitutes a scaling factor that compensates for intensity variation resulting from the
10 generation of the block of transformed coefficients. Typically, the scaling factor 2 can have a

value of unity.

When using a DCT transform, computation of the transformation matrix C occurs as
follows:

. o 't CgN-l
C=;
i5 - LTy EN el N

s "-=kcos(.£gf.."'_}23’_’£]
' 2N

k= JUYN ifm=0
J2/N  otherwise

20 inthis case, o= O
icl-|c”

Scaling of the Inverse Transform Resultant Values

Following the creation of the block of transformed coefficients and computation of the
25 inve;'se transform of the block, the film grain simulation process of the present principles
typically includes the step of scaling the film grain pattern io the appropriate film grain
intensity, although such scaling not necessarily occur. For video coding applications,
information about the film grain intensity typically undergoes transmission in the SET
message, as specified in the ITU-T Rec. H.264 | ISO/IEC 14496-10 standard.



execution of Start step 200 whereupon initialization occurs. Thereafter, step 202 occurs with
generation of the block of Gaussian random values, using either the. method of FIG. 2, or the method
of FIG. 3. When employing the block transform generation method of FIG. 3, each 20 random number
entry is obtaimenl oyeascessing the Gaussian random number look-up tablepd0¥saphiserssed
previously. Following step 202, the block of Gaussian random values undergoes an inverse transform,
typically via an Inverse Discrete Cosine Transform (IDCT) during step 204, along with the appropriate
scaling. During step 206, the film grain patterns undergo storage in a database 207. Thereatfter; the
process ends at step 208. The process of 25 FIG. 4-&dfftows creation of the database 207 upon system
initialization or reset, and enables storage in a conventional memory (usually SRAM memory). The
foregoing describe5t§ S6EhPERIBCcRSE STRIGRAN RS irasaordansenimtie followfitg dsarther:advantage of low
complexity. 1 11 1. A method for simulating film grain, comprising the steps of: creating coefficients of
a transform of a film grai .samgle wherein the coefficients are random values for so long as they lie in
a band paséglrg%ﬁﬁzﬁeﬁ by-a set of cut frequencies which are characteristic of desired film grain
pattern; and estalfishing @rxirdé&rsetyansform for the created coefficients to yield the film grain
sample5 2. The method eﬁ:ﬁjﬂi{; 1o %I(%Hgl }Aa(herein the set of cut frequencies comprises frequencies

1
fHL, fvL, fHH and fvH, w fHH and Ret: QWH, and the coefficients are created by the steps of:

(a) obtaining a value for each coefficient at coordinates (x, y) which is a random value for so long as

x>=fHL and y>=fvirgad xsalbH andyeridde Bt a 2810 Sihsiwiss (s1eps. 104 and 110). b%,ﬁ?-t“f‘g the
value of the coefficient at CO(;:rig%nates (x, y) to the obtained 6{ ue: ﬁdﬁigﬁi“rueiﬁégﬁlﬁ%es eif)éé aﬂcgnd (b)

until a valuFFEPRFTSFLRER) ¥ aHftedt iYherthser, therplingmshodcofons meesordipimciplebherein fHL>
0 or fvL> 0 fedhibes mMeapAEGeF NG TBRHIb 5 MNBIR I GRE D P RIRGHAP dBRHYAIHES of the direct

10 transform and filtering in the frequency domain. On the other hand, the scaling method of the
present principles rednces the memory réquirements of database-based approaches by only
storing a small set of transformed coefficients instead of complete film grain patterns. |
The method of the present principles can serve to initialize a database of film grain
patterns. In particular, the steps of creating a the block of transformed coefficients and
15 computing the inverse transform of the block could serve fo initialize a database of film grain
patterns as illustrated in flow chart form in Figure 4. The method of FIG. 4 commences upot
execution of Start step 200 whereupon initialization occurs, Thereafter, step 202 occurs with
generation of the block of Gaussian random values, using either the method of FIG. 2, or the
method of FIG. 3. When employing the block transform generation method of FIG. 3, each
20  random number entry is obtained by accessing the Gaussian random number look-up table
107, as discussed previously. Following step 202, the block of Gaussian random values
undergoes an inverse transform, typically via an Inverse Discrete Cosine Transform (DjCT)
during step 204, along with the appropriate scaling. During step 206, the film grain patterns
undergo storage in a database 207. Thereafter, the process ends at step 208. The process of
25 FIG. 4 allows creation of the database 207 upon system initialization or reset, and enables
~ storage in a conventional memﬁry {usually SRAM memory).
The foregoing describes a technique for simulating film grain in an image that affords
the advantage of low complexity. 4



obtained follows a Gaussian random distribution. 5. The method according to claim 2 wherein each of
the random values is obtained by accessing an e &ry from a pre-computed look-up table of random
values. 6. The method according to claim 1 further'including the step of scaling the film grain sample.
7. A method of creating coefficients used to simulate a desired film grain pattern, comprising the steps
of: (a) obtaining a yajerfetheachcsefficigmcatieoefidinatesnboridingipl igpsastdom value for so long
as x>=fHL and y>gheatng coetfidimachy stharsitin tila fitk Jhih aaekivid heisgrutieequencies
definingoaéfarkARSa e g onthaitEbrsiHbranss by, abiisizese otegsises(hpgetting the
value ofifpe eeeffciitipépoondiaatamioh Mréodhesrabiairgd ofadesiradti(e) (arapagstens@) and (b)
until a value is setdefapipimgelicingrss thmbloak Brthe orsthed acstiicingisasiasn dtvherein fHL>
0 or fvL3iith §raliheamsped according to claim 7 wherein each of the random values obtained follows a
Gaussian random distribution. 10. The method according to claim 7 wherein each of the random
values is obtaine@bylasersting againting g cire Camprseotieokaipiahlefrddasdoimsvalues. 11.
The methadmeassdieg te st ff fUktherinshilig, thitistap of gstamdishinofan, iamergestransform on the
coefficieniefficiedf’ direonetizetbycersdirgiaé¢iaim 11 further including the step of scaling the inverse
transform of the cqgffisigaisitey valdiaspriteractf fibvficnisantolesiinkded e, ethachaecarding to
claim 124ueibet camprisingothmgtep ef-fitializing-ajatabaseof filmrgr gin-palierasaigiag a single block
of coeffigiplisvies qeaatns alb@asasiblet Om grain patterns. 14. The method according to claim 12 further
comprising the stegmfsitiiiadizing\aiaiasise obéifivigrtinpetiemisasing:myltiplenblotiainéd
transformgdecaagicients to create all possible film grain patterns. 15. Apparatus for simulating film
grain, comprising ¢erepaeatingrstapsdd) and (b) until a vaiue is set for every coefficient in the

block.

3. The method according to claim 2 wherein fy.> 0 or fy.> 0.

4. The method according to claim 2 wherein each of the random values
obtained follows a Gaussian random distribution.

5. The method according to claim 2 wherein each of the random values is
obtained by accessing an entry from a pre-computed look-up table of random values.

6. The method according 1o claim 1 further inciuding the step of scaling the
film grain sample.

7. A method of creating coefficients used to simulate a desired film grain
patiern, comprising the steps of:

(a) obtaining a vaiue for each coefficient at coordinates (x, y) which is a
random value for so long as x>=f;. and y>=fy_ and x<=fyy and y<=fyu, with fy., fu,
fan and fyn being cut frequencies defining a band pass region and with fiy < iy and
fuL < fwn,, but a zero otherwise;

(b) setting the value of the coefficient at coordinates (X, y) to the obtained
value;

and (c) repeating steps (a) and (b) until a2 value is set for every coefficient
in the biock.

8. The method according to claim 7 wherein iy > 0 or fy> 0.

9. The method according to claim 7 wherein each of the random values
obtained follows a Gaussian random distribution.

10. The method according to claim 7 wherein each of the random values is
obtained by accessing an entry from a pre-computed look-up table of random values.

11. The method according tc claim 7 further including the siep of
establishing an inverse transform on the coefficients.



processor and logic circuit for (1) creating coefficients of a transform of a film grain sample wherein
the coefficients are random values for so long as they lie in a band pass region defined by a set of cut
frequencies which are characteristic of a desired Illﬁn grain pattern; (2) establishing an inverse
transform for the created coefficients to yield the film grain sample; and (3) scaling the film grain
sample to create a simulated pattern of film grain. 16. The apparatus according to claim 15 wherein

the set of cut frequencier: rusiseSdtaanrNEIea Atk 1Fviu il rane fidthovitle kb <dtidamng fvL < fvH,
and the preigfctee n@@gﬁfﬁm@ﬂtﬁ@éséﬁ%@ﬁ’d@@éﬁﬁi&wﬂ peaains dneipogHigientmyda) obtaining a
value for each coefficient at coordinates (x, y) which is a random value for so long as x>=fHH and
y>=fvL and x<=fHHZaMthgmbtHob Wi aelia@tocsise 1((bfsetiincthapmiug gidhasosfficient at
coordinatisaliivy 1@ daeapaeinedieluparngtd repering 4aiage KfddknEf aostiadatsabfor every
coefficiefiedté. dihecripsieativ agaaidiaadenelaim 16 wherein the one of the programmed processor or
logic circuit creates the coefficients by setting the coefficient at (0,0) to a zero value. 18. The
apparatus according g isaineifowhemindhg aneiaihthe? pregianubed REane e sREdagic circuit creates
the coefiigirimtarsy ehdbieieaeavfihe grand patiualiessataines inl onsRsGAESHIFoFARSEPM distribution.
19. The apafiibtugsaecorsing &l gaivide Wheminitheaeeewf the programmed processor or logic circuit
obtains each of the random values by accessing an entry from a pre- computed look-up table of
random values. 201 AppssatasiofSirialiaent Mier gizicosaphisgrienssial sreghnaeesfficients of a
transforgrofestion gnaincsaeniteuwherei) theaaiftesiares afidommraiies ior seileng ais they lie in a
band passnisigiovhdedinctdy ccshitiohas bfecenienoias aibish faresehiaraggsigtis\aiaidesaddiim grain
pattern; paganadasregtsinishing andi\@rset thangienvideriimopreatechepabieiasis i o/inidirag film grain
sample;fimdgmsansferscedingshbfithigiedn sarepie wrreRigrafsinitdatednat eiscoidibntgrain.

yield the film grain sampie; and (3) scaling the film grain sample to create a simulated

pattern of film grain.

16. The apparatus according fo ciaim 15 wherein the set of cut frequencies
comprises frequencies fu, fui, fuy and fuy, with fy < fun and fu < fyr, and the one of
the programmed processor or logic circuit creates the coefficients by (a) obtaining a
value for each coefficient at coordinates (x, y) which is a random value for so long as
x>=fy and y>=fy_ and x<=fuy and y<=fyn, but a zero otherwise; (b) sefting the value
of the coefficient at coordinates (x, y) to the obtained value, and (c) repeating (a) and
(c) until a value is set for every coefficient.

17. The apparatus according to claim 16 wherein the one of the
programmed processor or logic circuit creates the coefficients by setting the
coefficient at (0,0) to a zero value.

18. The apparatus according to claim 16 wherein the one of the
programmed processor or logic circuit creates the coefficients such that each of the
random values obtained follows a Gaussian random distribution.

12. The apparatus according to claim 15 wherein the one of the
programmed processor or logic circuit obtains each of the random values by
accessing an entry from a pre- computed iook-up table of random values.

20. Apparatus for simulating film grain, comprising:

means for creating coefficients of a transform of a film grain sample
wherein the coefficients are random values for so long as they lig in a band pass
region defined by a set of cut frequencies which are characteristic of a desired film
grain pattern;

means for establishing an inverse transform for the created coefficients to
yield the film grain sample; and

means for scaling the film grain sample to create a simulated pattern of film
grain.



