WO 2006/055430 PCT/US2005/040970 BIT-ACCURATE SEED
INITIALIZATION FOR PSEUDO- RANDOM NUMBER GENERATORS
wWeShe N4 VIDEO SYSTEM 5 CROSS-REFERENCE TO Rigtéskia040970
APPLICATIONS This application claims the benefit of U.S. Provisional
Application Serial No. 60/628,500, filed on November 16, 2004 and

entitled
pSEUDo@&A%ﬁ mgg@gﬁ%ﬁ@ﬁ%‘%ﬁ Ao
SYSTEM," which'is Incorporated by reference herein nure

FIELD OF THE INVENTION The present invention relates generally to
video encoders and video decoders and, more particularly, to bit-accurate
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compression gains related to temporal prediction cannot be exploited.
Due to the random nature of the grain, visually lossless encoding is only
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information. To support FGM, the Fidelity Range Extension (FREXxt)

Amendment to the ITU-T Rec. H.264 | ISO/IEC 14496-10 | MPEG-4 AVC |
BACKGCHONDeaR THE JIswEdEIdNhereinafter the "H.264 standard”) has

defi a 30.Film Grain C aracte@stlcs Sugglgment Enhancemen

Informa MSHSEN Message. The SET Message describes the fily g‘r’tﬁ%e“"pmem

Fitrh@mneastiesﬂegmmagtaanrbbtgb detihition (HD) images and becomes a
distinctive cinema trait that should be preserved through the whole image processing

and delivery chain. Nevertheless, film grain preservation is a challenge for current
encoders since compression gains related to temporal prediction cannot be exploited. |
Due to the random nature of the grain, visually lossless encoding is only achieved at
very high bit-rates. Lossy encoders tend to suppress the film grain when filtering the
high frequencies typically associated with noise and fine textures.

Film Grain Management (FGM) has been presented as a new tool that allows
encoding the grain in motion picture film by means of a parameterized model to be -
transmitied as parallel information. To support FGM, the Fidelity Range Extension
(FRExt) Amendment to the ITU-T Rec. H.264 | ISO/IEC 14496-10 | MPEG-4 AVC |
Joint Video Team (JVT) standard (hereinafter the “H.264 standard”) has defined a
Film Grain Characteristics Supplemental Enhancement Iinformation (SEI) message.
The SEI message describes the film grain characteristics regarding attributes such as
size‘ and intensity, and allows a video decoder to simulate the film grain look onto the
decoded picture. The H.264 standard specifies which parameters are present in the
film grain SEl message, how to interpret the parameters, and the syntax for encoding
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size and intensity, and allows a video decoder to simulate the film grain
look onto the decoded, picture. The H.264 standard specifies which

woRAIeiers are present in the film grain SEI message, howpl@rigtargrisoo7o
the parameters, and the syntax for encoding WO 2006/055430
PCT/LS2005/040970 2 the SEt message in binary format. However, the
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specified in the H.264 standard. Thefilm arain simulation process includes

theygecadebding eraihsipuiatiapisandntnarpBtiiaidacadi=niteBIAR imulation

is dANaSet dBessRariRs vieo et BnthadiiitoRegae S ieagswith added film
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Thus, it is to be appreciated that film grain simulation is a relatively new |
technology used in post-production to simulate film grain on computer-generated
material, as well as during restoration of old film stocks. For these types of
applications, there exists commercial software in the market like Cineon®, from
Eastman Kodak Co, Rochester, NY, and Grain Surgery™, from Visual Infinity. These
tools generally operate based on user interaction and are complex to implement,
which makes them unsuitable for real-time video coding applications. Furthermore,

‘none of these tools has the capability to interpret a film grain SEl message as

specified by the H.264 standard.

A description will now be given regarding pseudo-random number generator
(PRNG) seed initialization in accordance with the prior art.

In previous techniques to perform film grain simulation on HD DVD systems,
bit-accuracy was only achieved during hormal play mode, that is, when the film grain
simulation process started at the beginning of the sequence and was not interrupted



tools generally operate based on user interaction and are complex to
implement, which makes them unsyitable for real-time video coding
applications. Furthermore, none of these tools has the capability to
interpret a film grain SEI message as specified by the H.264 standard. 30

* duriry ﬂeéwimi@ggﬂﬂmﬁgvmgq@w%rmarmicﬂsmg&mﬁﬁmmmmsed for film
_generator seed ipitialization .in accordance with t ior.art.. |
arair AR A PR SRR, AT e SRR iEY o D ainon-
bit-abdueaufirnygveis rephp detieve d s mmepnerimat thieg aneepictoet widhbave
... the. film.grain._simulati inning. of .
e R BT DI DR R e f o Re NG AP ring
a trigkiohoge otay Kilke tasthana@a dseitmay) fikvhilsr Sifs strav iaslorvayi e a@missue from

a vis@Ei%{ﬁé\I@@%H&w#&eﬂ M@ﬁ}wgﬁmﬁmmi&e‘m&: BitRcevViatgIfM oks

grain reproduction. This means thaf the same picture could have different

the spaR)dib feRamgeoie RYRThEY itashs urr e eE baeaMRIR G PISRrAIplp s pecause
with8uiRg-aadtieieypremsssike teddaiveedeardotamed\biaithigamey aetference

always be an issue from a visual quality standpoint (even if the film grain
resUl ot bit-accurate, often it visually looks the same), it becomes relevant
for eRissditwarprevibastechridgigpie thenliffomschandiraeg raitheptoduction was
it-accyracy it is, im ib ompare an.obtaingd result against
e R R P R G A B L AR AR STEH Ba rome
wasgredchegroductplanser dicktmade gifigiehbistateafstibaP RIG htkegiaoe

par%ﬂ@(}grgeal?%n 199 o0 QIQWﬁtf'a?ﬁéf@@?if WRSHERCBRthE P HRRS RloPIHE Same, then

__mode play). This mearis even if the same parameters are used on a
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grain simulation process.

Accordingly, it would be desirabie and highly advantageous to have methods
and apparatus for bit-accurate seed initialization for a pseudo-random number
generator (PRNG) used to simulate film grain in a video system. Such methods and

apparatus should allow for film grain simulation that is both bit-accurate and H.264
standard compliant.

SUMMARY OF THE INVENTION

These and other drawbacks and disadvantages of the prior art may be

addressed by the present invention, which is directed to bit-accurate seed initialization
for a pseudo-random number generator (PRNG) used to simulate film grain in a video
system. The present invention may advantageously allow for film grain simulation that
is both bit-accurate and H.264 standard compliant.



grain simulation process. Accordingly, it would be desirable and highly
advantageous to have methods and apparatus for bit-accurate seed
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there is provided a method for transmitting at least one value used to
SURRIERE A 2IdRIFRF A} om number generator (PRNG) seed, comprising the
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standard encoded user data field.

According to a fifth aspect of the present invention, there is provided an
apparatus for initializing a pseudo-random number generator (PRNG) seed for use in a
video system, comprising a film grain simulator for creating a look-up table of PRNG
seeds, and initializing one of the PRNG seeds from the look-up table for a picture by
accessing the look-up table using a value corresponding to an order of the picture.

According to a sixth aspect of the present invention, there is provided an
apparatus for initializing a pseudo-random number generator (PRNG) seed for a film
grain simulation, comprising a film grain simulator for creating a look-up fable of PRNG
seeds, and initializing one of the PRNG seeds from the look-up table for a picture by
accessing the look-up table using at least one supplemental information value.

According to a seventh aspect of the present invention, there is provided an

apparatus for transmitting at least one value used to derive a pseudo-random
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film gj@éniFHRulation ePUMES 89S BRANSIALFSALR hieIpRKTHP dA0kiRG 2R
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a filns@edlis; simulation, comprising means for transmitting the PRNG seed for the film
rain simulation in a user data field, wherein the user data field corresponds to a non-
H.264 standard encoded user data field.
These and other aspects, features and advantages will become apparent from the
following detailed description of exemplary embodiments, which is to be read in connection

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood in accordance with the

following exemplary figures, in which:



and means for initializing one of the PRNG seeds from the look-up table
for a picture, by accessing the look-up table using at least one
supplemental information value. Aggording to an eleventh aspect of the
present invention, there is provided an apparatus for transmitting a
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FIG. 4 is a flow diagram illustrating another method for bit-accurate seed
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initialization for a pseudo-random number generator (PRNG) for film grain simulation in a

video system in accordance with the principles of the present invention;
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in a video system in accordance with the principles of the present
invention; FIG. 8 is a flow diagram illustrating a still further method for

wila6Shats seed initialization for a pseudo-random numbep geRQ5a§Qk 40970
(PRNG) for film grain simulation in ag video system in accordance with the

principles of the present invention; WO 20061055430
PCTJUS2005/640970 6 FIG. 9 is a flow diagram illustrating a yet further
methiSa B iR Hlagrameluatiating fiyatfirth peairibad frfdait-agawsate seed

initiEfRAIBEPTIPRNGHRL AR N AL AR HIGH VIIRRGY SRR grain simulation
accordance with the principles of the present invention; FIG. 10 is a flow
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nu I fi in_si o | i i

PoHIEL Sanea A R NP BrR ) P RN S BB YRR ocurate
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simDiHAlzaHN VRIS RASLHO HLBMMES RRHOBRSHR PR NGEhESRddent

. simulate film grain in a video 15 system. The present invention may be
INveptiaByed to initialize a PRNG seed, e.g., upon reception of a new film

grain Supplemental Enhancement Information (SEI) message and at the

ns | ement Iniormarion (SE1) message an
D IO rvention allows fo fm grain simutaion thr

s Z0heopheisiereidovemtioarie #r264 starhiaatcomisiantMoitedizetithdor a
psei8ES AL '%b%ﬁéa%’%@%‘?%ﬁ)é%ﬁ%ﬁ%ﬂ%dsw Mégﬁm'h?éﬁﬂql‘?‘%ogﬂdeo

uring normal play and trick m at Is, unlike the prior art,

sysiite Offth P RRNG Y fdieamayinaarepgyatdptittielEe aRBiitnsese. .9.,

upéf-SecBpiBRLP BYidHaNMgEa PR BN SrATE siRHIIARHE IRRsFRIEIRS (SE)
after decodln%Pthe video, bit-stream and 25 prior to pixel display. The film

MeSEAASARAIZLIIP REERNNA L) RATIICIHERIYIRPEHOMINg film grain

simulation.

Advantageously, the present invention allows for film grain simulation that is
both bit-accurate and H.264 standard compliant. Moreover, the present invention
advantageously may be used for film grain simulation during normal play and trick
mode play. That is, unlike the prior art, the state of the PRNG is the same,
independent of the reproduction mode (e.g., normal play, trick mode play).

Film grain simulation is performed afier decoding the video bit-stream and
prior to pixel display. The film grain simulation process may involve the decoding of
film grain supplemental information transmitted, e.g., in a film grain SE! message as
specified by the FRExt Amendment to the H.264 standard.

The present description illustrates the principles of the present invention. It will
thus be appreciated that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope.

All examples and conditional language recited herein are intended for
pedagogical purposes to aid the reader in understanding the principles of the
invention and the concepts contributed by the inventor to furthering the art, and are to
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film grain supplemental information transmitted, e.g., in a film grain SEI
message as specified by the FRExt Amendment to the H.264 standard.

- (BV%%?EH description illustrates the principles of the presgatrmg%gm@g%
will thus be appreciated that those skilled in the art will be able to devise

various 30 arrangements that, although not explicitly described or shown

herein, embody the principles of the invention and are included within its
be spiviteued ssbpeinglattamiplostatidnctnslitedns taiftpadly eaeitid dkargieamnd
coHBF@&ﬁjs‘?d for pedagogical purposes to aid the reader in understanding the

principles of the invention and the concepts contributed by the inventor to
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examples and conditions. Mareover, all statements herein reciting
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sudixaguilessterieeiudectotendad fityekaormpassiv diothsstgisicliad @aduivalents
fupctiopal lents thereof. Addition

ujv lly, it is intended that such )
dey R A 2 B R ok Vel battIAr B8 o 156 Bame function,

regaqdimftgtrdevm\oed_in the future, i.e., any elements developed that .
peff?ﬁast,f}%@és@ﬁqm%?ﬂ%n seapilecn.laty thics SRHSARY FXPlRalline

will be appreciated by those skilled in the art'that the 10 block diagrams
blogkediastamadEnTaisie SericRPEPtaat FiereBtuplvipaR 8T dikesitayive circuitry

em®RALYitEBaRIpEw eI hecisnli @ muBRiarwill véllhs arisesitest any
that any flow charts, flow diagrams, state transition diggrams, .

flo ShaitSed62 LR RE 18 SRR FIBGLAT S BSGHEGRRIcR mag e fiee

repabstaviaibyuepresessed whisbnmpayeber eatsialetiaigdiapaasesneexipcedathuter
bcy 8! comep&lter cqgroecess?r,d hether or nPt such 15 compuSL(‘ar,t r ¢ h

rea‘pr'iz)cgsg'or g g)?p icﬂlyxs ToWh .vg%g fINEHERE &Y REVARRN s Wik 8 not suc

cosipodar oF thodrarasisnexplictiyrebioed. through the use of dedicated

hardyare ASHKAL BF RIS RANGRS SHREHYA WRIE Ray be provided

a
association wﬁﬁ appropriate software. When prow?éd% a processor. t

thraydhidisyraypbestisaigdd aipwaimgs waliasbasivrissspanmdingsuting

softhidfedn association with appropriate software., When provided by a processor,
the functions may be provided by a single dedicated processbr, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller’ should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (“DSP”) hardware, read-only
memory (“ROM") for storing software, random access memory (“RAM”"), and
non-volatile storage.

Other hardware, conventional and/or custom, may also be included. Similarly,
any switches shown in the figures are conceptual only. Their function may be carried

out through the operation of program logic, through dedicated logic, through the

interaction of program control and dedicated logic, or even manually, the particular

technique being selectable by the implementer as more specifically understood from
the context.

In the claims hereof, any element expressed as a means for performing a

specified function is intended to encompass any way of performing that function

including, for example, a) a combination of circuit elements that performs that
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20 processor, or by a plurality of individual processors, some of which
may be shared. Moreover, explicit use of the term "processor" or

W"&gméﬁlggg"ﬂshould not be construed to refer exclusively to RreWasRs /040070
capable of executing software, and may implicitly include, without

limitation, digital signal processor ("DSP") hardware, read-only memory
("ROM") for storing software, random access memory ("RAM"), and 25

funglipnyelisdis d¥iagen GhelonatdRarsdioaniisriona Sranmic.siiniags or the
likelsenfisinec waedaSiroibaidte ey sjtehiasebomy ithieiawEge d6serform the

g oorbi 10410 801 o R g P PR R ar bl e
funptiogrditiesomivo|datthygdtie atmdblog icoite 6 recanms v by riténeal iowd &r g ht

; : I . . il
oo AR 0 S RS 2 e A ooy gone

thahsanrheandgdhprefomalinnaliipe areaduivetfi 1o ihesrish owe hesaimpass
anywﬁ%eg@srrf@m]%thmﬁ\giﬁmmfygmw@#e s ghain to which

combination of circuit elements that performs that WO 2006/055

thepraserd Joug2087?Y BerrRlinrds Bydenrdre ey BihaeiripRee numeral

100heTho FG MiprsaER s MicEpeOd erefubes keasaiainethvitharprepsiats 150. The
circ or.executing that.software to, perform the func

ior . raproegii 150. T
tra R S & R ol L HED AR T orain
moﬁajeidétﬁ_by'ﬁhe NEROIES ﬂéﬂtmm&aﬂa a'mooiabms_w asa badilghgiain simulator
15 OGS B PR HAIGh L £l da LIS i syoaties e

any means that can p ovide those unctiorfalities are eCIU|Va ent to ose

corshavroHbe M IPUraiG 20/ e deeckinhiSRandvfinngeinesinipaion 154 are also
coEIRBRIEY SHRIBAE WHEH 1HREJNGREBE tRYGRHSNBIRY e applied is

indicated generally by the reference numeral 100. The FGM processing
chaiffiriBRIdeS dediRaiprmbier 10 QiR conecsiodrin sional e 2m iranigalies with an

inpimchidrs gifilgrainiRhieerean 2lahdy ietigneasiahd Hnagehm Wvdmaini 16. An
modeéefr 111? The receiver 15@ Includes a video decoder 152, a film ralq1
OUIBHI HAIBP 15 95HA CREMBInkH Becsike éﬂf&}mﬁﬁﬁa"&&ﬁ&@*& With an
inpothalr thee site foencoderining dinel auspabod thpulidéthdddodgrais 2raxdiBim 16. An
ougﬂ%ﬂﬂw@@o@%ﬁgﬂs& is available as a first output of the transmitter 110.
An output of the film grain modeler 116 is available as a second output of the
transmitter 110. The first output of the transmitter 110 is connected in signal

- communication with a first input of the receiver 150. The second output of the

transmitter 110 is connected in signal communication with a second input of the
receiver 150. The first input of the receiver 150 is connected in signal communication
with an input of the video decoder 152. The second input of the receiver 150 is ’
connected in signal communication with a first input of the film grain simulator 154. A
first output of the video decoder 152 is connected in signal communication with a |
second input of the film grain simulator 154. A second output of the video decoder
152 is connevcted in signal communication with a first input of the combiner 156.’ An
output of the film grain simulator is connected in signal communication with a second
input of the combiner 156. An output of the combiner 1586 is available as an output of
the receiver 150.

It is to be appreciated that in some embodiments of the present invention,
PRNG seeds for film grain simulation are generated at the receiver 150 (in particular,
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contemplated as being within the scope of the invention). 15 An input to
the transmitter 110 is connected in signal communication with an input of

wibSolitmsgsin remover 112 and a first input of the film grain padgdesek om0
An output of the film grain removerd 12 is connected in signal

communication with an input of the video encoder 114 and a second input
f the film grain modeler_116. output of the video encoder 114 is
oy QLRI L 3 LIt LAk HE 4D IH R T8 IR IP it SN AR forfim
gragraimuletietentlfeiscastilhlaletias rassndndroutpuiobiriciianssyitias &0 grain
[ . itter 110 | ted in signal _
modBB SR AL R HBISE e LA cmned T INSIONg) Meienyardp ve

communl' ation w a first inpu e recelv
othgieerniandimigris 1a (B NEnseetugeresitplet dnenitanisativer Wit & serdnd the

recEIp&t PEHR: %Mﬁf@@itﬁ@ﬁﬁﬂ@?&é@%@%ﬁ%‘?&’ &l tgxgoré%gfg%?ﬁ%g% obtain

in signal communication 25 with an input of the video decoder 1
a neBCBRINERRESE PR Ever auaat eishiedeiavhisiy filin aaimsimedaiien is to be

perfgithadirstiopuopiithet fen g riginsdsuelatetn b MnligeMRuLelNe M8 the
fi decoder 15‘2’('5 c%%gected in s[[ggﬂ)commumcatlon with a second input of
MR A Lt e AT LIPS Bt R tHEUdEG b sgeigerator

19T tomemtdd avsigdahce withutheaidnmn Wiﬁ?o@ffiméipm%@ﬁﬁheeﬁﬁlmhin@fb@@rse,
to fi in simulator is cennected in sigha .

o RS RSB o R TR o v e tomim

grabibABIHIRASD & pred dpfivgs &MUt GiviTe teedbachitg. of neorhesent

invERSRGHRGOMH HAL MM E BPOIMST SIa m?fﬁéeé‘?mé'@@at@gs ﬁﬁﬁ NShtemplate

seeds for film grain simulation are génerated at the receiver 1

thepg godigh e rRDabenssoal psmilieansbeseyrs (onsy ineatticgiinto a film
grafiTatioRLbdd aMive grahsnamhedimentsnibp it $reds P oiMe present

. %‘r}%in simulation are generated at the transmitter 110 (in particular, by the
nv c’é}‘ain modeler 116) and transmitted to the receiver 150 for use
therBbygahdorg tve piibyatt,dtheverhndithertsoadRRNGiseddiprneristhahe

P R e S B Sy
whesy irResgpaiR@frem prime avisich v anederplktand twebassociated
resORRYBIRSH-aH ot 6FHAME Ry ARARERorR YIRS I Akt e TRl d b
proposed to initialize the PRNG’s seed at the beginning of each picture that is not
dependant on the play mode. The bit-accurate methods described herein in
accordance with the principles of the present invention advantageously are also
compliant with the H.264 standard. ‘

A description will now be given regarding a first illustrative embodiment in . -
accordance with the principles of the present invention. The first illustrative
embodiment is described initially and is then followed by a further description of a
corresponding method shown and described with respect to FIG. 2 and an example
thereof shown and described with respect to FIG. 3.

A look-up table (LUT) of seeds is defined as follows:
LUT = {seedy, seeds, seedy, ..., seed.4}

where seed, is a possible seed for the PRNG, and L is the number of possible seeds.
While not mandatory, to ensure proper randomness, L should be equal to or larger
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film grain simulator 154 shown in FIG.1 include a pseudo-random number
generator 199 for use in accordance with the principles of the present
&ﬁ%ﬂ&&&gk&f course, 10 depending on the embodiment, only 0peQfib6s0970

film grain modeler 116 and the film gyain simulator 154 need include a

PRNG. Given the teachings of the present invention provided herein, one

of ordinary skill in this and related arts will contemplate these and other
tha Mg gEIE U isianes: (haichreRIrqurRe P RRARSWHYSHIm mAin R
mesedgdsr dnthephinicglanerittiririt Whkecaeiiainirg e SRiLeH R implement
thgrﬁaﬁré 1s5eie§] en"m?. R%%ggcﬂn% the ?ri r art, to overcome the

Above-descrined diffefe Ih ee@‘eﬁr Yt regarding the state of the

pselitisratide i NG Fergdaeritar paftitolaidy vahendtansiteaingiffigr a picture
(af‘fﬂ‘ﬁ@% :playback to trick mode play) and the associated resulting prior art

problem of inserting a different grain, a bit-accurate method is 20

proposed to initialize the PRNG's seed at the beginning of each picture

that g‘e@gcgt dependaricanine pipkfedejThe bit-accurate methods

described herein in accordance with the principles of the present

invention advantageously are also compliant with the H.264 standard. A

whiesdPDIBr) Wiltnopidiergivederegaisiog ndirskiliis batvesenaRowmest iR the H.264

25 accqrdance with the principles of the present invention. The first )
S e S S R LR R P A o P eEeipan reception
of flamker fiesgripticatdfrac senges pondidgritethadtskepeatiagcticde seihed vl nce of
; E I reqf n.and described with
o A e O R S R e gy 127

LUT!& {aedivel iHestativeearpbodismadythpvafisas iseert, ds sofiossible seed

for the PRNG, and L is the number of possible seeds. While not

mandatory, to ensure proper randomness, L should be equal to or larger

WO 90%/55%430 PCT/0S2005/040970 10 than the maximum distance

(in pictures) between consecutive film grain SEI messages. In a particular

embgﬂignent where a 32-hit re‘\gister igf lésed to implement

provides a very simpi€ way of determining the PRNG seed because only

the POC of the current picture is needed, which is already known by the decoder. -

Besides, since the picture order count (POC) of a given picture will always be the

same regardless of how the picture is reached, the same seed will be used on any
play mode.

Turning to FIG. 2, a method for bit-accurate seed initialization for a pseudo-
random number generator (PRNG) for film grain simulation in a video system is
indicated generally by the reference numeral 200.

The method 200 includes a start block 202 that passes control to a function
block 205. The function block 205 specifies a look-up table of seeds as follows:

LUT = {seedy, seed, seedy, ..., seed,.}
and passes control to a function block 210,
The function block 210 sets the PRNG seed to the following value at the

beginning of a picture (at time t):

seed(t) = LUT] (POC(t) + offset) % L ].
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the PRNG, seed, will be a 32-bit integer value. Then, the PRNG seed is
set to the following value at the beginning of a picture 5 (at time t): seed(t)

W:OLZlOJ‘;I%LOQggg;(t) + offset) % L where POC(Y) is the picture order&auitOf0e70
the picture at time t as defined in thqH.264 10 standard, L is the length of

the look-up table, and offset is a value set upon reception of a new film
grain SEIl message. In order to avoid repeating the same sequence of
indices when accessing the LUT, L may be equal to a prime number, like

61 oF dafer nederdivsg iliustiativagerbadimrnbibe: odfset isseligrdollows:
15 offset = 0 This provides a very simple way of determining the PRNG

seed because only the POO of the current picture is needed, which is
alreadiis&hevih by the decoder. .Besides, since the picture order count
(POO) of a given picture will always be the 20 same regardless of how the
picture is reached, the same seed will be used on any play mode. Turning

anghaopdrad i pRsgrRsHteorbRIMEBIRGKE2d8ed initialization for a pseudo-
randppiHEREFASNEraEXRRNS b HR-GFABSYIBH Mg XEﬂﬁButaﬁon is

. system is Indicated generally by the reference numeral 200. 25 The

indiaiscsns AL S KIRIIGRN SO RbE PRsdBPasitkiREctRehETidRdex

cobipotadieh. iEhierfuneisernplonk 2063 padipe afeek-wptable of seeds as

N B e D b T SRt
accﬁ@lrdw'rr@\milheﬂaeowrmdhﬁgmnfrlga)baepmtum@tttime Theseedtha iluktative
R e S T
corresponding method shown and described with respect to FIG. 4 and examples
thereof shown and described with respect to FIGs. 5 and 6.

For sequences with frequent POC resets, the previous approach described
with respect to FIG. 2 it is not very efficient because the same sequence of seeds will
be reused on consecutive frames. For those cases, the second illustrative
embodiment is disclosed where the offset is equal to the POC value of the picture

where the film grain SEl message is inserted before resetting the POC, as follows:

offset = POC(trs sg1)

This approach is only slightly more complex (utilizes two POCs) but it yields a
different sequence of seeds even after a POC reset, provided that resets do not
occur at a steady pace.

Turning to FIG. 4, a method for bit-accurate seed initialization for a pseudo-
random number generator (PRNG) for film grain simulation in a video system is
indicated generally by the reference numeral 400.

The method 400 includes a stan block 402 that passes control to a function
block 405. The function block 405 specifies a look-up table of seeds as foliows:

LUT = {seedy, seeds, seedy, ..., seed..1}

“and passes control to a function block 410.
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and control is passed to an end block 215. Turning to FIG. 3, an example
of a look-up table (LUT) index computation is indicated generally by the

wéBtensearmeral 300. In particular, the LUT index compuigtiondséoaero
case where L = 61 and the offset = & 10 A description will now be given

regarding a second illustrative embodiment in accordance with the
pringiples of the present |nvent| n. The second illustrative embodiment is
esdhISUTRIER 5% I E Foltvidd b S96RR R LelpHBE Spie at the

begionizgpohdingtet(midistotyaa desdhibeg it BEiSpdnt eI ArBdesetting
thePBIRPIES Hhgrgof shown and described with respect to FIGs. 5 and 6. 15

or sequences with frequent POC resets, the previous approach
described W|th respect to FIG 2 itis not very efficient because the same

SequeneR: an%e‘ Qn Ecansecutlve frames. For those
cases, the secon |Ilustr ve embodimeént is disclosed where the offset is

equal to the POC value of the picture where the film grain SEI message is

insergArRelrigaieneitig sherRiiek as AW affset zsRAGHEG SEN)

This approach is only slightly more complex (utilizes two POCs) but it

yields a different sequence of seeds even after a POC reset, provided

thato#fsets=080 0t 2bspcur at a steady pace. Turning to FIG. 4, a method

for bit-accurate seed initialization for a pseudo- random number generator

(PRNG) for film grain simulation in a video system is indicated generally
whiyethasrafdeshdeovanRESl dadsellHe agethidd mm@mma stdnebpictud ¥ here

thel fithF %ﬁ@m@s function @@%’8{%%@@ t%ﬁ%s b*?@‘fﬁgétxon block

speci |esalook -up ta eof seeds as eed0, seeds,
41@&@92 paS%%%a@nirpém%ggdéomﬁfbﬁo a function block 410. WO

2006708 g0 P@EYSJ%%/%QEQSJ& Tk upcieR legty 4&9@?&Bmﬁutat:ons
PRNG séjad to t,aj}ﬁ%%\,f\‘"n% value at the beginning of aglcture (at time't)

arg jRdis RlRRCEAME §égggand 600, respecitively.” In
particular, FIG. 5 represents an LUT index computation for L=61, offset = POC(trg

sel), and FIG. 6 represents an LUT index computation for L=61, offset = POC(trg sg)
with POC resets. It is to be noted that the index used to access the LUT should be
positive. If it is negative (for instance, because of a negative POC value), then the
absolute value may be used as the index. '

in order to deal with sequences with frequent and steady POC resets due to
Instantaneous Decoding Refresh (IDR) pictures, the idr_pic_id parameter sent in the
slice header of H.264 | MPEG AVC bit streams can also be used to determine the

offset. For example, the following equation may be used to calculate the offset:
offset = idr_pic_idro sz

where idr_pic_idra sgi is the picture identification number of the last IDR picture

where the film grain SE! has been inserted. Of course, given the teachings of the

present invention provided herein, the preceding and the following equations for
calculating offset may be used as well as variations thereof while maintaining the
spirit and scope of the present invention.
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the POO as follows: 5 seed(t) = LUT[ (POC(t) + offset) % L ]. Further
regarding function block 410, the offset is set as follows offset = POC(tFG

wobhhd@sui3gre, as noted above, POC(tFG sEt) is equal to the-fr@&ziaki@o7o
of the picture where the film grain Skl message is inserted before

resetting the POO. The function block 410 then passes control to an end

block 415. Turni FIGs, 5 and 6,.examples of lopk-yp table (LUT)

ince DM BEs 712 Bl car i RErUraT BoPrLA LAURGES Aoy
rarglorand 800 gespeativelly RING) ddidiltarg it sieltesemtanddd Bystdex is
oG ' = = E , and FIG. 6 represents an
mcﬁ%é_?ﬁ?é: eb-) %%%%l&y:{henq f?%;‘é%%ﬁﬁég?a:‘ 2%5)0(?6 SEi) with POO resets.

It is IBanshasitRaR thelusgs ausied tolealc @68 thetlnassstsoutuive! oositivetion

bidél oS eaaily e en drstanger e cpessiol a Nrgative ARy alis): then it s.

20 absolute value may be used as the index. In order to deal with
sequences with frequent and steady POO resets due to Instantaneous

Decodimg-Refes)) E23), pisddes. thesisty_pic_id parameter sent in the

slice header of H.264 | MPEG AVC bit streams can also be used to

determine the offset. For example, the following equation may be used to
andglesizte tmivtisit2binffeet blodk Pid.idrG set where idr_pic_idFG SEl is

the g ' ificati last | IGtU here the film

arai O e o Y Ay s e SRl ViR e

bephaaiagt oh Rt preites herbieraibepiiboatniy SFd hngsitadiapfore resetting

th& et nRsiéimowalculating offset may be used as well as variations thereof
while maintaining the spirit and scope of the present invention. WO

2006/055430 PCT/US20051040970 13 Turning to FIG. 7, a method for

bit-agebtrtp-seenivazayienfayed 9seuyio- random number generator
(PRNG) for film grain simulation in a video system is

Further regarding function block 710, the offset is set as follows

offset = idr_pic_idrg s

where, as noted above, idr_pic_idrg sg is the picture identification number of the last
IDR picture where the film grain SEl has been inserted. The function block 710 then
passes control to an end block 715.

A description will now be given regarding a third illustrative embodiment in
accordance with the principles of the present invention. The third illustrative
embodiment is described initially and is then followed by a further description of a
corresponding method shown and described with respect to FIG. 8.

The third embodiment is directed to sequences with frequent and steady POC
resets, and provides for use of the film grain repetition period parameter fransmitted
in the film grain SEl. The offset is defined as:

offset = film grain SEl message(film_grain_characteristics_repestition_period )

where the film grain characteristics repetition period parameter is larger than or equal
to the maximum distance between consecutive film grain SEl messages. l is to be
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indicated generally by the reference numeral 700. The method 700
includes a start block 702 that passes control to a function 5 block 705.

whsdungtian block 705 specifies a look-up table of seeds apéallgyssiskibdo
= {seedo, seed,, seed?2, ..., seedL_1} and passes control to a function

block 710. 10 The function block 710 sets the PRNG seed to the following

value at the inping of a picture (at time t) where the film grain SE| is
ol AT T B S LI PO NS e for
thimfiset)tbis|ags dasthe stéigerdiplstingtio thelbtRG4 81dhdatiset is set as

foll oL Fidr_ig | where, .as dr . pic_idFG

SET O B et ol o e P RSB oo

rarffleiy PUMIBEN gRierEen (REBYE N foriidmaraiiopimiolekion Intaerdeasyetem is
indfAaldersanthh aek ElardhdeatHianegdl now be given regarding a

third illustrative embaqdiment in accordance with the principles of the

presEit MEHRGFOPHE AT AIAstiatiRiosk B0RIbGRaTeRSRSEFRId fhitamion

bloaRa3TEth e éolimaashiayl eciigbs g esEiB o ot -2 pCRIBRS B BEHYE AEtB06ws:
shown and described with respect to FIG. 8. The third embodiment is

directed to sequences with frequent and steady POC resets, and
proVidEE fofsesel o fstbmdfi) raemehin. re petitiipn} period parameter transmitted
in the film grain SEI. The offset is defined as: 30 offset = film grain SEI
message(film_grain_characteristics_repetition_period ) where the film
angpaseearbakics fepetiaomiaskdd Parameter is larger than or equal to

the mRXIHENSISHAGGE PRIMEENRE TSR Ve SN HBIAE SAAGE it T
to be WO 2006/055430 PCT/US2005/040970 14 noted that éven if the

begirniapf GichuséaidieBietition period was not intended for this use,
this approach is still compliant with the H.264 standard.

seed(t) = LUT[ (POC(t) + offset) % L ].
Further regarding function block 810, the offset is set as follows

offset = film grain SEl message(film_grain_characteristics_repetition_period)

and control is passed to an end block 815,

A description will now be given regarding a fourth illustrative embodiment in
accordance with the principles of the present invention. The fourth illustrative
embodiment is described initially and is then followed by a further description of a
corresponding method shown and described with respect to FIG. 9.

in the fourth embodiment, the offset is conveyed in a separate SEl message,
transmitted preceding the same picture than the film grain characteristics SEI

_message. The additional SEI message, which for clarity is named random seed

offset SEl message, would contain, among other possible information, the offset
value to be used in the seed initialization process. According to the fourth
embodiment, the offset is calculated as follows:

offset = random seed offset SEI message (offset_value)



10

15

20

25

30

Turning to FIG. 8, a method for bit-accurate seed initialization for a
pseudo- random number generator (PRNG) for film grain simulation in a

wddBessxsiesn is 5 indicated generally by the reference numeigt/8Q&ho3Hgo70
method 800 includes a start block 8€® that passes control to a function

block 805. The function block 805 specifies a look-up table of seeds as
follows: LUT = (seedO, seed,, seed?, ..., seedy-I} 10 and passes control to

a fuﬁéﬁdﬁ%fﬁ&eﬂ 869 ﬂﬁfé%ﬁék&?%eﬁ SiheyeAd uesiatREcsbesrioe SE!

meflinydng r@lﬁ@é&&s@e@m@lﬂﬁl%@ﬁw@@ (Rtdineed)ids sevaidssadtl( it is to be
ofGRGULESTRM L Fuher eomdg funcion plork 210, e oSeLE, ..,
plcmasa‘gﬂ(ﬁmogﬂangm%ieneawgeepe{wdn Ipdhiscia 8, dmel lddMtodlsseds is

W# cﬁﬂg block 815. A description will now be given regarding a
ourth illustrative embodiment in accordance with the principles of the

present invention. The fourth illustrative embodiment is described initially

and dg saah iq_g)\vyﬁgf@égofy[_tl?er description of a 25 corresponding method
shown and described with respect to FIG. 9. In the fourth embodiment, the

offset is conveyed in a separate SEl message, transmitted preceding the
sanTeHicipre daah a@ﬁlmngraﬁyl S EeROSHMIDr s8asRaEDHUBI front of POC

%ﬂl{ﬁ‘onal SE|l messa h|c r clar is narg&%eé dom seed ff%%s
R SRR e PR ELRNER s DM AT

Ins3antaheets Bmmém\mﬁb‘érwe@mml@hMGa phboesyeAdttsdipgrmatiteor a similar
AP R O B e T R L S B i Btner viaeo
ccwmﬁmabmgwgm PEGThO TN RdbMMBEG A tion S ethowmadfbe eidreplan could
be%&gﬁ%ﬁﬂﬁﬁ@rﬁp@éﬁemﬁ%ﬁgﬁtﬁerﬁ%ﬁ@WH&@QHQ%%%@m parameters

message or a reserved SEI message. It is to be
have been transmitted and the picture output index could be used as the offset.
Turning to FIG. 9, a method for bit-accurate seed initialization for a pseudo-
random number generator (PRNG) for film grain simulation in a video system is
indicated generally by the reference numeral 900.
The method 900 includes a start block 902 that.passes control to a function

block 905. The function block 905 specifies a look-up table of seeds as follows:
LUT = {seedy, seedy, seedy, ..., seed 1}
and passes control to a function block 910.
The function block 910 sets the PRNG seed to the following value at the -
beginning of picture (at time t):
seed(t) = LUT] offset % L ]
Further regarding function block 910, the offset is set as follows

offset = random seed offset SEl message (offset_value)

and control is passed to an end block 915.
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noted it is also possible to transmit the random seed offset SEI message
for every picture, even if no film grain SEI message is sent. In this case,

wisdddsefseeds is 5 accessed as follows: seed(t) = LUT[ ofigetbded/n40970

This approach does not rely on the ROC number so It is robust in front of
POC 10 resets (memory management control operation, or MMCO,

Viordb B SRV GP S SR BEHGE e eabssigaent

acpmmwmmnhaaymmemﬁm pisbepthiavatidem. cwdmgf&lgmghaiﬁ/éke
PRG-2 oF VC- f b
o e R R RSB B hep Sl or o
cotsspgadies medtedmienaaddiepiibed wtpmp@ex teokil@ btOused as
the qff{sgfe ﬂﬁmlﬁ%ﬁ%tﬁ/'@er%bécmﬁmdaf %rﬁkﬁ'ﬂ:g#@#%%é@‘%lZ%tlgefmed

for a pseudo- random number generator (PRNG) for film grain Si Giation
Wit {gidRBASBeRer 19rikdited gerkriiipBipthEheresedcet fimadrisl ipbialized as

folldwesmethod 900 includes a start block 902 that passes control to a
function 20 block 905. The function block 905 specifies a look-up table of
seeds as follows: LUT = (seedo, seed,, seed?2, ..., seedL.l} and passes
contres e @) farreticiorbleekDSE] 2icEbadeiistion baoke P10 sets the PRNG.
seed to the following value at the beginning of picture (at time t): seed(t)
LUT[ offset % L ] 30 Further regarding function block 910, the offset is set
as fofievesfersdhe nartdaiated ikssuSE Lasekknger{ofisétesabm) wiide could be

oitpRAER i & a8 Blegk %Jrésélé(vﬁ @Q@é@sﬁgﬁg’c@ user data SElmessage

PCT/USZOO /040970 16 A description now be given regardi
Of USRIV R L RTBIHRTEAT ‘é@&ﬂd’éﬁ*@@ Wﬂmméleﬂﬂmm@sm@hmmti 264

sténdemticire T tftindlustatigue P Bnpiidm Rz HRe b dHtiatly. aﬁ‘?s'?o be noted
then followed l%%furth r descri tlon ofLaU_Forrespondlng method.shown

that I3 ARpIO2S %QS gﬁg table and does not rely on POC

vaiues, but utilizes a random seed SE& message that is transmitted on each picture.
It is to be appreciated that it is also possible to combine this approach with a LUT
based on POC.

' Turning to FIG. 10, a method for bit-accurate seed initialization for a pseudo-
random number generator (PRNG) for film grain simulation in a video system is
indicated generally by the reference numeral 1000. |

The method 1000 includes a start block 1002 that passes conirol to a function
block 1010. The function block 1010 initializes a seed at fime t as follows:

kseed(t) = random seed SEl message (seed_value).

Further regarding function block 1010, control is passed to an end block 1015.

A description will now be given regarding a sixth illustrative embodiment in
accordance with the principles of the present invention. The sixth illustrative
embodiment is described initially and is then followed by a further description of a
corresponding method shown and described with respect to FIG. 11,

When multiple PRNGs are used (for example, one per color component), the
same LUT table may be used for all of them, defining a fixed, addntlonal offset for
each color component as follows:
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5 In the fifth illustrative embodiment, a random seed SEI message is
defined with the random seed to be used on that frame. The seed at time

widSpdializad as follows: seed(t) = random seed SEI messagier(geas/040970
value) 10 As before, the user data BElI message used to convey the seed

value could be either an unregistered user data SEI message, a
registered user data SEI message or a reserved SEI message. When
video coding algorithms other than the H.264 standard are used, the seed

valuesead(De-ttARENIREC @5-uséisstataniitis_todpapmiedt(Hd) that this

approach does not make use of a LUT table and does not rely on POC

values, but utilizes a random seed SEI message that is transmitted.on
whetehopieaireomusneéchispeeiofisattfratdvisraiompossibie tootizwibime thitue tied

to %ﬁ@fﬁ%ﬁh}éﬂ’&t{‘tf?nle.tﬂhm@@A%R%gl&f&é 95 Br %%@%%B% [previously

bit-accurate seed initialization for a pSeudo- 20 random number genera
degngRes) (o AnG GiustlivriRdsnsion ndes Kkidivsisaiivgicabederitalipese
offetbedsefgneade, nuene@BLOO0G: if heypelppbd@e0dnsdRS 2 FRELRIOGK constant
"‘}g% th%th#agses %fontrgl to a function block 1010. The function block
anfh 10469 ALJPArRE TEETBIBRL NS5 Wdeier= Mpigoresehipsepe
appessage (et theatuej eiturhentegardiogifunetan Heokdddngasfertisand,

S 0 ck 1015. A description will now pe given. regarding a
R Ehl sl R oS R G oY i RELAGRRIS e rosont
inyratentwhilenmaintTingngitite ispitrafitlec3oresabb itiventitds.described

initia ' fQl f r |pAi . [
et R e deteioen i emse s B oad: SR e pseudo-
rapEQIGRUERE fisgRNGHH ek ARTINGhiRs ey ambr ssnyeliemin shedearapstesT is

inéﬁé&@e@?ﬁ@@r&lﬁﬁﬂﬂ@“&éf@ﬁ@& ifHBraY A fyed, additional offset for
r cqmponent as follows: WO 2006/055430 PCT/US2005/040970
SHFRT 98

each_colo
17 sg&‘tﬁﬂ)ﬂﬁ EguesHacabrosk LR HaIRESIeR eontrol fo a function

block 1105. The function block 1105 specifies a look-up table of seeds as follows:
LUT = {seedy, seedy, seeds, ..., seed .1}

and passes control to a function block 1110.

The function block 1110 sets the PRNG seed to the following value at the
beginning of picture (at time t), when multiple PRNGs are used (e.g., one per color
component) so that when the same LUT is used for all of the multiple PRNGs, the
following fixed, additional offset is defined for each, e.g., color component as follows:

seed(t) = LUT[ (POC(1) + offset + offset_component(c)) % L ]

whete offset_component(c) is the offset for color component ¢, and offset is the offset
for picture at time t. '
* Further regarding function block 1110, control is passed to an end block 1115.
~ As noted above, given the teachings of the present invention provided herein,
the present invention may be applied to other video encoding/decoding techniques
that can benefit from the préserva’tion of film grain while maintaining the spirit of the
bresent invention.
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where offset-component(c) is the offset for color component c. offset is a
value tied 5 to the picture at time t that can be conveyed using any of the

whRdikagpts previously described. In one illustrative extengientRdi40970
fifth illustrative embodiment, these offsets could be {0, 1/3L, 2/3L}. Itis to

be appreciated that these offsets are constant and, thus they do not need
to be_ transmitted nor updated. Moreover, it is to be appreciated that the

presEiRSR/BRASHIE SRR ATG ARYPRLRCRRR] BRBISSs InYaRtien MAyde
rearffiyetscaspialsd be asedfio@itcargakitarniie gwtpréminlesebdacoprereiachings

jnventjo il intaining.th irit of the present invention. Turning to
e B O o e R A ek Qe R iy e
implamisaiaskifevaie Up RING ¢ hiiltveresn ssiftwieiiofirinvaavizlexpsyitbpuiisose
pré'&@%?é? SPESH%%QMH&F?J%SQCG numeral 1100. 15 The method 1100

includes a start block 1102 that passes control to a function block 1105.

The MRtRIS TSI 108 tesskings 28k Rigtapidnyrstisnsae falRiamented as a

coklgihatitieefRaf@Rd reSaffigofiwai@e Uil andRASSAN SRNEQ er&rably
function E)J/OCK 1110. The, function block 1110 sets the PRNG seed to the

ImRlaBENG S 2R 8 ARRIBIGMRING EhiAteP e etPRedied RBrARIRgSAN storage
T Tl e i ey g i b e

. IS US r. te.U|pe S, the, following fixed, additiona
ool S R B P RSTR = Jeftlstge on a
corpuigROtie ™ bifving-heffidetreosupbraentuy)yoridrevherdral processing units
M fisat- i t £ lQr (¢ j
(R Ay S R RE L o I hfEriREes. The
commHieN RIFEER MNRYASoaUHsiK an oBerANEGtset b GRS gileipihgruction code.

THeashnes bt ssesam fonentinge asevidasd hrieim nias _B@éﬁﬂ&l‘?@f@@@ﬂ'ﬁ@

.may be applied tp other videg encoding/decoding techniques that can
IR RO 7 Qe oF AP TS0, RTRSFR i 2 Y SSEGAR B therect,
witich rpegsee tixeentiahb Y {COPAN6I0SmHERIORCAAL 52008040878 BRunits may be
connected to the computer platform such as an additional data storage unit and a
printing unit.

It is to be further understood that, because some of the constituent system
components and methods depicted in the accompanying draWings are preferably
implemented in software, the actual connections between the system componehts or
the process function blocks may differ depending upon the manner in which the
present invention is programmed. Given the teachings herein, one of ordinary skill in
the pertinent art will be able to contemplate these and similar implementations or .
configurations of the present invention.

Although the illustrative embodiments -have been described herein with

reference to the accompanying drawings, it is to be understood that the present

[invention.is not limited fo those precise embodiments, and that various changes and

modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present invention. All such changes -
and modifications are intended to be included within the scope of the present
invention as set forth in the appended claims.



These and other features and advantages of the present invention may be
readily ascertained by one of ordina}ff/ skill in the pertinent art based on
the teachings herein. It is to be understood that the teachings of the
present invention may be impleReRigfsin various forms of hardware,
software, firmware, special purpose 5 processors, or combinations
thereof. Most preferably, the teachings of the present invention are

1. implemented as mitgmbiatieidritisate ambsojavaratd (PRNG) st for

Ss%t\évergeis é)rs%%atc)%iry Inemﬁgtsef\g as an application program tangibly

U mbodied 51 progra s{ogage tmit The application program may be

uploatisding 2alndkette dattsdoh ¥, RING aeisies aodcomprising any suitable

archjigeiigpgPsRie Bhle TPRINIAGRINE IFHRPIREGEERAFNDICIT R SEIUre, by
latform having hardware such as one or more central processing units

acfaEBtR |8 AR LS BN CIRRPIT SIS AR SR P P Lre

interfaces. The computer platform may also include an operating system

2. and Ricralasinicipp gads. _%@&ﬁ@%‘%&@%@ﬁ%%@&%%%@ﬂé order of the

_described herein may be either part of the 15 microinstruction code or part
PICThIS ZUFREB RIS (P Ghyaénbination thereof, which may be
executed by a CPU. In addition, various other peripheral units may be
conngcted to the computer platform such as an additional data storage..
3 onit A5 e e gls T A P S0 A NEd Bty
orggithe constituent system 20 components and methods depicted in the
accompanying drawings are preferably implemented in software, the
actual connections between the system components or the process
4 oo BIBCRE LG e HSBEAEI QHERT BT B P ARRaP decode
orggesent invention is programmed. Given the teachings herein, one of

ordinary skill in the pertinent art will be able to contemplate these and
similar implementations or 25 configurations of the present invention.

5 AltholUh"isénarishrsaa nitisariients MalehSerrad deriflsudiarafimmiaion

reference to the accompanying drawings, it is to be understood that the

6. Preseht, Invgniog iad—,’?%tﬁ, iR Iﬁé’%‘?e%%i%eb‘ﬁ"&c? upents, and that
various changes and modifications may be effected therein by one of
ordinary skill in the pertinent art 30 without departing from the scope or

7.spirit{dhadireacst suantonyvHlEaiehAREBSing step further uses a picture

order count (POC) value of a picture to access the look-up table.

8. The method of claim 7, wherein the film grain supplemental information

message is provided in a Supplemental Enhancement Information (SEI) message.

9. The method of claim 7, wherein the POC value of the picture is used to
access the look-up table when a number of POC resets in a corresponding video

sequence is greater than a threshold.



and modifications are intended to be included within the scope of the

present invention as set forth in thezﬁppended claims. 19 CLAIMS: 1. A

method for initializing a pseudo-random number generator (PRNG) seed

for i . ’ - _ ) 8 -
T ble R ST Sl L LR o i pio e
PajgpIeish PRIk IstanAcaMes Bpcadiestsriteaie(IB5R-oisttuBI dskRp S t8IROK-UP
taierresponding to an order of the picture. 2. The method of claim 1,

wherein the value corresponding to the order of the picture is a picture

order count (POC) value. 3. The method of claim 1, wherein the order of
11the piteireéthad infatrlied Wsplagradnde misiurg @raet syl (TR value of the

pickhereingtig orslecet dernictsr-isarabnended desomher dePOCcT iets in a

method of claim 1, wherein the method is used for film grain simulation. 6.
coFRaRRANGd IGFQSRAYENRR S &SR MBRBINEHIP L curate. 7. The method

of claim 1, wherein said initializing step further uses a picture order count

12(.PQCT)n¥alﬁwpetﬂfo§ pé)‘f"nﬁflgim %C%%FB%'OQJ?&M@QIEW% -@f@pmﬁw OIlses a

~claim 7, wherein the film grain supplemental information message is _

filp R PRSeRYieEsRal o RRERH AR ARIS IR aiBRYBIEPNIBs8a i ograin

Suppeemetbn & ah stisméninhieiatibe REE valisagd tbeguetisrthisiosedgable.
access the look-up table when a number of POC resets in a

corresponding video sequence is greater than a threshold. 20 10. The
13methbeomeitiiog ©f vekareih sdigrinidisiatesedgraraner disthe dnifialize RRNG
scRaEATRIR B NSIaaseausiReaRsiB B Redarth(IRERICture to access

the look-up table. 11. The method of claim 10, wherein a picture order
count (POC) value of the picture is used to access the look-up table when
14a nubeetbb® @Cinésditnig apseudo-random number generator (PRNG) seed for

a film grain simulation, comprising the steps of:
creating a look-up table of PRNG seeds; and
initializing one of the PRNG seeds from the look-up table for a picture, by

accessing the look-up table using at least one supplemental information value.

15. The method of claim 14, wherein said supplemental information value is

included within a supplemental enhancement information (SEI) message.

16. A method for transmitting at least one value used to derive a pseudo~ random
number generator (PRNG) seed, comprising the step of transmitting the at least one

value as supplemental information.

17. The method of claim 16, wherein the at least one value is the pseudo-

random number generator (PRNG) seed for a film grain simulation.

18. The method of claim 16, wherein said supplemental information is included

within a Supplemental Enhancement information (SEl) message.



corresponding video sequence is greater than a threshold. 12. The
method of claim 1, wherein said mméhzmg step further uses a
film_grain_characteristics repetltlon period parameter transmitted in a

16fim SR SRS SRIR! FONANGRMEALYOI0aBNSEME RIS, witn o

e
access the look-up ta The method of claim 1, wherein a state o

P'%’éeoﬁré‘@T @ﬁéﬂh(ﬁ%éd@hﬁ%a%@@iﬁ@%éﬂ@@ﬁ?fﬁtﬁ ?e'b?&dﬁaﬁ‘éﬁ% seed
forigRf Gy enlipichife: thé. dreathaeldry. initializing a pseudo-random
number generator (PRNG) seed for a film grain simulation, comprising
the steps of: creating a look-up table of PRNG seeds; and initializing one
20of thé\ PRIGAstse draneinitiing FooRaudeaBlAfn AyibercgangraistdSdiiNgheeed
fonj%oéﬂd’l%@tlﬂl%f“ﬂﬂﬁgcﬁﬁt leasbRERSHRPLERER R YRR oR-vBti¢c e eliN®r the

method of claim 14, wherein said supplemental information value is

filmh EraHR S RART W%'Q@H?&%ﬁ%f‘@%%@é%ﬁt%%?ﬁ%ﬁ B8 9THReRgAga o @
nohé- Advathad-ar drandattiser ablediidne value used to derive a pseudo-
random number generator (PRNG) seed, comprising the step of
transmitting the at least one value as supplemental information. 17. The
21methdB GPERIAHE oo iz at Rsgeiarianfalie Ty iREpIRESRINHTRNG)
seaurfﬂ}afs@aﬁ%rataéé%%@a s&ﬁmnagf&rmmf@mﬁmmam b8 cld¥ing a look-
hod | 16, wherein said sup Iem ation is.incl
|n 3 Sé ﬁﬁ encgal Eniér}{%caé\%@ nl% |on ) meias%g Oén lﬁ (k)OK “up
‘famhéQﬁeth@cﬂJCﬁ bwmcgssméﬁéimmu@@lgt@m\@w@us @@ﬁﬂﬁp@aﬂmﬁ%an
orBisterenargrrgaunt (POC) value of a current picture to generate a new
PRNG seed for the film grain simulation for the current picture. 20. A
method for transmitting a pseudo-random number generator (PRNG) seed
2%or a Tim gpmiarsinsuddtatmincdmprissngrthbestepuel tarsspdtidigdhie BRNGIer of

thé%‘?&J&f th film-arainsinuiatipninalser data field, wherein the user

data field corresponds to a non-H.264 standard encoded user data field.
21. An apparatus for initializing a pseudo-random number generator

23PRNE spedrfausioe itaniRieonsysiam treorraesiog tadilpranainssimuilataided

dlg% a%r%aélnrg a look-

24, The apparatus of claim 21, wherein the order of the picture is an intended
decode order.

25. The apparatus of claim 21, wherein the one of the PRNG seeds is used for
film grain simulation.

26. The apparatus of claim 21, wherein the simulating of film grain is bit accurate.

27. The apparatus of claim 21, wherein said film grain simulator further uses a
picture order count (POC) value of a picture to access the look-up table.



up table of PRNG seeds, and initializing one of the PRNG seeds from the
look-up table for a picture by acces%?ng the look-up table using a value
corresponding to an order of the picture. 22. The apparatus of claim 21,

2gWhergi %?p%‘ Hgs)car@faﬁﬂpa@i”wgrgw t%dﬁmf .Igsﬁ e@ar&ﬁm@%ﬁmm

order co value. 23. The apparatus of c aim 21, wherein the
MeKRRISOF IO IaRIB RRUPRHESIRME ﬁaagﬁm%'fﬁmﬁ@%%%mﬁsa?ge

claim 21 Whereln the order of the picture is an intended decode order

25 The ara us of claim hereln th of the PRNG se

used a[;araln S|m!u 3 é# % %g]gpara;ugacl) eclglflrI}l Elpm rer'esnane dto
acsﬁﬁalﬁtmgv@f -filnteplanvbasitacsumnaes. o POheeasiuiatasesraanenging video

Se%r@{gén§§+gamwﬁlg sirasiRigr further uses a picture order count (POC)
value of a picture to access the look-up table. 22 28. The apparatus of

claim 27, wherein the film grain supplemental information message is
30provitlee apeaByp EnoEmtalE niviiecs meaitl| fiforigisio siiBE)anksisgealises an

td|2%ICTW&?%%V%Pgﬁlmg%zaﬂg%ﬁéeﬁb%%lﬁé)ﬁe\(@ éﬂéﬁﬁep%fﬁ%%saccess

osed'to access the look-up table when a number of P resets in a
th%‘??é‘s%ﬁﬂﬁg video sequence is greater than a threshold. 30. The
apparatus of claim 21, Whereln sald film grain simulator further uses an

|dr pjﬁ.‘ed aara etero -an %03}.%?8% &ef&gg?%éﬁ%j%ug?the

tO access ta e. aratus o Ialm

pigieters feRst t@mgsemevmeéw HRbigiehae |8 GsEPeRs ARSSHesets in a

coRBKpERdMBIcINEICRGURHBRI PEREIGhERSE IRrBsAoROTTespoNding video
sequence Is greater than a threshold. 32. The apparatus of claim 21,

wherein said film grain simulator further uses a
3%ilm_Jreiremimistctesistiesnr@petitimieipeswd filaragnaite strangtoitfedhiaraises a
il QFRin cﬁ%g @H&ﬁ%ﬂ@m%eﬂéﬁ%"&fmgp {2RMTESSROS Bim grain

accesshe look-up table. aratus of claim 21, wherein a state

SWRW@‘SH@‘O@‘?H@W%%%WPW” ( El) message to access the iook-up table.

33. The apparatus of claim 21, wherein a state of the one of the initialized PRNG

seeds is independent of a reproduction mode of a current picture.

34. An apparatus for initializing a pseudo-random number generator (PRNG)
seed for a film grain simulation, comprising a film grain simulator for creating a look-
up table of PRNG seeds, and initializing one of the PRNG seeds from the look-up

table for a picture by accessing the look-up table using at least one supplemental
information value.

35. The apparatus of claim 34, wherein said supplemental information value is

included within a suppiemental enhancement information (SEI) message.



seeds is independent of a reproduction mode of a current picture. 34. An

apparatus for initializing a pseudo-random number generator (PRNG)

seed for a film grain simulation, comprising a film grain simulator for
369re%ﬂga%%ﬁéﬁ,§9§?‘kﬁ§n hﬁ%%?%%%?’ d,jg[fjalizig qpe 8Fl§)éeaP§§¥%o-

Seeds from the look-up table 10t a picture by accessing the look-up table

rangoRy Aurehet GeeeiRpcMBNG) iRRStnARPIgIne. 35TMhatmiparaedsler for

traflHiiAg, tHe8 RIBsS JIfeSHNREM IR BRI vaueds included within
a supplemental enhancement information (SEI) message. 23 36. An

apparatus for transmitting at least one value used to derive a pseudo-
37randdhe mpn@latl@nérdahm(ﬁﬁaw@)amdhecﬂhmmg)aeﬁMﬁlgraiﬁf_l the disiepdo-
raflorif A0FDELGG IS B W@Z@e‘é@l“f’@r 85ik BRAGTSRRbiRermation. 37.

The apparatus of claim 36, wherein the at least one value is the pseudo-
random number generator (PRNG) seed for a film grain simulation. 38.
38The appaptusafctdinidn , fheteirkisadis soplsereatsdlinffummation is included

Jncl ithi @me! ign (SEI)
W'{rﬁ@;iédggg%g? taae apparﬁgtgus 0 éﬁﬁ?ﬁ’%@?&%&%%%%ast one value is
combined with a picture order count (POC) value of a current picture to

39geneTate ppautitRi el seess fantieifilmessaipsinydatiantostbensbirenivith a
_picture. 40. An a tus for transmitting a pseudo-random numbfg

PG POET (ORI KDeVPIEE &S Urain EiR R TSR a & NG e

fontloeléler eainrainsutationgehéherrNetseietifor the film grain simulation in a
user data field, wherein the user data field corresponds to a non-H.264
standard encoded user data field. 41. An apparatus for initializin

42U AB- PRRGERHAURILEP AL (PRNAS) Rt e S Ol (PRNG)

sesysfensy &mmmrra?_:‘ai_ngmpieaus, foorapeiatmpaafiooignapntaitdedd FRNGreeaitis)g the
PI?IQ% @g@d’?ofotrgg“ﬁkﬂl'ﬁ%ogﬁn&fa%% W&éesgﬁaff@m,tm%hwag& data

for a picture, accessm%;zhe look-up table using a value corresponding
figlg spr@eRANGE IRed PRi1CF2OfostRRd2shBaradRd seefia iedherein the

value corresponding to the order of
41, An apparatus for initializing a pseudo-random number generator (PRNG)
seed for use in a video system, comprising:
means for creating a look-up table of PRNG seeds; and
means for initializing one of the PRNG seeds from the look-up table for a

picture, by accessing the look-up table using a value corresponding to an order of the
picture.

42. The apparatus of claim 41, wherein the value corresponding to the order of

the picture is a picture order count (POC) value.

43. The apparatus of claim 41, wherein the order of the picture is an intended
display order.

44, The apparatus of claim 41, wherein the order of the picture is an intended
decode order.



the picture is a picture order count (POC) value. 43. The apparatus of
claim 41, wherein the order of the piéfure is an intended display order. 44.
The apparatus of claim 41, wherein the order of the picture is an intended
eco order 24 45_The aratus of claim 41 her Qf the
N SIS KA I o B TSIE 55 s AN oF I o
fllmnrwnér@tdiahenslmulatmg of film grain is bit accurate 47 The apparatus
of claim 41, wherein said initializing means further uses a picture order
countIr %%alue of a picture to access the look-up table. 48. The
4% ppa AR AF ARt i isES NG Sim lgaB?ﬁe?ﬁémaqrﬁ‘ffbﬁr%qurafe

message is provided in a Supplemental Enhancement Information (SEI)

47NeSSAe a4t 1118 BPRALRIS £ iRl T MR IR FRGAE HREL R o

picture is used to access the look-up table when an resets
plﬁﬁd@é&ﬁ@ﬁ&t&ﬁ@%éalt@eﬁ@w&% i esrasthe dogfresraiie 50. The

apparatus of claim 41, wherein said initializing means further uses an

_plﬁ d arameter of anl aneous D cod| Refre h (I ture
to access gﬁgrdg Of(t Bk 2 W{J eegéégrf us% Claii’ %Qe?e 8rmat'°n
MpseaTe s Rereedrin (@@@pmtgt Eneapraments! nf@emboadé‘e%& thessage.

look-up table when a number of POC resets in a corresponding video

sequence is reater na old, 52. The apparatus of claim 41,
heriﬁ‘?saeﬁa Fﬁﬂéﬁlfhg AE{ WH%%'FJEESPQC value of the picture is used to

adfiess dreirio ckraa teblestids rep etititrer pefriBO @ arzsaistén macwmeikteohding video
Sef&gé,gg@llg &é&gﬁm%@ghg,acement Information (SEI) message to

access the look-up table. 53. The apparatus of claim 41, wherein a state
of the one of the initialized PRNG seeds is independent of a reproduction

50110derbé EappﬁremsptﬁftldeinﬂﬂEMM@ﬁwatWtfarjmgaﬂéﬁ@saf_urther uses an
idPPRY! ﬁ é%‘%‘iié?&‘et‘%’f“?n r%?ar%g%teodu(spBe\lc%dm r%rs mgh? plcrt]ure to access

n, com
the look -up table.

51. The apparatus of claim 50, wherein a picture order count (POC) value of the
picture is used to access the look-up table when a number of POC resets in a

corresponding video sequence is greater than a threshold.

52. The apparatus of claim 41, wherein said initializing means further uses a
film_grain_characteristics_repetition_period parameter transmitted in a film grain

Supplemental Enhancement Information (SEI) message to access the look-up table.

53. The apparatus of claim 41, wherein a state of the one of the initialized PRNG

seeds is independent of a reproduction mode of a current picture.



means for creating a look-up table of PRNG seeds; and means for
initializing one of the PRNG seeds frdm the look-up table for a picture, by
accessing the look-up table using at least one supplemental information

54?’"’"“?mn5§£§€r§t%9%r@§HMTzﬁBiTH Melheraitsaid rirpieraentabior (PRNG)

iInformati ue is included within a supplemental enhancement
sefstdpRafitn o pimeadiage C8BPARYMbparatus for transmitting at least one
valuendsed for dashth@ Prodp tasld emPRNEssgrnaraior (PRNG) seed,

comprising means for. transmitting t east one valye a |
inforMSﬁB%.?éh.'“t%aeﬁ)%%%&% u%tflgg glaim,%ﬁcg?e?hoﬂg% eigjt%gn%eg%%rﬁr 2
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(SEI) message. 59. The apparatus of claim 58, wherein the at least one
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current picture. An apparatus for transmitting a pseudo-random

number generator (PRNG) seed for a film grain simulation, comprising
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least one value as supplemental information.

57. The apparatus of claim 56, wherein the at least one value is the pseudo-

random number generator (PRNG) seed for a film grain simulation.

58. The apparatus of claim 56, wherein said suppiemental information is included
within a Supplemental Enhancement Information (SEl) message.

59. The apparatus of claim 58, wherein the at least one value is combined with a |
picture order count (POC) value of a current picture to generate a new PRNG seed

for the film grain simulation for the current picture.

60. An apparatus for transmitting a pseudo-random number generator

(PRNG) seed for a film grain simulation, comprising means for transmitting the
PRNG seed for the film grain simulation in a user data field, wherein the user data
field corresponds to a non-H.264 standard encoded user data field.



