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MEDIA PLAYBACK DEVICES CROSS-REFERENCE TO RELATED APPLICATIONS 5 This

application claims priority under 35 U.S.C. 119(e) to U.S. Provisional Patent @% Ilcation Serial No.

60/630,756 MEZNEIMTer 24, 2004, the teachings of which are |ncorpora Qrdin-18 TECHNICAL

FIELD This invention relates to a technique for simulating film grain in an image, and more particularly
for simulating film grain in an image for playback by a media device. 15 BACKGROUND OF THE
INVENTION Motion picture films comprise silver-halide crystals dispersed in an emulsion, coated in

thin layers onJifilvh 6&s6lN ABviKpadti@ AT a6 ROt ek d ¥ HaMARRANE HhBtographic
image consisting of discrete tiny particles of siN¥¥iH{-&8lor negatives, the silver 20 undergoes
chemical removal after development and tiny blobs of dye occur on the sites where the silver crystals

form. Thesesmallspeeks:Qbdyeciesoramenysaltedtgeaiy in color film. Grain appears randomly
distributed on the resulting image because of the random formation of silver crystals on the original

emulsfon. Within a uniformly exposed area, some crystals develop after exposure while others do not.
25 Grain varies iWﬁil%@ﬂdﬁhﬂﬁﬁhi;Fth@ﬁa&t@rutdi‘tetfikﬂfl'mejargﬁ(m]he GlentpsafisilvePafermed and blobs

of dye genera e%gg)?}a thgrrﬁor%ﬁle 0! ﬂ o c%%%@m ge;gegbr&{q %ﬁ queétecgp%m Ctg grain pattern is

typically k ed eye canno dlstlngwsh In al grains, w |ch vary from
0.0002 mnirtealoutd1@02mm. Instead, the eye resolves groups of grains, referred to as blobs. A
viewer identifies these groups of blobs 30 as film grain. As the image resolution becomes larger, the
perception of the filth grain becomes higher. Film grain becomes clearly noticeable on cinema and
high-definitidi- ivigas,; WRefeas film grain progressively loses importance in SDTV and becomes
imperceptible in smaller formats. WO 2006/057994 PCT/US2005/042282 -2 Motion picture film

typically contains image- dependent noise rﬁsultln either fromtt
This Invention relates to a tec mque or simulatimg tiim grain in an image, and more

particularly for simutating film grain in an image for playback by a media device,
15  BACKGROUND OF THE INVENTION

Motion picture films comprise silver-halide crystals dispersed in an emulson, coated
in thin layers on a film base. The exposure and deve!opment of.these crystals form the
photographic image consisting of discrete tiny particles of silver. In color negatives, the siiver

20 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 ‘arain’ in color film.
Grain appears randomly distributed on the resulting image because of the random formation
of silver crystals on the original emulsion. Within a uniformly exposed area, some crystals
develop after exposure while others do not.

25 Grain varies in size and shape. The faster the fitm, the larger the clumps of silver
formed and biobs 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

30 as film grain. As the image resolution becomes farger, the perception of the film grain
becomes higher. Film grain becomes clearly noticeable on cinema and high-definition
images, whereas film grain progressively foses importance in SDTV and becomes

imperceptible in smalier formats.



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- random pattern, or
texture, resulting from physical granularity of the photographic emulsion. 5 Alternatively, a similar
pattern can begimsaseghover computed-generated images in order to blevad i amitbzghotographic
film. In both cases, this image-dependentnoise 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 facilitate the correct perception of two-dimensional pictures. Film grain is often varied
within a single film to provide various 10 clues as to time reference, point of view, etc. Many other

technical and artisteo8BLERIEE fHM EBHiERIN TG ER AN HBaRGrdeRERIE RRtIeT piBLIPE fidestrgmmherefore,
preserving theygalproapRedanesusd iMPEseRLeNsULIPASRRREESHIRY @Trhaalivery chain has

become a requirement in the motion Eict%{l%in ustry. Several commercially available products have
the capabilit oFSTREISHTTSIPh BFM22es JR&PISHSIERRIN Rt LR Rl iRt into a natural
scene. Cinean(®:frpanérasimaniuteoeali@p, fRanipesteraNeunierky efiehepiveciraplligimbiimn. ‘
applications o implement grain_simulation, produces very realistic.results far. many grain types. .
Flowever, e S B b e Bt e L e
because of tHendidtioewniie ioigereahstiiies théetphestithipmdgredspodhignasain sikerséttings.

Further, the g Tgaieharniicalian fais'e sim ialeaateinadinadeauare Hdpihpuhien ages are

subject to ‘previous processing, for example, such as when the images are copied or digitally
processed. Sﬂ%t%fa%?ﬁfﬂgréa&‘ SraduEe s siithabtaeshnf dreiiiate draneSuidergamionsin Visual
Infinity Inc., svbighherdsamiasaRiloRPEAdPRe M R ETasts(Dsithe Sl HEe Y groduct
appeai to %ﬁfr%erate sﬁh%ic %Eiain b%/‘gil erjr:ﬁna set of random numbers. This 25 approach suffers
from clac SHEGB 1 TG B EAREI AL EST Pl NG B SR e oL P
problem of restovitigdiraigraimire dothp ressed piddeoiddiisngraiheefstlptes A highérgausncy
guasi-rando ically . cannot undergo ression.using conventional spatial and
temporal me o%g%ggtb?a E é%ﬂ%?%%%ﬁé%ﬁﬁgﬁ%&%g %%%@Yg%%g&u%ﬁ%bees@ﬁﬁgmpts to process
film-originatet4Hiagest 30 simgihap piciupednd Ty /ISO H.264 compression techniques usually result

either in an unaccepialcIERIAS ALAMPHRSRIER RLLORPIEIRIARS of e eal %ﬁé{%&gﬂhu& there
exists a_need for a technique simulating film grain in an image for playback by a media player.
. 15 - often for blending a computer-generated object into a natural scene.  Cineon® from Eastman

Kodak Co, Rochester New York, one of the first digital film appiications to 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 -
20 Cineon® application fails to simulate grain with adequate fidelity when images are subject to
previous pmcess'ing, for example, such as when the images are copied or digitally processed.
| Another commercial product that simulates fiim grain is Grain Surgery™ from Visual
Infinity Inc., which is used as a plug-in of Adobc ® After Effects®. The Grain Surgery™
product appears to generate synthetic grain by filtering a set of random numbers. This
25  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 phenomenon that typically
cannot undergo compression using conventional spatial and tenif;oral methods that take
advantage of redundancies in the video sequences. Attempts to process film-originated mages
30 using MPEG-2 or ITU-T/ISO H.264 compression tcchniques.usualiy result either in an
unacceptably low degree of compression or complete loss of the grain texture.
Thus, there exists a need for a technigue simulating fiim grain in an image for

playback by a media player.



BRIEF SUMMARY OF THE INVENTION In accordance with a first aspect of the present invention,
there is provided a method for simulating a film grain block, comprising the steps of: establishing at
least one parameter in accordance with an attribute of an image block; and simulating at least one
block of film grain with bit accuracy from at least ong film grain pattern generated in accordance with
the at least one parameter using an integer transform. In accordance with a second aspect of the
present invention, there is provided an apparatus for simulating a film grain block for blending with an
image block, comprising: means for establishing at least one parameter in accordance with an

attribute @M@W;@p@tﬁgﬁg@ﬁﬂwmng at least one block of film with bit accuracy grain

by generating at least one film grain pattern in accordance with the at least one parameter using an
integer transform. In accordance with a third aspect of the present invention, there is provided a

computer readagle, MEAILMJQLGALFNG 2 é‘i’e%?ﬂﬁ&%@rﬂlﬂh?ﬁ?éﬂ:fﬁr ISREIAG With, 0 image

block, comprising the steps of: first means for causing the computer to establish at least one

parametefoﬁﬁan@@mgéw;tarm é!ﬁ%uf@@pﬁ@mfégé%m&ér @ﬁ@%@é@@%&ﬁ@f@rpmt@ the :
computer; {0, simqulafe. with, bif, ageiae s AL le sl Riock.afSimgraip with, Bit, aceiracysif gecordance

with the at least one parameter using an integer transformation. In accordance with a fourth aspect of
the presegreinveiticn, aparasy prowidbléest ansthida eiandaey ayenmatng Frvgeaieesaiidies for

blending ﬁii&@&gﬁm’uﬁﬁ ig{&gpﬁﬁ%m_f. initializing a seed of a pseudo-random number
generator upon receipt of at least one film grain parameter; and generating at least one film grain

sample by randbnaiperseassingth dsteesesprdiaf graprpentinseriiasciiersrieermtdeRdtandom
number, égﬁapﬁg%%immg@@Imag;gmamq@tg;éﬂﬁmgb;maﬁrmge@wmmg%gansform--

Briefly, in accordance with _examlﬁeée embodiments, there is provided a methodfor simulating a film
grain blodRFEPAHERIAPISHMIGE KSSH P HrRATENSAIBC DIt AREUNEEY A AHE YR &G EpIEYBZEk at normal

and rick glgymagenederreihamearmeaces AN bishinAln sAskeRs AatamAey o least in part

in accordance with an attribute of the block. Thereafter, at least one block of film grain is established
with bit aeeaPR % cesvorircBlwigiaieratitsnde FieTganamuith b2 BRIEMSPAMMARYIEIR THE

DRAWING Snteger transform.

In accordance with a third aspect of the present invention, there is provided a
computer readable medium for causing a computer to simulate film grain for blending with
an image block, comprising the steps of: first means for causing the compurterto establish at
1east'one parameter in accordance with an attribute of the image block; and second means for
causing the computer to simulate with bit accuracy at least one block of film grain with bit
accuracy in accordance with the at least one parameter using an integer transformation.

In accordance with a fourth aspect of the present invention, there is provided a
method for randomty generating film grain samples for blending with image samples,
comprising the steps of! initializing a seed of a pseudo-random number generator upon
receipt of at least one film grain parameter; and generating at least one film grain sample by
randomly accessing a database of film grain patierns in accordance with the random number,
the database of film grain patterns sirﬁulated with bit accuracy using an integer transform.

Briefly, in accordance with example embodiments, there is provided a method for
simulating a film grain block for addition to a block of an image 1o assure bit accuracy during
image playback at normal and trick play modes. The method commences by establishing at
least -onc parameter at least in part in accordance with an attribute of the block. Thereafter; at
Jeast one block of film grain is established with bit accuracy in accordance with the at least

one parameter.



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
a block schematic diagram of a system for simulating film grain in accordance with the present
principles; FIGURE 3 depicts a block diagram of a shift register for generating a primitive polynomial
modulo 2 for simulating film grain in accordance with the method of FIG. 2; and FIGURE 4 depicts a
pixel grid showing the use of random numbers in gé@nerating film grain in accordance with the method
of FIG. 2. DETAILED DESCRIPTION To understand the technique of the present principles for
simulating a bit-accurate film grain pattern comprised of individual film grain blocks, a brief overview of
film grain simulation will prove helpful. FIGURE 1 depicts a block schematic diagram of a transmitter
10, which rggiyes AMNORRY VDR TEIgnE andNedurn, generates a compressed video stream at. its
output. In addition, the transmitter 10 also generates information indicative of the film grain (if any)
present in the sample. In practice, the transmitter 10 could comprise part of a head-end array of a
cable television SyERRECr dthezssublodystbemstiatidigtaut hicomprinaiog of ddnnenyHer ahtnore
downstream receivers.l1l, only one of.which | j : [ yld. also take the
form of enddart ’éltapr‘e‘?egﬁ?éxrﬁrec’ é%?ég%ﬁ%{‘/%g%%%ﬁ%vé%%%%g%g P?ZEI'%% IZQ(%%%42282 4
receiver 1lpdecetes the coded video stream and simulates film grain in accordance with the film grain
information and degagee yi@aﬂc@%thsesm'efﬁﬂaxmraﬁ?eaﬁawmxﬁ@oeeﬁmﬁtug fianetai media itself
in the case of a DVD or the like, to yield an output video stream that has simulated film grain. The
receiver 112eeaidenes HEHPEEEERERGIF!EYX or other such 5 mechanism that serves to decode
compressed videgiguksimulgirdilinpaidiskthatodideif regiatidotarethetegeipantidveould take the
form of a DVD reproductjo vice capable.of decoding an,image.for.nl Ing,film grain in
such imagé’,om‘%}ﬁ&ﬁ%ggféc% e’ 1\%’8’% %x(l)%agf amtnz(ijg fic aﬁfgg"" slg?eegggT %&g\?ﬁlﬁ# r@ﬁ%lﬁggement of
film grain require§1G&RBrsdeitters bdie griketovdog s W pfovderhiombation SARSTASNEEMO the film
grain in the ig%){nwcg \éi&iaggé [taer words.dhedransmitter 10 "models” the film grain. Further the
receiver | 1gf|.e.,l%he deco er&psmulateS ‘ B

DETAILED DESCRIPTION

To uﬁderétand the technique of the present principles for simulating a bit-accurate film
grain giattcm comprised of individual film grain blocks, a brief overview of film grain
simulation will prove helpful. FIGURE 1 depicts a block schematic diagram of a transmitter
10, which receives an input video signal and, in turn, generates a compressed video stream at
its output, In addition, the transmitter 10 also generates information indicative of the film
graiﬁ (if any) present in the sample. In practice, the wansmitter 10 could comprise part of a
head-end array of a cable television system, or other such system that distributes compressed
video to one or more downstream receivers 11, only one of which i':»_: shown in FIG. 1. The

transmitter 10 could also take the form of encoder that presents media like a DVD 12. The



the film grain according to the film grain information received from the transmitter 10. The transmitter
10 enhances the quality of the compressed video by enabling the receiver 11 to simulate film grain in
the video signal when difficulty exists in retaining the film grain during 15 the video coding process. In
the illustrate@v@mtidisiert of FIG. 1, the transmitter 10 includes a video ercodsed3/ovebéch encodes
the video stream using any of the well known video compression techniques such as the ITU-T Rec.
H.264 1 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 imrFIG.. 1, 20 could exist upstream of the encoder 13
to remove any film grain in the incoming video stream prior to encoding. To the extent that the
incoming viBEE EENtARRCPRF TS GRIRT HESRata RatfsEudetrs e HirngrascRsfanse i i film grain
modeler 16 fagegpis thfvifkibyi gRO e vAROYBHRSheved Bohsionahefthe ilog miacrgmover 14
(when pres % sing such nput informatio e fil ain 25 modeler 16 establishes the film grain in
the'incomin% '58@ (Hgll.tslﬁigt%‘ hptes 5’@:} & “Wﬁ? Fafl M@fé‘fé?&‘@%ﬂfﬁ%‘rﬁms%%‘}%k up
table contaisimgidikd Gihaipravod€le feceditie! rhfikak stbeksrrinédensatiap isoiher isthernsing video signal -
would spec &H&%@ﬁ‘iﬁh&'@&@q SH%%@!:%&Q%P%S%%%% "eO NG mAage prior g conuersipn into a
video signal, thus allowing the ifm grain modeler 16 to select the appropriate it grain model for such
film 30 stocRaRfaasatipareeiter fHihcerldiaisddeoretoRY Ronmribicioprdedssormbltadicated logic
circuit that L I eomi ' rmine the
film grain p\gﬁ%t agtﬁg%r%;%r% ‘é’ig é?gﬁ%gg{gg@néfﬂ%ﬁﬁ%ﬁzoo%/0’5%@%%%%%5/0422’82’ -5
The receivePEFHROEMA IR BEX 21558 coder 18 that serves to decode the compressed video

stream received frone vertiansmifiends. of fiens fuaiyeg Bidhedeandends 10l daneedcenete type of -
o oo o B SRR GB TS PR ) R 1 Her oo PSSP0 SO YoRHoERE0 oo
compressiomastamtierddomodapieds Gitgging. Wadewlbdictitenhe fieeddodanddrGhchrapliant
decoder 18,;\Wihi recei A fi in.Sknul O.receiyes the film qrajn_information from
m‘é’ﬁﬂ{{‘ ﬁla%%gﬁéﬁ{g%tﬂe%sg{r%? toor %g ?éng?gég% gr (I)nrrlt}il%?gnél%%g{%mme eproces_sor,

the film -grain modeler 16. The “film grain 5 _
or dedicatetraByrittentdiRhannss Bregabatithotenmesen yitn by oretbingshebhieation 1idem combiner

22 with simulate film grain in the video signal when difficulty exists in retaining the film grain during
15 - the video codiug process. | | . | |
in the illustrated embodiment of FIG. 1, the transmitter 10 includes a video encdder i3 .
which cncodcs the video étream using any of the well known video compression techniques
such as the ITU-T Rec. H.264 | ISO/IEC 14496-10 video compression standard. Optionaily, a
film grain remover 14, in the form of a filter or the like depicted in dashed lines in FIG. 1,
20 could exist upstream of the encoder 13 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 sﬁch input information, the film grain
25  modeler 16 establishes the film grain in the incoming video signal. In its simplest form, the
film grain modeler 16 could comprise a look up table containing film grain models for
- different film stocks. Information in the incoming video signal would specify the particular
film stock originally used to record the image prior to conversion into a video signal, thus
allowing the film grain modeler 16 to select the appropriate film grain model for such film
30  stock. Alternatively, the film grain modeler 16 could compriée a processor or dedicated logic
circuit that would exécute one or more algorithms to sample the incoming video and |

~ determine the film grain pattemn that is present, as discussed hereinafter.



10 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 simulation
occurs in thewecan@rsidialong with the decoding of the incoming video sweamsi®inanrthe transmitter
10 upstream of the video decoder. 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 fiim grain in the decoded images for display. For
that reason, the ITU-T Rec. H.264 | ISO/IEC 14496-10 video compression standard contains no
specifications reg |ﬁ%°?hv§rﬁ%t§?5i§ ir‘ﬂﬁ}l'é#ﬁ‘rflﬁfsﬁ%gy%@%éﬁfﬁﬁ%ﬁmmaﬂon requires
informationcomresstingithe graimpadtevadifirihe tincamingwided Jinatusthielmferaeatian tepically
undergoes frapsmission jn a Supplemental. Enhancement [nformation (SEg%Lﬁm ssage when using the
ITU-T Rec. HAP TR B oM i 25 raed o A RGe05° A SRR Byt imendment 1
(Fidelity RaHgeTaxsefgicrmiplf, thavsemithestio rrastsmiterd P& Therfindayrtinisineniplign dechnique of
the presentpfinei I I rate fil. grain si ' lications to consumer
produgfs, sai?c%na?sﬁll?;%%@g %?%g%aﬁﬁﬁ%éﬁgﬁgg%?ggﬁ@p@%ﬁ Igul%glxﬁlée set top

boxes; teleVidfshvaldiciaiel the aped debraiHe b vieanl e HegedaarhboMishindhe awsilike | Thdimulation
technique spegifigatinas mwimetﬁﬁﬂ}ﬂﬂi%ﬁn&igﬁﬁbmgg&%ﬁ‘i%ﬁi‘ﬁeﬁ?@&aﬂeﬁlm grain
e

simulation 1? occurs after decoding the video bit-stream and prior to pixel display. The film grain
simulation 38&5&“@%@?&% HCBEHRE PR PERRFP SR EFREFSHIB PR daeisated dogifally
transmitteddincaifilav graihecchprbitieristicontilimausagansspesifiiesbythve Anamsiment Lvidridelity
RangeExt séang%oaf ‘t’%% I'I;}IJéT Rec. H.264 | ISO/IEC 14496-10 standard [1]. WO 2006/057994
PCT/US2005/ 42285 V- gpec?ﬁ%ations affecting the film grain characteristics SEl message are
provided to ensurEithegrase hinolbagipmiims desyhtesigefidmenis efrhjgts definitinnasy dietoskimterms of

sy gt S R CHAR e ISR LSS ACESER AT ONS A

discussed, film %raln characteristics appear in the ( ) ilm grain
characterishES B WHESE8 SR R BIMBHATCRCHE ithHga ey Ahuds particular, film grain

simulation occurs in the receiver 11, along with the decoding of the incoming video stream
15  from the transmitter 10 upstream of the video decoder. Note that the decoding process that
" oceurs in the recei\{er 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 | ISO/IEC 14496-10 video
- compression standard contains no specifications regarding the film grain simulation process.

20  However, film grain simulation requires informatibn concerning the grain pattern in the |
incoming 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. ‘

25 The film grain simulation technique of the present principles enables bit-accurate film
grain simulation and has applications to consumer products, such as HD DVD players for
example, Other potential applications could include set top boxes, television sets, and evén
recording devices such as camcorders and the like, The Simuiation technique specifications
comply with the ITU-T Rec. H.264 | ISO/IEC 14496-10 standard. Film grain simulation

30 occurs after decoding the video bit-stream and prior to pixel display. The film grain
simulation process requires the decoding of film grain supplementél information, eventually
transmitted in a film grain characteristics SEI message as specified by the Amendment 1
(Fidelity Range Extensions) of the FTU-T Rec. H.264 | ISO/IEC 14496~10 standard [1].



the parameters in the film grain characteristic message are constrained as follows: 10 model-id
specifies the simulation model. In the illustrated embodiment, the value equals 0, which identifies the
film grain simulation model as frequency filtering. separate_colour_description_present_flag specifies
whether the BSIcepeace% which the 15 film grain parameters are estimatBdid/eiffsyg¥282om the color
space in which the video sequence has been encoded. In the illustrated embodiment, the value
equals 0, which indicates that the ¢olor space for fl|g‘| grain simulation remains the same as for
encoding. blending-mode-id specifies the blending mode used to blend the S|mulated film grain with

20 the dec RIGHur alue eguals 0, w. corr nds to the
additive bIe%r% nlg modﬁES #ggqlzgcﬁ% ﬁﬁ éjr ?%gg%% ErElq%tﬁéogarl micscale’ gg or useci1 %rF fesent the
film grain ﬁa?hm&éYéﬂiﬁitﬁéeSQP mgga@éﬂﬂh%medmﬁwmmMmetyeﬂdn the range [2,
25 7] 1o engiegaiaeifiym grain simulation can occur using 16-bit arithmetic.

intensity-interval- lower- bound[ c ][ i ] and intensity_interval_upper_bound] c ][ 1] speC|fy the limits of
the intensity interval i of color component c for which film grain parameters have been modeled. For

all c argl forFany iIGRRABRCYRIRAG e WitldDer sageAlfHrtensiyinigrianisthat verifies |
intensity-interval-lower-bound[ c ][ i ] c= v and intensity_interval_upper_bound[ c ][ i] >= v, since
multi-generational film grain is not allowed. WO 2006/057994 PCT/US2005/042282 7
num_model_valugs qucﬁlspgmfmmmMMBgﬁemdethmas&mm$E¢/IE¢€NS“V interval
for color co t Il in the range which specifies that band-pass
filtering and{m ggsei E(S:gii ér)rrl?le gt%%&g?g no su%iﬁ%s?ﬁe é? COfLT{l) o andgelﬁ\l/allﬁgea[gg 9 l%‘nﬁeoéjlfles the film
grain intenshy paressisFCosoHangriadapcteriite intssont argomaﬂtr@zmm fbﬁ@mtue lies in the range
[0, 25%) to ensure film grain simulation can occur using 16-bit arithmetic. cop-model- -value[ ¢ J[i][ 11
specifies the horizontal high cut freql ency that characterizes 10 the film grain shape for color

component®eAskH it sassifiFr s s nigtiranadelndn trdlipsitatedismbodieninge T2lueagwelion includes
al the requirkidigtein i exesiangesa el ivainebs s fdukspgeifiatige vertical igh cut requency

that characterizes a
separate colour descrlphan_presem flag specifies whether the color space in which the
15 - film graln parameters are estimated is different from the color space in which the vuieo
sequence has been encoded. In the illustrated embodiment, the value equals 0, which

indicates that the color space for film grain simulation remains the same as for encoding.

blending mode_id specifies the blending mode used to blend the simulated film grain with -
20 the decoded pictures. In the illustrated embodiment, the value equals 0, which corresponds to

the additive blending mode.

log2_scale_factor specifies the }ogarithmié scale factor used to represent the film grain
parameters in the SEI message. In the illustrated embodiment, the value lies in the range [2,

25 7] to ensure the film grain simulation can occur using 16-bit arithmetic.

- intensity_interyalmlower_bound{ ¢ }{ i ] and intensity_interval_upper_bound| ¢ Mil
specify the limits of the intensity interval i of color component ¢ for which film grain
parameters have been modeled. For all ¢ and for any intensity value v, there will be a single

30 :intensity interval i that verifies intensity__interva!__lowerw‘bdund{ cilil<=vand
intensity,_in&ervai,ﬁpper_bound{ ¢ ][ i ] >= v, since multi-generational film grain is not

allowed.



film grain shape for color component ¢ and intensity interval i. For all c and i, the value lies 15 in the
range [2, 141 which includes all the required grain patterns. film-grain-characteristics-repetition-period
indicates whether another film grain characteristics SEI message shall be present in the bitstream and
specifies theVpiztpe/ &Y+ count interval which another film grain charact@fstic®®8EP+ar¥ssage will be
present. In the 20 illustrated embodiment, the value equals equal to O to specify that the film grain
characteristics SEI message applies to the current decoded picture only. In accordance with the
present principles, a film grain characteristics SEI méssage. must precede all pictures requiring .the
insertion of fi (AT DI ures.pit 25 accuracy.in tri ode play as well as regular play
mode for mgg%%?g%bgggﬁﬁg&@u%cﬁe%g Bﬁrzyl}%%%n O%%Y:’%}él% Sgﬁg\llf}se%cf#-acéu rate film
grain insertigteRsipomaeddae wioerompangisplay ordi ., provided lineifilthegrage $imtlatibitioccurs using
bit-acourate fgeliRicheFnmaAnARIGL AR £aI0LORPLAFAS RN HfaBhidervals in an SEI
message, the number of different pairs (comp-model-value[ c ][ 1 ][ 11, eomp_model_value[c][i][2])
30 cannot exceed ten. All the other parameters in the film grain characteristics SEI message specified
by the BTU-ToRGe nkb244vhlSPLEG 44PGfrziamdanchhaxe nrecanstraisipraeaaieing: to fhe present
principlesr WO 2006/057%9450%{1U92 05 042@82, -8_ SIT-ACCURATE FILM GRAIN SIMULATION
Film grain SPOIEEORSE@ s i S8 A Brotaree tise s B &apardherey Afynsure film grain .
rain_characierigtiten canoetuflagiig 16-bitearitemniz| TU-T Rec. H.264 ( ISO/IEC 5 14496-10 video
compression standard specifications allow the simulation of film grain in all color components. Film
grain simulation and addition of the simulated film grain to the color component c of the decoded
picture occépspcEefelnvatnel pibkdrk Iftagtitdsehehisizomahkighimigravaitarintestizse8Esmessage.
In accardange siihgae RrapeR-ANGIRIsApACC AR R IAEIAIUIRNON QOGS Bt Uiglepecifying a

database of film grain patterns.. Thereafter; 10 pseudo-random selection of a film grain pattern occurs
using a uniféipesiaREsdAdtth WHH@H@F@@%@@FF@H&W@[&E%@@% selected pattern then
undergoes a precise sequence of operations. Film grain simulation typically occurs independently for

each color component. FILM GRAIN_SIMULATION OPERATIONAL SEQUENCE 15
‘ com moﬁe]__vak'ue[ el 5[ 2% specl{ées 86 vertical high cut frequer%y that characterizes a

film grain shape for color component ¢ and intensity interval i. For all ¢ and i, the value Jies

15  inthe range {2, 14] which includes all the requiréd grain patterns.

- film _grain_characteristics;repetition,_perioé indicates whether another film grain
- characteristics SEI message shall be present in the bitstream and specifies the picture order
- count interval which another film grain characteristics SEI message will be present. In the
20 - illustrated embodiment, the value equals equal to O to specify that the film grain-

chargcteristics SEI message applies to the current decoded picture only.

In accordance with the present principles, a film grain characteristics SEI message.
must precede all pictures requiring the insertion of film grain. This approach ensures bit
25 accuracy in trick mode play as well as regular play mode for media reproduction devices such
as VD players and the like, and allows bit-accurate film grain insertion in both decode order
and display order, provided the film grain simulation occurs using bit-accurate technigues.
Combining all the color components ¢ and intensity intervals in an SEI message, the
number of different pairs (comp_model_vaiuel ¢ 1[ i ][ 1 ], comp_model_valuef cJ[i} 2D
30 cannot exceed ten. All the other parameters in the film grain characteristics SEI message
specified by the ITU-T Rec. H.264 | ISO/IEC 14496-10 standard have no constraints

according to the present principles.



The sequence of operations performed to simulate and add film grain to a decoded picture appears in
Figure 2. Particularization of the simulation process to a specific one of a triad of primary colors
occurs by setting ¢ equal to 0, 1 or 2. In the illustrative embodiment film grain simulation occurs in
raster scan okderpwitiizadkblock size of 8x8 pixels, but other 20 implement&tigrisseesviam2possible. The
sequence of operations begins with the execution of step 100 to establish the film grain parameters.
Part of the process of establishing the film grain parameters for the simulated film grain includes
extracting film grain information carried by the incorﬁmg video signal that originated upon reproduction
of the DVD y igh r b 200. With the incoming video signal encoded
using the IT%@%%@I?%%? ?%%/%ﬁ?&?ﬁlﬁ e% coding standard, film grain information will
appear in the SEI message. Extracting the SElI message requires decoding of the incoming H.264
coded incoming vi ' WSIng: 4.l MPEG-4 AVC-compliant decoder 101 as shown in FIG.
2. In practice, the gg&%‘%ﬁ@%ﬁ%ﬁ% %%anﬁééé Itcf)g%g%u?&g Sh S Wi |ﬁ¥?ﬁe DVD player for
reproducin.g‘gﬂ%ﬁafﬁ&ﬁj?ﬁ%ﬁrfﬁ%‘?ﬁéﬁ\?ﬁ—f@gihé SkE s dEGonRiind 5244 (A5 Palztneters,

including intemist)lgimewak’zﬁ@@&&i&ost&@dsﬂﬁ]sﬁé&fieiﬁeﬁt!{ui{%%\éaé;n&{ﬁ&&&%?%ﬁ[g}\%%%fg | ranges
from O to the%\{alue of the %?g%?geter_num intensity _intervals_minusl[c], These SEI /057994

PCT/1352005/04998558 e IR SLAH LIPS AriiRitdiion b airaslitad finema v tagdpixel
intensity vakeenponsplited therdeculal mompanentsafafonde Myl oyAHaRDiNgRB X3 AIXR! PIRGkIN the
decoded imgge ' ispl uffer 102 following decoding by the decoder 101. For each non-
overlapping 8 x%ﬁ%ﬁgﬁgﬁo or corponen Ccé%%’fﬁ%“é%l@%fe%ﬁ?ﬁ%@?%ﬂﬁ?u%‘ﬁ%‘&ﬁ? the
average valiEdEain s o ptigs RO By fitkie fotibyingn daainse: obfifym @lan s @nk<8hécedfrfor( .1=0;
1<8; It ) 1pauprmassodedipistorelgl | + imo( AV, 32) 22 & where (m,n) are the
top-left coo%in%tesmof the b'Ioék and deco%ﬁ%%%%%ﬁ%ﬁrﬁ%ﬁﬁgfﬁwﬁ ?H‘gocré‘%é%d pixel value at
coordinates i 2HETE G UoHRE BYFRPSnfiscselected pattemn then undergoes a precise sequence of

- operations. Film grain simulation typically occurs independently for each color compoﬁerit.

FILM GRAIN SIMULATION OPERATIONAL SEQUENCE
15 | -

The sequence of operations performed to simulate and add film grain to a deéoded
picture appears in Figure 2. Particularization of the simulation process to a specific one of a
triad of primary colors occurs by setting ¢ equal 10 0, 1 or 2. In thé illustrative embodiment
film grain simulation occurs in raster scan order, with a block size of 8x8 pixels, but other

20 implementations remain possible, _

The sequence of operations begins with the execution of step 100 to establish the film
grain parameters. Part of the process of establishing the film grain parameterg for the |
simulated film grain includes extracting film grain information carried by the incoming video
signal that originated upon reproduction of the DVD 12, or that ori ginates from a set top box

25 200. With the incoming video signal encoded using the ITU-T Rec. H.264 | ISO/IEC 14496-
10 video coding standard, film grain information wil} appear in the SEI message. Exfracting

- the SEl message requires decoding of the incoming H.264 coded incoming video signal using

a H.264 | MPEG-4 AVC-compliant decoder 101 as shown in FIG. 2. In practice, the decoder
.101 would exist within the set top box 200 or within the DVD player for reproducing the

30 information on the DVD 12. _ V '

The SEI meséage contains several parameters, inclﬁding
' intensityminterval_}owérmbound[c][i} and intensity_interval_upper_bound[c]{i] where i

ranges from O to the value of the parameter num_intensity_intervals_minuslic]. These SEI



15 The average value is compared to the SEI message intensity_interval_lower_bound[ c Ifi] and
intensity_interval_upper_bound[ c ][ | | parameters, for values of 1 ranging from 0 to
num_intensity_intervals_minusl[ ¢ ]. The value of | for which the block average value is larger or equal
than intensitywntesgab7bower _bound[ ¢ J[ i ] and smaller or equal than inteagitystaratepper-bound|
c if i ], denoted by s, serves to select the film grain 20 parameters for the current block established
during step 100. If no value exists that fulfills the preyvious condition, no film grain simulation occurs-on
the current block. In such case, the film grain block Creation process that would otherwise occur
during step 104 HSJ >scribed hereinafter, does not occur. Under such conditions, the deblocking step
108, as desci]:i}l sséa(?é gefglﬁé%)tgr??e%r |V3§%n§pgf11%%%ﬁ%aéﬁsé BY&EWW%IW%“@?%Y@EG&W&@(O. 25 In
the illustrativer arrtlotiernentine Skleack ssagevcomiping herizsintabhigh ianbe\iRdicel highcut
frequencies ] t - ng 2ncies) that describe the properties of a
two-dimensﬁﬁ%ﬂ%ﬂ%ﬁ%ﬁa{{gﬁ&g&ﬁ%&eﬁ eéﬁ%ﬁﬁ?ﬁ%bgr%?ngﬁ% te rrn%&eﬂtl%orc%ﬁ%é‘aﬁ'en(:ies of the
chroma confiysHarEedx dpiel Ripgk fiomeden pmasnes, oehdre detoftrdtinge Admpohimnaformat,

undergg scalipgvi@adanrldo bt dBEppadoinat asiR% iRl s ngemMP-model-value[ c J[s ][ 1] =
Clip(2, 14, (comp-model-value[ ¢ ][ s ][ 13 << 1)) eomp_model_value[c][s][ 2 1 = Clip(2, 14,
(comp_model_value[ c ][ s ][ 2] << 1)) WO 2006/057994 PCT/US2005/042282 -10 Step 104 initiates
the processasgestablishing a film-grain block, typically although not necessarily 8 x 8 pixels in size.

The step of%%%fblmliﬁhpggakfﬂ%grain block of 8x8 pixels involves retrieving a block of 8x8 film grain

samples from a film’grair‘database 105, and 5 scaling the samples to the proper intensity. Scaling,
while desirabferhbedirisBhloessarily occur. The database 105 typically comprises 169 patterns of

4,096 fihm grain SW@dgmd[?ﬂﬁ?e?@ﬁ%%%‘?ﬁﬁi‘? grain pattern. The database 105 stores the

values in 2's complement form, ranging from - to 127. Synthesis of each film grain pattern typically
occurs using'& SpewEit PAiIFatcut frequencies that establish a two-dimensional filter that 10 defines the
film grain pattern. The cut frequencies transmitted in the SEI message enable access of the database

105 of film qr in patterns during film grain simulation. The creation of a film grain block of 8x8 pixels.
not only invo@éﬁﬁ%”éﬁfg ?6?%%&88%8'(“85@ firih plislsard slesofspisierabedbase Jllitthd bcaling of

those sampleth¢aitheded pixel value at coordinates (m + k, -+ 1) of color component c.
i5 The average value is compared to the SEI message intensity_interval_lower_bound|
e]Jfi]and intensity;intervaE_uppermbound[ ¢ [ i ] parameters, for values of i ranging from
- 0 to num_intensity_intervals_minusi] ¢ ]. The value of i for which the block average value
18 larger or equal than intensity_interval_lower_bound[ ¢ I[ i ] and smaller or equal than
- intensity_interval_uspper_bound{c J[i], denoted by s, serves to select the film grain

20 parameters for the current block established duringl step 100. If no value exists that fulfills the
previous condition, no film grain simulation occurs on the current biock. In such case, the
film grain block creation process that would otherwise occur during step 104, as described
hereinafter, does not occur. Under such conditions, the deblocking step 108, as described
hereinafter, receives as an input an 8x8 block with all its pixels equal to zero.

25 In the iHustrative smbodimcnt; the SEI message contains horizontal high and vertical
high cut frequencies (some times referred to as cut-off frequencies) that describe the
properties of a two-dimensional filter that characterizes the desired film grain pattern). The _
cut frequencies of the chroma components (¢ = 1, 2) set forth in the SEI message, when set

‘ forth in a 4:4:4 chroma format, undergo scaling to adapt to the 4:2:0 chroma format as
30 follows: '

comp_model_value[ ¢ J{ s ][ 1] = Clip(2, 14, (comp_,modef_mvaiué{ clisli]<<))
comp_model_value[ c ][ s ][ 2} = Clip(2, 14, (comp_mode]_vaiue{ ¢ Jf s H2]<<1))



proper intensity. The cut frequencies comp_model_value[a][s ][ 1] and 15 . comp_model_value[ c if
s ][ 2 ] determine which pattern of the database is used as source of film grain samples and two
randomly generated values select an 8x8 block from it. These random values represent a horizontal
and vertical ofigetwithmsthe 64x64 pixel pattern and are created using thedwolimaéngspresedure: 20
k_offset = (MSB]6(x(r, e,)) % 52) k. offset &= OxFFFC k_offset +=in & 0x0008 |_offset = (LSB16(x(r,
e~)) % 56) 25 |I_offset &= OxFFF8'l_offset += n & 0x0008 where x(r, e.) indicates the r-th symbol of
the sequence x of pseudo-random numbers, ge-ne'rJaQ“ed by a random number generator 114 depicted
in FIG. 3, when the random number 30 generator is initialized with the seed e,. As seen in FIG. 3, the
random number generator 114 comprises a 32 bit shift register whose most significant sixteen bits and
least significant skeed@binitipterstiivpeotresefloeshliSRia sk RRIGccn PRty ahbyegmun) are the

coordinates,of Re-FLH N SX&10IAGKIN the dR § ed nictul re F the k og[s £, tpg érst O 2006/057994

PCT/US2005/042282 -11 equation generate a pseu o ra ue uniform BFBtited in the
range [0, 51‘]’%%@6@?&%%@65 ¢ §ﬁ$cf§1ﬂﬁlﬁva$@@wmm§1m ﬁam@m&asﬂémﬂinon adds 8 to

k_offses Wb@hxﬁ@%&@a@%é&&&h@ﬂwﬁéﬂ@K&%Waﬁeﬂﬁmgr%ﬂﬁéfﬁ’éﬂggiéq{e@% practice, the
pseudo-random aﬁgene{lﬁ%or 114 of FIG. 3 makes use of a 5 primitive po ynom odulo 2

operator, x3F %3 Pe RSN ELH SPIRALY £omDEiRes HifSraejistas, of d RAGfiimigramesammies rasih blocks of
8x8.pixels mmm Gtaoa lﬁaﬁﬁmqfaﬁéﬂﬁ‘tlﬁ@(@é‘@a&iﬁ@dﬂ Bebh&: IR Qb IN the illustrated

embodimeg @gl on of the se d of Eﬁﬁp -r b r generator 114 occurs according
to the followin equeé%%n (Z%ls(%'gtgﬁsﬁ © nh SN PYRIB RIS 173 ]
where ABS{W‘H’@#@%&I&E%KMP@%&?&M&@@@@ isahsipidisire ovdetisprsibafltinee et picture,

whichighalibsrie ivom fumihgacifieorsitean asshaclpshinined THal B8 264 LISQIEC
14496-10 standard; and
. access of the database 105 of film grain patterns during film grain simulation.

The creation of a film grain block of 8x8 pixels.not only involve the retrieval of a
block of 8x8 film grain samples from the database, but the scaling of those samples to the -
proper intensity. The cut frequencies comp_model_value] ¢J[s [ 1] and

15 eampumodeijalue{ ¢ ]I s } 2 ] determine which pattern of the database is used as-sourcc of
film grain samples and two randomiy generated values select an 8x8 block from it, ’fhése
random vaiues represent a horizontal and vertical offset within the 64x64 pixel pattem and are

created using the feliowmg procedure:

20 k_offset = (MSB4(x(r, )} % 52)
k_offset &= 0xFFFC 7
k_offset += m & 0x0008

1_offset = (LSB¢(x(r, &.)) % 56)
25 | _offset &= OxFFF8
1_offset += n & 0x0008

where x(r, e.) indicates the r-th symbol of the sequence X of pseado-random numbers,‘
_generated by a random number generaior 114 depicted in FIG. 3, when the random number
30  generator is initialized with the seed e.. As seen in FIG. 3, the random number generator 114
comprises a 32 bit sﬁift register whose most significant sixteen bits and least significant
~ sixteen bits constitute the values MSB s and LSB1¢, appearing above. (m,n) are the

coordinates of the current 8x8 block in the decoded picture. For the k_offset, the first



idr_pie_id shall be read from the slice header of an ITU-T Rec. H.264 | ISO/IEC 14496-10 video
stream in order to identify IDR pictures. 20 To ensure proper film grain simulation, the HD DVD system
specifications specify that idr_pic_id changes for each encoded IDR; whereas offset[ 3 1 = 10, 58,
115} provide¥ & Wifi@féoffset for each color component; and Seed_LUTPapieasesipiihex A,
sub-clause. A.3. During a pause, the seeds of the pseudo-random number generator 114 undergo 25
initialization to the same value at the beginning of the picture. Alternatively, the seed could be
initialized as follows: ec = Seed_LUT] (PicOrderCnt™ PicOrderCnt_offset << 5 + color_offset[cl) %

256] 30 where color_offset[3] = (0,.85, 170) and Se UT contains,256 values jnstead of 173. WO
2006/05799%%%@56?5%%4’2%‘8%0'?1’? ev?r)lé‘Su gfgr néiéir‘ﬁ"fx% l}‘e’dsx r,?'éf)faﬁ%iﬁergiig‘ e
pseudo-rangagni equasog enatatothal i4lef ol GuBipiedof goesdupdimgaadon h6dpiketsk(fndiizontally)
and every 16.lines (yertically). Each non-overlapping.area of 16x16.pixe the decoded picture uses
the same p‘é’é’ﬁ%gl-?@;ga%ﬂ%“%mﬁ%r“?(%% (Ial.t){.) Yy %%Strag%éfe %%%cgr)é&%@%%&efgéﬁﬁng sequence of pseudo
5 random values xﬁrp‘e@)if.tﬂ,ldvas?wvéstmanrmm@rmeﬁfatQﬁkl‘Bqfiféﬁg?i@}#@slﬁﬁﬁftﬁing raster scan
ordering of (e MOCKS 0f S8 MREIR 3 Hisassed previauslvAsdeat ofdhe fimidiain Rlagk.creation

step 104, in‘the illustrated embodiment, ‘computation of the random offsets is followed by scaﬁng of
the 64 film dpaRndemissdseritmersipiaks ahbaiscisiromiie o erirenticdy of Erretpirea) = 0) 2
comp_modejpalueh HasHLd 105camprmpselvalualiedisdhQ hiseniadastenreosede sFuR) 2 0:115.
for(k = 0; k<8; k++) for(1=0; 1<8; I++22’{?8[ = scale-factor,* dat%jggiih&‘][?v%( +.k _offset ][ | + |_offset
1 film_grain BROGRRIPAD LR BHHE AR CHBENT DL 8% I8 AE1U0Z0) >> 6 } 20 where

h is equal to comp_model_value[c]{s][1] - 2, v is equal to comp_model_value[c][s][2] -
10 e, = Seed_LUT[ (ABS(POC) + idr_pic_id << 5+ offsetf ¢ ]} % 173 ]

where

ABS(.) denotes the absolute value;

i5 POC is the picture order count of the current picture, which shall be derived from the
' video stream as specified in the ITU-T Rec. H.264 | ISO/IEC 14496-10 standard; and

“idr_pic_id shall be read from the slice header of an ITU-T Rec. H.264 | ISO/IEC 14496-10
- video stream in order to identify IDR pictures.
20 '
To ensure proper film grain simulation, the HD DVD system specifications specify
that idr_pic_id changes for each encoded IDR; whereas offset[ 3 1= { @, 58,7115} provides a
different offset for each color component; and Seed_LUT appears in Annex A, sub-clause.
A.3. During a pause, the seeds of the pseudo-random number generator 114 undergo
25  ipitialization io the same value at the beginning of the picture, Alternatively, the seed could

be initialized as follows:
ec = Seed_LUT] (PicOrderCnt + PicOrderCnt_offset << 5 + color_offset[c]) % 256}

30 where color_offset[3] = {0, 85, 170} and Seed_LUT contains 256 values insteac} of 173,



2,-the factor 6 scales the film grain values provided in Annex A, Appendix A.3, and BITO denotes the
LSB. Deblocking occurs during step 108 whereby a deblocking filter (not shown) is applied between
adjacent film grain blocks to ensure the seamless formation of film grain patterns. In 25 the illustrative
embodimentXRedelfgeting filter applies only to the vertical edges betweefildtjaeEvitpistks.
Assuming film grain blocks are simulated in raster scan order and that the - left-most pixels of
current_fg_block are adjacent to the right-most pixels of previous_fg_block, the deblocking filter shall
be performed by means of a 3-tap filter as follows: 38 for (k = 0; k<8; k++) { 11 = previous_fg_block[ 6

][ k] 10 = previou lack[ 7 k 1 WQ 2006/057994 . PCT/US2005/042282 -13-10 = -
current_fg_block| %ﬁgﬁﬁ]g?(lag-é?ﬁ]g%}_ éi%%(%%ke[‘i]frﬁajt%%‘r’%n E%SEB é}éf(T‘(‘}‘j’f‘ Hﬂ?‘?ﬁ %r%]%@‘if) +r11+2)
>> 2 previoud 4 Ko diagfdopsupdatingleyery 16 pix@s(Ryizsmally} dudthessntbdirttse film grain -
simulation d, fi ' i ith a ) ing decoded
Sicture blotk S e ek L A e O B o K = o
k<8; k++) fBteudecRIdEmIAREE R Ry Loichi dlspmdindiged heeping2ssuanse o eeepioture c ][ m
+ K ][ N3 1 Fandban Mloekd Xl 4D rdBovherendmy @&ﬁr&%ﬁéﬂfﬁ'ﬁgﬁ%’W@ﬁ%meeﬂgﬁﬁg raster

decoded-picture%gé m + K ][‘?n +1]is_the decoded pixel value at coordinates (m + k, n'+ 1) of color
component S3HTC AL Bic Eﬂ@lfsc‘ﬁf%f‘ Rifjels s disrustred P& Biltput at the same coordinates,
As part of the film grain block creation step 104, in the illustrated embodiment,
- computation of the random offsets is followed by scaling of the 64 film grain values extracted
from the database as follows:
.10 :
scale_factor = (BITo(x(r, e)) == 0) 7 comp_modei_value[ cl[sifo]:.

-comp_model_value[ ¢ J[s ][ 0]

scale_factor >>=(c==0)20:1

15 for{ k=0; k<8; ‘k++)
for(1=0; 1«8; I++) {
g = scale_factor * datébase{ hjlvI[k+k_ offset Y 1+1_offset ] _
film_grain_block[ k J{ 1] = (((g + 28449 1y 5 1002 scale factor ) + 32) >> 6
) | |
20 whereh is equal to comp_model_value[c]s}[1] - 2, v is equal to comp_model_valuefc]fs]{2] -
.2, the factor 6 scales the film grain values provided in Annex A, Appendix A.3, and BIT,
denotes the L.SB. . | .
Deblocking occurs during step 108 Whereby a deblocking filter {not shown) is applied
between adjacent film grain blocks to ensure the seamless formation of film grain patterns. In
25  theillustrative embodiment, the deblocking filter applies only to the vertical edges between
adjacent blocks. Assuming film grain blocks are simulated in raster scan order and that the
- left-most pixels of current_fg_block are adjacent to the right-most pixels of ‘
previous_fg_block, the deblocking filter shall be performed by ﬁdean’.é of a 3-tap fi}ter.as
follows:
30
for (k = 0; k<8; k++){
11 = previous_fg_block{ 6 ][k ]
10 = previous_fg_block{ 7 ][ k]



A switching element 111 controls the passage of the deblocked film grain block to the 20 block 110
under the control of a control element 112. The control element 112 controls the switching element
responsive to whether the SEI message parameter film_grain_eharacteristics_cancel_flag equals
unity or the fretheneengfesspecified by the parameter film_grain_characterigtie8 Sxmp#titias2 period has
been exceeded which dictate whether film grain simulation should occur as discussed above. 25
Although shown separately from the set top box 200, the overall process comprising steps 100, 103,
104, and 108, as well as the elements 101, 102 1051;%06, 109, 111 and 112 could easily exist within
the set-top box. The same would be true with regard to the DVD player (not shown) reproducing the
content on the DVIY TEUARSY J60BRTEY 89l PlCT/US2005/042282 -14- ANNEX A Accomplishing a
bit-accurate repres¢rtatiganefih el argir pattern database 105 can occur either by storing a
pre-computed list of values qr by ¢ ting the values through an 5 initialization process. DATABASE
CREATION PRO@%%@‘B%;&B@{F&@TE i ffﬂ%a' a'b?;l%é" 5°can occur by providing: (1) a LUT of
10 Gaussian randemavisumiferdideX)| & Jnkfoea(pse(ide<dndad-nRmel generator, such as generator
106, andnteger transform; and by performing a sequence of operations described hereinafter.
Creation of a 64x64 film grain pattern with horizontal cut frequency h+2 and vertical cut frequency

v+2, yields a databfsigbendnbthas dagatinséphiftior] provedatadshincled Mlioremisddesk requires the

creation of aj}, passiil 8?&&?%%&9&'&8&%% dhdbch phsreioandiy Abteiiienbe ggaf O to 12.
To form an %d@%%%%mm lock image, upatﬁ(%[4,096 values are read1 from a' LUT of Gaussian

random nurieigsuitis ipnedicd QussiRTtandtiRiBmbers; provided in Appendix A.3, is composed of
2,048 values stored in 2's complement form and ranging from -127 to 127. The uniform

Pseudo-Rarédomyﬁrgb%r Geperator (PRNG) defined in Section 2.is used to 20 randomly. abcess the
LUT_oil%au %ﬁ(a}fﬁ 5 1?1 bers. In an initialization step, the values of the 64x64 block image shall
be set to zerofaid =thels&dd-of the PRNG shall be initialized as follows: ehv=Seed_LUT[It +v*13

display_picture{ ¢ J{ m +k I n+1]=Clip(©, 255,
decoded_picturef c Hm+klin+1]+
fg block[ K 1[11) -
15
“where (m,n) are the top-left coordinates of the block, decoded_picturef ¢ i m+k [{n+1]1s
" the decoded pixel vé}ue at coordinates {m+k, n+1)of color componcni ¢ and
-display_picture[ ¢ }[ m +k ][ n + 1] is the video output at the same coordinates. .
A switching element 111 controls the passage of the deblocked film grain block to the |
20 block 110 under the control of a control element 212; The control element 112 controls the
switching element responsive to whether the SEI message parameter |
film_grain_characteristics_cancel_flag equals unity or the frame range specified by the
parameter film_grain_characteristics_repetition_period has been exceeded which dictate
whether film grain simulation should occur as discussed above.
25 Although shown separately from the set top box 200, the overall process comprising
steps 100, 103, 104, and 108, as well as the elements 101, 102 105, 106, 109, 111 and 112
could easily exist within the set-top box. The same would be true with regard to the DVD.

plaver (not shown) reproducing the content on the DVD 12,



25 (A-1) Creation of the 64x64 block image occurs as follows:" th = ((h+3) " 2) -1 30 fv=((v+3) "2) -1
for( = 0, r = 0; i<=fv; I++) for( k = 0; k<=fh; k+=4) { WO 2006/057994 PCT1US20051042282 -15 B[ k
I[1] = Gaussian_LUT[ x(r, eh") % 2,0481 B[ k + 1 ] [ 11 = Gaussian_LUT[ (x(r, eh,,) + 1) % 2,048 ]
(A-2) B[ k + &/p[zhopms@aussian_LUT[ (x(r, eh™) + 2) % 2,048 ] B[ k + 3 |[ ¢ miGanssianst UT[ (x(r,
eh,,) + 3) % 2,048 ] 5r++} B[0][0]=0 where x(r, eh,) is the pseudo-random value created at iteration r
of the polynomial x initialized 10 at seed eb,,. Computation of a 64x64 inverse integer transform
Inverse transformation of the 64x64 matrix of coeffidients will yield the film grain 15 pattern database|
It ][ v ]. Computation of the inverse transform occurs as follows: database[h ][ v] = (((RMT x B + 128)
>> 8) X R64“W§> 8 Deblocking of horizontal 8x8 block edges 20 The final step in the creation
process of a 64x64 film grain pattern comprises the -deblocking of horizontal 8x8 block edges.
Deblocking is performed hy attenuation of pixel values according to the following equation: for(l = 0;
1<64;1+=8) { 25 fORIPDRICREGAR VB RltARESPHAANGf e dHm BB PP Rfffabase 105 can
[*deblock_teeterdihecb¥ statapased-bohpdlck Jisl of h{netahasefdiipwilikilei varies tidebiock, factor v ])

>>1 }g 3Qnitialization process.

DATABASE CREATION PROCESS

Bit—éccurate creation of the database 105 can occur by providing: (1) a LUT of
- 10 Gaussian random numbers; (2) a uniform pseudo-random number generator, such z;é generator
106, an integer transform; and by performing a sequence of operations described hereinafter.
Creation of a 64x64 film grain pattern with horizontal cut frequency h+2 and vertical cut
frequency v+2, yields a database denoted as database[ h J[ v ]. The database creation process
requires the creation of all possible patierns in the database{ h J[ v 1,. where i and v are in the -
15 range of O to 12. . o
To form an individual 64x64 block image, up to 4,096 values are read from a LUT of
Gaussian random numbers. The LUT of Gaussian random numbers, provided in Appendix
Al is compdsed of 2,048 values stored in 2’s complement form én_d ranging from -127 to
127. The uniform Pseudo-Random Number Generator (PRNG)-defined in Section 2 is used to
20 randomly access the LUT of Gaussian random numbers.
In an initialization step, the values of the 64x64 block image éhall be set to zero and
the seed of the PRNG shall be initialized as follows: .

ew=Seed LUT[h+v#*13]
25  (A-D

Creation of the 64x64 block image occurs as follows:

fh=(h+3) << 2)- 1
30 fi=((v+3)<<2)-1

for(1=0, 1= 0; I<=f,; 1+)
for( k =0; ke=f}; k+=4) {



where deblock_factor[ v ] is defined for a preferred embodiment as: WO 2006/057994
PCT/US2005/042282 -16 deblock_factor[v] _ {66, 71, 77, 84, 90, 96, 103, 109, 116, 122, 128, 128,
128 } The foregoing describes a technique for simulating film grain in an image, and more particularly
for simulatingsitrmogg@itisk an image for playback by a media device. WO 2Q06{0219942252
PCT/US2005/042282 17 APPENDIX A Gausslan_LUT[2048] OxF5, OxOB, 0x67, OxF5, 0x29,
OxDE, OxOC, Ox3B, Ox4D, 0x61, OxAA, 0x03, 0x41, OxB2, 5 Ox2D, 0x37, OxCE, 0x15,
OxOD,.OxF6, OXEC, OxXEE, 0x21, 0x81, OxIO, OXEB30x97, OxI2, 0x13, 0x46, Ox2F,OxF6, OxDA,
Ox2A, OXFE, Ox4A, OxBD, 0x34, OxA6, 0x21, OxD2, Ox14, OxFE, OxC9, 0x31, OxOO, OxC7,
OxD7, 10 OROBl[ bl 7eSausiarokds | 3l 3G X0E, Ox7F, OX7A, OX6C, 0x33, OXTF, OO,

0x06, Ox71gpxL31 PHiP= Q¥GaOKE] O, 0x01) @xAs0x81, Ox6F, OXxCRAQXES, 0x02, OXCF,
OxE9, Ox3A, OxE4 Oxl§_7 OxQBaC_)éZI% 0x42, Ox4E % FE, OxSE, OxA9, OxFB, OxFB, 0x28, Ox3A,
0xBO, 0x31BUxES 1115 DKiEsssBRa e b 2b¥r )2,’@&8, OXDD, OxF3, OXF2, Ox8l, OXC9,
OXEA, OXCHB[@x33, 10Xx96, Gxe4iarOXBET] QB 8, DX BFZ IR DXFE, 0x29, 0x57, OxBF, OxFI, 0x36,
0x12, Ox5A .QPXBO, OxBF, OxCO, 0x23, OxFA, OxCA, 20 0x62, OxFA, 0x58, Ox7D, OXES, Ox5B,
Ox00, x3lt‘, Ox3B, OxF2, OxE9, 0x70, OXEO, 0x74, OxOD,0x19, 0x33, OxFO, Ox6B, OxF9, 004,

0x26, OXDE, ®x 10, OXFA, 0x04, OxA5, OxO6, OX3E, OX3E, OxFI,0x26, OxDC, 0x12, 0x36, Oxl 1,
OxCD, Ox27BE)5quO(])§[aB, Ox7D, OxDA, Ox8A, OxIO, OxE2, OxO0, 25 OxlI2, Ox62,

where x(r, eny) is the pseudo-random value created at iteration r of the polynomial x initialized

10 at seed ey,
Computation of a 64x64 inverse integer transform

Inverse transformation of the 64x64 matrix of coefficients will vield the film grain

15  pattern database[ h J[ v ]. Computation of the inverse transform occurs as follows:

 database[R][v]= (R XB +128) >> 8) xR, + 128) >> 8
' Deblocking of horizontal 8x8 block edges

20 The final step in the creation process of a 64x64 film grain ?attem cornptiscs the
deblocking of horizontal 8x8 block edges. Deblocking is performed by attenuation of pixel

values according to the following equation:

for( = 0; 1<64;14=8) {
25 for(k = 0; ke6d; kt) {
databasef h ][ v ][k }[ 1 ] = (database[ h }[ V,}[ k][ 1] *deblock_factor [ v])}>>7
databasel h vk }f1+7]= (database[ K v k] 1+7]* deblock_factor] v])>>7
} :

.30

where deblock_factorf v ] is defined for a preferred embodirment as:



Ox3C,0x64,0xF4,0xB8,0xEF,0xCD,0x62,0x02, 0x02,0x3B,0x21,0xFD,OxFE,0x09, OxD7, 0x97,
OxDB, OxOD, Ox7F, OxOF, 0x81, OxEl, OxAA, OxD9, OxC9, Ox2D, OxD7, Ox4B, Oxl6, OXEE,
OXxEA, OxBA, 30 Ox4A, OxCB, OxFF, 0x20, OxD3, Ox11, OxA4, Ox3B, OxCO, OxBE, 0x37, Ox9B,
OxE4, OXAQWOxPEITHEA4, Ox43, Ox0O5, OxB7, OxC3, Ox5C, OxD6, OxBD)/(GxE7FHOXIB, 0x82,
OxFO, OxOF, Ox81, Ox3F, 0x22, Ox1F, WO 2006/057994 PCT/US2005/042282 18 Ox5D, OxIO,
OXCD, OxC6, 0x47, Ox4C, 0x50, Ox7F, Ox7F, Ox3C, 0x20, 0x97, OxA4, 0x00, OxO0,0x4B, OxBB,
0x47, Ox7F, OXED, 0x91, OxiD, 0x17, OXOE, 0x02;18x26, Ox5B, 0x05, 0x29, 0x01, OxFB,0x26, 5
OxOF, 0x71, OXE3, OxDB, 0x32, Ox2B, Ox6A, OxiA, 0x77, Ox06, OxBI, 0x19, OxBC, OxEC,
OX5C,OxF6d<EF, fages, 0k=0l exCE 7D 98261 109x88° G oF1 Bxi 48. 3B AZOKEB, OxIF, OXCD,
OxiB, OxA8, OxA6, OxD9, OXED, OxF7, 0x18, Ox8B, 0x47, OXE8, OxD5, 0x01, OXOB, 0x55, 0x96,
0x26, OxDF, 10 0x81,0x2E, 0x32, OXE8, OXEB, Ox2D, OxO0, OxOF, QxDD, OxBC, OxFF, OxB7,
OxI8, OXFA, OxO0 NEAESERriese S & SR BKERS SRR HE BYAR S EYLH MO, oxF6,
OxBA, 0X58p4aixdalafly Idr Sedibiin@XTim Qi 15ithnage f&hdybanidsy Hxiddiddembs OXF6, OXFO,
OxFA, Ox2D, 0x81, OxFIl, 0x59, Ox7F, Oxi 1, 0x62, OxD9, OxDF, 0x24, Ox2A, OxD9, OxEl, OXEC,
0x68, OXED, 0x12, 0x13, OxC5, OxF7, OxiE, OxOO, 0x81, 0x21, '
Ox7F,0xAC,0x4B,0x17,0xD8,0XD0O,0x81,0x96,0xF2,0x2C,0xB6,0x0l,0xID,OxED, 20
0x28,0xBC, OxD9,0xOC,0Ox7F,0xFD,0x05,.0x14,0xB8,0xC6,0x81,0xFE,OxFD,0xCB,OxFB,Ox8A,
Ox5C,0x77, OxBO, OxCF, Ox0O0, 0x13, OxD3, 0x42, Ox4D, OxF4, OxEB, 0x81, 0x23, OXD8, 0x37,
0x76, o : ‘



OxFC,0x8D, 25 OxEA, 0x44, OxF2, 0xA6, 0x18, OXAE, OxD5, 0x81, Ox6B, OxXE7, OxDB, 0x27,
OxFA, OxFA, OxAE, 0x05, OxA9, Ox2B, OxDE, 0x08, 0x81, 0x26, 0x45, 0x31, OxCl, 0x49, OxDO,
Ox6C, OXE6B, OxA8, OxDI, OxD9, Ox2C, 0x31, OxFD, Ox3B, OxD7, 0x50, 0x08, 0x81, OxF7, OxC8,
OXCF, Ox7CywOxilb/0©3@f, 30 Ox23, Ox75, OXOF, OxF5, OxAO, Ox6D, ¥ox5s2xe028xC9, 0x45,
0x07, OxF3, OxFC, 0x31, 0x25, OxD4, 0x78, OxE2, WO 2006/057994 PCT/US2005/042282 19
OxB4, 0x28, OxD3, 0x05, Ox03,.0x44, Ox11, OxB2, OxOl, OxBI, 0x05, Ox7F, Ox2A, Ox1A,
Ox7F,0x8l, OxiB, OxC9, OXE6, 0x36, Ox6F, Ox2F, Ox6A, OxFF, OxB4, OxFF, 0x34, OxF8, OxEA,
OXD6, Ox7 OXx7F, 0x65, 0x43, WE, 0x05, OxOlI, Ox7B; OxF4, OxCA, OxDF, OxCF, 0x59,
0x41, 0x98, OXFB; xgE, OxCC, Ox3E, Ox2C, Ox1D, Ox2E, 0x12, OxDE, OxOE, 0x28,; WE, Ox9F,
OXES8, Ox5E, OxBS, Ox7F,0Ox8E, Ox7F, OxBD, OxOl, OxFO, 0x32, OxAl, Ox2F, OxOB, 0x22, OxD4,

OxBS, OXSQ%@Q”%%%%%%? OXES, |

0x93,0xE8,0x/F,0xC4, C,0xD4,0x10,0x12,0x53,0xE9,0x09,0x7F,0xBE, 0x35,0x03,
0x19, OXOBXOXEFIBHRZAT SRGY, 058 APBROMIOXBSEOREE) Ix462, GoAFS, (DOABAOXSKEAX3A,
OX7F,@xF53,Hp0063; OXED, Ox3F, OXDA, 005, 0x08, 0x07, Ox3C, OxC9, 0x02, OxCB, Ox71, 0x98,
OxC6, 0x03,0xF7, OxD2, 0x49, 0x55, OxC9, OxDE, OxOC, 0x76, OxiB, Ox5D, OxB9, OxOC, Ox9D,
OxB9, OXECXC BT ORI Sx1o, W33, WORE S840k Ehxiod OTRER (e, B2 1 0BMUBXEKF7, OXTF,
Ox00, 0x8xIX@&FR0 OXEC,0xB7, 0x91, OX9A, OXFA, OxiC, OxD7, OXEB, OxC5, OxE4, OXE7,

Ox13, OXF G A B2 R0 bk, 0xBD, 0x34, 0xAG, 0x21, 0xD2, 0x 14, OXEE, 0xC9, 0x3L, 0%00,
0xC7, 0xD7, | |
- 10 0x00, 0x78, 0x81, 0x95, 0xDO, 0x09, OxOE, OX7F, Ox7A, Ox6C, 0x33, Ox7F, 0x01, 0x06,
0%71, 0x13, - o
- 0x1D, 0x0C, 0x4C, 0x70, 0x51, 0xC3, 0x81, Ox6F, 0xCD, 0xE3, 0x02, 0xCE, O0XE9, 0x3A,
OxE4, 0xB7, | | |
0xOB, 0x70, 0x42, 0x4E, OxFE, Ox8E, OxAS, OxFB, 0xFB, 0x28, 0x3A, 0xBO, 0x31, 0xES6, -
15 - OxE2,0xDE, | - R
0x97, 0x32, 0x10, OXE8, 0xDD, OxF3, 0XF2, 0x81, 0xC9, OXEA, 0xC9, 0x81, 0x90, 0x04,
OXE7, OxBS, |
Ox7F, O0x7F, OxFE, 0x29, 0x57, 0xBF, O0xF1, 0x36, 0x12, Ox5A, 0xBO, 0xBF, 0xC0, 0x23,
OxFA, 0xCA, | -
20 0x62, OxFA, 0x58, 0x7D, OxE6, 0x5B, 0x00, 0x3F, 0x3B, 0xF2, 0xES, 0x70, 0xEQ, 0x74,
0x0D, 0x19, o |
0x33, 0xF0, 0x6B, OXF9, 0x34, 0x26, 0XDE, 0x10, OXFA, 0x04, 0xAS, 0X06, Ox3E, Ox3E,
O0xF1, 0x26, |
0xDC, 0x12, 0x36, 0x11, 0xCD, 0x27, 0x21, 0XDB, 0x7D, 0xDA, 0x8A, 0x10, 0xE2, 0x00,
25 0x12; 0x62,
0x3C, 0x64, 0xF4, 0xB8, OxEF, 0xCD, 0x62, 0x02, 0x02, 0x3B, 0x21, 0xFD, OxFE, (x09,
- 0xD7, 0x97, '
0xDB, 0x0D, 0x7F, 0xOF, 0x81, 0xE1, UxAA, 0xD9, 0xC8, 0x2D, 0xD7, 0x4B, 0x 16, OxEE,
OxEA, OXBA,
30 0x4A, OxCB, OXFF, 0x20, 0xD3, 0x11, OxA4, 0x3B, 0xCO, 0xBE, 0x37, 0x9B, 0xE4, OXAO,
0xDE, 0xA4, - | |
0x43, 0x05, 0xB7, 0xC3, 0x5C, 0xD6, 0x0D, OXE7, 0xDB, 0x82, 0xF0, 0x0F, 0x81. 0x3F,
0x22, Ox1F, | |



OxA2, OxDC, 0x22, 0x13, OxBC, Ox7F, OXEE, 0x81, OxXEA, 0x89, OxCC, 0x24, Ox4A, 0x81, OxFF,
OxF5, Ox8A, OxCB, 25 OxE5, 0x26, 0x44, Oxi 1, 000, WE, 0x58, WE, 0x18, 0x24, OXEA, 0x31,
Ox9C, OxEl, OxFB, OxAl, OxCB, 0x05, Ox5C, OxE9, OxDO, OXFB, 0x32, 0x03, OxB6, OxA7, OxF6,
OXDA, OX7FyOzhbs@REA, 0x13, 0x14, 0x71, Ox4B, 0x33, OXEIl, OX5C,x0xE2 2@ &80xF5, WE,
0x24, Ox65, OxD5, OxFO, 30 OxCC, OxF9, OxDB, OxB4, OxEl, OXEB, WE, Ox1E, Ox3E, 0x14,
OxSl, OxIiE, Ox3F, 0x24, 0x66, OXAC, OxF7,0x4C, WO 2006/057994 PCT/US2005/042282 20
Ox4F, Ox3A, OxB2, OxF9, 0x23, Ox0O8, 0x50, OxXE8, OxF7, 0x03, OXEF, Ox47, Ox7F, 0x52, OxAA,
0x37,. 0x12, 0x89, 0x85, 0x24, OxOA, Ox7F, 0x38, OxC9, 0x70, OxOD, 0x19, 0x20, OxF3, OxDI,

Ox15,0xF 305D 0% 8r 3810 S 0 PRE7 0hRs S D €% B3 36, 0cisdtd, B 55080, 0x32,
OxOD, ' Ox4@x#0)E:30x00, 0x20, Ox2C, OXB5, 0x20, OxDA, OXEA, OxCF, 0x81, OXE5, OxiF, OxF8,

023, 00 B SOOI BRI B R ORS U S0 ST 0%, O
OXEA, OXOABREBK20x10, OXAF, OxFB,Ox7F, 0x18, Ox4E, 0x42, Ox3F, OxE7, OxOD, OxCO, _
OnC, 0114 AT AR OB CICR, BB R B U BTG 5 Ozt 0,
0x88, OXDIVXEHEWFOXCC, OxD4, OxiD, OX7F, OxF4, 0x30, OXFS, 0x81,0x4A, OXE5, OXEA, 0x58,
Ox3B, OXOfyrpx0vs V280 BXER, 6P @K I DX 108281, GX0R, RBFex1F, 0xCD, 0x1B,
O0xAB, OxA6, ‘ '
0xD9, 0xED, 0xF7, 0x18, 0x8B, 0x47, 0xES, 0xD5, 0x01, 0x0B, 0x55, 0x96, 0x26, 0xDF,
10 Ox81,0x2E,
Gx32, OxE8, 0xEB, 0x2D, 0x00, 0x0F, 0xDD, 0xBC, 0xFF, 0xB7, 0x18, 0xFA, 0x00, 0x1C,
OXFE, 0x2D, | |
Ox 20, OxEQ, Ox75, 0xD3, 0x4F, OxE9, OxEF, 0x94, 0xF6, OxBA, 0x58, 0xD1, 0x17, GxAS,
0x77, 0xDB, .
15 0x31, 0x81, 0x3A, 0x20, OxAF, OxF6, 0xF0, 0xFA, 0x2D, 0x81, 0xF1, 0x59, OX7F, Ox11,
0x62.0xD9, | o
" 0xDF, 0x24, 0x2A, 0xD9, OxE1, OxEC, 0x68, 0xED, 0x12, 0x13, 0xC5, 0xF?, Ox1E, 0x00,
-0x81, 0x21, ‘
- OxTF, OxAC, Ox4B, 0x17, 0xD8, 0xD0, 0x81, Ox96, OxF2, 0x2C, 0xB6, 0x01, 0x1D, OxED,
20 0x28, 0xBC, o |
0xD9, 0x0C, O0x7F, 0xFD, 0x05, Ox 14, 0xB8&, 0xC6, 0x81, OxFE, 0xFD, 0xCB, OxFB, 0x84,
0x5C, 0x77, ' |
0xBO, 0xCF, 0x00, 0x13, 0xD3, 0x42, 0x4D, O0xF4, OxEB, 0x81, 0x23, 0xD8, 0x37, 0x76,
0xFC, 0x8D, - : ,
25  OxEA, Ox44, 0xF2, 0xA6, 0x18, OxAE, 0xD35, 0x81, 0x6B, 0xE7, 0xDB, 0x27, 0xFA, 0xFA,
OXAE, 0x05,
0xA9, Ox2B, 0xDE, Ox08, 0x81, 0x26, 0x45, 0x31, OxC1, 0x49, 0xD0, 0x6C, 0xE6, OxA8,
0xD1, 0xDS, | |
, 0x2C, 0x31, OxFD, 0x3B, 0xD7, OXSO,‘OXOS, 0x81, OxF7, 0xC8, 0xCF, 0x7C, 0xBF, Ox2F,
30 0x23,0x75, - |
OxOF, OxF5, 0xAG, 0x6D, 0x5E, 0xFQ, 0xC9, 0x45, 0x07, 0xF3, OiFC, 0x31, 0};25, 0xD4,
0x78, OxE2, -



20 OXEB,OxC6, OxD4, OxC5, OXEA, OxCB, 0x46, OxXE3, 0x42, OxEl, OXEA, OxOE, OxEF, OxBE,
OxE8, OxE4, OxC3,0x2F, 0x25, Ox10, OxOF, OxDB, OxE9, OxF6, Ox0O8, OXE6, OXED, Ox3A,
Ox2C, OxDO, 0xD2, OxFD, OxEB, OxAF, 25 OxiD, OxBD, Ox8l, Ox4A, Ox65, 0x04, OXEF, 0x61,
0x22, OXBF v0a28pdxBf), 0x07, OXCS, 0x17, OxC7, OXEE, OXES8, Ox8ArOxB820@082:3OXOE, OXFI,
OXx4E, OXEO, OxB2, OxSI, OxDD, 0x29, Ox4C, ®AD, OxOl, 0x37, Ox16, OxB6, Ox7F, OXxFO, OXEB,
OxOC, OxiE, 0x37, Ox8F, 0x81, 0x59, 0x36, Ox3D, 30 OxOC,0x36, OxF3, 0x90, OxF2, OxiF, 0x30,
OXBE, OxFO, Ox5A, OxF7, OxO0, 0x15, 0x45, OxBA, 0x62, OXED, 0x90, WO 2006/057994

PCT/US2005/042282 21 0x41, OxA6, OXF7, OXF8, OxB9, OX7F, 0x32, OxBO, OXDO, Ox18, OX3C,
OXC4., 0x90xB40BK2BURB3 BXPE, 0x03, 0x44, 0x11, 0xB2, 0x01, 0xB1, 0x05, Ox7F, 0x2A, 0x1A, |

0x57,0xBFgggﬁ%x%@l,OxFB,OxZB,OXFZ,Ox29,0xCF,OxOD,OxOD,Ox49,0x9C,Ox’E5, Ox4C,0Ox7F, 5

OxF9, Ox9C, Ox58, Ox25, 0x79, 0x58; 0x83, OXCS, OXOD, OxA3, Ox8D, Ox14, OXBE, OXA9,. OxAZ,
0x89, Ox2B* ERtaCHBEE6 36, Bx6H 1536 OxBn CAFDRB LS, BRASBESEES: P Dx0C, OxiC,
0x02, 0x06p,21B8x&x26, OXC5, OXF5, Ox6C, OXCB, Ox28, 0x42, OxF4, 0x81, 0x81, OxDO, 0x17,

OxE?, oS I OPB I, B e SIS D DR b I I3, ovc2,
0x19, Ox09%0£FE3Bx X909, OxF3, 0x24, 15 Ox7F, 0x71, 0x60, 0x22, OxO0, OXEO, OxC9, Ox7F, 0x85,
010, 0RO OE D YAk U IBR IO RBEVER. QIS bBEIE 857, O€O
- Ox7F, 0x8E, ‘ '
0x7F, 0xBD, 0x01, 0xF0, 0x32, OxAl, 0x2F, 0x0B, 0x22, 0xD4, 0xB6, 0x59, 0x95, OxF7,
.10 OxC7,0xE3, | ' , _
0x93, 0xE8, 0x7F, 0xC4, OxF3, 0x4C, 0xD4, 0x10, 0x12, 0x53, 0xE9, 0x09, 0x7F, 0xBE,
- 0x35, 0x03, -
0x19, 0x0D, 0x6F, Ox2A, 0x90, OXEA, 0x0A, 0xE8, 0x53, 0x42, 0xF3, 0x4B, Ox85, 0x3A,"
| 0x7F, OxF5, | |
15 Ox63, 0xED, 0x3F, 0xDA, 0x35, 0x08, 0x07, 0x3C, 0xC9, 0x02, 0xC8, 071, 0x98, OxCS,
0x03, OxF7, | - | |
0xD2, 0249, 0x55, 0xC9, OxDE, 0x0C, 0x76, 0x1B, 0x5D, 0xB9, 0x0C, 0x9D, 0xBS, OxEC, '
Ox1D, 0x47, | | - | |
- OxA2, 0x12, 0xCB, 0x40, O0xF4, 0xC1, OxES, 0x41, 0x48, OxF7, 0x7F, (6x00, 0x81, 0x67,
20 OxEC, 0xB7, | |
0x91, Dx9A, OxFA, 0x1C, 0xD7, OxEB, 0xC3, OxE4, 0xE7, Ox13, OxFC, OxCE, OxSE, G};Cﬁ,
0xAZ, 0xDC,
0x22, 0x13, 0xBC, Ox7F, OxEE, 0x81, OxEA, 0x89, 0xCC, 0x24, 0x4A, 0x81, OxFF, OxF5,
OxBA, OxCB,
25  0xES,; 0x26, 0x44, 0x11, 0x10, Ox8E, 0x58, O0x3E, 0x18, 0x24, OxEA, 0x31, 0x9C, OxE1,
OxF8, OxAl,
- 0xCB, 0x05, 0x5C, 0zE9, 0xD0, OX?S, 0x32, 0x03, 0xB6, O0xA7, OxF6, 0xDA, Ox7F, OxAA,
OXEA, 0x13, ' | |
0x14, 0x71, 0x4B, 0x33, OxEL, 0x5C, 0xC2, 0x06, 0xF5, Ox2E, 0x24, 0x65, 0xD5, OxFO,
30 0xCC, OxE9, _ o |
0xDB, 0xB4, 0xE1, 0xEB, 0x3E, 0x1E, 0x3E, Ox14, 0x81, 0x1E, Ox3F, 0x24, 0x66, 0xAC,
(OXF7, 0x4C, |



Ox 19, OxDE, OxF6, Ox10, OxAF, Ox1D, OxC7, 0x28, Ox81, 0x81, 0x14, OxDI, OxF6, OxDD, OxClI,
OxCD, 20 OxEO, OxAF, Ox4E, OxB4, OxB7, 0x08, OxiA, OxB8, OxFS, OxB6, OxAB, OxAB, OxC7,
0x19, Ox4E, OxF7, OxAOQ, 0x23, OxBF, 0xOS, OxC6, OxOE, Ox0Ol, OxD7, 0x20, OxA9, OxD4, Ox11,
OXFE, OXF7wOxihs/@xRZ, OxOB,0x94, 25 OxD9, NO, 0x21, Ox11, OXE4ax(2s®xB32£x93, OXFC,
0x64, OxOl, 0x41, 0x16, OxO0, Ox7F, Ox3D, O%2D, Ox19, OxEIl, 0x06, 0x09, OxFA, OxDO, 0x63,
Ox10, Ox2B, OxFF, OxD8, 0x20, OxDA, OxCC, OxOA, 0Ox93, OxEE, 0x38, Ox81, Ox44, OxiA, 003,
Ox5C, Ox27, Ox3D, OxCD, Ox2C, OxDA, OxOD, 30 0x54, Ox79, OxIB, Ox42, Ox2D, Ox92, OxAE,

OxFD, Ox1 Ox Ox4 7 OxDI, Ox3A, WO 2006/057994
PCT/US200 gﬁﬁz‘ég %B(%%%xg%ﬁ 8%@&%@@@8 "o, 0358, B3dh BIHOEREC, 0x17,
OXCA, 0x33xd»¥8I10x8k43,0xFC, ‘

OxD7,0xiD X O B X 0xF2,0 OXxF6,
s Oxbia B e B O e S B O B, PP B e, oxo,
0x09, OXDIXEBXET30OxFI, OxIB, OXE2, OXC5, Ox3A, 0x4C, 0x88, OxIB, 0x27, OXCA, OxC2, OXE2,

OXEC, ©OxD§x0Luio D% A, SRARL 0 Bx X X46 Lok, 0 %57, GXF9, 0X73,
xS, 16 0x02, OXOE, O%ﬁg@ O‘?(%A?O g%go%zggl’ié%%(%?%g{ig%x% ,0x91, OxBS6,

Ox6D, 0x35, 0x56,
0x41, Ox51,05§§88,’f§§35, Ox7F, OxD4, OxCE, Ox9A; OxD7, OxBF, OxE4, Ox4F, OxBE, 0x40, OxDF,
OXE2, OxFaxmx DE2Q800, (3 0x2CRDAXREAS (REF20050DxEx k1 E0GFORDB, b9, OxA6,
OxC7, OXFQX&%%%]S),XZA, Ox2C, OxEl, OxBB,
0x38, 0x0B, 0xCC, OxAB, 0x35, 0xD4, 0xDE, 0x01, 0x7F, 0xOB, 0xBE, 0xD4, 0x2E, 0x8D,
10 0x02, 0x0A, ' '
0x38, 0xDE, 0x76, 0xEE, 0xC3, 0x34, 0xC6, 0x81, 0xDQ, OxEA, 0x03, OxFB, 0x10, OxAF,
OXFB, 0x7F, | -
0x18, 0x4E, 0x42, Ox3F, OxE7, 0x0D, 0xC0, 0xDB, 0x81, 0xE4, 0x15, 0xC2, 0x41, 0xCC,
~ 0xD7, 0x6C, | o
15 0xC2, 0x0E, 0xEB, 0x0C, 0x1D, 0xC1, Ox14, O}ilB, Ox5F, 0xD4, 0xC6, 0x8C, 0xF7, 0x4F,
© 0xDO, 0x16, | |
- OxDs, OXFO, 0x2E, 0xD1, 0x88, 0xDD, OxE4, OXCC, 0xD4, 0x1D, 0x7F, 0xF4, 0x30, OxF8,
- 0x81, Ox4A, ‘
- OxE35, OxEA, 0x58, 0x3B, 0x0A, 0xA2, 0x50, 0xC5, 0x3A, 0x3C, 0xE7, 0x28, OxAS, OxFE,
20 OxEB, 0xC6, . | '
GxDé, 0xC3, OxEA, 0xCB, 0x46, 0xE3, 0x42, 0xE1, 0xEA, 0xOE, OxEF, 0xBE, OxEB, OxE4,
0xC3, Ox2F, |
0x25, 0x10, 0xOF, 0xDB, 0xE9, 0xF6, 0x08, 0xE6, 0xED, 0x3A, 0x2C, 0xD0, 0xD2, OxFD,
OxEB, OxAF, : |
25 Ox1D, 0xBD, 0x81, Ox4A, 0x63, 0x04, OxEF, 0x61, 0x22, 0xBF, 0x29, 0xCD, 0x07, 0xC5,
0x17, 0xC7, ‘ |
OxEE, 0xES8, 0x8A, 0xB8, 0x5A, 0x0E, OxF1, 0x4E, 0xEQ, 0xB2, OxR1, OxDD, 0x29, 0x4C,
0xAD, 0x01, . _ |
. 0x37, 0x16, 0xB6, Ox7F, 0xF0, O0xEB, OXOC, Ox1E, 0x37, Ox8F, 0x81, 0x59, 0x36, 0x3D,
30 0xOC, 0x36, | |
0xF3, 0x90, OxF2, 0x1F, 0x30, OxBE, 0xF0, 0x5A, 0xF7, 0x00, 0x15, 0x45, 0xBA, 0x62,
0xED, 0x90, |



OxFA,0x24, 0x26, OXCE, Ox2A, OxAF, Ox3A, 0x05, Ox7F, OxOC, 0x38, 0x42, Ox2D, Ox3A, OxD6,
OxD6, 0x28, OxFIl, 0x89, OxiS, 0x03, OxF5, 0x12, OxF4, 0x32, Ox1C, 0x03, 0x37, OxDO, OxF5,
Ox00, 0x02, 0x60, 20 OXEE, OxID, 0x29, OxOD, Ox2A, Ox4E, OxD4, 0x37, 0x95, OxD6, OXED,
OX7F, OXOFnOxb@welE, OXAF, 0x53, OxDB, Ox4C, 0x93, OxOF, Ox40c@x&hoam23; OxOB,
OxOD, OxiA, OxiB, Ox3C, 0x39, OxIE, Ox1A, OXBA, 25 OxEE, 0x37, OxOC, 0x61, 0x04, OxF9,
OxC3, Ox9A, Ox5E, WE, OxD5, 0x34, OxIA, OxDI, OxF7, 0x69, OxCB, WE, 0x58, 0x67, OxDF, 0x26,
OxDE, 0x37, 0x32, 0x46, OxA2, OxDE, OxA9, 0x96, OXEE,OxEl, 0x09, OXED, Ox4E, OxF2, Ox4C,
0x05, OXED, 0x95, 0x55, 0x14, OxD3, OxD9, OxD7, 0x08, 30 OxE4, Ox4A, Ox2F, OxB5, Ox3C,
OxSI, 0x78, 01 VMG PXETX ExFEx 28BOXOTTIO 452, O3AB ¥R CeX8E)x 8% 28 T B¥93A502006/057994
PCT/USZOO@%%@%FZS Ox1F, 0x25, OxD2, OxDC, Ox2B, OxB7, OxDC, Ox3E, Ox7F, OxBB, OxCD,

0x59, OXDF, OxC4, Ox3B,0xC9, Ox2B, OXOE, 0x04, OXBE, OXxOD, OxA5, Ox3F, Ox1C, OXDA,
OXFD, 0x52 0%k B85 B0 Bl , (HER %339 05F2, 0x29, 0xCF, 0x0D, 0x0D, 0x49, 0x9C, UXES,

0x23,0XBB,gxe4 @@x#C,0XDC,0XAl,0XB2,0x04,0x1E,0xFC,0xEO,0xBI,OXEB,OxF7, OxB4, Ox2D,
OxOC 004, BHE Bl OHR Seao0iit: JRbt SR B e SR SREE, BYY. ovoz,
OxA3, 10 OXBx:OxZE9,0x05, NO, OxA9, OxF7, OxD5, Ox9C, Ox7F, OxOl, Ox7C, Ox5B, OXC1, 0x33,
<38, 0X03, x50, Y81 QTE, QX4 OUTEC Qe BV R 0B DX B8 086% 0¥30.
Ox2D, OxI8, OXBY, |
- x02, 0x06, ' :
0xB8§, 0x26; OxC3, OxF5, 0x6C, 0xCB, 0x28, 0x42, 0xF4, 0x81, 0x81, 0xDO0, 0x17, Ox1D,
10 Ox2E, 0x23, | o
| ~0x35B, 0x22, 0xEQ, 0x73, 0xCE, OxDF, OiCD, 0x3B, 0x07, OxAD, 0z48, 0xE7, 0x99, 0x18,
- OXF6, 0xAC, B |
0x34, 0x05, Ox43, 0xBO, 0xF3, OxEF, 0xE0, 0xDO0, 0x13, 0x32, Ole, 0x09, 0x3E, 0x99,
| OXF3, 0x24, | |
15 . Ox7F, 0x71, 0x60, 0x22, 0x00, OXEQ, 0xC9; Ox7F, 0x85, 0xEO, 0x3D, 0xF9, 0x77,.0xEQ,
0x81, 0xCC, '
0xD6, 0x3F, 0x02, OXFB,lOX.E'?, 0x46, 0xC7, 0xEQ, 0xD3, 0xD5, 0x21, OxC8, OX‘SI; Ox7F,
0x19, 0xDE, | | |
OxFe6, Ox10, OxAF, 0x1D, OXC?, 0x28, 0x81, Ox81, Ox 14, 0xD1, OxF6, 0xDD, 0xCI, 0xCD,
20 OxEOQ, OXAF, | |
Ox4F, 0xB4, 0xB7, 0x08, Ox 1A, 0xB8, 0xFE, 0xB6, 0xAB, 0xAR, 0xC7, Ox19, Ox4E, 0);137,
OxAQ; 0x23, ,
OxBF, Ox08, 0xC6, 0x0E, 0x01, 0xD7, 0x20, 0xAQ, 0xD4, O0x11, OxFE, OxF7, O0x3A, 0x27,
0x0B, 0x94,
25 OxD9, 0x17, 0x21, Ox11, OxE4, 0x02, (x33, 0x93, OxFC, 0x64, 0x01, 0x41, 0x16, Ox00, Ox7F,
0x3D,
- 0x2D, 0x19, OxE1, 0x06, 0x09, OxFA, 0xD0, 0x63, 0x10, 0x2B, 0xFF, 0xD8, 0x20, OxDA,
0xCC, Ox0A, | |
0x93, OxEE, 0x38, 0x81, Ox44, Ox1A, 0x33, 0x5C, 0x27, 0x3D, 0xCD, 0x2C, 0xDA, 0x0D,
30 0x54, 0x79, | -
Ox1B, 0x42, 0x2D, 0x92, OxAE, OxFD, Ox1E, 0x24, 0x12, 0xDC, 0x3A, 0x47, 0x27, 0XB3,.
0xD1, 0x3A, |



0x30, OxDA, 15 0x95, OxiF, OxDF, 0x03, OxF5, 0x28, Ox8l, 0x33, 0x98, OxD5, OxDC, 0x33,
OxOI,0x2E, 0x56, OxF7, Ox4C, OxIA, OxD8, OXE8, Ox5A, 0x56, OxC9, Ox4A, OxOA, 0x21, Ox4D,
Ox3A, Ox7F, Ox7E, OxFA,0xB8, 0x31, OxEO, 0x96, OxDE, 0x25, 0x38, 0x34, OxFO, OxFC, 0x53,
0x34, 0x95, 3508849920 OXIC, 0x16, 0x37, OxD5, OxA9, OXFO, OxFA@xrZEyGxiLk7z9dxF7, OxOO0,
OxF4, OX6E, Ox4A, OxiB, OxCC, OxDB, OxDF, 26, OxIiE, 0x42, 0x27, 0x26, OxCl, 0x25, 0x03,
OxI5, OXEIl, OxCE, OxE5, 0x35, OxDA, OxA9, Ox 14, 25 0x33, 0x73, 0x12, OxAF, OxBB, OxOO,
OxF2, OxD2, OxD3, OxFD, Ox7C, OxIO, OxF3, 0x17, OxAE, OxAD, OxBC, OXED, OxCO, 0x81,
Ox08, 0x51, OxDO, Ox3D, 0x06, OxDC, OxD3, OxD6, 0x39, OXE6, Ox2F, Ox13, OxAB, Ox2E,
OxF4, Ox280BRDBODABS2CREP . Gx58, 32 0e3es Px8x O 700G R T R, BEHLEE,0x2F,
0x04, Ox12,OQ@QXQ<CA, OxES5, 0x40, OxB9, OxOB, 0x95, 0x13, OxFO, OxOB, OxE2, Ox3F,
OxC9,0x24, WO 2006/057994 PCT/US2005/042282 24 | o .
Ox4B,0XEFRESRHOT B X6 ED B xET By BxBEEBIDS 1 6x0POK O BB BdRIP 0x17,
OXFE, 0x200pd-6x2xF2, OXBE, OxF2, OXEA, OXCA, OxOF, OxC2, Ox4B, 009, 0x92, OxOO0, 0x52,
OxE6, 5 Ox15, Ox4B,. OxD9, OxEF F 0 E X X BF,.Ox 5E, 0x74, 0x03,
OXBF i DDA DT T B 0B i, BB Gy G O
OXCE, Ox1DfEHxBEXED, 0x37, 0x14, 0x17, Ox5B, Ox5A, 0x16, OXCF, OxIO, OxB6, 0x16, 0x09,

OHD0. OHAQ LG DR B34 QBB e, AP R T DGR B 0152,

OxDE, OxD

OxE1, OxFA,
0x81, OxES, 0#C4, Ox46, 0x81, 0x70, Ox81, OxTF, Ox57, O0xF9, 0x73, Ox6D, 0x35, Ox56, 0x81,
10 Ox02, ‘ ' ‘ ‘
| 0x0F, 0x16, Ox4A, 0x97, OxCE, 0x03, 0x49, OxAF, 0x91, 0xB6, Ox41, 0x51, 0x18, 0x335,
Ox7F, 0xD4, | | | |
0xCE, 0x9A.;0xD7. 0xBF, 0xE4, 0x4F, OxBE, 0x40, OxDF, 0xE2, OxF9, 0x7F, 0x00, 0xF4,
~ 0xCD, 0x42, | o
15 OxF2, 0x05, O0xA4, 0x1C, 0xDD, 0xF9, 0xA6, 0xC7, OXFD, 0x24, 0x2A, 0x2C, 0XE1, 0xBB,
| OxFA, 0x24, “ | .
C0x26, 0xCE, 0x2A., OxAF, Ox3A, 0x05, Ox7F, OxOC, Ox38, 0xd2, Ox2D, 0x3 A, 0xD6, OxD6,
-0x28, OxF1, ' : ‘
- 0x89, 0x18, 0x03, OxF5, 0x12, 0xF4, 0x32, 0x1C, 0x03, 0x37, 0xD0, 0xF5, 0x00, 0x02, 0x60, |
20 OxEE, o
0x1D, 0x29, 0x0D, 0x2A, 0x4E, 0xD4, 0x37, 0x95, 0xD6, OxED, 0x7F, OxOF., 0xF6, OxEE,
OXAF, 0x53,
0xDB, 0x4C, 0x93, Ox0F, 0x40, 0xCF, 0x2B, 0x0RB, 0x0D, Ox1A, 0x1B, 0x3C, 0x39, Ox1E,
Ox1A, Ox6A, ‘
25  OxEE, 0x37, éxOC, Ox61, 0x04, 0xF9, 0xC3, 0x9A, Ox5E, 0x6B, 0xDS5, 0x34, Ox1A, 0xD1,
OXF7, 0x69,
0xCB, 0x2E, 0x58, 0x67, 0xDF, 0x26, 0xDE, 0x37, 0x32, 0x46, 0xA2, 0xDE, 0xAS, 0x96,
OXEE, OxEL, |

o (x09, OxED, 0x4E, 0xF2, 0x4C, 0x05, lOXED, 0x95, 0x55, Ox 14, 0xD3, 0xD9, 0xD7, 0x08, -
30  OxE4, Ox4A, |
0x2F, 0xBS, 0x3C, 0x81, 0x78, 0x91, 0xC7, OxE1, 0x29, 0x(07, Ox4F, 0x4B, 0x42, 0x38,
0x28, OxE7,



0x66, OXDA, 0x32, OxBD, 0x22, 0x13, OXEA, 0x30, OxEl, Ox7E, 0x28, 0x18, OxA4, OxFD, OxFD,
0x69, 0x03, OxC7, 15 OxEF, 0x07, Ox7F, OXEF, Ox7C, 0x43, 0x44, OxC3, OxIE, OxDD, 0x35,
OXCS, OxE9, OxI1, Ox2A, OxDD, OxE6, OxC8, OxBD, OXEC, OxF7, OXxCF, 0x43, OxOC, 0x40,
0x04, Ox2F, @xBhocos7#y40xB6, Ox2C,0x59, OxBF, OxF3, OxB3, OXAF, I @xAS2MskE8x1D, 0x21,
OxD9, OxAA, OxDF, 0x60, OxA5, 0x27, 20 OXOB,0xCl, OxFD, OxF5, Ox7F, OxCF, OxDB, OxC9,
0x17, OxDE, OxDD, OxCB, 0x59, OxA5, Ox0Ol, 0x31, Ox4C,0OxFB, 0x81, OxlO, Ox2D, OxFB, OxB7,
Ox00, OxC8, OXEE, OxB8, Ox1C, Ox5C, Ox3B, 0x31, 0x14, Oxll,Ox6E, 25 0x92, 0x20, OXAD,
Ox2E, Ox2E, 006, 0x22, OxA9, Ox2B, 0x39, Ox9F, Ox7F, OXEF, OxO0O, Ox00, OxDA,
0x81,0xFE, 0540 35%3 Bx DRI R DR BxOxBOXBIE OxXB 3T REE 0XBH BER@P OBLTARES, OXTF,
0x58, OXDGOQ§§§@@§§D, OxFO, 0x06, OxDC, 0x44, Ox2E, OxF2, Ox6A, 0x28, 0x38, 0x06, 30
0x13,0x07, 0x02, 0x57, OxA7, OxA4, OXEF, OXEB, OXE9, OxOC, 0x07, OXFC, OxB3, OxA6, OXFD,

0x07, OXDERFAEOH SS60E1BEY S P 1re S 80eI8 Mo 8D H6 Bk P2 UsRe 000 DX Bk A X AB:

OxBE,.OxARgx @8 ©:@%xED, OxDF, OxDB, OXAC, Ox7F, 0x43, Ox2D, 0x11, Ox2F 5 A.2.2 LUT of -
G e e SSHER0A AR ST 518, 557008, 579400
271174457,0188088889,1661621657,1743986060, 2077926481, ,

0x07, 0xA3, 0xB9, 0x41, 0x09, 0xCF, 0x7F, 0xBB, 0x19, OxFS,' 0xD9, 0x8E, 0x3E, 0x81, .

- 0x9C, 0x04,
0xE1, Ox6E, 0x16, 0xC5, 0x40, 0x9C, 0x1A, 0xD6, 0x15, 0xC6, O0xES, 0xB7, 0x02, 0xA3,
10 0x05, OXTE, -
0x05, 0x4B, 0xA9, 0xF7, 0xDS5, 0x9C, Ox7F, 0x01, 0x7C, 0x5B, 0xC1, 0x33, 0x38, 0x03,

- 0x50, Ox81, |
0x7F, Ox4F, 0x7F, OxE3, 0x1D, O0x74, 0xB6, OxEF, 0xC7, 0x69, 0x30, 0x2D, Cx18, 0xBS, -
0x30, OxDA, A :

15 »0x95; 0x1F, OXBP, 0x03, OxF5, 0x28, 0x81, 0x33, 0x98, OXDs; 0xDC, 0x33, 0x01, Ox2E,
0x56, OxF7, | | | |
0x4C, Ox1A, 0xD8, OXES,l Ox5A, 0x56, OxCO, OxdA, 0x0A, 0x21, Ox4D, 0x3A4, 0x7F, Ox7E,
OxFA, OxB&, :
0x31, OxEQ, 0x96, 0xDE, Ox25, Ox38, 0x34, OxFO, OxFC, 0x53, 0x34, 0x95, 0x35, 0x84,

20 Ox1C, Ox16, |
0x37, 0xD5, 0xA9, 0xF0, OxFA, 0x2F, 0x17, OxF7, 0x00, O0xF4, Ox6E, Ox4A, 0x1B, OXC_C,
0xDB, 0xDF, . |
0x26, Ox1E, 0x42, 0x27, 0x26, 0xC1, 0x25; 0x03, 0x15, OxE1L, O0xCE, 0xES5, 0x35, 0xDA,
OxA9, Ox14,

25  0x33,0x73, 0x12, OxAF, OxBB, 0x00, 0xF2, 0xD2, 0xD3, O0xFD, 0x7C, 0x10, 0xF3, 0x17,
OxAE, OxAD,

- 0xBC, OxED, 0xC0, 0x81, 0x08, 0x51, 0xD0, 0x3D, 0x06, 0xDC, 0xD3, 0xD6, 0x39, 0xES,
OX2F,0x13, |
OxAB, 0x2E, 0xF4, 0x28, 0xDC, 0xB35, 0xC4, 0x55, 0xB2, 0x81, 0x0B, 0x32, 0x01, OxFE,

30 0x0C, Ox2F, | | |
0x04, 0x12, 0xB2, O:{CA, 0xES, 0x40, 0xB9, 0x0B, 0x95, 0x13, 0xF0, 0x0B, 0xE2, Ox3F,

0xC9, 0x24, | |



1331742148, 786140364, 1525112071, 1771594297, 1242061040, 192056172, 2018356587,
166385984, 15 21118553, 1721162627, 993618401, 953874363, 156353104, 1884552607
712894377, 965972274, 2058965522, 288658836, 1626536144, 1501102010, 301172797,
447403389, #@A0m8ASMR5s 1522100413, PCT/US2005/042282
870342432,1775643800,1221041362,1779102758,1180374639, 852637658,1542167176, 20
1149026881, 100447073, 926671075,1933929005
542294649,1011053571,1671222556,1429688165, 1891395211, 2055647522, 22995785,
1442532213, 675966795, 1703505481, 2013843651, 1671669678, 1085040259, 25 430705574,
213037661834B261577 026, 15886 8060201845189 2026 884801 04 0550527, A7 9381783279601,
1602691796, k5@5476467, 1408080649, 180336353, 1381547875, 339789689, 965351473,

427101312, 9021009’63, 744024896,1284331604,1241185038,1426959894,2000290842, 30
1266758849 KRS BI85 b BESXFasirE2 §2C6 PR O167, Vet Pr33dxBesidhs00,
130114621@,(51225;"2389250, 794389433, 2049226913, 1879367632,. 1300700193, 212009030,

144000778 R A58 LB 200781 b 208 - TbaBa0ns Laddtroes,
1730782380x8oR%PE,7915, 1585942753, 1325639711, 275717433, 1581177009, 509579973,
01581661300 SRoGr 0k DI AR A o ASin o Ch et T8RS TR 0 s skos,
5345242920205 0884970, 1032364471,

OxED, 0x37, dxlfi, 0x17, 0x5B, 0x5A, 0x16, OxCF, 0x10, 0xB6, 0x16, 0x09, 0xD0, 0xAOL,

10 0OxDB, 0x31, ‘
0xDD, 0x23, 0x81, OxAB, 0x2A, 0x7F, 0xE9, OxER, 0x54, 0x53, OxDE, O0xDF, OxF4, 0x6D,
0x66, 0XDA, | |
0x32, 0xBD, 0x22, 0x13, OxEA, 0x30, 0xE1, 0x7E, 0x28, 0x18, OxAd, 0xFD, 0xFD, 0x69,

~ 0x03, 0xC7, | o
15 OxEF, 0x07, Ox7F, OXEF, 0x7C, 0x43, 0x44, 0xC3, Ox1E, 0xDD, 0x35, 0xC8, OxE9, Ox11, -
0x2A,0xDD, |
0xE6, 0xC8, 0xBD, 0xEC, 0xF7, 0xCF, 0x43, 00C, 0x40, 0x04, 0x2F, 0x36, 0x7F, 0xB6,
- 0x2C, 0x59,
. 0xBF, 0xF3, 0xB3, OxAF, 0xAS, 0x16, 0x1D, 0x21, 0xD9, OxAA, 0xDF, 0x60, 0xAS, 0x27,

20 0x09,0xC1, ' ‘
0xFD, OxF5, 0x7F, OxCF, OxDB, 0xC9, Ox17, 0xDE, 0xDD, 0xCB, 0x59, OxAS5, 0101, 0x31,
0x4C, OxFB,
0x81, 0x10, 0x2D, OxFB, 0xB7, 0x00, OxC8, OxEE, 0xB8, 0x1C, 0x5C, 0x3B, 0x31, 0x14,
0Ox11, Ox6E,

25 0x92, 0x20, OxAD, 0x2E, 0x2E, OxF6, 0x22, CxA9, 0x2B, 0x39, Ox9F, 0x7F, OxEF, 0x00,
0x00, 0XDA, |
0x81, OxFE, 0x00, 0x3E, 0x5D, 0x00, 0x24, OxBF, 0xC3, OxEE, 0x26, 0x81, 0x39, 0x31,
OxFO, OX7F, | |
0x38, 0xD6, 0x94, 0xCD, OxFQ, 0x06,0xDC, Ox44, 0x2E, 0xF2, 0x6A, 0x28, 0x38, 0x06,

' 30 Ox13, Ox07, '
0x02, 0x57, Ox A7, Ox A4, OxEF, OxEB, OxE9, 0x0C, 0x07, 0xFC, 0xB3, 0xAS, OxFD, 0x07,
0xDE, OxEC, |



1972079688, 2047231194, 563260760, 1594071307, 1354079352, 2002807836, 632717840,
992281895, 15 1683480361, 1484871997, 103701272, 345400458, 1333607727, 1396534806,
1265043691, 257575830, 1832801323, 207421923, 1878496261, 913255098, 1480038377,
1655631378wip9@i8889% 1047339733, 584606242, 116703068, 14358584H852005/042282
1851149566,1450020992, 2073300909, 331912380, 20 66022624,. 2137983702,
884423146,1325171092, 1765065345, 708316132 A.2.3 Transformation matrix 25 iDCT64[64][64} = {
{*Row0* 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32,32, 32, 32, 32, 32, 32, 32,
32, 32,32, 32 32, 32, 32.32, 32, 32,32, 32, 32,32, 32, 32, 32, 32, 32, 32, 32, 32,
32, 32, 32, §§1§§”‘§§ %’Fséf@‘g,@%zﬁ’f‘@; Q573 SXEDORBE, PPRs0uAC 48K i 08a3. L6283 42, 41,
40, 39, 38, 8%} B6x3H, 33, 31, 30, 28, 26, 24, 22, 20, 18, 16, 14, 12, 10, 8, 6, 3,1, 35-1, -3, -6, -8,
-10, -12, -14, -16, -18, -20, -22, -24, -26,.-28, -30, -31, -33, -34, -36, -37, -38, -39, -40, -41, -42, -43,
-44, -44, -45] -45, -45, -451, {/*Row2*/ WO 2006/057994 PCT/US2005/042282 .27 45, 45, 44, 43, 41,
39, 36, 34, 30, 27, 23, 19, 15,11, 7, 2, -2,-7,-11, -15, -19, -23, -27, -30, -34, -36, -39, -41,. -43, -44, -
-45, -45, -45, -45, -44, -43, -41, -39, -36, -34, -30, -27, -23, -19, -15, -11, -7, -2,. 2,7, 11, 15, 19, 23,
27, 30, 34, 36, 39, 41, 43, 44, 45, 45), 5{/* Row 3 *1 45, 44, 42, 39, 36, 31, 26, 20, 14, 8, 1, -6, -12,
-18, -24, -30, -34, -38, -41, -44, -45, -45, -45, -43, -40, -37, -33, -28, -22, -16, -10, -3,

5  A22 LUT of PRNG seeds

Seed_LUT[173] =
{ |
1, 207848544, 1756511882, 930434649, 763249220, 575194890, 947173707,

10 - 1920384370, ‘ ‘

447133882, 1339935731, 1377796300, 271174457, 1198069869, 1661621657, 1743986060,
2077926481, - -
- 1331742148, 786140364, 1525112071, 1771594207, 1242061040, 192056172, 2018356587,
166385984, ' | o

15 21118553, 1721162627, 993618401, 953874363, 156353104, 1884552607, 712894377,
965972274, ' | | '
2058965522, 288658836, 1626536144, 1501102010, 301172797, 447403389, 1040582505,
1522100413, |
870342432, 1775643800, 1221041362, 1779102756, 1180374639, 852637658, 1542167176,

20 1149026881, | .
100447073, 926671075, 1933929005, 542294649, 1011053571, 1671222556, 1429688165,
1891395211,

2055647522, 22995785, 1442532213, 675966795, 1703505481, 2013843651, 1671669678,
1085040259,

25 . 430705574, 2130376611, 1261527826, 15976504, 2011754792, 216863804, 2105395052
1127940, ’ .
1783279601, 1602691796, 1505476467, 1408080649, 180336353, 1381547875, 339789689,
965351473, | |
427101312, 902100963, 744024896, 1284331604, 1241185038, 1426959894, 2000290842,

30 1266758843,



3, 10, 16, 22, 28, 33, 37, 40, 43, 45, 45, 45, 44, 41, 38, 34, 30, 24, 18, 12, 6, -1, -8, -14, -20, -26, -31,
-36, -39, -42, -44, -45), 10 {/* Row 4 */ 45, 43, 40, 35, 29, 21, 13, 4, -4, -13, -21, -29, -35, -40, -43,
-45, -45, -43, -40, -35, -29, -21, -13, -4, 4, 13, 21, 29, 35, 40, 43, 45, 45, 43, 40, 35, 29, 21, 13, 4, -4,
-13, -21, -29 w850e403m43, -45, -45, -43, -40, -35, -29, -21, -13, -4, 4, 13, Pa1/29285/0402843, 451, 15 {
I* Row 5 */ 45, 42, 37, 30, 20, 10, -1, -12, -22, -3126-38, -43, -45, -45, -41, -36, -28, -18, -8, 3, 14, 24,
33, 39, 44, 45, 44, 40, 34, 26, 16, 6, -6, -16, -26, -34, -40, -44, -45, -44, -39, -33, -24, -14, -3, 8§, 18,
28, 36, 41, 45, 45, 43, 38, 31, 22,. 12, 1, -10, -20, -30, -37, -42, -45, 20. {{*Row6*/ 45, 41, 34, 23, 11,
44, 45,43, 36, 27, 15, 2, -11, -23, -34,

o e p R e RS ol D R Bl e
-36,-27, 155?23&15323 34,41, 451, 25 {/* Row 7 */ 45, 39, 30, 16,1, -14, -28, -38, -44, -45, -40, -31,
36 24 10, 200015k Sacblds, Esrokls ol 0 Tssgbusge. T Rt 10 0
-45}, 30 {*Rod8 U, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, 9, 25, 38, 44, 44, 38, 25 9, 9 25,

-38, -44, -4 2 5,-9,9, 25, 38, 44,
a1, 38,55, 8 0 S8 a8 o i 98 305, 8 B e e (e 4 o, 20, 1 18, 34

44, -45, 3?0%3%931&3@%914@%5 38, 24,6, -14. -31, -42. -45, -39, -26. -8, 12, 30, 41, 45, 40, 28,
10, -10, -28730082480, %62 1:800152.18 842393 432483 311, 114753 17483 3R r P06k, 56579833, 22, 37,

45,44, 34, 18, o1 -20, -36, -441,
510836363, 1962657404, 1906334341, 723415919, 1151165652, 1369484037, 915816613,
10 582076062,
| 47146038, 182628210, 1964983821, 1885018321, 370125606, 534524292, 2051583970,
1032364471, | |
1972079688, 2047231194, 563260760, 1504071307, 1354079352, 2002807836, 632717840,
992281895,
15 1683480361, 1484871997, 103701272, 345400458,1333607727,1396534806,1265043691,
257575830, “ |
1832801323, 207421923, 1878496261, 913255098, 1480038377, 1655631378, 199918880,
1047339733,
584606242, 116703068, 1435852453, 1851149566, 1450020992, 2073300909, 331912080,
20 66022624,
2137983702, 884423146, 1325171092, 1765065345, 708316132

5

A.2.3 Transformation matrix

25
iDCTo4{64]]64] = {
{ /* Row Q */
32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32,
32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32,
30 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32,
32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32, 32},
{ /*Row 1%/
45, 45, 45, 45, 44, 44, 43, 42, 41, 40, 39, 38, 37, 36, 34, 33,
31, 30, 28, 26, 24, 22, 20, 18, 16, 14, 12, 10, 8, 6, 3, 1,
35 -1, -3, -6, -8, -10, -12, -14, -16, -18, -20, 22, -24, -26, -28, -30, -31,
-33, -34, -36, -37, -38, -39, -40, -41, -42, -43, 44, -44, —45 -45, -45, -45},
{ 7*Row 2 ¥/



40 { * Row 10 */ 44, 34, 15, -7, -27, -41, -45, -39, -23, -2, 19, 36, 45, 43, 30, 11, -11, -30, -43, -45,
-36, -19, 2, 23, 39, 45, 41, 27, 7, -15, -34, -44, -44,-34, -15, 7, 27, 41, 45, 39, 23, 2, -19, -36, -45, -43,
-30, -11, 11, 30, 43, 45, 36, 19, -2, -23, -39, -45, -41, -27, -7, 15, 34, 441, 45 {/*Row11* 44, 31, 10,
-14, -34, -45 wii20628579418, 37, 45, 40, 24, 1, -22, -39, -45, -38, -20, 3, 2;FAls4/@62526, -8, -30,
-43,-44, -33, -12, 12, 33, 44, 43, 30, 8, -16, -36, 245, -41, -26, -3, 20, 38, 45, 39, 22, -1, -24, -40, -45,
-37,-18, 6, 28, 42, 45, 34, 14, -10, -31, -44), WO 2006/057994 PCT/US2005/042282 28 { /* Row 12
43,29, 4, -21, -40, -45, -35, -13, 13, 35, 45, 40, 21, -4, -29, -43, -43, -29, -4, 21, 40, 45, 35, 13, -13,
-35, -45, -40, -21, 4, 29, 43, 43, 29, 4, -21, -40, -45, -35, -13, 13, 35, 45, 40, 21, -4, -29, -43, 5 -43,
-29, -4, 21, 46 45t 54‘33431341355945364034213% 38, %ﬁRdﬁxlsl* 43].262.-1, -28, -44, -42, -24,
3,30, 44, 41" 76 -Hj -] 35045 93§8 465,45, 36, 45, 37, 14,

-14, -37, 45'4§6 i%%zsﬁ 4‘%1’3 3‘53%%%3%3 3"44512%? 113540 135,91, 622, -41, -44, -30,

-3, 24, 42, 3Ry 4*/ 46 ff 1@54f Sha, 27, -2, -30, -45,
-39, 1§ 13 0 27 44, 1%111 6, 45, % 3734 45, 36, 11,
19, -41, 44 § %312% &E‘% : [? ;45,347 %3
43}, {/* Rowy "20,51 & 41, 43, 22, -1
-37, -45, -30,3h 3544 3(3252‘32%4831414%840??1652316%30 3%1 @ i 11,30, 45, 37; 10,
22, -43, -41, b 3, 36, 44 26,6, 734, 48 733,73, 28 45 5175220 42 |
45, 43, 40, 35, 29, 21, 13, 4, -4, -13, 21, -29, -35, -40, -43, -45,
45, -43, 40, 35, 20, 21, -13, -4, 4, 13, 21, 29, 35. 40, 43, 45,
45, 43, 40, 35, 29, 21, 13, 4, -4, -13, -21, 26, -35. -40, -43. -45,
45 43, 40, -35, 29, 21, -13, -4, 4, 13, 21, 29, 35, 40, 43, 45,
15 {/*Row 5% | .
45, 42, 37, 30, 20, 10, -1, -12, -22, -31, 38, -43, -45, -45, -41, -36.
28, -18, -8, 3, 14, 24, 33, 30, 44, 45, 44, 40. 34. 26, 16, 6.
6, -16, -26, -34, -40, -44, -45, -44, -39, 33, -24, -14. 3. 8 18, 28,
36, 41, 45, 45, 43, 38, 31, 22, 12, 1, -10, -20, -30, -37. -42, -45.
200 {/*Row6 */ o '
45, 41, 34, 23, 11, -2, -15, -27, 36, 43, -45, -44, -39, 30, -19, -7,
7., 19, 30, 39, 44, 45, 43, 36, 27, 15, 2, -11, -23, -34, -41, -45,
45, 41, -34, 23, <11, 2,15, 27, 36, 43, 45, 44, 39, 30, 19, 7.
7, 19, -30, -39, -44, -45, -43, -36, 27, -15, -2, 11, 23, 34, 41, 45],
25 (/*Row7 % -
45, 39, 30, 16, 1, -14, 28, -38, -44, -45, -40, -31, -18, 3, 12, 26,
37, 44, 45, 41, 33, 20, 6, -10, -24, 36, -43, -45. 42, 34, 22, -8
8, 22, 34, 42, 45, 43, 36, 24, 10, -6, -20, -33, -41, -45, 44, -37,
26, -12, 3, 18, 31, 40, 45, 44, 38, 28, 14, -1, -16, -30, -39, -45},
30 {/*Row 8 ¥ - |
44, 38, 25, 9, -9, -25, -38, -44, 44, -38, -25, 9, 9. 25, 38, 4d,
44, 38, 25, O, 0. .25, -38, -44, -44, -38, 25, 9. O 25 38, 44,
9 9
9 9

44, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, O, 25, 38, 44,
44, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, 9, 25, 38, 44},
35 {/*Row9 ¥ .
44, 36, 20, 1, -18, -34, -44, -45, -37, -22, -3, 16, 33, 43, 45, 38,
24, 6, -14, -31, -42, -45, -39, -26, -8, 12, 30, 41, 45, 40, 28, 10,
-10, -28, -40, -45, -41, -30, -12, 8, 26, 39, 45, 42, 31, 14, -6, -24,
-38, -45, 43, -33, -16, 3, 22, 37, 45, 44, 34, 18, -1, -20, -36, -44},
40  {/*Row 10 % ‘
44, 34, 15, -7, -27, -41, -45, -39, -23, -2, 19, 36, 45, 43, 30, 11,
-11, -30, -43, -45, -36, -19, 2, 23, 39, 45 41, 27, 17, -15, -34, -44,
-44, 34, .15, 7, 27, 41, 45, 39, 23, 2, -19, -36, 45, -43, -30, -11,
11, 30, 43, 45, 36, 19, -2, -23, -39, -45 -41, =27, -7, 15, 34, 44},
45  {/*Row11% R '
44, 31, 10, -14, -34, -45, -42, -28, -6, 18, 37, 45, 40, 24, 1, -22,
-39, -45, -38, -20, 3, 26, 41, 45, 36, 16, -8, -30, -43, -44, -33, -12,
12, 33, 44, 43, 30, 8, -16, -36, -45, 41, -26, -3, 20, 38, 45, 39,
22, -1, -24, -40, -45, -37, -18, 6, 28, 42, 45, 34, 14, -10, -31, -44},



{* Row 16 */ 42, 17, -17, -42, -42, -17, 17, 42, 42, 17, -17, -42, -42, -17, 17,42, 42,17, -17, -42, -42,
-17, 17,42, 42,17, -17, -42, -42, -17, 17, 42, 42,17,-17,-42,-42,-17,17, 42,42, 17, -17, -42; -42,
-17, 17,42, 25. 42,17, -17, -42, -42, -17, 17, 42, 42, 17, -17, -42, -42, -17, 17, 421, [* Row 17 */ 41,
14, -22, -44, v3¥ 2e60/@09945, 31, -3, -36, -45, -24,. 12, 40, 42, 16, -20, -44 p3SBuBoR8udis? 33, -1, -34,
-45, -26, 10, 39, 43, 18, -18, -43, -39, -10, 26, 45284, 1, -33, -45, -28, 8, 38, 44, 20, -16, 30 -42, -40,
-12, 24, 45, 36, 3, -31, -45, -30, 6, 37, 44, 22, -14, -41), {/*Row18*/ 41, 11, -27, -45, -30, 7, 39, 43, 15,
-23, -45, -34, 2, 36, 44, 19, -19, -44, -36, -2, 34, 45, 23,--15, -43, -39, -7, 30, 45, 27, -11, -41, -41, -11,
27, 45, 30, -7, -39, -43, -15, 23, 45, 34, -2, -36, -44, -19, 35 19, 44, 36, 2, -34, -45, -23, 15, 43, 39, 7,

30, -45, -21 i ROW 1Y {’/*Rowlg 40. 8. -31, -45, -22, 18 44, 34, -3, -38. .42, -12. 28, 45. 26, -14, -43.
.37, -1, 36, 44 ’162%’244 %-360’16‘541‘%9 b3 3’§ 35, 6, 431.334.62%04341 -10 30 45, 24,

16, -44, -36.F 31 4340 4 ga 35 %Bsé34534‘40442118 "22??15 431, .8, -40}, { (* Row

20 */ 4Q, 4, -35° - ot g*ﬁ 1‘ %Ei 4o %?’43 13, -29, -45, -21,

21, 45,29, - 5482 }é ) %% 3% % 214 2121542891443 35 -4 -40, 45 -40,

4 35 43, 1 2321 445,5 513, 43,354, 1 4 ng%ig*/ 4, 38,-40.3,37, 41,6,
6 g 214

.36, -42, -8, % 43, 193 3,35 31104@,4144530384?51 5 20 24, 45, 22,

=22, -45, 24@ 5} §845353034141044183 9’L2_1

PCT/q§20054@4242582329 454,@@, -1;@ 43, -3, 8342,36 46, 41 73/, 31 4963833'}1 39)
{ /* Row 14 */
43, 23, -7, -34, -45, -36, -11, 19, 41, 44, 27, -2, -30, -45, -39, -15,
15, .39, 45, 30, 2, -27, -44, -41, -19, 11, 36, 45, 34, 7, -23, 43,
-43, -23, 7, 34, 45, 36, 11, -19, 41, -44, -27. 2, 30, 45, 39, 15,
15 -15, -39, -45, -30, -2, 27, 44, 41, 19, -11, -36, 45, -34, -7, 23, 431,
{ /* Row 15 */ :
42, 20, -12, -38, -45, -28, 3, 33, 45, 34, 6, -26, -44, -39, -14, 18,
41, 43, 22, -10, -37, 45, 30, 1, 31, 45, 36, g, <24, -44, -40, -16,
16, 40, 44, 24, -8, -36, -45, -31, -1, 30, 45, 37; 10, -22, -43, -41,
20 -18, 14, 39, 44, 26, -6, -34, -45, -33, -3, 28, 45, 38, 12, -20, -42],
- {/*Row 16 %/ ' ’
42, 17, -17, -42, 42, -17, 17, 42, 42, 17, -17, 42, 42, -17, 17, 42,
42, 17, -17, -42, 42, -17, 17, 42, 42, 17, -17, 42, -42, -17, 17, 42,
42, 17, -17, 42, 42, -17, 17, 42, 42, 17, -17, -42, -42, -17, 17, 42,
25 42, 17, -17, 42, -42, -17, 17, 42, 42, 17, -17, 42, -42, -17, 17, 42}
.{/*Rowl’l*/ .
41, 14, -22, -44, -37, -6, 30, 45, 31, -3, -36, -45, -24, 12, 40, 42,
- 16, -20, -44, -38, -8, 2B, 45, 33, -1, -34, -45, -26, 10, 39, 43, 18,
-18, -43, -39, -10, 26, 45, 34, 1, -33, -45, -28, 8, 38, 44, 20, -16,
30 -42, -40, -12, 24, 45, 36, 3, -31, 45, -30, 6, 37, 44, 22, -i4, -411,
{ /* Row 18 #/ ‘ :
41, 11, -27, -43, -30, 7, 39, 43, 15, -23, -45, -34, 2, 36, 44, 19,
-19, -44, -36, -2, 34, 45, 23, -15, -43, -39, -7, 30, 45, 27, -11, -41,
-41, -11, 27, 45, 30, -7, -39, 43, -15, 23, 45, 34, -2, -36, -44, -19,
35 19, 44, 36, 2, -34, -45, _-23, 15, 43, 39, 7, -30, -45, -27, 11, 41},
{ /* Row 19 %/ :
40, 8, -31, -45, -22, 18, 44, 34, -3, -38, -42, -12, 28, 45, 26, -14,
-43, 237, -1, 36, 44, 16, -24, -45, -30, 10, 41, 39, 6, -33, -45, -20,
20, 45, 33, -6, -39, 41, -10, 30, 45, 24, -16, -44, -36, 1, 37, 43,
40 14, -26, -45, -28, 12, 42, 38, 3, -34, -44, -18, 22, 45, 31, -8, -401,
{ /% Row 20 %/
40, 4, -35, 43, -13, 29, 45, 21, -21, -45, —29, 13, 43, 35, -4, -40,
-40, -4, 35, 43, 13, -29, -45, -21, 21, 45, 29, -13, -43, -35, 4, 40,
40, 4, -35, 43, -13, 29, 45, 21, -21, -45, -29, 13, 43, 35, -4, -40,
45 -40, -4, ‘35, 43, 13, -29, -45, -21, 21, 45, 29, -13, 43, -35, 4, 40},
{ /* Row 21 */ .
39, 1, -38, 40, -3, 37, 41, 6, -36, -42, -8, 34, 43, 10, -33, -44,
-12, 31, 44, 14, -30, -45, -16, 28, 45, 18, -26, -45, -20, 24, 45, 22,
-22, -45, -24, 20, 45, 26, -18, -45, -28, 16, 45, 30, -14, -44, -31, 12,



{*Row22 39, -2, -41, -36, 7, 43, 34, -11, -44, -30, 15, 45, 27, -19, -45, -23, 23, 45, 19, -27, -45, -15,
30, 44, 11, -34, -43, -7, 36, 41, 2, -39, 5-39, 2, 41, 36, -7, -43, -34, 11, 44, 30, -15, -45, -27, 19, 45,
23, -23, -45, -19, 27, 45, 15, -30, -44, -11, 34, 43, 7, -36, -41, -2, 39), {/* Row 23 38, -6, -43, -31, 16,
45, 22, -26, W8 2034941, 1, -40, -36, 10, 44, 28, -20, -45, -18, 30, 44, 137520890242, 33, -14,
-45, -24, 10 24, 45,. 14, -33, -42, -3, 39, 37, -8, -44, -30, 18, 45, 20, -28, -44, -10, 36, 40, -1, -41, -34,
12, 45, 26, -22, -45, -16, 31, 43, 6, -38), {/* Row 24 */ 38, -9, -44, -25, 25, 44, 9, -38, -38, 9, 44, 25,
-25, -44,.-9, 38, 38, -9, -44, -25, 25, 44,9, -38, -38, 9, 44, 25, -25, -44, -9, 38, 15 38, -9, -44, -25, 25,
44,9, -38, -38, 9, 44, 25, -25, -44, -9, 38, 38, -9, -44, -25, 25, 44, 9, -38, -38, 9, 44, 25, -25, -44, -9,
381, {/* RoWR533370,123.454,188,33240366, -%14-:424;378, 43, 40,-438,-30, 22945, 8, -39, -34, 16, 45,
14, -36, -38, FRAS 220/-31, -41, 3, 44, 26, 20 -26, -44, -3, 41, 31, -20, -45, -10, 38, 36, -14, -45, -16,
34, 39, -8, -489.-22, 301. 436.1,7:433,284241 448, -4, -38, 165.437121937%5.{23Row 26 */ 1 36, -15,
-45, -11, 39, 3%, A9, U5 -4, 44530132P0a44.0 143 -39, 437, 43,36, 44123238941, 7, 45, 19, -34,
-39, 115 45, 139.-38, 95-36; 15, 463,11343911434'41930;5 15, 44@-317 28%445% 223 27,27, 43, -2, -44,
-23, 30, 41, ?3>4§5+1@98£7394511154530f154‘§6)11{ /ﬁfhoﬁ?’m?/ 3%6.-14L.-48, 3943 24, -31, -39, 12,
45, 10, 40{{?0“‘%2&2 6 45 -16, 37, 34, -20, 44 144 22 33, -38, 14, 45, 8, -41, -28, 30 28,

_£4; @ 123130 43 %@ ’ ; Oy
fl214 8%%42 4%‘; 3%5 3?%}2 2{234 12%?*/% 327?1 zé 4%0 642z1033g 2?0§ jg jg 41124292i1 35,

18, 45,
-10, 36, 40, -1, -41, -34, 12, 45, 26, —22 -45, -16, 31, 43, 6, -38},
[ /* Row 24 %/

38, -9, -44, -25, 25, 44, 9, -38, -38, O, 44, 25, -25, -44, -9, 38,
38, -0, -44, -25, 25, 44, 9, -38, -38, 9, 44, 25, -25, -44, -9, 3§,

S 15 . 38, -9, 44, .25, 25, 44, 9, -38, -38, 9, 44, 25, -25, -44, -9, 3§,
38, -9, -44, -25, 25, 44, 9, -38, -38, 9, 44

, 25, -25, -44, -9, 38},
{/*Row 25 % ‘ e
37, -12, -45, -18, 33, 40, -6, -44, -24, 28, 43, 1, -42, -30, 22, 45,
B, -39, -34, 16, 45, 14, -36, -38, 10, 45, 20, -31, -41, 3, 44, 26,
20 =26, -44, -3, 41, 31, -20, -45, -10, 38, 36, -14, -45, -16, 34, 39, -8,
-45, -22, 30, 42, -1, -43, -28,-24, 44, 6, -40, -33, 18, 45, 12, -37},
{ 7* Row 26 */ ' . ‘ ‘
36, -15, -45, -11, 39, 34, -19, -45, -7, 41, 30, -23, -44, -2, 43, 27,
-27, -43, 2, 44, 23, -30, -41, 7, 45, 19, -34, -39, 11, 45, 15, -36,
25 -36, 15, 45, 11, -39, -34, 19, 45, 7, <41, 30, 23, 44, 2, 43, -17,
27, 43, -2, -44, -23, 30, 41, -7, -45, -19, 34, 39, -11, -45, -15, 36},
{ /* Row 27 ¥/ ' - -
36, -18, -45, -3, 43, 24, -31, -39, 12, 45, 10, -40, -3G, 26, 42, -6,
-45, -16, 37, 34, -20, -44, -1, 44, 22, -33, -38, 14, 45, B8, -41, -28,
30 28, 41, -8, -45, -14, 38, 33, -22, -44, 1, 44, 20, -34, -37, 16, 45,
6, -42, -26, 30, 40, -10, 45, -12, 39, 31, -24, -43, 3, 45, 18, -36},
{ /* Row 28 */
35, -21, 43, 4, 45, 13, -40, -29, 29, 40, -13, 45, -4, 43, 21, -35,
-35, 21, 43, -4, -45, -13, 40, 29, -29, -40, 13, 45, 4, 43, -21, 35,
35 35, -21, -43, 4, 45, 13, -40, -29, 29, 40, -13, 45, 4, 43, 21, -35,
235, 21, 43, -4, -45, -13, 40, 29, -29, -40, 13, 45, 4, -43, -21, 35},
{ /* Row 29 */ :
34, -24, -41, 12, 45, 1, -45, -14, 40, 26, -33, -36, 22, 42, -10, 45,
-3, 44, 16, -39, -28, 31, 37, -20, 43, B8, 45, 6, -44, -18, 38, 30,
40 - -30, -38, 18, 44, -6, 45, -8, 43, 20, -37, -31, 28, 39, -16, 44, 3,
45, 10, -42, -22, 36, 33, -26, -40, 14, 45, -1, -45, -12, 41, 24, -34),
{ /* Row 30 #/
34, .27, -39, 19, 43, -11, 45, 2, 45, 7, -44, -15, 41, 23, -36, -30,
30, 36, -23, -41, 15, 44, -7, -45, -2, 45, 11, -43, -19, 39, 27, -34,
45 234, 27, 39, -19, -43, 11, 45, -2, -45, -7, 44, 15, -41, .23, -36, 30,
-30, -36, 23, 41, -15, -44, 7, 45, 2, -45, -11, 43, 19, -39, -27, 34},
{ /* Row 31 */
33, -30, -36, 26, 38, -22, -40, 18, 42, -14, -44, 10, 45, -6, -45, 1,
45, 3, 45, -8, 44, 12, -43, -16, 41, 20, -39, -24, 37, 28, -34, -31,



.35, 21, 43, -4, -45, -13, 40, 29, -29, -40, 13, 45, 4, -43, -21, 35, 35 35, -21, -43. 4, 45, 13, -40, -29, 29,
40, -13, -45, -4, 43, 21, -35, -35, 21, 43, -4, -45, -13, 40, 29, -29, -40, 13, 45, 4, -43, -21, 35}, {/* Row
29 %/ 34, -24, -41, 12, 45, 1, -45, -14, 40, 26, -33, -36, 22, 42, -10, -45, -3, 44, 16, -39, -28, 31, 37, -20,
_43, 8, 45, 6. wékodbB588430, 40 -30, -38, 18, 44, -6, -45, -8, 43, 20, -37, PRT2RpBR4216; -44, 3, 45,
10, -42, -22, 36, 33, -26, -40, 14, 45, -1, -45, -12, W1, 24, -34), { /* Row 30 */ 34, -27, -39, 19, 43, -11,
-45, 2,45, 7, -44, -15, 41, 23, -36, -30, 30, 36, -23, -41, 15, 44, -7, -45, -2, 45, 11, -43, -19, 39, 27,
-34, 45 -34, 27, 39, -19, -43, 11, 45, -2, -45, -7, 44, 15, -41, -23, 36, 30, -30, -36, 23, 41, -15, -44, 7,
45,2, -45, -11, 43, 19, -39, -27, 341, { /* Row 31 */ 33, -30, -36, 26, 38, -22, -40, 18, 42, -14, -44, 10,
45 -6, -45, 15154, 28, :37u2% 2394320164k o 430-134 4% 28 45 31 WO 2006/057994

PCT/US2005704778p S30%1, 34, 38, .55 4a, 38806044 168432012304438, 48).3, 45, -1, 45,6,
45, -10, 44/ . 22,-38,-26,36,30,:33], {[;Rqy 334/ 32, -32, -33, 32, 32,-32, 32, 32,
32, 32,32, 2233059 %% 323237 %23% 132232282, 32, -32, 32, 32,
32,-327-32, 35-37°38,32 732 30 22 . S . Bo M e 3. 32,82, 32, 32,
32,-32,-32, 33, 3,35 353 é,:{ Raly3 :3%2-:3%2-’2“ 732452932081 3 43 -12.44.8
45, -3, 45, T Ko b, 45, -10; 44, 14,42, 218,40, 22,38, 26,36, 30, 33, 23, -30, 36, 26, -38,

-22, 40, 18, -42, -34, 448 1Q,-45,-6345.5 4D, 3.45.48, -#4. 12, 43, -18, -44, 20 39, -24, -37, 28, 34,
-311, {¢* Row 344¥ 3G, -38, -38, 44, 194:440:7.145..28, -45, Lk 4347196399 25334, |
-33, -30, 36, 26, -38, -22, 40, 18, 42, -14, 44, 10, -45, -6, 45, 1,
-45, 3, 45, -8, 44, 12, 43, -16, -41, 20, 39, -24, f37, 28, 34, -31},
{ /* Row 34 #/ :
30, -36, -23, 41, 15, -44, -7, 45, -2, -45, 11, 43, -19, -39, 27, 34,
15 =34, -21, 39, 19, 43, -11, 45, 2, <45, 7, 44, -15, -41, 23, 36, -30,
-30, 36, 23, -41, -15, 44, 7, -45, 2, 45, -11, -43, 19, 39, -27, -34,
34, 27, -39, -10, 43, 11, -45, -2, 45, -7, -44, 15, 41, -23. -36, 30},
{ /* Row 35 */
30, -38, -18, 44, 6, -45, 8, 43, -20, -37, 31, 28, -39, -i6, 44, 3,
20 -45, 10, 42, -22, -36, 33, 26, -40, -14, 45, 1, -45, 12, 41, -24, -34,
' 34, 24, -41, -12, 45, -1, -45, 14, 40, -26, -33, 36, 22, -42, -10, 45,
-3, -44, 16, 39, -28, -31, 37, 20, -43, -8, 45, -6, -44, 18, 38, -30%,
- { /*Row 36 ¥/ o ‘
29, -40, -13, 45, -4, -43, 21, 35, -35, -21, 43, 4, -45, 13, 40, -29,
25 29, 40, 13, -45, 4, 43, -21, -35, 35, 21, -43, -4, 45, -13, -40, 20,
29, -40, -13, 45, -4, 43, 21, 35, -35, -21, 43, 4, -45, 13, 40, -29,
<28, 40, 13, 45, 4, 43, -21, -35, 35, 21, -43, -4, 45, -13, -40, 291,
{ /* Row 37 */ _
28, -41, -8, 45, -14, -38, 33, 22, 44, -1, 44, -20, -34, 37, 16, -45,
30 6, 42, -26, -30, 40, 10, -45, 12, 39, -31, -24, 43, 3, -45, 18, 36,
-36, -18, 45, -3, 43, 24, 31, -‘3_9, -12, 45, -10, -40, 30, 26, -42, -6,
45, -16, -37, 34, 20, -44, 1, 44, -22, -33, 38, 14, -45, 8§, 41,‘-28},
{ /* Row 38 */
27, -43, -2, 44, -23, -30, 41, 7, -45, 19, 34, -39, -11, 45, -15, -36,
35 36, 15, -45, 11, 39, -34, -19, 45, -7, -41, 30, 23, -44, 2, 43,.-27,
-27, 43, 2, -44, 23, 30, -41, -7, 45, -19, -34, 39, 11, -45, 15, 136,
-36, -15, 45, -11, -39, 34, 19, -45, 7, 41, -30, -23, 44, -2, 43, 27},
{/* Row 39 %/
26, -44, 3, 41, -31, -20, 45, -10, -38, 36, 14, -45, 16, 34, -39, -8,
40 45, -22, -30, 42, 1, -43, 28, 24, -44, 6, 40, -33, -18, 45, -12, 37,
37, 12, -45, 18, 33, 40, -6, 44, -24, -28, 43, -1, -42, 30, 22, -45,
8, 39, -34, -16, 45, -14, -36, 38, 10, -45, 20, 31, 41, -3, 44, -261,
{ 7* Row 40 */ '

25, 44, 9, 38, -38, -9, 44, -25, -25, 44, -9, -38, 38, 9, -44, 25,
45 25, -44, 9, 38, -38, -9, 44, -25, -25, 44, -9, .38, 38, 9, -44, 25,
25, -44, 9, 38, -38, -9, 44 -25 -25, 44, -9, -38 38, 9, -44, 25,
25, 44, 9, 38, -38, -9, 44, -25, -25, 44, 9, .38, 38, 9, -44, 25},

{ /* Row 4] */ _
24, -45, 14, 33, 42, 3, 39, -37, -8, 44, -30, -18, 45, -20, -28, 44,



15 -34, -27, 39, 19, -43, -11, 45, 2, -45, 7, 44, -15, -41, 23, 36, -30, -30, 36, 23, -41, -15, 44, 7, -45, 2,
45, -11, -43, 19, 39, -27, -34, 34, 27, -39, -19, 43, 11, -45, -2, 45, -7, -44, 15, 41, -23, -36, 30}, {1*
Row 35 */ 30, -38, -18, 44, 6, -45, 8, 43, -20, -37, 31, 28, -39, -16, 44, 3, 20 -45, 10, 42, -22, -36, 33,
26, -40, -14, W5 JooeAB7®2, 41, -24, -34, 34, 24, -41, -12, 45, -1, -45, 14, 4 pR82083038222, -42, -10,
45, -3, -44, 16, 39, -28, -31, 37, 20, -43, -8, 45, -63-44, 18, 38, -30), {/*Row36*/ 29, -40, -13, 45, -4,
-43, 21, 35, -35, -21,. 43, 4, -45, 13, 40, -29, 25 -29, 40, 13, -45, 4, 43, -21, -35, 35, 21, -43, -4, 45,
-13, -40, 29, 29, -40, -13, 45, -4, -43, 21, 35, -35, -21, 43, 4, -45, 13, 40, -29, -29, 40, 13, -45, 4, 43,
-21, -35, 35, 21, -43, -4, 45, -13, -40, 29), {/* Row 37 */ 28, -41, -8,. 45, -14, -38, 33, 22, -44, -1, 44,
-20, -34, 37,16, -48, 30.6,1424263430120:450, 245, 22, 36,-35, -24, 483.3, 645388, 36, -36, -18, 45,
-3, -43, 24, 388.3%.-148, 481,106-465 3622620245 - U5 -X6, 47, 34, A, -44, 1144, -22, -33, 38, 14,
-45, 8, 41, -28¥, {28, R&Av 385/ 28, 3B 44,448, 23, -19,413.7 445.3P0 -34, 4B 44),45 -15, -36, 35 36,
15, -45, 11,{39 Row 448/ 45, -7, -41, 30, 23, -44, 2, 43,.-27, -27, 43, 2, -44, 23, 30, -41, -7, 45, -19,
-34, 39511, 3% 1‘55 3é9a-§§a-ﬁ 4$5’-1—’10’-3494 3410 Phusiy, 4h, 2p, 4. z?zt -3? :-43, 27), {/* Row 39

* 26, -44, 3,39, F Yo 7;-1% }51 30 4&@*1@841589458'2%60 48: 4 » 42, 1, -43, 28, 24,
-44., 6, 40, -3%311 ! Y5448 -1 42 30, 22, -45, 8,
39, -34, 163—5% % g g 2%r 3hl 244 3% I%6}“5{ /2212 ﬁoﬁgz 2%3 lua. 9, 38, 38, -9, 44,
25, - Zoz ﬁS 4535 a4 %3816384 0, 44, 25, 25, 4. -9, -38, 38, 9, -44, 25,
25, -44, 9 38 '3853 %A%S 4%*755 40, 38, 1, -39,

39, -1, -38 40 -3, <37, 41, -6, -36, 42, -8, -34 43, -10, -33, 44,
-12, -31, 44, -14, 30, 45, -16, -28, 45, -18, -26, 45, -20, -24, 45, .22},
{ 7* Row 44 */ '
15 21, -45, 29, 13, -43, 35, 4, -40, 40, -4, -35, 43, -13, -29, 45, -21,
21, 45, -29, -13, 43, -35, -4, 40, -40, 4, 35, -43, 13, 29, -45, 2i,
21, -45, 29, 13, -43, 35, 4, -40, 40, -4, -35, 43, -13, -29, 45, -21,
-21, 45, -29, -13, 43, -35, -4, 40, -40, 4, 35, 43, 13, 29, -45, 21},
{ /* Row 45 */ ‘ .
20 20, -45, 33, 6, -39, 41, -10, -30, 45, -24, -16, 44, -36, -1, 37, -43,
14, 26, -45, 28, 12, -42, 38, -3, -34, 44, -18, -22, 45, -31, -8, 40,
- 40, 8, 31, -45, 22, 18, -44, 34, 3, -38, 42, -12, -28, 45, -26, -14,
43, -37, 1, 36, -44, 16, 24, -45, 30, 10, -41, 39, -6, -33, 45, -20},
| /* Row 46 */ . '
25 19, -44, 36, -2, -34, 45, -23, -15, 43, -39, 7, 30, 45, 27, 11, 41,
41, -11, 27, 45, -30, -7, 39, -43, 13, 23, -45, 34, 2, -36, 44, -19,
-19, 44, -36, 2, 34, -45, 23, 15, 43, 39, -7, -30, 45, -27, -11, 41,
-41, 11, 27, -45, 30, 7, -39, 43, -15, -23, 45, -34, -2, 36, -44, 19},
{ /* Row 47 */ -
30 18, -43, 39, -10, -26, 43, -34, 1, 33, -45, 28, 8, -38, 44, -20, -is,
42, -40, 12, 24, -45, 36, -3, -31, 45, -30, -6, 37, -44, 22, 14, -41,
41, -14, -22, 44, -37, 6, 30, -45, 31, 3, -36, 45, -24, -12, 40, -42,
16, 20, -44, 38, -8, -28, 45, -33, -1, 34, -45, 26, 10, -39, 43, -18},
[ /* Row 48 */
35 17, -42, 42, -17, -17, 42, <42, 17, 17, 42, 42, -17, -17, 42, -42, 17,
17, -42, 42, -17, -17, 42, -42, 17, 17, -42, 42, -17, -17, 42, -42, 17,
17, -42, 42, 17, -17, 42, -42, 17, 17, -42, 42, -17, -17, 42, 42, 17,
17, 42, 42, -17, -17, 42, -42, 17, 17, -42, 42, -17, -17, 42, -42, 17},
{ /* Row 49 */
40 16, -40, 44, -24, -8, 36, -45, 31, -1, -30, 45, -37, 10, 22, -43, 41,
-18, -14, 39, -44, 26, 6, -34, 45, -33, 3, 28, 45, 38, -12, -20, 42,
-42, 20, 12, -38, 45, -28, -3, 33, -45, 34, -6, -26, 44, -39, 14, 18,
-41, 43, -22, -10, 37, -45, 30, 1, -31, 45, -36, 8, 24, -44, 40, -16},
{ /* Row 50 */ . '
45 15, -36, 45, -30, 2, 27, -44, 41, -19, -11, 36, -45, 34, -7, -23, 43,
43, 23, 7, <34, 45, 236, 11, 19, 41, 44, -27, -2, 30, 45, 39, -15
-15, 39, -45, 30, -2, -27, 44, -41, 19, 11, -36, 45, -34, 7, 23, -43,
- 43, -23, -7, 34, -45, 36, -11, -19, 41, -44, 27, 2, -30, 45, -39, 15},
[ /* Row 51 */



25, -44, 9, 38, -38, -9, 44, -25, -25, 44, -9, -38, 38, 9, -44, 251, {/* Row 41 */ 24, -45, 14, 33, -42, 3,
39, -37, -8, 44, -30, -18, 45, -20, -28, 44, WO 2006/057994 PCT/US2005/042282 31 -10, -36, 40, 1,
-41, 34, 12, -45, 26, 22, -45, 16, 31, -43, 6, 38, -38, -6, 43, -31, -16, 45, -22, -26, 45, -12, -34, 41; -1,
-40, 36, 10, wid 28R08B945, 18, 30, -44, 8, 37, -39, -3, 42, -33, -14, 45, - r{SSoamndd */ 5 23, -45,
19, 27, -45, 15, 30, -44, 11, 34, -43, 7, 36, -41, 2,89, -39, -2, 41, -36, -7, 43, -34, -11, 44, -30, -15, 45,
-27, -19, 45, -23, -23, 45, -19, -27, 45, -15, -30, 44, -11, -34, 43; -7, -36, 41, -2, -39, 39, 2, -41, 36, 7,
-43, 34, 11, -44, 30, 15, -45, 27, 19, -45, 23), {/* Row 43 */ 10 22, -45, 24, 20, -45, 26, 18, -45, 28, 16,
-45, 30, 14, -44, 31, 12, -44, 33, 10, -43, 34, 8, -42, 36, 6, -41; 37, 3, -40, 38, 1, -39, 39, -1, -38, 40,
-3, -37, 41, -64:36742458,384, U3, 160,-383, 44, -382, 181, &, 3%, B0, 45, -1%6, 4B, 45, -18, -26, 45,
-20, -24, 45,-482145{ FSRoVG ALEE 181214445300, 1.3 2413-435, 44,-4D840] - 42635443, -13, -29, 45, -21,
21, 45, -29, 433 -2, 35, 28, A84-482.4-285 =33 303 -29, 45 20, 26, -35, 245,140-43. 35, 4, -40, 40, -4,
-35, 43, -13,29, 45, 331 491 K 180 -3 B 4% 38,406.4024, 35, 43, B3, 204145, 21), {/* Row 45
*/ 20 2@ -45%30@ 5%9‘/41 -10, -30, 45, -24, -16, 44, -36, -1, 37, -43, 14, 26, -45, 28, 12, -42, 38, -3,
-34, 44, -18, 1 2 35 4% 4043146, 5291 45430 BB ‘214 %34: 3*038‘54235121328 45, -26, -14, 43,
.37, 1, 36, -4A316%44 454030'210 *441§ 943é }*%72 02 44, 36, -2, -34, 45,
-23, -15, 43, ?5’3 2q0572 ’1 4112921431 143072543 7% ; -45342 -36, 44,
19, -49. 44 /ig 2,.34-a802% 15“""432 4% #0755, 47, h ﬁ? ’

12 33, 44, -43, 30, -8, -16, 36, -45, 41, -26, 3, 20, -38, 45, -39,
1, -24, 40, -45, 37, -18, -6, 28, -42, 45, -34, 14, 10, -31, 44,
~44, 31, -10, =14, 34, -45, 42, -28, 6, 18, -37, 45, -40, 24, -1, -22,
39, -45, 38, 20, -3, 26, -41, 45, -36, 16, 8, -30, 43, -44, 33, -12},
15 {/*Row 54 */ ,
11, -30, 43, -45, 36, -19, -2, 23, -39, 45, 41, 27, -7, -15, 34, -4,
44, -34, 15, 7, 27, 41, -45, 39, -23, 2, 19, -36, 45, -43, 30, -11,
-11, 30, -43, 45, -36, 19, 2, -23, 39, -45, 41, -27, 7, 15, -34, 44,
44, 34, -15, -7, 27, -41, 45, -39, 23, -2, -19, 36, -45, 43, -30, 11},
20 {/* Row 55 */ - ‘
10, -28, 40, -45, 41, -30, 12, 8, -26, 39, -45, 42, -31, 14, 6, -24,
38, -45, 43, -33, 16, 3. -22, 37, -45, 44, -34, 18, 1, -20, 36, -44,
44, 36, 20, -1, -18, 34, -44, 45, -37, 22, -3, -16, 33, -43, 45, -38,
24, -6, -14, 31, -42, 45, -39, 26, -8, -12, 30, -41, 45, -40, 28, -10},
25  { /* Row 56 */
9, .25, 38, -44, 44, 38, 25, -9, -9, 25, -38, 44, -44, 38, -25,
9, -25, 38, -44, 44, -38, 25, -9, -9, 25, -38, 44, -44, 38, -25,
9, .25, 38, -44, 44, -38, 25, -9, -0, 25, -38, 44, -44, 38, -25, O,
9, .25, 38, -44, 44, .38, 25, -9, -9, 25, -38, 44, -44, 38, -25, 9},
30 {/*Row 57 %
g, -22, 34, -42, 45, -43, 36, 224, 10, 6, -20, 33, -41, 45, -44, 37,
26, 12, 3, -18, 31, -40, 45, -44, 38, -28, 14, 1, -16, 30, -39, 45,
45, 39, -30, 16, -1, -14, 28, -38, 44, -45, 40, -31, 18, -3, -12, 26,
.37, 44, -45, 41, -33, 20, -6, -10, 24, -36, 43, -45, 42, 34, 22, -8},
35 | /*Row 58 %/ | |
7, -19, 30, -39, 44, -45, 43, -36, 27, -15, 2, 11, -23, 34, -41, 45,
.45, 41, -34, 23, -11, -2, 15, -27, 36, -43, 45, -44, 39, -30, 19, -7,
7. 19, -30, 39, -44, 45, 43, 36, 27, 15, -2, -11, 23, -34, 41, -45,
45, -41, 34, -23, 11, 2, -15, 27, -36, 43, -45, 44, -39, 30, -19, 7},
40 {/* Row 59 */ -
6, -16, 26, -34, 40, -44, 45, -44, 39, -33, 24, -14, 3, 8, -18, 28,
.36, 41, -45, 45, -43, 38, -31, 22, -12, 1, 10, -20, 30, -37, 42, -45,
45, -42, 37, -30, 20, -10, -1, 12, -22, 31, -38, 43, -45, 45, -41, 36,
28, 18, -8, -3, 14, -24, 33, -39, 44, -45, 44, -40, 34, -26, 16, -6},
45 [ /* Row 60 */
4, -13, 21, -29, 35, 40, 43, -45. 45, -43, 40, -35, 29, 21, 13, -4,
4, 13, -21, 29, -35, 40, -43, 45, -45, 43, -40, 35, .29, 21, -13, 4,
4, -13, 21, -29, 35, -40, 43, -45, 45, -43, 40, -35, 29, -21, 13, -4,
4, 13, -21, 29, -35, 40, -43, 45, -45, 43, -40, 35, -20, 21, -13, 4,

k]

L

OOAD O WD



.41, 11, 27, -45, 30, 7, -39, 43, -15, -23, 45, -34, -2, 36, -44, 191, { /* Row 47 */ 30 18, -43, 39, -10,
26, 45, -34, 1, 33, -45, 28, 8, -38, 44, -20, -16, 42. -40, 12, 24, -45, 36, -3, -31, 45, -30, -6, 37, -44,
22,14, -41, 41, -14, -22, 44, -37, 6, 30, -45, 31, 3, 36, 45, -24. -12. 40, -42, 16, 20, -44, 38, -8, -28,
45, -33, -1, 3Wo-4EcBEIR0, -39, 43, -181, { /* Row 48 */ 35 17, -42, 42, -1F¢alifs0@sedsd 7, 17, -42,
42,17, 17, 42, -42, 17, 17, -42, 42, -17, -17, 423342, 17, 17, -42, 42, -17, -17, 42, -42, 17, 17-42,
42,17, 17, 42, -42. 17, 17, -42, 42, 17, -17, 42, -42, 17, 17, -42. 42, -17. -17. 42, -42. 17, 17, -42,
42,17, -17, 42, -42, 171, { /* Row 49 */ 40 16, -40, 44, -24., -8, 36, -45, 31, -1, -30; 45: -37, 10, 22, -43,
41, 18,14 39,44, 26, 6,-34,45, 33, 3, 28, 45, 38, -12, -20, 42, -42,20, 12, -38, 45, 28, 3, 33,
45,34, -6, ¢ R&A"‘%g 14,16, -43,43,.22,:10, 37,45, 30,1, 31, 45, 36,8, 24 44, 40, -16),
{/*Row50*/4 51"391645’2 02 3 A‘iﬂ 1 45,3 3&4-’7*423 ﬁs 343, 23, 7, -34, 45, -36,

11, 19; 41, 4 8303’-945 L5 :2 357:34, 44146, #9: 36, 45, -34, 7, 23,
43, 4 g 3§ %5’4% 74? j S lﬁ% Eg{%\'éﬁd’ WO 2006/057994
PCT/U 2oo{§j§ %1638 15°34 780 '8, 20, -40, 45, -31,
6, 22, -41, 4 2, . 1,26,:4 1, 28, A4, 3,30, -4, 41, -22, -6,
31, -45, 40, 3021 gt ;,112@63?3244 ;&3233271%3315% s ”2'% ') 5{/* Row 52 %/ 13,
-35, 45, -40, 221 -2, 2131,5 4392 34,931 AP, AP ti 35 4 29 -43, 43, -29,
4, 21, 140, 45453545134413433 5445,340.74. 44; %04327432329’194~1%1 i‘P

{ /% Row 63 %/ | |

1, 3, 6 -8 10,-12, 14, -16, 18, 20, 22, -24, 26, 28, 30, -31,

33, -34, 36, -37, 38, -39, 40, -41, 42, 43, 44, 44, 45, 45, 45, -45,

45, 45, 45, -45, 44, -44, 43, -42. 41, 40, 39, -38, 37, -36, 34, -33,

15 31,-30, 28, -26, 24, 22, 20, -18, 16, 14, 12, -10, 8, -6, 3, -1}



-13, 35, -45, 40, -21, -4, 29, -43, 43, -29, 4, 21, -40, 45, -35, 13}, 10 {/*Row53*/ 12, -33, 44, -43, 30,
-8, -16, 36, -45, 41, -26, 3, 20, -38, 45, -39, 22, 1, -24, 40, -45, 37, -18, -6, 28, -42, 45, -34, 14, 10,
-31, 44, -44, 31, -10, -14, 34,-45, 42, -28, 6, 18, -37,445, -40, 24, -1, -22, 39, -45, 38, -20, -3, 26, -41,
45, -36, 16, 8, -30, 43, -44, 33, -12}, 15{/* Row 54 */ 11, -30, 43, -45, 36, -19, -2, 23, -39, 45, -41, 27,
-7,-15, 34, -44, 44,-34, 15,7, -27, 41, -45, 39, -23, 2, 19, -36, 45, -43, 30, -11, -11, 30, -43, 45, -36,
19, 2, -23, 39, -45, 41, -27, 7, 15, -34, 44, -44, 34, -15, -7, 27, -41, 45, -39, 23, -2, -19, 36, -45, 43,
-30, 11}, 20 {/* Row 55 */ 10, -28, 40, -45, 41, -30, 12, 8, -26, 39, -45, 42, -31, 14, 6, -24, 38, -45, 43,
33,16, 3, -22, 37, -45, 44, -34, 18, 1, -20, 36, -4 336 20, -1,.-18, 34, -44, 45, -37, 22, -3, -16,
33, -43, 45, -38, 24, -6, -14, 31; -42, 45, -39, 26, -8, -12, 30, -41, 45, -40, 28, -10), 25{/* Row 56 */ 9,
-25, 38, -44, 44, -38, 25, -9, -9, 25, -38, 44, -44,f§8, -29, 9, 9, -25, 38, -44, 44, -38, 25, -9, -9, 25, -38,
41,24, 36, 25,5, 5, SSUBORY A dingce 197 8 Fagl R USG5, 36, a4, 44,
-38, 25, -9, -9, 255taB8sKiftg A4 BB 025 fhm3R A il RovwwdAdé 8iitk2n 3drittde 45anthidaap6,biddik 10, 6,
-20, 33, -41, 45, -44, 37, -26, 12, 3, -18, 31, -40, 45, -44, 38, -28, 14, 1, -16, 30, -39, 45, -45, 39, -30,
16, -1, -131,1%8, -38, 44, -45, 40, -31, 18, -3, -12, 26, -37, 44, -45, 41, -33, 20, -6, -10, 24, -36, 43, -45,
42, -84, 22, -8), am{fitiRgwt 53 dhe B30 8Onddaindt 5ihDit30cdibeylBord, dleaddomddindl, 45, -45,
41, -%4, 23, :11, -2, 15, -27, 36, -43, 45, -44, 3%, -30, 19, -7, -7,19, -30, 39, -44, 45, -43, 36, -27, 15,
2,11, 25 SR E AN T A0rSce SN g 3 A ng RaraCip) UodeE 38 I0KEET 1, 40 { 1 Row
59 */®, -keard€yrr34, 40, -44, 45, -44, 39, -33, 24, -14, 3, 8, -18, 28,
9

10 2. The method according to claim 1 further including the step of blending a block

11 of film grain with the image block.

12

13 3. The method according to claim 1 wherein the simulating step is preceded by

14 receipt of a supplemental film grain information message accompanying the image block.

I5

16 4. The method according to claim 3 further comprising the step of blending the

17 block of film grain with the image block in decode order.

18

19 5. The method according to claim 3 further comprising the step of blending the

20 block of film grain with the image block in display order.

21

22 6. The method according to claim 1 further including the step of simulating the at

23 least one block of film grain in decode order.

24

25 7. The method according to claim 1 further including the step of simulating the at

26 least one block of film grain in display order.

27

28 8. The method according to claim 1 wherein the establishing step further

29 comprises the steps of:

30 receiving a film grain information message accompanying the image block and

31 containing a plurality of parameters each indicative of an attribute of film grain to be

32 simulated in the image block;

33 selecting at least one among the plurality of parameters.



.36, 41, -45, 45, -43, 38, -31, 22, -12, 1. 10, -20, 30, -37, 42, -45, 45, -42, 37, -30, 20, -10, -1, 12, -22,
31, -38, 43, -45, 45, -41, 36, -28, 18, -8, -3, 14, 24, 33, -39, 44, -45, 44, -40, 34, -26, 16, -61, 45 { /*
Row 60 */ 4, -13, 21, -29, 35, -40, 43, -45, 45, -43: 40, -35, 29, -21, 13, -4, -4, 13, -21, 29, -35, 40, -43,
45, -45, 43, -40, 35, -29, 21, -13. 4, 4, -13, 21, -29, 35, -40, 43, -45, 45, -43, 40, -35, 29, -21, 13, -4,
4,13, -21, 29, -35, 40, -43, 45, -45, 43, -40, 35, -29, 21, -13, 4), WO 2006/057994
PCTAIS2005/042282 38RO #r05ding tq glaims 3 yeheretn e sipulaungsembirther 44, 41, 38, -34,
30, -24, L8mikRishs:L, -8, 14, -20, 26, -31, 36, -39, 42, -44, 45, -45, 44, -42, 39, -36, 31, -26, 20, -14, 8,
-1, -6, 12, -18, 24, -30, 5 34. -38, 41, -44. 45, -45. 45, -43, 40, -37, 33, -28, 22, -16, 10, -3}, { [* Row 62
%2, 37,11, -15, $SlmscuOlidieaincies s Chigmasomponents el tesmage amcla%emalﬁ?g%}léé? 34,
30, -27, 2&ipdi@mbhialldhhénc@mens rhestdgelf, ddh@ hatltdstidde 1301129 thhk dddhdsh d4bbds 10 -45,
45, -44. 43, -41, 39, -36, 34, -30, 27, -23. 19, -15, 11, -7, 2}, {/* Row 63 */ 1, -3, 6, -8, 10, -12, 14, -16,
18, -20 29 0 Fainpaltegs 31 33 34 36, -37, 38, -39, 40, -41, 42, -43, 44, -44. 45, -45. 45, -45,
45, -65, 45, -45, dehplitindah A2rdi, pAQ) 3238 e 1BBed4Iodl; 15 31, -30, 28, -26, 24, 22, 20, -18,
16, -14, 12, -10, 8, -6, 3, -1} 34 1 CLAIMS: 2 31, A method for simulating a film grain block,
oG the SERD U LS ALTOER G M AL R RS s HCEBTRENEG (TS ARMBAS of an

image blabk; séparehersimilating;atigaghenenblock of film grain with bit accuracy from at least one film

-9 retrieving a block of film grain from the database of film grain blocks; and

10 deblocking vertical edges between adjacent locks.

11

12 10.  The method according to claim 9 wherein the cut-off frequencies for the

13 chroma components are scaled to a 4:2:0 format upon receipt of the at least one parameter in a
14 4:4:4 chroma format.

15
16 11, The method according to claim 9 wherein the step of retrieving a block of {ilm
17 grain further comprises the step of randomly retrieving the block of film grain.
18
19 12, The method according to claim 9 wherein the retrieving step further comprises

20 the step of retrieving a block of film grain from a database of pre-computed fiim grain blocks.

22 13, The method according to claim 12 further comprising the step of establishing
23 the database of film grain blocks by storing 169 patterns of 4,096 pre-computed film grain

24 samples, in 2’s complement form, ranging from -127 to 127.

26 14. The method according to claim 9 further comprising the step of establishing

27 the database of film grain blocks by the steps of:

28 speetfying a look up table of Gaussian random values;
29 randomly accessing the look up table;
30 performing an integer inverse transform on values randomly accessed from the look-

31 up table; and

32 deblocking horizontal edges of patterns obtained from the integer inverse transform.



7 grain pattern generated in accordance with the at least one parameter using an integer 8 transform.
9 10 2. The method according to claim 1 further including the step of blending a block 11 of film grain
with the image block. 12 13 3. The method accordiﬁg to claim | wherein the simulating step is
preceded by 14 receipt of a supplemental film grain information message accompanying the image
block. 15 16 4. '{rt?;e method according tq claim 3 further comprising the step of blending the 17 block
of film grain withthe im B%IB%QER AGREYGE Brgkaim g i B‘%ﬁﬁ%%%éﬁ&&ﬁ?&éoa%ﬁﬂ% further
comprising:the istepiet blendingihe: 208 bloskoffimgaindwibohiespagelgakimdisplay.arder. 21 22
6. The method according to claim 1 further including the step of simulating the at 23 least one block of
film grain in decode order. 24 25 7. The method according to claim | further including the step of
simulating the ati 26 legsteanerhlack afifilmegrimimdisalayoweipaind8e. stheoneihied:ageniding to
claim.1 wherein, the establishing step further 29 comprises the steps of: 30 receiving a film grain
informatihAe L ERyaRad ﬁ?ﬁ&gﬁié}%‘i‘gﬁ}ﬁ%gﬂ@cﬁ %ﬁqﬁcrgieaé’ﬁfﬁﬁ‘ling a plurality of parameters each
indicative of an attribute of film grain to be 32 simulated in the image block; 33 selecting at least one
among the pIura(li of parameters. 35 1 9. The method. a orgi {0 claim 3 wherein the simulating
Step further’ 2 cprisea PEEH ) S UR IRET LRI T OHRS CSUBRAHIE 6 AL block
cont&ined:dmigsidssupplemental enhancement message to define characteristics of a filter that defines
a datf?base means for establishing at least one parameter in accordance with an attribute of the

10 image block; and



5 of film grain patterns ; 6 computing an average pixel value for the image block; 7 comparing the
average pixel value of the block to a corresponding jntensity value in 8 the supplemental film grain
information; 9 retrieving a block of film grain from th&’ database of film grain blocks; and 10 deblocking
vertical edges between adjacent locks. 11 12 10. The method according to claim 9 wherein the cut-off
frequencies for the 13 chroma compo a 4:2:0 format upon receipt of the, at least

ents are scale
one parameter iP5 %&%&W&?ﬁ&%@%ﬁa@?i@f% f%fﬁ*ﬁe“?ﬁ%%a%%ia&% N Hirein the

step Df refrigving adfoekehilpulirgrain Jurthacconiprises: thessiaR phrandemixirmtievingsthie block of
film grain, 1%119 12. The method according to claim 9 wherein the retrieving step further comprises
20 the stéfiﬁ1 PéTPieving a block of film grain from a database of pre-computed film grain blocks. 21 22
13. The method according to claim 12 further comprising the step of establishing 23 the database of
film grain blocks hy storing 169 patterns of.4,096 pre- uted film grain, 24 samples, in 2's
complement forr}%'rang ﬁ%?ﬁl%i‘?g?aﬁ? FoHpes Cé%“fﬁ%%?ﬁ@fﬂéﬂ‘%@@&%ﬁbe%% S e ifher
comprising thesienmekestablishing Rifithe datakaseds film grain blocks by the steps of: 28 specifying
a Ioo% up table of Gaussian random values; 29 randomly accessing the look up table; 30 performing
an integer inverse transform on values randomly accessed from the look- 31 up table; and 32
deblgcking horizohtal etigespghpatiesiascebiained komithe hxegehoverseitianstornbidaskhkS. The

accompa R0 Tt TRAGELISLR LScUMes TN SIHGAUBR. 4 16. The method aceordng 1o i
furthér comprising the step of inhibiting film
11 20. The apparatus according to claim 17 wherein the blending means blends the
12 block of film grain with the image block in display order.
13
14 21. The apparatus according to claim 17 wherein the means for simulating film
15 grain simulates the at least one block of film grain in decode order.
i6
17 22. The apparatus according to claim 17 wherein the means for simulating film
I8  grain simulates the at least one block of film grain in decode order.
19
20 23, The apparatus according to claim 17 wherein the establishing means further
21 comprise:
22 means for receiving a film grain information message accompanying the image block
23 and containing a plurality of parameters each indicative of an attribute of film grain to be

24 simulated in the image block; and

25 means for selecting the at least one parameter among the plurality of parameters,
26
27 24, The apparatus according to claim 23 wherein the simulating means further

28  comprise:

29 means for scaling cut-off frequencies for chroma components of the image block
30 contained in the supplemental enhancement message to define characteristics of a filter that
31  defines a database of film grain patterns ;

32 means for computing an average pixel value for the image block;



5 grain simulation if the pixel value lies outside a prescribed value. 6 7 17. Apparatus for simulating a
film grain block for blending with an image block, Séﬁomprising: 9 means for establishing at least one
parameter in accordance with an attribute of the 16‘ifnage block; and 37 1 means for simulating at
least one block of film with bit accuracy grain by generating 2 at least one film grain pattern in
accordance with the at least one parameter using an integer . 3 transform. 4 5 18. The apparatus
Rccoring o claiFEF AIRARTIUAL TS T ToF LG & 08 et CHEROR i PR uth the
image 'blegkie Tn thd Quiierappal filus @acotaivgigichaim:dsayeherein the blending means blends the 9
block of film grain with the image block in decode order. 10 11 20. The apparatus according to claim
17 wherein the blending means blends the 12 block of film grain with the image block in display order.
13 14 21. The apparatus according to claim 17 wherein the means for simulating film 15 grain
simulates the at least one block of film grain in decode order. 16 17 22. The apparatus according to
claim 17 wherein the means for simulating film 18 grain simulates the at least one block of film grain in
decode order. 19 20 23. The apparatus according to claim 17 wherein the establishing means further
21 comprise: 22 means for receiving a film grain information message accompanying the image block
23 and containing a plurality of parameters each indicative of an attribute of film grain to be 24
simulated in. the image block; and 25 means for selecting the at least one parameter among the
plurality of parameters.



26 27 24. The apparatus according to claim 23 wherein the simulating means further 28 comprise: 29
means for scaling cut-off frequencies for chroma components of the image block 30 contained in the

supplemental enhancement message to define charActeristics of a filter that 31 defines a database of
film grain patterns ; 32 means for computing an average pixel value for the image block; 37a 1 means

for comparing the average pixel value of the block to a corresponding intensity 2 value in the
SupplemCHEATINT GEIET R olioh PhALCLE S S8 1 AR RS TG BTk i ora from the
database of film;geaiy dlotkskiandie?i tneans detoskingivgiticalelges between adjunct blocks. 3 4
25. The apparatus according to claim 24 wherein scaling means scale the cut-off 5 frequencies for the

chroma components to a 4:2:0 format upon receipt of the at least one 6 parameter in a 4:4:4 chroma

format. 7 8 26. The appataibpaaaoordingdmglaimdhwhersindherapapstemntaisigving adelegk 9 of film
grain_rangom| re.tri%ves the film grain block. 10 1&325 The apparatus accqrding fo claim 24 wherein
fac

the databHE8 CBME S SRS- PSOBEHOTBART S it Brockemes Upans cHRb U e AfiaShe86rding to claim
24 wherejinthedatabaseicopiaiindhdnih patterns of 4,096 pre-computed film grain samples, in 2's
compjement form, ranging from - 16 127 to 127. 17 18 29. A computer readable medium for causing a
computer to simulate film grain for 19 blending with an image block, comprising the steps of: 20 first
meass for causing.the thmgmpentasesiablisipat ldagh@iewiaigmeterniftaccndanteving a block

9  of film grain randomly retrieves the film grain block.
10
11 27.  The apparatus according to claim 24 wherein the database contains pre-
12 computed film grain blocks.
13
14 28. The apparatus according to claim 24 wherein the database contains 169
15 patterns of 4,096 pre-computed film grain samples, in 2°s complement form, ranging from -
16 12710 127,
17
18 29. A computer readable medium for causing a computer to simulate film grain for
19 blending with an image block, comprising the steps of:
20 first means for causing the computer to establish at least one parameter in accordance
21 with an attribute of the image block; and
22 second means for causing the computer to simulate with bit accuracy at least one block

23 of film grain with bit accuracy in accordance with the at least one parameter using an integer

24 transformation.



21 with an attribute of the image block; and 22 second means for causing the computer to simulate
with bit accuracy at least one block 23 of film grain_with bit accuracy in accordance with the at least
one parameter using an integer 24 transformation. 5 26 27 2839 1 30. A method for randomly
generating film grain samples for blending with image 2 samples, comprising the steps of: 3 initializing
a seed of a pseudo-random pumber ge er?tor upon re i}gt of at least one 4 film, grain Qg?rameter; and

5 gerlerating at fAst one R YTART SHHpRRIb ¢ FArALR% HE Beling BRIGt AR A 6 glf$ Datterns

in acgordgﬁﬁglwi,tb&mﬁ@mgqm @wgﬂa@fr;, the database of film grain patterns 7 simulated with bit
accuracy using an integer traﬁrg{jor” . 8 9 31. The method of claim 30 further comprising the step of
initalizing the SBHRUARE8 TRELAVABEIFGH TRLTLPBPING BETGHU OHEORIE SIRNT PATTREERE 11 12 32.
The methgenof-alaipnathiusthergomprising the step of initializing the seed to a 13 variable value upon
receipt of the at least one filgl grain pﬁéameter. 14 15 33. The rﬁethod of claim 30 furtg?r comprising

the step of initiaRSIHGHHES S &G 026 BB STAIh S hith Bt A BRe P areihe Bl aid a
receiyed biubtreatnt Tn 48:34iahbe wigthbslehdbainmdrbenthier ComdpsistTyilhe step eftusing the at least
one }9 para et%r to ggcess a look up table of predefined seeds. 20
simulated with bit accuracy using an integer transform.
8
9 31.  The method of claim 30 further comprising the step of initializing the seed to a
10 fixed value upon receipt of the at least one film grain parameter.
11
12 32.  The method of claim 30 further comprising the step of initializing the seed to a

13 wvariable value upon receipt of the at least one film grain parameter.

15 33, The method of claim 30 further comprising the step of initializing the seed in

16 accordance with at least one parameter extracted from a received bit stream.

18 34.  The method of claim 32 further comprising the step of using the at least one

19  parameter to access a look up table of predefined seeds.



