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CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clains priority
under 35 WwWi0S06s/0519b9(€e) to U. S. Provisional Patent Appli eariuspooSesizst No.

60/ 630, 756 fil ed Novenber 24, 2004, the teachings of which are incorporated
herein. TECHNI CAL FIELD This invention relates to a technique for
simulating filmgrain in an image, and!more particularly for sinulating
filmgrain in an i mage for playback by a nedia device. BACKGROUND OF THE
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Motion picture films comprise silver-halide crystals dlspersed in an emulsion, coated

in thin layers on a film base. The exposure and development of.these crystals form the
photographic image consisting of discrete tiny particles of silver. In color negatives, the silver

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

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

imperceptible in smaller formats.



Alternatively, a simlar pattern can be sinulated over conputed-generated
Il mages in order to blend themw th photographic film In both cases, this

i mage- depwodestosmdisse is referred to as grain. Quite of pemusomdanase grain
texture presents a desirable feature in notion pictures. In sonme instances,
the filmgrain provides visual cues that facilitate the correct perception
of two-dinensional pictures. Filmgraingis often varied within a single
filmto provide various clues as to tinme reference, point of view, etc.
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met hod f ggplication 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 process.ing, for example, such as when the images are copied or digitally processed.
| Another commercial product that simulates film grain is Grain Surgery™ from Visual
Infinity Inc., which is used as a plug-in of Adobe ® After Effects®. The Grain Surgery™
product appears to generate synthetic grain by ﬁltéring 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 temboral 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 techniques.usually result either in an
unacceptably low degree of compression or complete loss of the grain texture.
Thus, there exists a need for a technique simulating film grain in an image for

playback by a media player.



simulating a filmgrain block for addition to a block of an inmage to assure
bit accuracy during image playback at normal and trick play nodes. The

met hod comoenemrs7dy est abl i shing at | east one paramet er petr/use@stosi2ez part in
accordance with an attribute of the bl ock. Thereafter, at |east one bl ock
of filmgrain is established with bit accuracy in accordance with the at o
| east one paraneter. BRI EF SUMVARY OF T4E DRAW NGS FI GURE 1 depicts a bl ock
schemati c di agram of the conbination of a transmtter and receiver in a
filmagrain procéessing chain useful for practicing the technique of the-
present principles; FIGURE 2 depicts a block schematic diagramof a system

for si nUBRIEMYUMMNARY OF THE INVENTIONCe Wi th the present principles; Fl GURE
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presents nedia |like a DVD 12. The-Areceiver 11 decodes the coded video
stream and sinulates filmgrain in accordance with the filmagrain
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FIGURE 2 depicts a block schematic diagram of a system for simulating film grain in

' accordance with the preseﬁt 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
20 FIGURE 4 depicts a pixel grid showing the use of random numbers in generating film |
grain in accordance with the method of FIG. 2.

DETAILED DESCRIPTION

25 To understand the technique of the present principles for simulating a bit-accurate film
grain p.attem 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

30 graiﬁ (if any) present in the sample. In practice, the transmitter 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 is shown in FIG. 1. The

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



particular, the receiver 11 could take the formof a DVD reproduction

devi ce capabl e of decoding an i mage for playback, blending filmgrain in
such i mageo 2aswbspdoayi ng back the inage at normal and tripch/yshewsospseds. The
overal | managenent of filmagrain requires the transmtter 10 (i.e., the
encoder) provide information with respect to the filmgrain in the incom ng
video. In other words, the transmi.tter 40 "nodels" the filmgrain. Further
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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 pattern that is present, as discussed hereinafter.



| TUT Rec. H 264 | |1SQO DEC 14496-10 vi deo conpression standard to conpress
outgoing video will dictate the need for an H 264-conpliant decoder 18.
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information fromthe filmgrain nodeler 16. The filmagrain sinulator 20 can
take the formof a programmed processor, or dedicated logic circuit having. -
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20  However, film grain simulation requires information 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
gfain 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 ,vsimulation 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 proc;ess requires the decoding of film grain supplemental information, eventually

transmitted in a film grain characteristics SEI message as speciﬁed‘ by the Amendment 1

(Fidelity Range Extensions) of the ITU-T Rec. H.264 | ISO/IEC 14496-10 standard [1].



conplexity. FILM GRAI N CHARACTERI STI CS SEI MESSAGE SPECI FI CATI ONS As

di scussed, filmagrain characteristics appear in the ITU T Rec. H 264 |

| SO | EC w@2066cl37994l m grain characteristic SEI nessage Phatusawsospsani es the
i mage. The val ues of the paraneters in the filmgrain characteristic
message are constrained as. follows: nodel id specifies the sinulation
model . In the illustrated enbodi ment, téie val ue equals O, which identifies
the filmgrain sinulation nodel as frequency filtering.

separ at r r.,.space
o T B char P R S e AR gk ey g

col or spedwologywhillaheet He requismentsonfdrigheddfbuitidresystesnsdn tirnhs of qualitg and -
illustrated errbodl ment, the value equals O, which indicates that the col or
‘space f PRIy ai n simulation remains the same as for encoding.

bl endi ng_node_i d specifies the blending node used to blend the simulated .
filmgrain with the decoded pictures. In the illustrated enbodi nent, the
val ué edUEMGRAINFHARASTRRISTACS SES MESS AQBISPBAIFITARONS mode.

| og2_scal e factor specifies the logarithm c scale factor used to represent
the filmgrain paraneters in the SEl nessage. In the illustrated
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simul atio ccur using 16-bit arithnetic. . .
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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 logarithmie 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_interyal_lower_bound[ ¢ ){ i ] and intensity_interval_upper_bound[ ¢ il
specify the limits of the intensity interval i of color component ¢ for which film grain
parameters have been‘-modeled. For all c and for any intensity value v, there will be a single

30 .’intensity interval i that verifies intensity_interval_lower_.bohnd[ cllilJ<=vand
intensity_interval_ilpper_bound[ ¢ ][ i ] >=v, since multi-generational film grain is not

allowed.



lies in the range [2, 14], which includes all the required grain patterns.
conp_nodel _value[ ¢ ][ i ][ 2] specifies the vertical high cut frequency

t hat charwotessd/sem4a fil m grain shape for col or conponerCTsa008/0428ENSi ty
interval i. For all ¢ and i, the value lies in the range [2, 14] which
includes all the required grain patterns.

filmgrain characteristics repetition_pgriod indicates whet her another film
grain characteristics SEl- nessage shal|l be present in the bitstream and
speci f i egurhh@oBeICyalues %ﬁiﬂﬂ[%%?&mﬁ@st ﬁéhﬁlnb%fqho&pomhesr presdndRh N -
characteristics SEI nessage Wil present. In the |Ilustrated enbodi ment ,

t he val uiateasitiainéerea) fien coler compeneec iHoy all Iqaﬂhetvhl@eﬂlﬁii in the singe (B2 awhiehi st i cs

SEI d d h-
he prosangriey il Bl Bt o ol PEmPfOL bR a8 boRBe g must -

precede all pictures requiring the inserti on of filmgrain. This approach
ensures bit accurac& in_trick node play as well as regul ar play node for

medi @ r efpRRImedel .y |caés][wowe@z§1evh9fﬁm@}@nsntamytfnrecqlw@mmdntaq angws
bi t - ?Ccéﬁhfehﬁ& fn} 44 aFQr élpé EIF& f[, e \;aﬁheb]i)ets Qn ﬂx%ci‘ gg @nﬁi u(tje f | O der, ,

provi de mgralin sinu I'on occurs usin 't <A CUr At ues.
Conbi ni rgmalation ban awhousing dpdbiranitisngicand i nt ensi ty i nterval s in an SEI
message, the nunber of different pairs (conp_nodel value[ c ][ i ][ 1],
conp_nodel _value[.c ][ i J[ 2 ]) cannot exceed ten. AUthe other parameters

inthe f i1Sit f 3ec.
| PR RS IR HEAPIMR e ol SR

pr es‘@nt the file: @pﬂl@sha@raforﬁc@wmmommnammwmmﬁm ONFdiallm apdd) the sahm| at i on
occur's i he rret er
film gralli%ﬁ ‘J‘S ror 3?1 i é‘cii‘éﬁcg‘é‘# ﬁé‘%ﬁ FegRifed IR RAYMSnt | TU- T Rec. H. 264 |

I'SO' | EC 14496- 10 VI deo corrpreSS| on st andard specifications allowthe .
sinmulation of fjl rain in all color conponents. Filmgrain sinulation and

addi t i orFOB?P—t"H@e&J, ehcdbi Hi2 Iipegitipnthe yertigal high et fmnprmehat charaftetipes a
decoded 1 in the fil
grain cHupeianEetds Solot oSRIRAPE G RIGSE e For by 3G} Iudyle ARS T

pri Adi plieshe ﬂange[acd:m]r\ahlehindludegahlﬂte equitddadrainrpanemer s by first specifying a

dat abase of filmgrain patterns. Thereafter; pseudo-random sel ection of a
filmgrain pattern occurs using a uniform pseudo random nunber gener at or

for t i SilfgPARCehaFIRCASAC Sl Bk firfod f?ﬁf&aﬁéﬁ' UelRP S ] Sfnsequence of
operations.” Filmgrain sinulation Typical occurs 1 ndependeritly for each - -
col or ccﬂhp'@ﬁ@ﬁﬁtlcs RSEI mnesRge shal hepraTenDin @EM’WM SPECHIENGIE 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

char_acteristics 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
aé DVD 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 techniques;
Combining all the color components ¢ and intensiiy intervals in an SEI message, the
number of different pairs (comp_’modél_value[ c][il[1], comp_model_value[ ¢ ][ 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 perfornmed to sinulate and add filmgrain to a
decoded picture appears in Figure 2. Particul arization of the simulation
process twoaoepseidfhii c one of a triad of primary col ors ecetwssolswsRetting c
equal to 0, 1 or 2. In the illustrative enbodinent filmgrain sinmulation
occurs in raster scan order, with a block size of 8x8 pixels, but other

i mpl enent ati ons remain possible. The seguence of operations begins with the
execution of step 100 to establish the filmgrain paraneters. Part of the
process BIT-@UGURAIE FIUM GRAIN SIMURATIGRT aneters for the sinulated film
grain includes extracting filmgrain information carried by the incom ng

vi deo signal that originated upon reproduction of the DVD 12, or that

originates fr 1. -ho Q. Wth the incomnng, video signal encoded
usi %g t he |T1ffp“%é%ﬁtsﬂt"§gﬁ&1 é‘i@%‘f‘l‘%& ?Efgbplcwwq]aségh%%ﬁwetegtand‘ar d, film
grai n i nfibnrgrhimchadacterispioe aaned_fidieis IEITHRRSSBAGTUEK ReRCHII6Y I]}iﬁt?/ |

nmessage Lﬁ@gl res . decodi ng. of the incom ng H 264 coded incom ng video signal
usi ng’ga 14478210 Rsacomprersiacigndad specificas s aliow thssimintationjofi filih @raif in alh
pract i Cegolé @niRAEHS! Fi / LS i t.hin e set,top.box 200 or within

t he DVD pol aye?q{‘% or rep%g%%@lr%ggltuﬁé&?n* ordﬁdrga}folnook en“?’ﬁ@?ﬂ{\)fﬂ“lgamﬁﬂéﬁ%@%r
message @wmaaEns dfdhededodpdpiatet ecays if kompdindgdel_present_flag[ ¢ ] equals 1 in the

i ity int | | o) d i d
| : ﬂi 222 : t%}i’% gr[ag{ ‘é’%f‘f f%ﬁ%{%ﬂ#gﬁ :I]P aas?%#@CP Wit e presens prigeiples: bitaccurale of
the par afiled gair Wifiiiafibe B8y bi Bls® E;Y&kt?ién? arlﬁ:ﬂb[agé of FIRE g‘i@}%&ﬁgﬁ@: ﬁgg%ﬂ%l e

par ters undergo a conparison.agal the average

conggl:E edPsEefo-Endem seleetinnefrrefilm graf pasmohovon-wingrd apifrmepsBudo-Angomel bl ock
in the ' in di-spl ay buffer 102 fol |l ow ng decodi ng by
t he decoger ggiﬁeqﬁgffozggﬁsﬁg%%Zmeaf’ﬁ&c?‘?é pgigmghen; underggps,a Rrecise sequsnes of
conponeriperatiofs. t Fiém geain SieshilatiE09 picRIONBeLuR in@peRiiediToR%RR 2 neff CUr s
during step 103 in the follow ng manner: alvgébf Oefgr ?‘ai = 8QIE%H%C%+ )
for( 1= 0; 1<8; 1++ ) avg += decoded_picture[ ¢ ][ m+ k ][ n+ 1| ] avg =
(avg + 3 M GRAMRK IR I i nates of the block and
decoded_picture[ c ][ %A@%ﬁ](?)énwéﬁd}]eAl}“g%gﬁ@ggoded pi xel val ue at -
coorddinates (m+ k, n + 1) of. col or conponent c. The average val ue is

conpared to tﬁle SEI message i nten irtn?/ i nterval | ower bound] ‘
€ sequence of operations pertornied to simulateand 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 thé illustrative erﬁbbdiment
film grain simulation Qccufs 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 parameteré 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 originates 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 will appear in the SEI message. Extracting
- the SEI 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. ' |
The SEI meséage contains séveral parameters, including
. intensity_interval_lowér_bound[c][i] and intensity_interval_upper_bound[c][i] where i

ranges from O to the value of the parameter num_intensity_intervals_minusl[c]. These SEI



c ][ i ] and intensity_interval _upper_bound[ c ][ i ] paraneters, for
values of i ranging fromO to numintensity intervals mnusl[ ¢ ] . The

val ue of wofoee/0sthogh t he bl ock average val ue is | arger ecrageals/otizan
intensity interval _lower_bound] ¢ ][ i ] and smaller or equal than
intensity_interval _upper_bound][ ¢ ][ i ], denoted by s, serves to sel ect
the filmgrain paraneters for the currefit bl ock established during step
100. If no value exists that fulfills the previous condition, no filmgrain
si nul at i piRssagE parameRrd Wiflefpdld QMpabisOif Kgairsh ﬂﬁLﬁ'Qr_a%@ﬁﬁ(’el inféns &L'thg@llngutgl ock.
creation _process that would otherw se occur during step 151 as des rl%ed
her ei naf Q& colps eempemens ¢ of eachwdervedeprting 8 A pikdridocktin eheddrobdmkiinmage st ep

108, as i b hel 2cej ves. a n L npyt '8x8 block with all
s’ pyxel oddh AR pHS IRHIF O g BRI ER R By e 4Bl 0T b Mot hess age
cont ai nsoveslapgiapBat 8 pixghblaticfrer dol cdomposéht ¢ ﬂ{er&%&éaqhﬁge,(c%ﬁgﬁt&dfo%?
referyed to as cut-off frequencies) that describe the properties of a

t wo- i methE@¥sage Y4lpg eccupsy diingsiepld8dn thedellowimgdeainesd il m grain pattern).
The cut frequencies of the chroma conponents (¢ = 1, 2) set forth in the
SEl nmessage, when set forth in a 4:4:4 chroma format, undergo scaling to .
adapt toawgwe04:2:0 chroma format as follows: conp.nodel value[ ¢ ][ s ][ 1

= dipf{2,, 14 del val ' 1] " 1)) conp_npdel val
}[ ]'[péqugﬁdc,%?:@-)me value[ ¢ ][ s 1] ] )) conp_nodel value[ c

14, (conp_nodel _value[ c |J[ s ][ 2] " 1))Step 104
i nitiatesfdrOp=psRBeRS pf establishing a filmgrain block, typically
al t hoaugh not necessarily 8 x 8 pixels in size. The step of establishing a
filMOrain b|ayek+aﬁecest@¥_picklgetsc][nnerstub}ri eving a bl ock of 8x8 film

grain s e r filmgrain database 105, and scaling the sanples to
t he pr o;a)%% |ﬁt‘léﬁg‘ﬁ)§}> éScaI ing, while desirable need not necessarily occur,
The dat abase 105 typically conprises 169 patterns of 4,096 filmgrain

sanpl es, each repretﬁenti ng a 64x64 filmgrain pattern. The database 105
stores tWFTe AndRare the topslefl sppndinatastof ilas bipck eegdddr_picturd D7) [tno+X2 n +1]
Synt hesi;s f 4o ey aj f twpical\l ¥ occurs using a specific pair
of cut f?%u%ﬁgggg;{%g?ﬁég%éz}bo?@sjfau@gaapvﬂg iﬁ@r?gicgﬁoélcoﬂpf’?w%t hat defines the
filmdgrain pafheavaragd halue ist copaerderoaheSEL magsage intafbity NintéiQalSkwere pomed]
enabl e -agﬁe?s (gf t he da aba]se 105 of fil m_giral n patterns during filmgrain
si mul at i oh! | FEnsensity; interyal_upper_boyndi ¢1[Hi] paramsters,far yalues| of i pngingrgm

i nvol ve ¢ loaimetinteavity_ifferald! s c ]B?T*Etrefe Vel it WA Aol W{%g?%alrﬁe cut.

dat abase, but the scaling of those sa o the proper ens
f r equend &g OFpayAb than intensity_interyalslopfer Tbdunafid Jcicpdsnaibr otadquelthen ] [ S 11

,2 ] det QB%%_WeF%lBI%ﬁe?LﬂouorId[tcr]?i ﬂadter?&gg -Ey is,s-seyvség"(tjo s?e ec% %%rfﬁgl gor];in o :

20  parameters. for the current block established during. step 100. If no value exists that fulfills the
previous condition, no film grain sim‘ulation occurs on the current block. 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 illustrative embodiment; 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 (c = 1, 2) set forth in the SEI message, when set

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

comp_model_value[c][s][1] = Clip(2, 14, (comp_model_valué[ clisll]<<1)
comp_model_value[ ¢ ][ s ][ 21 = Clip(2, 14, (comp_model_value[ .c sli2]<<1)



filmagrain sanples and two random y generated val ues sel ect an 8x8 bl ock
fromit. These random val ues represent a horizontal and vertical offset
wi t hin t hwoGdosis7piuxel pattern and are created using thecfralsbasionns2
procedure: k_offset = (MSB16(x(r, ec)) %52) k offset & OXFFFC k_of fset +=
m & 0x0008 Loffset = (LSB16(x(r, ec)) %56) Loffset &= OxFFF8 Loffset += n
& 0x0008 where x(r, ec) indicates the 410t h synbol of. the sequence x of.
pseudo-random nunbers, generated by a random nunber generator 114 depicted
in FI.G 3, when the random nunber generator is initialized wth the seed
ec. As seen in FIG. 3, the random nunber generator 114 conprises a 32 bit
shi ft regi st SterHYsiBitipgestthepigaess iof asieblishingediinbgram ok, byacly sithough mant

si xt een hj tg . Y Bj d LSBl , appeari bove. (mn)
re ¢ no EaasufifBx & bR if B6e Ph 5o BESariihee it e RSkl S by For
t he k_ofifiwdtes rethievihg nblekudBixa filgansnahmpled flonea fiin ais artabAL 465 Ukl or My -
di stgi but qd iﬂgqthe rangbg: [0,51], the second equation restricts that value
to nol t SFAES g sampley g thgproperspteggitiat Seoling wdiileglesipalite needgwot nedessaritpd 6 -

equal s §ccfgay A=V ey . e far Loff.set. Jn practice,
e Pae e e A ooy Rl st o O B R Shnples B 1 v
pol ynonireiresentng @64x@hiinagmin pattetn. +THe databagn bR thei vialued iB2sbi t shi f t :
register tg ra %om sel e%ct ngm gir in bl ocks of 8x8 pixels fromthe film
grain p&PTRIFRE r‘é‘&@&’“ﬁi a5 <t 8r: éﬁ- PHatheds of-aagh fila g14is pattesn typically

i | T ustr atads eqeslspRifio pdifbfidudfred@ink P 1t e%ﬁﬂ' ﬁ%?QoRfimE&?or&?ﬂHgﬂh&andom
nunber generator 114 occurs according to the Fol |'ow ng equation: ec =
SeeddL U%Fﬁ’(%lﬁg( frlocprain paterpi The et freguencigh fisesrhitted fir) thSEI Sndssageensbl&BS( . )

denot es - =POC i.s the picture order count of the current

pi cture’ JSJV\%/Esl %ﬁghgkﬁasggbggﬁlﬁ%gmf? B#We‘i‘\?%gﬁmsﬁr?‘é‘éiﬁ‘%u%eci fied inthe

| TU-T Rec. HIB64rehtioS6¥ 4 filth §éddBodl0 oS8 @élg.ho@m%yhﬁfgéwﬁigégﬁ%%f% be read
- vi deo

fromthg s{si.ﬁg g?g_g_er of an I TU-T Rec. . 264 | 1 _ :
stream _WC PHEYS 190 Btfem s3mpley frpmphe datplease, buo therssaling qfrthgsersamplestathai n
si mul at b%er fnbeisie ﬁ\/e!:hﬁY&hﬁéﬂc?eg%ﬁinfd_ﬁﬂ)td'eﬂgﬁlu%?g ﬁfsf ¥ 1]and B

15 - comp_model_value[ ¢ ][ s ][ 2 ] determine which pattern of the database is used as -s_ource of

film grain samples and two randomly genierated values select an 8x8 block from it. These

random values represent a horizontal and vertical offset within the 64x64 pixel pattern and are

created using the following procedure:

20  k_offset = (MSB6(x(t, €.)) % 52)
k_offset &= OXFFEC |
k_offset += m & 0x0008

1_offset = (LSB,6(x(r, €.)) % 56)
25 offset &= OxFFF8
1_offset += n & 0x0008

where x(r, €.) indicates the r-th symbol of the sequence x of pseudo-random numbers,v
Agenerated 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 |
_sixteen bits constitute the values MSBj6 and LSBy¢, appearing above. (m,n) are the

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



that idr_pic_id changes for each encoded IDR whereas offset[ 3] ={ O,

58, 115} provides a different offset for each col or conponent; and Seed LUT
appear s iwoAnws79%4 sub-cl ause A 3. During a pause, thepseasdgosfosizBe
pseudo-random nunber generator 114 undergo initialization to the same value
at the beginning of the picture. Alternatively, the seed could be o
initialized as follows: ec = Seed_LUT[ .{iPi cOrderCnt + PicOrderCnt _offset "

5 + col or offset[c]) %256] where color_offset[3] = {0, 85, 170} and

Seec. LUT.SRIbE A MBS L B Eheulan iy apiaptnipe <(r.

updat i ngseRURd yqubﬁo@res&lcﬁs thaovalgeootrmkltiples afid] aadeheylaﬂxﬁeqhamsaddvertb kcofifdey) .

Each non-overl ap |ng area of 16x16 pixels %E‘{ S det’c]oijﬁ? pi cture uses the .
same psewhen mg h@beﬁquk‘(aﬂemée‘)fatl% afg p &er the, tre 4, the |
resul ting seq f ihl I%&ﬁm] | Pk r scan
order over @%‘glcgixgﬁ%{@ t usé{lglhé@%flﬁ(ga{%rg%g#g}fan orﬁé{s?ﬁggo t he

bl ocks ofmﬁ]ti(veﬁbonnmﬁhﬂ rasdullo S@p&amd,xﬁ ew eusinyconestipamtithaf 32- hleSIilftIrerglgleal n -
bl ock creatl ste th |IIutrae ment co ti of the
r andom of1a@ ‘§Iﬂ|y§e£6tl qomlwo‘gi?aﬂfl 8% pg(fe I’i%mg% ﬁ"? ﬁﬁab‘TEﬁt}? %&‘%RP‘FEM ed
from theg g%@?ﬁ%eda?a%ag@idﬂwﬁ thesi@lﬂét?axé@&h%dlmeﬁtBinT@z{l%ﬁ@n 61‘3&13: seeﬂ dkhe’
conp_nodel 0] : -conp_nodel val ue 1l s 1[ 0]

scal e_f aptendo 'tamdo(mnmnbe@ger?eraor 114 desus decerding tdss qulow)ng uatian: 0: 1<8;.

1++) { g = scale_factor * database[ h ][ v ][ k + k_offset ][ 1+ | _offset ]
f Imgraln bl ock[ k ][ 1] (((g + 2l 0og2-scale-factor ) " log2 scale factor
) + B®) e és&ed/vn@w(ABB@P@anhdrtﬁccﬁwwsmval]p%[lcm[]ﬂ[I] -2, v is equal
to conp_ rmdel _value[c][s]][2] 2, the factor 6 scales the filmgrain val ues
provi ded in Annex A, Appendix A 3, and Bl To denotes the LSB. Deblocking
occurs d 'ljgg step 108 whereby a debl ocking filter (not shown) is applied
bet ween adjacent filmgrain blocks to ensure the seanl ess formation of film
‘grai n patternABS() defites the ulsdolwte valae;enbodi nent, t he debl ocking filter
applies only to the vertical edges between ad] acent bl ocks. Assuming film
grain blocks are simulated in raster scan order and that the

15 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 specifi;ations specify
that idr_pic_id changes for each encoded IDR; whereas offset[ 3 ] = { 0, 58, 115} 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  initialization fo 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 instead of 173.



| eft-nmost pixels of current_fg_block are adjacent to the right-nost pixels
of previous_fg block, the deblocking filter shall be perfornmed by neans of
a 3-tap fwbtess/@msoofiol | ows: for (k = 0; k<8; k++){ 11 = prexiseas/ finsbl ock[ 6
][ kK] 10 = previous_fg_block[ 7 ][ k ]JrO = current_fg_block[ O[ k] r | =
current_fg_block[ 1 ][ k] current_fg_block[ Q[ k] = (10 + (rg " 1) +r |
+ 2) " 2 previous_fg block[ 7 ][ k] =111 + (10" 1) + 10+ 2) " 2} At
the end of the filmgrain sinulation process, a debl ocked filmgrain block

under goes bl | - dj H&Gtk : :
bl endi ng. bl ock 10" g A ALIeRR eOL b SEGHE oS @b toffertor |
for( k =11&off[d§; 3 undergéespdatingevetyc B pikels (hatizoptadly) midodverye]l6indsy] m + k ]|

1Y AR B ISR Sl bl i gt LR 11
decoded_gegddfaatod rumbet i()r,kec%.[ ABiltustrated iSFighR 4 etodadind s@lueN@! dfPsétido- ,

coordinates (m+ k, n + 1) of color conponent c and display_picture[ c ][
+ k P rrandom vplyes K@ o) iptlows atrpier sqan etder evere 16ub6 dixahgred thus epablingiastgr R
el enent | : .of the deblocked fiilmgrain block to the
bl ock 11%%%%%&% ﬁtﬁlgtct))nec}( g??gg %gplg‘g%%srgﬁsc%f’eedﬁ%ﬁ‘flglﬂf The control el enent

112 control s Afiparsuf the filim @raih ®Moekicrdation olep 104, ih theastheed édifoddmkntessage
parameter filmagrain characteristics cancel _fla e%ual s unity or the frane
range s FOSIRULALEN thefandpan gHsste s followed by scaling of the 64 film grain values extracted

filmagrad, | S\ repetition_period has been exceeded which
mﬂg%a@%ﬁﬁé Asol1Gws ¢

dictate m grain simulation should occur as di scussed above.
Al t HOugh shown separately. fromthe set top box 200, the overall process

conpri sing, st eps 103,..104, .and 108,, as well_a he el ements 101, 102
10r5rP 10éf%feft@?‘%ifiggw(i’fz))fﬁﬁ)d’ @Mdéﬁi"%lf‘eﬂ/ﬁ H.Hﬁ[‘nbt]h_e set-top box. The
same would be true with regard tQohpemb¥® value[c][s][0] o

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

— 35

15 - for(k = 0; k<8; k++)

for(1=0; 1<8; 1++) {

g =scale_factor * datébase[ h][ v [k + k_offset J[ 1 + I_offset ] y
film_grain_block[ k ][ 1] = (((g + 2R~ 1) 5 106> scale_factor ) + 32) >> 6
} | | |
20 wherehis eqﬁal to comp_model_value[c][s][1] - 2, v is equal to comp_model_value[c][s][2] -

2, the factor 6 scales the film grain values provided in Annex A, Appendix A.3, and BITy
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  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_bloék, the deblocking filter shall be performed by rhean’é of a 3-tap filter as
follows:
30
for (k = 0; k<8; k-++){
11 = previous_fg_block[ 6 1[ k ]
10 = previous_fg_block[ 7 ][ k ]



pl ayer (not shown) reproducing the content on the DVD 12. ANNEX A
Acconplishing a bit-accurate representation of the filmgrain pattern

dat abase W02oea37®@acur either by storing a pre-conput edpirats2ab/ovaires or
by conputing the values through an initialization process. DATABASE
CREATI ON PRCCESS Bit-accurate creation of the database 105 can occur by
providing: (1) a LUT of Gaussian randomsounbers; (2) a uniform ‘
pseudo-random nunber generator, such as generator 106, an integer

transform ang b er f.ormn quence of operations described :
herei nafter. %r'eéﬁ%ﬁ-fgfﬁlgag@é%ﬁfi I mgrain pattern with horizontal cut-
frequency h+2riangurydii tfigClbckiutj[krjequency v+2, yiel ds a database denoted as
database[ h ][ v ]. The database creation process requires the creation of .

]
al | possi bl e purenefasblpeklOHbkd s Ahasdd<al)trl+P) >/fere h and v are in the
range of Qo . TO F pgi_vi 4x64 ihmage, up to 4,096
val ues are reé%vpgwlﬁ{ﬁwc}:[ﬂgaugg%ﬂgir(])%airf?d%rn(?%g zrzs. The LUT of Gaussian
randgm nyunbers, provided in Appendix A 3, is conposed of 2,048 val ues:

tored in 2's cqnplenment formand ranging from-127 taq 127., i f .
Iiseudo- IRandoiﬁNﬂWan F‘rggg’t‘?épa’tgi?m(slﬂ_ R?\l@ﬁ‘gllaﬁ AEd? fl?PjI%‘é‘@h ?’6‘?? gﬁ‘_’lp_gpﬂefgggl tg_r "
random y,aee §blet1§ing%ap£ c&?éggﬁmﬁg &&BQQdTgir'%fﬁ?‘?ﬁlbék viah Bindif} bloak | #@thhdn

oc e a b

step, the vafues o he 64x64 I mag e set to zero and the seed
of the PRdEsiktads tlippedito[Q,i285] preat tadisplalyl ows: ehv = Seed :LUT[ h + v * 13 ]
(A-1) Creation of the 64x64 bl ock image occurs as follows: fh ((h+3) " 2)
-1 fv = ((v+3) " 2) - 1 for( 1=0, r = 0; I<=fv; 1++) for( k 0; k<=fh;
k+:4i0{Bfortl_(r]=[o-j(kg,:kmussian_LUT[ x(r, ehv) %2,048 1 B[ k + 1 ][ 1] =
Gaussi an_L x(r, ehv) + 1) %2,048 ] (A-2) B[ k + 2 ][ 1] =

Gaussi an_fey =g%z§¢8,;lJeﬁv) +2) %2,048 1 B[ k + 3 ][ 1] = Gaussian_LUT[

(x(r, ety et c4PR Ak i+ 11 = Clip(o, 255,
. ' : decoded_picture[ c][m +k ][ n+ 1]+
fg block[k]J[1])

15
~ where (m,n) are the‘ top-left coordinates of the block, decoded_picture[ c [ m+k ][ n+1]is
* the decoded pixel vélue at coordinates (m +k, n + 1) of color component cand
-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 112‘._ The control element 112 controls the
switching element responsive to whether the SEI message parameter .
film _gfain_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 Althoﬁgh 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 DVDV

player (not shown) reproducing the content on the DVD 12.



} Bl O] Q = Owhere x(r, e ) is the pseudo-random val ue created at
iteration r of the polynomal x initialized at seed e . Conputation of a
64x64 i nweoevdosteger transform | nverse transformation eCTiUseodAdxd2 matri x
of coefficients will yield the filmgrain pattern database[ h ][ v ].
Conput ati on of the inverse transformoccurs as follows: database[h][ v] =
(((R6 x B+ 128) " S)XR 64 +128) " 8 kgbl ocking of horizont al 8x8 bl ock
edges The final step in the creation process of a 64x64 fil mgrain pattern
conpri sgg\ugﬁ Aebl ocking of horizontal 8x8 block edges. Deblocking is

per forme y attenuation of pixel values according to the follow ng

equati on: for(I = 0; |<64; | += 8) { for(k 0; k<64; k++) { database! h ]J[.vVv
11 k11 1] (dat abase[ h. ][ v ! k ][ 1] * deblockfactor({ 7

dat abase[ h Jccpmpfishing p bifzacourte repraseniasian of the fim grajy pageqy aiaba-'ie'iOS*can

debl ock_f.agt ., f
o of or 1 S50 Ak ¥y hotng.a frl ot B PGB o3 R I B1AG irbgh g, @
103, 5109n1tliHﬁa,tloﬁ2>ﬂ)ce§s28 128, 128 } The foregm ng describes a techni que for

simulating filmgrain in an i mge, and nore particularly for sinulating
filmgrain in an i mage for playback by a nedia devi ce. APPENDI X A

-Gausmqur[:MﬁW@kEAﬁow £X6B, 0x67, OxF5, 0x29, OxDE, OxQC, O0x3B,
0x4D, 0x61, OxAA, 0x03, Ox4l, OxB2, 0x2D, 0x37, OKCE, 0x15, OxOD, OxF6,

OXxEC, OxEE, 0x21, 0x81, 0x10, OxFB, 0x97, 0x12, 0x13,- 0x46, Ox2F, OxF®6,
OxDA, Ox2A, Egd Ox4A

Ox31. 0x00. OYPRCuERteaititg e dafabass {05 cardht biigRiaing 6 2 TS ox 7
0X7A0 O)SiussixBBdontmbefdX ().a {%Qm poukib, rafdck® number generator, such as 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 ][ v]. The database creation process
requires the creation of all possible patterns in the database[ h ][ v ], where h and v are in the -

15 »rangeofOto 12. , ' -
To form an individual 64x64 block image, up to 4,096 values are read from a LUT of
Gaussian random numberé. The LUT of Gaussian random numbers, provided in Appendix ‘
A3, is compdsed of 2,048 values stored in 2°s complement form and 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 shall be set to zero and

the seed of the PRNG shall be initialized as follows:

ew =Seed_LUT[h+v*13]
25 (A-1)

- Creation of the 64x64 block image occurs as follows: * -

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

for(1=0, r =0; 1<=f,; 144)
for( k = 0; k<=fy; k+=4) {



x| D,
OxE9,
OxFB,
OxDD
Ox7F,
OxCQ,
0x3B,
0x34,
OxDC,
OxE2,
0x02,
'0x81,
Ox4A,
OxE4,
OxDB, 5
0x47,
Ox BB,
0x29,
0x77,
_Ox4F,
0OxD9,
0x26,
10

15

20

25

-30

OxQOC, 0x4C, 0x70,
Ox3A, OxE4, 0xB7,
OX 280 2006347990x BO,
OxF3, OxF2, 0x81,
Ox7F, OxFE, 0x29,
0x23, OxFA, OxCA,

0xF2, OxE9, 0x70,

0x§gk ]@g_EGaOX 10
-5

0x8@+ OXFO, OxOF,

0x4C 0x50, Ox7F,
0x4 Ox7F, OXxED,

OxgEoIRyER0 028

0x81, OxD5, OX7F

X ngere x)%r €hv) 1S t}le pseu)éo rhnc%m vélu

at seed epy.

0x51,
Ox OB,
0x31,
0xC9,
0x57,
0x62,

OXEQ,

0xC3,
0x70,
OxE®,
OxEA
Ox BF,
OxFA,

0x74,

0x81,
0x42,
OxE2,
0xC9,
OxFl ,

0x585-

OxQOD,

LBIERe g 2R o

0x80k +0KJ[24.] =00§§l?s51aﬁX13@1“[ X6 44,) 915 % 20x8$
0x3B, 0x21, OxFD, OxFE, 0x09, 0xD7, 0x97,

OxBI k +GHA m‘)wsla()xldéﬂ Gz e 6207 29488,

0X81

Ox7F,
0x91,
Ox OF,
OxBC,

Ox11,

Ox3F,

0x3C,.
x| D,
0x71,
OXEC,

OxOA,

0x22,

0x20,
0x17,
OxE3,
0x5C
CMEB
0x

Ox6F,
OXx4E,
OxDE,
0x81,
0x36,
0x7D,

0x19,
0x06

SaiatdT (oem 5 49 200>

0x97,
OxCE
OxDB
OxF®6,

Ol F,

Computation of a 64x64 in'y'erse integer transform
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Inverse transformation of the 64x64 matrix of coefficients will yield the film grain

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

| database[h][v]= ((Ry,"

' Deblocking of horizontal 8x8 block edges

xB +128) >>8) xR, +128) >> 8

The final step in the creation process of a 64%64 film grain pattcm compi'ises the

deblocking of horizontal 8x8 block édges; Deblocking is performed by attenuation of pixel

values according to the following equation:

for(l = 0; 1<64;1+=8) {

. for(k = 0; k<64; k++) {

database[ h ][ v ][ k ][ 1] = (database[ h ][ v.][ k ][ 1] * deblock_factor [ v]) >>7

database[ h ][ vI[ k][ 1+ 7 ]=(database[ h ][ V][ k][ 1+7 ] * deblock_factor[ v ]) >> 7

}

where deblock_factor{ v ] is deﬁnéd for a preferred embodiment as:
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0x23 0x75,
0xOF, OxFS5, 0xAOQ, 0x6D, Ox5E, 0xF0, 0xC9, 0x45, 0x07, OxF3, OiFC, 0x31, Ox25, 0xD4,
0x78, OXE2, -



0x2B, OxE4, OxE2, 0Ox1 1, 0x04, OxCC, O0OxC4, 0x14, OxD5, Ox(OB, 0xB3, 0xCs,
OxOC, OxI C, 0x02, 0x06, 0xB8, 0x26, 0xC5, OxF5, 0x6C, OxCB, 0x28, 0x42,
OxF4, Ox8&0 200685799¢xDO, O0x17, OxI D, Ox2E, 0x23, 0x5B, O0p2Z/UseriE@s228x73,
OxCE, OxDF, OxCD, 0x5B, 0x07, OxAD, 048, OxE7, 0x99, 0x18, O0xF6, 0x4C,
0x54, 0x05, 0x43, OxBO, O0xF3, OxEF, OxEOQ, OxDO, 0x13, 0x32, 0x19, 0x09,
Ox3E, 0x99, OxF3, 0x24, Ox7F, 0x71, 0x60, 0x22 0x00, OxEQ, 0xC9, Ox7F,
0x85, OxEQ, 0x3D, O0xF9, 0x77, OxEQ, 0x81, 0oxD6, Ox3F, 0x02, OxFB,

oxFe. 0Pt BEREOR TR0 ) ol b sk @i@?ﬂx@%@s S odheBxifns,

XC, Ophr (WEO OxAF, Ox4E, OxB4, 0xB7, 0x08, OxIA, O0xB8, OxF8, 0xBS6,
OXAB, OXAB. OxC7. 0x19 Ox4E. OxF7. OXAO, 0x23. OXBF, 0x08. OxC6 OXCE.
0x01.  00BYB, s OXB&AX360%6F, ORH, Dx6 8 OEF, 0xB4, gk dx34HQ2h8, 0akdz0xDgoa - -
0x D9, Oz)léAg& . Ox1 1, OxE4, 0x02, 0x33, 0x93, OxFC, 0x64, 0x01, 0x41,
0x16, 0OxX0O™ . O0x3D, 0x2D, 0x19, OxEl, 0x06, 0x09, OxFA, OxDO, 0x63,

0x105 Ox2BF, (R65F0x X DRE, 9488, 0x0x [k 7BO0KES, 0CBA0x DF 98k CIQOKED, 13430x98x 81,
0x44, Oxl A, 0x33, O0x5C, 0x27, 0x3D, OxCD, 0x2C, OxDA, OxQD, 0x54, 0x79,
x| B, 00&PB,033H) 0x92, OxAE, OxFD, OxIE, 0x24, 0x12, OxDC, O0x3A, 0x47,

02T O Bl ok e o B R ARSI, O,
OXFE, OQRFF, RSEE, OxD3, OxA4, 0xBo OXxAO, OxF2, OXCB, OxF6, OxF5, OxB3,
&8‘3 OﬁlF OXEE, 0x0% OxF0- 5132, 0RAL ngxg 0B, %&f ox3 BB bks8; Ox% i X EO:
10 0xC7,0xE3,
0x93, OXES, Ox7F, 0xC4, OxF3, 0x4C, 0xD4, 0x 10, 0x12, 0x53, OxE9, 0x09, OXTF, OXBE,
- 0x35, 0x03,
0x19, 0xOD, Ox6F, 0x2A, 0x90, OXEA, 0x0A, 0xES8, 0x53, 0x42, OxF3, 0x4B, 0x85, 0x3A,"
_ 0x7F, OxF5,
15 0x63, 0xED, Ox3F, 0xDA, 0x35, 0x08, 0x07, 0x3C, 0xC9, 0x02, 0xC8, 071, 0x98, 0xCS,
0x03, 0xF7,
0xD2, 0x49, 055, 0xC9, 0XDE, 0x0C, 0x76, 0x 1B, 0x5D, 0xBY, 0x0C, 0x9D, 0xBY, OxEC,
0x1D, 0x47, : . _
' 0xA2, 0x12, 0xCB, 0x40, OxF4, 0xC1, OxE8, 0x41, 0x48, OxF7, Ox7F, 000, 0x81, 0x67,
20 OXEC,0xB7, | | |
0x91, 0x9A, OXFA, 0x1C, 0xD7, OXEB, 0xC5, OxE4, 0xE7, 0x13, OXFC, OxCE, OxSE, 0xC6,
0xA2, 0xDC,
0x22, 0x13, 0xBC, 0x7F, OXEE, 0x81, 0XEA, 0x89, 0xCC, 0x24, 0x4A, 0x81, OXFF, OxFS,
0x8A, 0xCB,
25  OXES, 0x26, 0x44, 0x11, 0x10, 0x8E, 0x58, Ox3E, 0x18, 0x24, OxEA, 0x31, 0x9C, OxE1,
0xF8, OxAl,
| 0XCB, 0x05, 0x5C, OxE9, 0xDO, 0xF8, 0x32, 0x03, 0xB6, 0xA7, OXF6, OXDA, OxTF, OxAA,
OXEA, 0x13, | |
0x14, 0x71, 0x4B, 0x33, 0xE1, 0x5C, 0xC2, 0x06, OXF5, 0x2E, 0x24, 0x65, 0xD5, OxFO,
30  0xCC, OxF9, | o
0xDB, 0xB4, OxE1, OXEB, 0x3E, Ox1E, 0x3E, 0x14, 0x81, Ox 1E, Ox3F, 0x24, 0x66, 0XAC,
|OxF7, 0x4C, | |



0xD2,
0xC2,
0x81,
Ox4A,
OX7F,
OxF9,
0xA6,
Ox2A,
0x28,
Ox DG,
0x37,
0x93,
Oxl A,
0x D5,
C)(DES
Ox4E,
OxE4,
Ox4F,
OxDC,
0x04,

OXEQ, OxFl,

0xC7, OxFD, 0x24,

Ox@F, 0x 84, 0xB) BxFO0%E3, M%xS@X%S OXE?.0x
0x89, 0x18, 0x03, OxF5, 0x12, OxFA4,

0x02, 0x60, OxEE, OxID, 0x29, OxOD, O0x2A, Ox4E, 0OxD4,

bk 08 ool Biioa0xablit1ogle ogi i ¢

OxFl

Ox@’g‘gA 0933,

?’gx

I B,
OxE2, OxEC, OxDC,
OX AFO 20067067999X F9,
0x97, OxCE, 0x03,
OxD4, OxCE, Ox9A,
Ox7F, 0x00, OxF4,

OxE2,
OxEl

0x73,
0x49,
0oxDv,
OxCD

Ox2A,

0xC5,
OxFA,
0x6D,
Ox AF,
Ox BF,
0x42,

0x2C,

0Ox3A,
0x81,
0x35,
@091,
OxE4,
OxF2,

OxEl ,

0x4C
OxES8,
0x56,
0xB6,
Ox4F,
0x05,

Ox BB,

0x88,
0x4,
0x81,
0x41,
OxBE,
OxA4,

OxFA,

OxI B, 0x27, OxCA,
0x46, 0x81, 0x70,
0»02/USed08)64228x 16,
0x51, 0x18, 0x35,
0x40, OxDF, OxE2,
OxI C, OxDD, OxF9,
0x24,. 0x26, OxCE,

SRR BBty

Ox@ﬂj I, 0x37, OxOC, 0x61, 0x04, OxF9, O0xC3, O0x9A, Ox5E, O0x6B,
&@9 OxF7, 0x69, OxCB, O0x2E, 0x58, 0x67, O(DF 0x26,
Ox Bl 180939, OxBEXDEY Ax25, O%Ad, 0x3DEOX 6%, KIx 09,0532, OXOLED,

oDl
Ox&;&z ReC,

Ox4A, OXZF 0xB5, Ox3C, 0x81, 0x78, 0x91, O0xCr, OxEl,

0x05, OxED, 0x95, 0x55, 0x14, 0xD3, 0xD9, 0xDr, 0x08,

0x29, 0x07,

0XANB0, mmpxm,saBsam ORRA7 OXIRA FOx (B D281,0xB3 0@@@;13@92@3 oxwB/ .

oﬁ‘%%ﬁ ’

OxBB, OxCD, 0x59, OxDF, OxC4, OXSB 0xC9, 0x2B, OxOE,
- OxA5, Ox3F, OxIC, OxDA, OxFD, 0x52, OxFE, OxDA, OxAB,

OxAB, 0x$38, 0x0B, OxCC 0xAB, 0x35, 0xD4, 0xDE, 0x01, 0x7F, 0x0B, 0xBE, 0xD4, 0x2E, 0x8D,

10

15

20

25

30

0x02, 0x0A,

0x38, 0xDE, 0x76, OxEE, 0xC3, 0x34, 0xC6, 0x81, 0xDO0, 0xEA, 0x03, 0xFB, 0x10, OxAF,

0xFB, 0x7F,

0x18, 0x4E, 0x42, 0x3F, 0xE7, 0xOD, 0xC0, 0xDB, 0x81, OxE4, 0x15, 0xC2, 0x41 0xCC,

0xD7, 0x6C,

0xC2, 0x0E, 0xEB, 0x0C, 0x1D, 0xC1, 0x14, OXIB, 0x5F, 0xD4, 0xC6, 0x8C, 0xF7, 0x4F,

- 0xDO, 0x16,

- 0xDSs, OxFO, 0x2E, 0xD1, 0x88, 0xDD, 0xE4, OxCC, 0xD4, 0x1D, Ox7F, 0xF4, 0x30, 0xF8,

- 0x81, 0x4A,

- OxES, OxEA, 0x58, 0x3B, 0x0A, 0xA2, 0x50, OxCS 0x3A, 0x3C, OxE7, 0x28, 0xAS, OxFE,

0xEB, 0xC6,

OxD4, 0xC5, OxEA, 0xCB, 0x46, OxE3, 0x42, 0xE1, OxEA, 0xOE, OxEF, 0xBE, 0xE8, OxE4,

OxC3 0x2F,

0x25, 0x10, 0xOF, 0xDB, 0xE9, 0xF6, 0x08, 0xE6, OxED, 0x3A, 0x2C, 0xDO, 0xD2, OxFD,

0xEB, 0xAF,

0x1D, OxBD, 0x81, 0x4A, 0x65, 0x04, OxEF, 0x61, 0x22, 0xBF, 0x29, 0xCD, 0x07, 0xCS5,

0x17, 0xC7,

OxEE, OxE8, 0x8A, 0xB8, 0x5A, Ox0E, 0xF1, 0x4E, OxEQ, OxBZ, 0x81, 0xDD, 0x29, 0x4C,

0xAD, 0x01,

0x37, 0x16, 0xB6, 0x7F, 0xF0, 0XEB, 0x0C, Ox1E, 0x37, Ox8F, 0x81, 0x59, 0x36, 0x3D,

OxOC 0x36,

0xF3, 0x90, 0xF2, Ox1F, 0x30, 0xBE, 0xF0, 0x5A, 0xF7, 0x00, 0x15 0x45, 0xBA, 0x62,

0xED, 0x90,



0x23,
OxEB,
0x19,
0x40,
0x05,
0x38,
0xC7,
OxFb5,
0x4C
OXx7F,
OxFC,
OxFA,
0x26,
0x35,
0x D3,
0x08,
OxAB,
0x01,
0x95,
OXEQ,
OxFE,
0x92,

OxBB, 0xC4, OxIC, OxDC, OxAl, 0xB2, 0x04, OxlE, OxFC, OxEO, OxBl,
OxF7, 0OxB4, 0x2D, 0x07, OxA3, 0xB9, 0x41, 0x09, OxCF, Ox7F, OxBB
OX RSO 200d87999x8E, Ox3E, 0x81, O0x9C, 0x04, OxEl, O»6fE/UusGntn4228xC5,
0x9C, OxI A, OxDe6, 0x15, 0OxCe, OxME5, 0xB7, 0x02, OxA3, 0x05, Ox7E
0x4B, O0xA9, OxF7, O0xDb5, 0x9C, Ox7F, 0x01, O0x7C, 0x5B, OxC, 0x33,
0x03, O0x50, 0x81, Ox7F, Ox4F, Ox7F, OxE3, OxID, Ox74, 0xB6, OxEF
0x69, 0x30, 0x2D, 0x18, 0xB9, 0x30, OxDA, 0x95, OxIF, OxDF, 0x03,
0x28, , x5, 0 N , F7,
OclrL Gl O TR0, B o 0xgtdBooBid. Bi0x; Sroa kel g%
Ox OrD8BX7E, OxB8, 0x31, OXEQ, 0x96, OxDE, 0x25, 0x38, 0x34, OxFQ
0x53, 0x34, 0x95, 0x35, 0x84, OxIC,  0x16, 0x37, 0xD5, O0xA9, XFO
Ox IR 57 KB, 05 10x88x@5 B, Ox B3, OxER 60X 290 WM, OaRDROX Bk E349 996> Ok,
O(B%nco% 0x27, 0x26, Oxd, 0x25, 0x03, 0x15, OxEl, OxCE, OxE5,
Ox DA,

, 0x14, O0x33, 0x73, 0x12, OxAF, OxBB, 0x00, O0xF2, O0xD2,

50x FIRF900KDC, 0058, 0x280%39, @5870x 83 OKC5,0x0D, 0XX BOx8Dx 8K} 4, OxBB, 0SB 1,
0x51, OxDQ 0x3D, 0x06, OxDC, OxD3, OxD6, 0x39, OxE6, Ox2F, 0x13,
oxIEAZQK8P, 0x28, OxDC, 0xB5, OxC4, O0x55, OxB2, O0x81, OxOB, 0x32,

8‘;( @23&% Og%gqxl%&&ﬂ, Qﬁ%@i 048X 100505, BRI 0xB

A6RCHVREC, (1B

0xE2,” 0 0x(C9, 0x24, bx4B, OxEF, Ox7F, 0xBS,

OxB4%020%®8, 0x68, 0x43, Ox6A, 0x99, 0x97, 0x46, 0x3C, 0x02, 0x17,

o 31538128, 025 0eS e, BXC: 0x34: Oxad P, dR8T oxell b0, Y17, 0x1H°

10

15

20

25

30

0x2E, 0x23, - . |
0x5B, 0x22, 0XEO, 0x73, 0xCE, 0xDF, 0xCD, 0x5B, 0x07, 0xAD, 0x48, 0xE7, 0x99, 0x18,
0xF6, 0x4C, - o
0x54, 0x05, 0x43, 0xBO, 0xF3, OXEF, 0xEO, 0xD0, 0x13, 0x32, 0x19, 0x09, 0x3E, 0x99,
0xF3, 0x24,

- 0x7F, 0x71, 0x60, 0x22, 0x00, OxEO, 0xC9, 0x7F, 0x85, OxEO; 0x3D, OxF9,‘Ox77,,(.)Vx-EO,

0x81, 0xCC, v

0xD6, 0x3F, 0x02, OxFB,.OxE7, 0x46, 0xC7, OxEOQ, 0xDS5, 0xDS5, Qx21, 0xC8, Ox.8‘1', Ox7F,
0x19, 0xDE, ' | | |

0xF6, 0x10, OxAF, 0x1D, 0xC7, 0x28, 0x81, 0x81, 0x14, 0xD1, 0xF6, 0xDD, 0xC1, 0xCD,
0xEQ, OxAF, | .

0x4E, 0xB4, 0xB7, 0x08, Ox1A, 0xB8, 0xF8, 0xB6, 0xAB, 0xAB, OXC7, Ox19, 0x4E, O);F7,
0xAO0; 0x23, A |
OxBF,OxOS,OxC6,0xOE,OxOl,OXD7,0x20,0xA9,0XD4,0x11,0xFE,OxF7,0x3Aw0x27;
0x0B, 0x94,

0xD9, 0x17, 0x21, 0x11, OxE4, 0x02, 0x33, 0x93, OxFC, 0x64, 0x01, 0x41, 0x16, 0x00, Ox7F,
0x3D,

- 0x2D, 0x19, 0xE1, 0x06, 0x09, OxFA, 0xDO0, 0x63, 0x10, 0x2B, OxFF, 0xD8, 0x20, 0xDA,

0xCC, 0x0A,

0x93, OxEE, 0x38, 0x81, 0x44, 0x1A, 0x33, 0x5C, 0x27, 0x3D, 0xCD, 0x2C, 0xDA, 0x0D,
0x54, 0x79, | o

0x1B, 0x42, 0x2D, 0x92, OxAE, OxFD, 0x1E, 0x24, 0x12, 0xDC, 0x3A, 0x47, 0x27, 0xB3,-

- 0xD1, 0x3A,



0x52, OxE6, 0x15, 0x4B, O0xD9, OxEF, OxF5, 0x40, OxEF, 0x81, OxCA, OxBF,
Ox|I F, Ox5F, 0x74, 0x03, Ox8F, OxF9, 0x94, 0xC2, 0x61, 0x09, 0x32, 0x07,
Ox4A, OxBFO 20004B87999x70, OxDC, 0x91, Ox5E, OxCE, 0x17, OpE4/Uusersing228x37,
Ox14, O0x17, O0x5B, Ox5A, 0x16, OxCF, @210, 0xB6, 0x16, 0x09, OxDO, OxAOQ
OxDB, 0x31, OxDD, 0x23, 0x81, OxAB, O0x2A, Ox7F, OxE9, OxE8, 0x54, 0x53,
OxDE, OxDF, OxF4, 0x6D, 0x66, OxDA, 0x32, OxBD, 0x22, 0x13, OxEA, 0x30,
OxEl, Ox7E, 0x28, 0x18, 0xA4, OxFD, OxFD, 0x69, 0x03, 0xC7, OxEF, 0x07,
Ox7F, OxEF , 43 QX X3, I 0x35 0 , 11,
oxon OBEP20REE, el DB s, B oxi a1, oteson K5 e AR: 0804,
Ox2F, O0x@f43 @%FE, O0xB6, 0x2C, 0x59, OxBF, OxF3, O0xB3, OxAF, OxA5, 0x16,
OxI D, 0x21, OxD9, OxAA, OxDF, 0x60, OxA5, 0x27, 0x09, OxOd, OxFD,. OxF5,
OX7F, OxCRD7. kDB, 08€290x38x O¥FE, OXBE, OxBEHOX Dy 0\ 4,GRBY,; O0ANSXF3,QxCB.OxE9,
0x4C, 0(5%5 8?@ , 0x10, O0x2D, OxFB, 0xB7, 0x00, 0xC8, OxEE, 0xB8, OxlC,
0x5C, 0x3B'0%317’ 0x14, O0x11, Ox6E, 0x92, 0x20, OxAD, Ox2E, Ox2E, OxF®6,
0x22, 5 0x AROD QoxdiB, 0X0930xBE)X(XB1, GRIFEOxEXK Bk 1 ADBLIRB, 0R XD @x FOMMG, Ox@BlL Ox@X FE,
0x00, Ox3E, O0x5D, 0x00, 0x24, OxBF, 0xC3, OxEE, 0x26, 0x81, 0x39, 0x31,
OxFO,. OxPFD203%d®, OxD6, 0x94, OxCD, OxFO, 0x06, OxDC, 0x44, Ox2E, OxF2,

oxeo, oxr Jidl: ot QG ot 1t 1577, A RS SR

0x91, OxO04E1,0Q«BA, Q(AF, 0x79, OXED, OxDF, OxDB, OxAC, O0x7F, 0x43, 0x2D,

Ox11, OX_(Z)ESl,‘OxES, 0xC4, 0x46, 0x81, 0x70, 0x81, 0x7F, 0x57, 0xF9, 0x73, 0x6D, 0x35, 0x56, 0x81,
10 0x02, | | | |
o 0xOF, 0x16, 0x4A, 0x97, 0xCE, 0x03, 0x49, 0xAF, 0x91, 0xB6, 0x41, 0x51, 0x18, 0x35,
0X7F, 0xD4, | | | |
0xCE, 0x9A; 0xD7, 0xBF, 0xE4, 0x4F, 0xBE, 0x40, 0xDF, 0xE2, 0xF9, 0x7F, 0x00, OxF4,
. 0xCD, 0x42, ' , |
15 OxF2, 0x05, 0xA4, 0x1C, 0xDD, 0xF9, 0xA6, 0xC7, 0xFD, 0x24, 0x2A, 0x2C, OXE1, 0xBB,

- OxFA, 0x24, “ |

" 0x26, 0xCE, 0x2A, 0xAF, 0x3A, 0x05, Ox7F, OxOC, 0x38, 0x42, 0x2D, 0x3A, 0xD6, 0xD6,

-0x28, OxF1, . »

. 0x89, 0x18, 0x03, 0xF5, 0x12, 0xF4, 0x32, 0x1C, 0x03, 0x37, 0xDO, OxFS5, 0x00, 0x02, 0x60, |

20 OxEE, o ' '
0x1D, 0x29, 0x0D, 0x2A, 0x4E, 0xD4, 0x37, 0x95, 0xD6, OXxED, Ox7F, OxQF, 0xF6, OxEE,
0XAF, 0x53,
0xDB, 0x4C, 0x93, 0xOF, 0x40, 0xCF, 0x2B, 0x0B, 0x0D, 0x1A, 0x1B, 0x3C, 0x39, Ox1E,
Ox1A, 0x6A,A '
25  OxEE, 0x37, 0x0C, 0x61, 0x04, 0xF9, 0xC3, 0x9A, 0x5E, 0x6B, 0xD5, 0x34, 0x1A, 0xD1,

OXF7, 0x69, |
0xCB, 0x2E, 0x58, 0x67, OxDF, 0x26, 0xDE, 0x37, 0x32, 0x46, 0xA2, 0xDE, 0xA9, 0x96,
0XEE, OxEl, |

. 0x09, OxED, 0x4E, 0xF2, 0x4C, 0x05, OXED, 0x95, 0x55, 0x14, 0xD3, 0xD9, 0xD7, 0x08, -
30  OxE4, Ox4A,
0x2F, 0xB5, 0x3C, 0x81, 0x78, 0x91, 0xC7, OxE1, 0x29, 0x07, 0x4F, 0x4B, 0x42, 0x38,
0x28, OxE7,



}; A 2.2 LUT of PRNG seeds Seed LUT[173] = { 1 , 207848544, 1756511882,
930434649, 763249220, 575194890, 947173707, 1920384370, 447133882,
1339935730 206/087896300, 271174457, 1198069869, 16616216PCT/USZéh383R850,
2077926481, 1331742148, 786140364, 1585112071, 1771594297, 1242061040,
192056172, 2018356587, 166385984, 21118553, 1721162627, 993618401, 953874363,
156353104, 1884552607, 712894377, 965972274, 2058965522, 288658836,
1626536144, 1501102010, 301172797, 447403389, 1040582505, 1522100413,

87034243 77564 04136 7 1803746
1542167152"35}1‘1291‘330@‘2% 93‘%3@’&%8)?@7’ é’ﬂ%@%ﬁ*ﬁ%%’ég%éﬁéﬁ’ @%@%ﬁ@c""
10110535043 (6222556, 1429688165, 1891395211, 2055647522, 22995785,
1442532213, 675966795, 1703505481, 2013843651, 1671669678, 1085040259,
43070557 Hx2B 308Fs 6104, 02BESOXIR x AS50x45 031G OxDis.LxFD, 0232 S5 EBIKDA dia'B;052 .
1127940, 1;@3@7@201, 1602691796, 1505476467, 1408080649, 180336353, |
13815478 752830380680 965351473, 427101312 902100963, 744024896,

128438160423, 135181 8203 0x 114 000696941, 2080 2084 0x 1 H, 26 6T56:3®B 0 BT SDAH] 0xF7,
1665712481, 264198500, 1301146210, 1273389250, 794389433, 2049226913,
1879367692B41&98%00193, 212009030, 1957319695 637701834, . 482780409

2538000 IGO0 b BT oA B, PAORS e 3B1 04500
- 0x9C, 0x04, ’
0xE1, Ox6E, 0x16, 0xC5, 0x40, 0x9C, 0x1A, 0xD6, 0x15, 0xC6, OxES5, 0xB7, 0x02, 0xA3,
10 0x05, OXTE, )
OxOS,Ox4B,0xA9,0xF7,0XD5,0x9C,OX7F,OxOl,Ox7C,Ox5B,OxCl,Ox33,0x38,0x03,

- 0x50, 0x81, |
0x7F, 0x4F, 0x7F, OxE3, 0x1D, 0x74, 0xB6, OxEF, 0xC7, 0x69, 0x30, 0x2D, 0x18, 0xB9, -
0x30, 0xDA, » . |

15 - 0x95, 0x1F, 0xDF, 0x03, OxF5, 0x28, 0x81, 0x33, 0x98, 0xD5, 0xDC, 0x33, 0x01, OxZE,
0x56, OxF7, | o | |
0x4C, Ox1A, 0xDS8, OxE8,. 0x5A, 0x56, 0xC9, 0x4A, 0x0A, 0x21, 0x4D, 0x3A, 0x7F, Ox7E, |
OxFA, 0xBS, | | | |
Ox31,0xE0,0x96,0XDE;OXZS,0x38,0x34,0xF0,0xFC,0x53,0x34,0x95,0x35,0x84,

20  0xIC, 0x16,
0x37, 0xD5, 0xA9, 0xFO0, 0XFA, 0x2F, 0x17, 0xF7, 0x00, 0xF4, Ox6E, 0x4A, 0x1B, 0xCC,
0xDB, OxDF, | |
0x26, Ox1E, 0x42, 0x27, 0x26, 0xCl1, Ox25; 0x03, 0x15, OxE1, OxCE, OxES, 0x35, OxDA, -
0xA9, 0x14,

25  0x33, 0x73, 0x12, OxAF, 0xBB, 0x00, 0xF2, 0xD2, 0xD3, 0xFD, 0x7C, 0x10, 0xF3, 0x17,
0xAE, OxAD,

- 0xBC, 0xED, 0xCO0, 0x81, 0x08, 0x51, 0xDO0, 0x3D, 0x06, 0xDC, 0xD3, 0xD6, 0x39, OxES6,
OX2F, 0x13, | |
0xAB, 0x2E, 0xF4, 0x28, 0xDC, 0xB5, 0xC4, 0x55, 0xB2, 0x81, 0x0B, 0x32, 0x01, OxFE,

30  0x0C, Ox2F, | | |
0x04,0x12,0xB2,0i(LA,OxES,0x40,0xB9,0xOB,0x95,0x13,0xF0,0xOB,OxE2,0x3F;v

0xC9, 0x24, | |



1016480493, 1361917086, 1730782380, 1621217915, 1585942753, 1325639711,
275717433, 1581177009, 509579973, 1040197139, 519836363, 1962657404,
19063343Mo 26034199919, 1151165652, 1369484037, 91581661BCTAB2MFH0H]2
47146038, 182628210, 1964983821, 1885818321, 370125606, 534524292,
2051583970, 1032364471, 1972079688, 2047231194, 563260760, 1594071307,
1354079352, 2002807836, 632717840, 992281895, 1683480361, 1484871997,
103701272, 345400458, 1333607727, 1396534806, 1265043691, 257575830,

165010540 8105 S5 T4 b (KD ADH: 4Ry B B FBR:S0R:brsp BRAG BRACT

14500209482 A6%13300909, 331912080, 66022624 2137983702, 884423146
1325171092, 1765065345, 708316132 X Transfornatlon mat r

i DCT64[ EWFE6A320:03FC, OxF2r04B I, OxF2 E@z‘)xC& 0x@b, 0x§32, 0x4B, 0339, (22‘92 %*90 32
32, 32, (%%2 (?é% 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, (%25, BB, 8RDIAXKERDxFRDx46 DxEF20x8R 0xG2, 03BF, (BAF, BSF, 024, 003,* Row 1
x| A5 A5 A5, A5, 44, 44, 43, 42, 41, 40, 39, 38, 37, 36, 34, 33, 31, 30,
28, 26, X4F, k9,20 18, 16, 14, 12, 10, 8, 6, 3, 1, -1, -3, -6, -8, -10,

(35 L adnoaytecz, 61, e, 0xdgs 0x Dj“@xzf/@ DxEs 2uas; o, pg%c 01?9"1} Ox%}o* cgo. 37,
*[ 45, 45()x1440xF4|3 41, 39, 36, 34, 30, 27, 23, 19 15, 11, 7, 2,
0xED, 0x37, dx14, 0x17, 0x5B, 0x5A, 0x16, 0xCF, 0x10, 0xB6, 0x16, 0x09, 0xD0, 0xAQ,
10 0xDB, 0x31,
0xDD, 0x23, 0x81, 0xAB, 0x2A, 0x7F, 0xE9, 0xE8, 0x54, 0x53, 0xDE, 0xDF, 0xF4, 0x6D,
0x66, 0XDA, |
0x32, 0xBD, 0x22, 0x13, OxEA, 0x30, OxE1, Ox7E, 0x28, 0x18, 0xA4, 0xFD, 0xFD, 0x69,
. 0x03,0xC7, o
| 15 OxEF, 0x07, 0x7F, OxEF, 0x7C, 0x43, 0x44, OxC3, 0x1E, 0xDD, 0x35, 0xC8, OxE9, 0x11, -
- 0x2A,0xDD, |
~ 0xE6, 0xC8, 0xBD, 0xEC, 0xF7, 0xCF, 0x43, OxOC, 0x40, 0x04, 0x2F, 0x36, 0x7F, 0xB6,
- 0x2C, 0x59,
. 0xBF, 0xF3, 0xB3, 0xAF, 0xAS, 0x16, 0x1D, 0x21, 0xD9, 0xAA, 0xDF, 0x60, 0xAS, 0x27,
20 0x09, 0xC1,
0xFD, 0xF5, 0x7F, 0xCF, 0xDB, 0xC9, 0x17, OxDE, 0xDD, 0xCB, 0x59, 0xAS, 0x01, 0x31,
0x4C, OxFB,
0x81, 0x10, 0x2D, 0xFB, 0xB7, 0x00, 0xC8, OxEE, 0xB8, 0x1C, 0x5C, 0x3B, 0x31, 0x14,
0x11, Ox6E,
25  0x92, 0x20, OxAD, 0x2E, 0x2E, 0xF6, 0x22, 0xA9, 0x2B, 0x39, 0x9F, 0x7F, OxEF, 0x00,
0x00, 0xDA, |
0x81, OxFE, 0x00, 0x3E, 0x5D, 0x00, 0x24, OxBF, 0xC3, OxEE, 0x26, 0x81, 0x39, 0x31,
0xFO, Ox7F, |
0x58, 0xD6, 0x94, 0xCD, 0xF0, 0x06, 0xDC, 0x44, 0x2E, 0xF2, 0x6A, 0x28, 0x38, 0x06,
30 Ox13 0x07,
0x02, 0x57, 0xA7, 0xA4, OxEF, 0xEB, OxE9, 0x0C, 0x07, OxFC, OxB3 0xA6, OxFD, 0x07,

0xDE, OxFC,



-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, 2AvOtpoeldsy9915, 19, 23, 27, 30, 34, 36, 39, 41, 4¥CcTABK2008P4228D}, { /*
Row 3 */ 45, 44, 42, 39, 36, 31, 26, 0, 14, 8, 1, -6, -12, -18, -24, -30,
-34, -38, -41, -44, -45, -45, -45, -43, -40, -37, -33, -28, -22, -16, -10,
-3, 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, -44, -45}, /* Row 4

x| 45 v 45
s 4(,%112 @x0236x912%x02 JOxB;E?’OXAF 0x479 o;iléa (Igcﬁl’z {)x%%o;(gg Oﬁ?%‘OOﬁ%f'%ﬁD
43, 40, B%ll, QXJZF21 13 ‘4, -4, -13 21 - 35, -43
_40, -35 -29 -21. -13, -4, 4, 13, 21, 29, 35 40, 43, 45}, { /* Row 5 */
45 42, 57,730, 20, 10, -1, -12, -22. .31, -38 -43, -45, -45. -4i, -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, { /* Row 6 */
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, 523A2201LUZ.of PRNQTeed86, 43, 45, 44, 39, 30, 19, 7, -7, -19, -30, -39,
44, -45, -43, -36, -27, -15, -2, 11, 23, 34, 41, 45}, { /* Row 7 */ 45,
39 30. 16, 1. -14. -28. -38. -44. -45 .40, -31 -18 -3, 12. 26, 37, 44,
45, 41, §34 20T [16,3] _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 M5 44, 38, 28, 14, -1, -16, -30, -39, -45}, { /* Row 8 */ 44, 38,

259 -9 2507328844 56511852, 930434628; 763249320 2?751?64890 947173707,

10 - 1920384370,

447133882, 1339935731, 1377796300, 271174457, 1198069869, 1661621657, 1743986060,
2077926481, | |
x1331742148,786140364,1525112071,1771594297,1242061040,192056172,2018356587,
166385984, | '

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,



44,
25,
_9,
20,

- 31,
-45,

- 16,
15,
- 45,
27,
19,
10,
- 20,
30,
- 37,
21,

40,

-45,
35

39
-12,

38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, 9, 25,6 38, 44, 44, 38,

9, -9, -25 -38, -44, -44, -38, -25, -9, 9, 25 38, 44, 44, 38, 25, 9,

- 25, w8&poeiobdge4- 44, -38, -25, -9, 9, 25, 38, 44}, {pCr/USewsDiRk2 44, 36,

1, -18, -34, -44, -45, -37, -22, 263, 16, 33, 43, 45, 38, 24, 6, -14,
l42, 145, 139 .26, -8, 12, 30. 41 45 40 28. 10 -10, -28, -40,
-41, -30, -12, 8, 26, 39, 45, 42, 31, 14, -6, -24, -38, -45, -43, -33,
3, 22, 37, 45, 44, 34, 18, -1, -20, -36, -44}, { /* Row 10 */ 44, 333

-7, - 1 3 - -
T 1%778946421665%52%891 92:641@8?500 gaoﬁgszﬁﬁizv‘h_@gzﬁ) 47}(388513?3 2(%%2265‘%

41 M§93@@B223 2 -19 - -11, 11, 30, 43 45 36

13%@700133521?@03@@573216969%63@18343 4%}80@ §6§9Q§%9 '1agb0dbher. > 5g.

3 2ﬁ23ﬂg4845 36 16, -8, - 44, 12, 33, 44, 43,
8, -41, -26. 3 20 38 45, 39 22 .1, -24. -40, -45,
5. 1810265982)@1 1@21492?9753@331&73381@64333914@&47}66@769 ROW242504, 43, 29, 4,
§2éa¥M9§SE§ﬂ§§§§%B 35, 45 40, 21, -4, -29, -43, -43, -29, -4, 21,

45 -21, 4, 29, 43, 43, 29, 4, 21, -40,

-351,730‘28238@31623517945 15&59427153 1&25639911 - 273717453, 158219177069 52)@57%@'3 45,
13, -40, -21, 4, 29, 43} { | * Rom113 x| 43, 26, -1,

44038#51%824 3. 30, 44, 41, 22, -6, .40, -20, 8, 33, 45,

1?6 5%%362(234196%740&81%631%3%27%33659@95’11§g1’65%2 14%64 4@37{3%15’833661%2:

-4110 445820@623 24, 42, 44, 28, 1, -26, -43}, { /* Row 14 */ 43, 23, -7,

34

!

-27

30,

45uqbﬁ¥63§1%%2@%5319f¥b6§%5533§71§§§51§52§0§30125§§6 334524392, 5051583070,
1032364471, | -
1972079688, 2047231194, 563260760, 1594071307, 1354079352, 2002807836, 632717840,
992281895,

15 1683480361, 1484871997, 103701272, 345400458, 1333607727, 1396534806, 1265043691,

257575830, ‘_ | .
1832801323, 207421923, 1878496261, 913255098, 1480038377, 1655631378, 199918889,
11047339733,
584606242, 116703068, 1435852453, 1851149566, 1450020992, 2073300909, 331912080,
20 66022624,
2137983702, 884423146, 1325171092, 1765065345, 708316132

IR

A.2.3 Transformation matrix ‘

25 ' ‘
iDCT64[64][64] = {
{ /* Row 0 */ ‘ ,
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},
{ /* Row 2 */



-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}, { I*
Row 15 */wé2p06A3799412, -38, -45, -28, 3, 33, 45, 34, 6, pc2fis20044422889, - 14,
18, 41, 43, 22, -10, -37, -45, -30, 1»7 31, 45, 36, 8, -24, -44, -40, -16,
16, 40, 44, 24, -8, -36, 45 31 -1, 30, 45, 37, 10, -22, -43, -41, -18,

14 39 44 26, -6 -34 .3, 28, 45 38, 12, -20. -42}, { /* Row
16 */ 42 17, 217, -42, 17 17, 42 42, 17, -17 -42 -42 217, 17,
42, 57 437144'42 41‘2739' 1 2420317 11, 29, 82, 10 AT 4%
42, z?l .kl 3%, % 17 42 42
17, , gt 71 lzlz : i zi‘ 4, 145, 42y, {1+
Row 17 */4§r1 4514 g% -4 439 '2 5 2331 0, 31 é!s Tu52, .24, 12, 40,
42, 16, -39, 4141 19, g23, 2% 43§ %43, . 43544, A5, 49}, 39, 43, 18,

18, 543 PRaw3*o 25 45, 34, 1 .33, 45 -28838 44, 20, -16, -42,.

-40, -12, 4524444542 389, 36, -11,26,480, 190, 86, 137:6, 412, 48, -24,430, 41 }, { /* Row

18 */ 41,-34,1-38, 241, -445 -45,3@5, 745,393, 44), -85, -3R328; 4B, -184;102, -6, 44, 19,

-19, -44, 3;38), 1@, 2234,281533237, -4, 43435, -89, 45,7,443041,458, 34, - 11, -41,

-41,' - 11,3®724458, 302, -6, -1,3%, -143,20,136, 28I, 46, -B4.-422.44,365) - 44, -19, 19,
186, {2/ RA#4 #45, -23, 15, 43 39, 7, -30, -45, -27, 11, 4 1}, { /* Row

133*/ 3(73 48, 4 32%40 49, 2%2221 1?3 pi:h 43;53 321 %239-3.%5424 342%33:3 4;‘5 38 2(1)4

- 5,1.433640 4 113,42, 1 . 49, 43545

45, 33, gs 59,40 0 345, 2 . 3576, 77243, 14, -26,
32} Zflt? gz 4é

-43
45 -28, 22,742 3 A4 : ﬁ { /* Row 20
Aig 4, 43, 8 X % ; -1329’ 25 o 2i§ 25 29585, 4,
f ‘%é -29, -45, -21, 21, 45, 29, -13, 43 35 "4, 40
42377330, 38) 107200, 53 Bl st g, 245. .45, -4i, 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 {/* Row 6 */ 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%/

-9, -25, -38, -44, -44, -38, -25, -9,

44, 38, 25, 9, -9 9, 25, 38, 44,
44, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, 9, 9, 25, 38, 44,
44, 38, 25, 9, -9, -25, -38, -44, -44, -38, -25, -9, 9, 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 {/*Row 11 #*/ S
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},



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}, { /* Row
2 1 */ 39%0kpo6/i38994- 40, -3, 37, 41, 6, -36, -42, -8, 34pcERiS208/042288, - 44,
-12, 31, 44, 14, -30, -45, -16, 28, 458, 18, -26, -45, -20, 24, 45, 22, -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}, { /* Row 22 */
39, -2, -36, 7, 43, 34, -11, -44, -30, 15, 45, 27, -19, -45, -23, 23,
45, 19 {,a7Row4§*, 15, 30 44, 11, 34 -43, -7, 36, 41, 2, -39 -39, 2,

41, 0, o2 -45, -19,
27, 45 1‘?{3 2%0 x ’1,65;,1435?’1‘ é 4-54110 %? 33} '2f /“g o 23/ 38,
-6, 15164 481 4 %‘é{z 325 410, 1 383 10, 44, 28,
220, 45 4 1§9 36« - '4£\,735 Ql 1, &5- 9243, 24 45 14,
233 5424332994, 327 |48, 454435,. 38, -1}, 32,5 452040 X, 44429, ﬂ@ 36, 40, -1,
41, -34(/*RowdB* 26, .22, -45. -16, 31, 43, 6. -38}, { /* Row 24 */ 38,
-9, -44, 43526251, O, 94, -493,-24383, 30, M4, 2B, 22256, 3K, -459 488, 38, -9,

- 44, -25-205,8,433, 95, - 3B, 183810,934445,258, -1, 12,446, -45, 3R, 1838, -9, -44,
-25, 25, -34, -39, -488:36; 382, 96, BB, 25, 342510, 48, -399.-488.3338.8, -2, -44, -25, .
25, WA, 940,- 38, 31386, 922,441, 24, 38D, 3; 4, 4@ 43 }28{ 1, *.280W335 */ 37, -12,
-45, - 18, 438w 495/ -6, -44, .24, 28, 43, 1 - 30, 22, 45,8, -39, -34,

16, 45, 145 236, 7 3331 49, 3%51-1?-01 3411 4302% 28334, -3, 41,
31, -20, Igl 39, 5 587> 2,30, 42, -1,
-43, -28,) 33 1 k 737 B ST 2 ] 36, -15,
45 -11" 9',23347 6313‘% ’4§6 0P g 0,545, o2l - 27, 43,2,
44 B3 " 394 45’ 45’2 1% 4%4 ﬂ -3 - 5 67 é64 i 45, 11,
-39, - 34 *Hpwis* 241, -30, 23, 44 2 .43,

43.790, -12 (38 %5 2803 33, 45, 34, 6, 6. -44 39, 18,

41, 43, 22, -10, -37, -45, -30, 1, 31, 45, 36, 8, -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 ¥/ ' ) ‘
4?2, 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},
{/*Row 17 */ | |
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,
-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, -14, -41},
{ /* Row 18 */ o -
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, -27, 11,. 41},
{ /* Row 19 ¥/ -
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,
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, -40},
{ /* 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,



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, -30, 26,
42, -6, -wb, 200610879937, 34, -20, -44, -1, 44, 22, -33, -3®cTAK2008042282 -41,
-28, 28, 41, -8, -45, -14, 38, 33, -29, -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, 21 35,
35, -21, -43. 4, 45, 29, 40, 21 _35,
21, 43, -4, 33510 1@3 4; 942 226 @0411337’453 40 383, 12%9}’35} { /* Row

29 */ 34,/*szv2221/1 12, 45, 1, -45, -14, 40, 26, -33, -36; 22, 42, -10,
-45, -3, 3, -21641, W, -728‘,13,33,4, 3, -420;3Q43§, 8,5, 1, 69, =4ﬁ4,-23,18, 38, 30,
10, 542, -392,2,361, 38, -72643,- 48, 1Y, 44530; 115,-45, -27,2194145,223, -34}, { /*
Row 30 */L28445; 210, 299.451915,430, -441,-11434, 243,45}, 86, 44, -2,139},41, 23, - 36,
-34, 27, 1 1,4 7244441 1 1l.2¢ 239 36, 30, -30
' -6, v 14145452, - %6 z€551-12 344441 15, 281.36, 2%, : 1
L3828, cf‘41 ‘%0 ?5‘ % gé 4% 513’42193 1, a2 laaSdl, {1 Row
2, -6,
1. 48 324 g 33 Eo 3% ’41 266 f '23 % 34, -31 31,
34 -28, '1%7 524‘ -4 3442, 8 U3 22,145, g 33, 45 6, bas 11 45
] 32 338, Rr44zNs, 325 44y’ 9,338, 38, 8p44,323, 28p-4459,338) 3> _32 32,
32, -32, 38329324 3225,, 23244 32, @ 3@2 9, 3@; 2532253244 329, 3@2 -32, 32, 32,
-32, -32,382;9,324, -B, 25324, 32, -38,-38329, 432, 282:253244,- 852 38R2, 32},
{ /* Row 25 */
8, -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,
{/*Row26* .
36, -15, -45, -11, 39, 34, -19, -45, -7, 41, 30, -23, -44, -2, 43, 27,
25  -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},

-30, -38,231845,449, -F], -485:15,8304344, 20, 387:43,31], 26, 49, 2; 18, -44, 3, 45,
- 30, 30{,3 Gow 28#/ - 41, 15, 44, 7,°-45, -2, 45,11, -43, -19, 39, 27, -34,
3 1% 33 4, 10
6, -45, {1/6R%24M 18, 40, 22, -38, -26, 36, 30, 33& { 1* Row 32
-32,15-32,382:9,334, -2, 253214, 39, -3 -38329, 432, 232-253244,- 3, 3832, 32. 32,

37, .12, -45, -18, 33, 40, -6, -44, -24, 28, 43, 1, -42, -30, 22, 45,

45, 22, 30, 42, -1, -43, 28, 24, 44, 6, -40, 33, 18, 45, 12, -37),

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, -30, 26, 42, -6,
-45, -16, 37, 34, -20, -44, -1, 44, 22, -33, -38, 14, 45, 8, -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,
-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, -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 -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},
{ /*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,



{ /* Row 33 */ 31, -34, -28, 37, 24, -39, -20, 41, 16, -43, -12, 44, 8,
-45, -3, 45, -1, -45, 6, 45, 10, -44, 14, 42, -18, -40, 22, 38, -26, -36,
30, 33, -¥8,20060B879936, 26, -38, -22, 40, 18, -42, -14, 4#CcTAB20054%2282 6, 45,
1, -45, 3, 45, -8, -44, 12, 43, -16, 3041, 20, 39, -24, -37, 28, 34, -31}, {
/* Row 34 */ 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, -30, 36, 23 -41, -15, 44, 7. -45 2 45, _43, 19, 336 30} -?4/
34, 27, -39, 319437 L 3&5420' 1, % %1/ 1 414415 § é 245 ’
Row 35 *| " 30,%-3 18,04 239, -16, 44,
3, kaﬂz g*;z‘rs 5% 4‘33 ﬂ% 2221%’8 %g Kl 331 l24, L34,
34, 24 w32 10, 45, -3,

5, 4 -
_ 44, 6 % -32%g32,. % %37 '320 32a4§2 %8 31?5'326 32,4 ﬁé %% 32,30} { 7* Row
36 */ A2, 33 345 32,432, 733, 33, 335-32.382, 33 3?43324 -32,482, 13, 40, -29,
- 29, 40 |33 -324532,4 32482, 33, -323532,352, %2, -333 32, 432,432, ~3B. 3240, 29, 29
40, -13, 325:32,432,- 33, 321,-335-32,352, 321 34332432, 4%, B3, -30). 32p9, -29, 40,
13, -45,{ #Ra@33*21, -35, 35, 21, -43, -4, 45, -13, -40, 29}, { /* Row 37
+1 28, -411, -3, -8%, 37104, --38, -BB. 402 16; 443 41, 444, 8; 285, 844537, 16, -45,.
6, 4m - 261, 480, 64Q15, 100, 445, 141242398, --30,, . 22; 438 A36, 36 - 4G, 338, 36, - 36,
18, 45, 33, 302336 i%éﬂs -2§9 40%)1¥8 45, -141044-41@ 39’ £ 3’51‘5}4% ;9 o oot
27, -43, {,a,.gR% 3‘2729? 43'01 41437 t6, 3‘% %‘g 334 -357 fl 4531 -36, 36,

15 - 45 3 1,,30.,23,5 27, 43,
2. 2% g“ 55’945’3§ ‘%5 % 13 3436 15 45
Tl 4 1939, i? ik 280 444 30,

'36, 23, , 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},
{ /* 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, 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, 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, -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, -39, -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, 36,
-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, -26},
{ /* 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 41 */ ,
24, 45, 14, 33, -42, 3, 39, -37, -8, 44, -30, -18, 45, -20, -28, 44,



{ /* Row 39 */ 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, 37, WD, 20064579918, 33, -40, -6, 44, -24, -28, 43, -1pcTAR2003042282, -45,
8, 39, -34, -16, 45, -14, -36, 38, 1M1 -45, 20, 31, -41, -3, 44, -26}, { I*
Row 40 */ 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 25 .-44, O
4 -2 5. 44 , 4 ow 4 1 */ 24

-45 14 é@ 3%4240 T, é% 12, '454427‘68 %% 4541816’ 31 % %‘544 10, -36.
334, 443 -lg; 836 8, -6 43, -31,

40, 1, -43% 3@: 435 31’415‘6 2"6S -32, '264545, 1,
16, 45, 4‘?2 . 28, -45, 181230,.44, 81 37.139. 4% 436-33014. A5, 28], 20 -45 18
30, -44 (BRGVA2¥BY .3 42 33, -14, 45, -24}, { /* Row 42 */ 23' - 45,
19, 37, -Z%,-455,19B027.- 46, 13, 384:44,48], B4, 3B, -14136,2:41392, -3B, -2, 41, - 36,
7. 43, -39, 2141, 436, ~BOA3; 1B, 45, 442730, 15, 45,-292319,- 23, -85, - 19, - 27,
45, -15, 280454419,-23, 453415430,-44, -136-344143; 27, -39, 489.,-22:39;41, 36, 7,

-43, 34, 44, 7244y, 3%, . 175,-43454 2ih,, -48, 304515,235, 17,/ 19,Ras, 4BY,/ 22, -45,
24, 20, {,4510‘2,@3*;8 45, 28, 16, -45, 30, 14, -44, 31, 12, -44, 33, 10,

- 43,34, 2.,36 4 0,138 1,49 38, 40, -3,
37107 ‘ﬁ 6243 éo 4 %4%4%:?5 ig 163%s, 4330 39, @9%%13613 30,
i 0 &W@g L T N
. 1, 45, -29,
.13, 43, -1 '31 444,134, 2 - Ky 23’43"‘5 158, 5202124 2%51 225" 29 13,
.43, 35 { & Rawgd *40 -4 135, 43 -13 -29, 45 21, 45, -29 -13, 43,

-35,15.4, 2b,-454(29,413353, - 33, 4340240, - A5 -351143, {-13 2ﬁov6l545-m -
-21, 45, -29, -13, 43, -35, -4, 40, -40, 4, 35, -43, 13, 29, -45,
21, -45, 29, 13, -43, 35, 4, -40, 40, -4, -35, 43, -13, -29, 45, -21,
221, 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, 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},
{ /* Row 47 */ o
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, 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, -39, 45, -30,. 2, 27, -44, 41, -19, -11, 36, -45, 34, -7, -23, 43,
-43, 23, 17, -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},
{ /* Row 51 */



20,
26,
31,
36,

- 45,
-45,
-45,

33, 6, -39, 41, -10,
28, 12, -42, 38, -3,
Ww9,20060579944, 34, 3,
-44, 16, 24, -45, 30, 10, -41,
19, -44, 36, -2, -34, 45, -23, -15,
-11, -27, 45, -30, -7, 39, -43, 15,
-36, 2, 34, -45, 23, 15, -43, 39,

-45, . 30, 9, 43 3,45
18, -43 g@'ﬁ’ldﬁ 36 jlis 162338

240, 12 30, 45483136, 2% -413144,
222, 44, 437265 -13(28, 44,
38, -8,
17, 542,{ ARow $Z*/ - 17,
-42, 42, 134,7:35; 45, -40,
-42, 42, 13,735; 145, 48,
-42, 42, 31435 145, 4@

Row 49 */ 11635 45 4 _21 4.4 -89 3@,
41, 18, R 26, 6, -34,

% -3
- 42, 20”;%”33/ 8. 3163%6
43, -22. 15¢333 i% 3?0 ,
50 */ 15,22:3g, 48, 403g49,5 375718, %
43, 23, 44 3é4 10,514, 34
39, -45 ¥ -4

-7, 134, MERO\864*111
*/ 14,

- 30,
- 34,

42, -42, 17,
21424, 129, 23,

21424, 129, 43,

’371
45,

-19, 41, -44,

44, -34, 15, 17, -27, 41, -45, 39,
-11, 30, -43, 45, -36, 19, 2, -23,
-44, 34, -15, -7, 27, -41, 45, -39,
{ /* Row 55 */
10, -28, 40,
38, -45, 43,
44, -36, 20,
24, -6, -14,
{ /* Row 56 */
-25, 38,
-25, 38,
-25, 38,
-25, 38,
{ /* Row 57 */
8, -22, 34,
-26, 12, 3,
-45, 39, -30,
-37, 44, -45,
{ /* Row 58 */
7, -19, 30,
- -45, 41, -34,
-7, 19, -30,
45, -41, 34,
{ /* Row 59 */
6, -16, 26,
-36, 41, 45,
45, 42, 37,
-28, 18, -8,
{ 7% Row 60 */
4, -13,. 21,
-4, 13, -21,
4, -13, 21,
-4, 13, -21,

20 '
-30, 12,

3, -22,
34, -44,
45, -39,

45, 41,
-33, 16,
-1, -18,
31, -42,

8,
37,
45,
26,
25

-44,
-44,
-44,
44,

44, -38,
-38,
38,

-38,

25,
25,
25,
25,
30
42, 45, -43,
-18, 31, -40,
16, -1, -14,
41, -33, 20,

36,
45,
28,
-6,
35
-39,
23,
39,
-23,

44, -45, 43, -36,
-11, -2, 15, -
-44, 45, -43,
11, 2, -15,
40
-34,
45,
-30,
3,

40, -44, 45,
-43, 38, -31,
20, -10, -1,
14, -24, 33,

-44,

-39,
-45
-29,
29,
-29,
29,

35, -40,
-35, 40,
35, -40,
-35, 40,

43, -45,
-43, 45,
43, -45,

43, 45,

-38, 42,

429 -28,4
S5p 38,270, 43 264141,1 65, 139,

45,
44, -1
3%2 -
43,
23,

Y
zrgo éo 24,642,344, 38 h>
431 2% -3,380, adh, 49432, 16, 3D -45
-2, -85, 33, 3435,, 3_9_,, -134, 104§4 245 _ﬁ&, 11@912,4336 -48} 37{ “}4}, Row 48 */
- 42,

17,

- 24,

-12,

81

-434229,424,

2142,4,120, 43, 431229424,

431229, 424
4#529314,

45,

i
27, 2,

-23, 2,
39,
23, -2,

-26,

-45,

-37,
-8,

39,
44,
2,
-12,

-9,
-9,
-9,
-9,

25,
25,
25,
25,

6,
-28,
-45,
-36,

15,
43,

15,
43,

-33, 73, 2
1266 %3

epid

Aﬁ -375745,. 4

166 84530, .4} 47‘ 3233 12h3 43,

- 30, 45,
'371174'8,0, '%‘,-41,2,3616,199' 33, 235,'3993457 1@9 Z.B, '7,3'9,59 43!9 -'433, 8, 20,

19,

-45, 41, -27, 17, 15,

-19,

45,
-34,

_3,
30,

-38,
-38,
-38,
-38,

-20,
14,
40,
43,

2’
45,
_2,

-45,

, 24,

10,

’ '38,

44,

; 40,
, -40,
, 40,
, -40,

-16, 44,

-22, 45,
-28, 45,
6, -33, 45,
-39, 7, 30,
-45, 34, 2,
7, 30 45,

-36, -1, 37, -43, 14,
-31, -8, 40, -40, 8,
- 26 PCTAK20048422887, 1,
-20}, { /* Row 46 */
-45, 27, 11, -41, 41,

-36, 44, -19, -19, 44,
-11, 41 -41, 11, 27,
¥, 26 mw47*/
-16, 42,

2§1ﬁ3 41, 41, -14,
Q16 20, -44,

-27

42, -17, -17, 42, -42, 17,
27, 40,145, 485, 132, 17, 17,
2M7.-40,145, 4385, 132, 17, 17,
247, 40 1115 a5 432, 17}, { /I~

o, 54535 Zﬁ} 10, 22, -43,
- 45 38, -T2, -20, 42,

%4353%9, 14, 18, -41,

16}, { /* Row
(o

17,

-23, 43,
- 15 - 15,
-23,

-39, 15}, { /* Row5 1

-36, 45, -43, 30,
-34,

-45, 43, -30,

-11,
44,
36, 11},
42, -31, 14, 6,
18, 1, -20, 36,
-16, 33, -43, 45,
-41, 45, -40, 28,

24,
-44,
-38,
-10},

44,
44,
44,
44,

-44,
-44,
-44,
-44,

38,
38,
38,
38,

-25,
-25,
-25,
-25,

33, 41,
1, -16,
-31, 18,
-45, 42,

45, -44,
30, -39,
3, -12,
34, 22,

11, -23,
-44, 39,
-11, 23,
44, -39,

34, -41, 45,
-30, 19, -7,
-34, 41, -45,
30, -19, 7},

-14,
20,

43,
-40,

3,
30,
-45,
34,

8, -18, 28,
37, 42, -45,
45, -41, 36,
26, 16, -6},

-35,
35,
-35,
35,

29, -21,
-29, 21,
29, -21,

-29, 21,

13, -4,
-13, 4,
13, -4,
-13, 4},



-40, 45, -31, 6, 22, -41, 44, -30, 3, 24, -42, 44, -28, 1, 26, -43, 43,
-26, -1, 28, -44, 42, -24, -3, 30, -44, 41, -22, -6, 31, -45, 40, -20, -8,
33, -45, 80,200618799410, 34, -45, 38, -16, -12, 36, -45, PBCT/USiebs04{282* Row
52 */ 13, -35, 45, -40, 21, 4, -29, 48, -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, 43 -29, 4, 21, -40, 45 -35, 13}, { /* Row 53
*/ 12 g;,R 61743, 30 - , 16 36, -45, 3 20, -38, 45, -39

41,
45 , 1, 44,
’3if8 402@%*" %7 “ASS §45 ?6 @%h %Q 43’22 39, 45
% ) 36 034336, A 1215 { 1* Row 54
*/ 11 36 '4%:5 9866 3 262 2 ®3°14, 3§ A5 -6. 412, 38, 2473015 34, .44,
44, 334, 373 4n 7444145, -48, 439-43,240, 37,183, 286 24516, 4, 40, -11. -11
30, -43, {éfBRowzée*/lg 2, -23, 39, -45, 41, -27, 7, 15, -34, 44, -44, 34,
15, -7, 27.-%41], 45, 18923227, -30, 31938639, 48, 43, -443045,145, { /* Row 55
*[ 10, -28S5, 43, 44543441,--39, 36238, 302627,393, -145, 142,11; 31, -24, 6, -24, 38,
-45, 43, -B3,7,161, 35, ~-PB, 23727430, BY, 364391841,143- 29, -8, 4544, 44, -36,
20 rol - 18, 43444443, 4B, 387.362234- 30, -2B, -233.19; 435, 45; -738 }24 -6, -14,
gf@owgg*,ze -8, -12, 30, 41 45, 240, 28, -10} * Row 56 */
9, -25

A 4 8.1,25 38,, 4 8.1-25, 9, 9, -25,
81346%10”12 14, 228%1423 30’* 1 25 38

38, -44, 43, 343836,2 %g il g:44; 5

S44. 44, 33875 ; 2,

44, -38. 45945, 52 ’ 4 1, 3 5‘389 }5*9% */ 8 22
I '-30,28, 526, ) 2% 18 5 15201018, 351} )

34, 142 1328, 3 4 - 8,2 ,’3%‘ 1%1- 45 §4 g7}



- 26,

39,

-45,

*/

- 45,

19,
34,
6,

41,
37,
-3,

-13,
-21,
-29,
- 35,
-10, 4

- 24,
- 42,
- 44,
2,

- 45,
-.111
- 44,

*/A

- 34,

12, 3, -18, 31, -40, 45, -44, 38, -28, 14, 1, -16, 30, -39, 45, -45,
-30, 16, -1, -14, 28, -38, 44, -45, 40, -31, 18, -3, -12, 26, -37, 44,
41, wB3p06aB79946, -10, 24, -36, 43, -45, 42, -34, 2PCTABR005f47282 Row 58
7, -19, 30, -39, 44, -45, 43, -36,3427, -15, 2, 11, -23, 34, -41, 45,
41, -34, 23, -11, -2, 15, -27, 36, -43, 45, -44, 39, -30, 19, -7, -7,
-30, 39, -44, 45, -43, 36, -27, 15, -2, -11, 23, -34, 41, -45, 45, -41,
-23, 11, 2, -15, 27, -36, 43, -45, 44, -39, 30, -19, 7}, { /* Row 59 */
-16, 26, -34, 40, -44, 45, -44, 39, -33, 24, -14, 3, 8, -18, 28, -36,
-45, 45, -43,, 38, -31, 22, -12, 1, 10, -20, 30, -37, 42, -45, 45, -42,
-30, 20, -10, -1, 12, -22, 31, -BBAIMS: -45, 45; -41, 36/* 28, ég *;8,4 .
] 2‘2‘9 P35 Rqpedigasor Syt 2 Sl sploi icompiisinghe dagp of 4 g, 13,

29, - 35, estdblishiAg at 14:5st onégaraﬂx%ter 'aflﬁast%? part ?ngaccgfh»ance]@nth ﬁm alf*mbutéL gf ar? 1
35, -40, 43, -45, - 21,

340 lmaﬁstPS,anM5 43 -40, 35, 29 21 -13, 4} { /* Row61*/ 3,

' m@%laimg %éleg{t Z1)nE: %gi&k iglm ?’rggl atz}%ét g'lf'gzﬁlnf' é@m3$%t 32 5. 32 4.
539 genBﬁi,ted&il acedBanc2Gvith thé at Bast oihe garﬁmeﬂe? -18, 24, -30, 34, -38, 41
45, -45, 45, -43, 40, -37, 33, 16, 10, -3}, { /* Row 62 */
-7, 11, -15, 19, -23, 27, -30, 34, -36, 39, -41, 43, -44, 45, -45, 45,

4, 143,541, B0 o7l b3 g9 s lgq 5 5 oo 7
1115, 19723 T%meg’gd acgbﬁ‘,ﬂmgg‘? el 1 ipher irfadiethe’sigh of lendfg s Bigel
%3, of filty grai, witls@ie iBdge bIBGk. 27, -23, 19, -15. 11 -7, 2}, { /* Row 63

1, -3, 6, 8, 10, -12, 14, -16, 18, -20, 22, -24, 26, -28, 30, -31, 33,
36, -37, 38, -39, 40, -41, 42, -43, 44, -44, 45, -45, 45, -45,

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

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

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

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

| 5. The method according to claim 3 further comprising the step of blending the
2 - block of film grain with the image block in display order. .

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

2 least one block of film grain in decode order.

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

2 least one block of film grain in display order.

8. The method according to claim 1 wherein the establishing step further
comprises the steps of:

receiving a film grain .info'rmati.on message accompanying the image block and
contéining a plurality of parameters each indicative of an attribute of film grain to be

simulated in the image block;

AN W B W N -

selecting at least one among the plurality of parameters.



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}CLAIMS: 1. A
met hod f owobesulsadsyng a fil mgrain bl ock, conprising thecstspasoizs:2
establishing at | east one paraneter a5 |least in part in accordance with an
attribute of an image bl ock; and sinulating at |east one block of film
grain fromat |east one filmagrain pattern generated in accordance with the
at | east one paraneter. 2. The nethod according to claim1 further .

incl ydi ng theg ste f i ; : b gral 0o Lmage bl ock.
3. Tge met hogg accgl;}%ir?\%h?%gdccpg%%%%@ gitvg\l%ekgﬁlgisﬁﬁulpg\gﬁ%%eéﬁ%gkﬁ pr eceded
by r@&ceiqompsisesa suppl emental filmgrain information message acconpanyi ng

the i,mage bl ock. 4. The nethad according to claim3 further conprising the
st ep|30f bl e'ncflcﬁé}’gt%’é};ﬁﬂ%e@ﬁleégorﬁiir?ﬁ’@F%fPI?PWFWf'ﬁfféma&ﬁgk’c ) ock in decode
ordeg. 5. TheoRpullfglaRer@ags pifellvalfe!fdl i ImhgdB16&%; conprising the step of

bl ending the block of filmgrain with the inage block in display order. 6.
The Ret hod aceswdringtheqvelage pixel valne togthe block tali peyrashendingnterisity ivaik i 4 ng

the at I, : f film in.in decod .. {. .The, h
accobai it gaifioRndich fevate FedrBarvng eh B e aiorio e plinded Wbt | cast
one Bl ogdaiatbldckt m grain in display order. 8. The nethod according-to claim

1 wherein the establishing step further conprises the steps of: receiving a
filnfgrain iﬁFtél:_ewsiad%koqlfégé“a@egrez@cfmmaﬁwah@etoﬁﬁlm@g@bmc_b%;landnd cont ai ni ng
a plyrality ofpiRaka l.odlcatl v n attribute of filmgrain to
be sinmulated i n tﬁeg?%rlg%gl @gggk%t&g%rf@%ﬁeﬁtggciﬁcg{!eas.t one anong the plurality
of paraneters. 9.  The nethod according to claim1 wherein the sinulating
step,further @o scal i rhgl?é;ut f.requencjes for_chroma conponents of

nprises:. s ]
the fmage bl d0k; CofRRhIAKAAREOpimy whereydhe guiifarquencies fonthe dbrarex;
compar @miphfteriy/ e 36fediotd:2 Aok Ratipoh Retelph 8F thelsP1eds e pERRRA AT Al ensi LY
value in a filmgrain informati on nmessage acconpanyi ng an I nage bl ock to be
bl ended chramp fomaati i | m o S ‘- o |

1 -~ 11.  The method according to claim 9 wherein the step of retrieving a block of film

2 grain further comprises the step of randomly retrieving the block of film grain.

1 -12. The method according to claim 9 wherein the retrieving step further comprises

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

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

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

14.  The method according to claim 9 further comprising the step of establishing
the database of film grain blocks by the steps of:

specifying a look up table of Gaussian random values;

randomly accessing the look up table;

performing an integer inverse transform on values randomly ‘accessed-from the look-

up table; and

~N N R W =

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



grain block; retrieving a block of filmgrain froma database of filmagrain
bl ocks; and debl ocki ng vertical edges between adjacent blocks. 10. The

nmet hod acwondieng7d49e cl ai m 9 wherein the cut frequenci esplonustivsneizspma
conponents are scaled to a 4:2:0 format upon receipt of the at |east one
paraneter in a 4:4:4 chroma format. 11. The nethod according to claim9
wherein the step of retrieving a block of filmgrain further conprises the
step of randomy retrieving the block of filmgrain. 12. The nethod

r.di t | ai 9 wh int .' i t th i h.-.t
of ratri v ndoa bl BERBGROf MR o g ek SRR et G BERASE i m o
grai p bl RekSf a i ghdlf n'f@M}g(ﬁc@ﬁ%?in@Qhé ﬁnggleaﬂdakls?eéiﬂég haibieehuktbg. t he

step of establishing the database of filmgrain blocks by storing 169
patterns of 4,096 pre-conputed filmgrain sanples, in 2's conplenent form

rangi,ng from-127 .to 127 .14 . The t.hod . a | . |.al ALCE D
Corrprli sing t k}g ste ecﬂ]ez%%q 5%Clolrds“rlﬁ }?35?‘%9&5@%‘5@4‘@;&?#‘5? }hﬁ%& ;Bzg?lﬁﬂlﬁlgg%gmby
the 9t epgaiafsimspesd i‘fﬂhe’\;]gxél valieKied Ruisafe! a8 @éscEBedbamds. r andom val ues; .
random y accessing the 1ook up table; perform ng an integer inverse

transform on val ues randomy accessed - fromthe l-ookup table; and debloékLng‘_

hori zontal e S o i ; i "

t ranéf orm 15%‘?’he é‘re“ﬁ%‘}éﬂg’g%{%ﬁ# I ﬁlér}?gn{:ér gﬁnélg&m%g%g?ﬁggse: %‘?{a? (?I(I)lﬁnsol?g %hlel m

grain dogspsfit occur if a filmgrain nessage acconpanying the inmage bl ock
speci fies inhibihing simul ation. 16. The pethod accqrdi ng . to clﬁ{n19

furt Rer  conprasPHYat 145t go,parpmeicht Ipasy ¥ pArtAnGeeeTAanse g Fiioue ofifae

pi xely val ik e[)i?%ﬁ; outside all prescribed bands. 17. A nmethod for sinulating
a fil.mgrarn bl ock for an inmage bl ock, conprising the steps of:

est a3l i shi ng simulatiag at loast opableck pEfilnagraiewith bitracparaey inracgerdanagamidetheiat h an
a_ttri6but1e gf the i mage | ock; simulating at |east one block of filmgrain
wi t h %i /2% 8% BEEFRT 88 or dance with the at | east one parameter; and

bl-endi ng bl oaKeming bloBk 6f Hini giirt With e infHgeBldek oCck.

1 18.  The method according to claim 17 wherein the simulating step is preceded by a

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

1 - 19 The method according to claim 18 further comprising the step of blending the
2 - block of film grain with the image block in decode order.

_ 20.  The method according to claim 17 further comprising the step of blending the
block of film grain with the image block in display order.

21.  The method according to claim 17 further including the step of simulating the .

W N = N =

at least one block of film grain in decode order. .

22.  The method according to claim 17 further including the step of simulating the

2  atleast one block of film grain in display order.

23.  Apparatus for simulating a film grain block for blending with an image block,
comprising;

means for establishing at least one parameter at least in part in accordance with an

HOWON =

attribute of the image block; and



18. The method according to claim 17 wherein the sinulating step is
preceded by a receipt of supplenental filmgrain information nessage
acconpanywogoddns7dorage bl ock. 19 The net hod accordi ng t @ecthmbensh282rt her
conprising the step of blending the d7ock of filmgrain with the inmage

bl ock in decode order. 20. The nmethod according to claim 17 further
conprising the step of blending the block of filmgrain with the inmage

bl ock in display order. 21. The nmethod according to claim 17 further
including the step of sinulating the at ast one block-of filmagrain in
decode or der MepBs P"Fﬁén‘ﬁlé‘tl%ﬂ'lﬁ@g 8?‘6'?193‘ ?%f?lg} Eliafﬂrhﬁgef’]ﬁ?apﬂg At feﬁ%mg' t he

st epgof géﬁ‘&h@érhri‘ﬂaéc@?daﬁée WaRte fNEasPbRCYarfiettd. | M grain in display order.
23. Rpp ratus for sinulating a filmgrai'n block for blending with an i nmage
bl ock, conprising: means for establishing at | east one paraneter at |east
in part in acgordance with an attribute the 1 e b - for
si muttat.i ng a':‘zar eazﬁlec?ﬁga,rﬁ US AREBFINE P PP gf’ ﬁurgvr bngﬁgl?nag[t:h%&gp ?fbggget%ggnﬁe film
grai n pak (st BloclesCRnTaanewith tHe itdage Block east one paraneter. 24. The
apparatus according to claim 23 further including the neans for bl ending at
| east a block of filmgrain with the imge block . 25. The apparatus

accordi ng to &l ai i j 3 I I film .
arai h i th LR e g REhS aece 4 Bt 29 WISRAT S R e B e T
cl ai m 23 udrestdilim grhia vittethdiimggetacisindeeodtsordere bl ock -of filmgrain with the

image block in display order. 27. The apparatus according to claim 23
wherein the neans for sinulating filmgrain sinmulates the at |east one

bl ock of filmegr aiﬂeia?gﬁg%qg?d?ﬂﬂgrto cRfin 23 e ARP M MdRIRCHEAHR bIhdS thec | 21 M

23 wherein the neans r sinulating filmgrain sinulates the at |east one
bl ocR ofblédk ofifijmagraini witlithe aniageobldek in digplayTondemppar at us according to claim -
23 wherein the establishing neans further conprise: neans for receiving a
fi-lmgrain informati on nessage acconpanyi ng the i mage bl ock and cont ai ni ng

a plyrality of; pargeppisneactoriigite alaind 23 Whein Bletrhdday Fa sehulbtihgfighai n to
be sinmulated in the imge bl ock; and o ' '
2 grain simulates the at least one block of film grain in decode order.

1 28.  The apparatus aécording to claim 23 wherein the means for simulating film

2 grain simulates the at least one block of film grain in decode order. -

29.  The apparatus according to claim 23 wherein the establishing means further
comprise: _ _

means for receiving a film grain information message accompanying the image block
and containing a plurality of parametérs each indicative of an attribute of film grain to. be

simulated in the image block; and

T T SR SR

means for selecting the at least one parameter among the plurality of parameters.

30.  The apparatus according to claim 23 wherein the simulating means further
- comprise:
means fdr scaling cut frequencies for chroma componenfs of the image block;
means for computing an average pixel value for the image block; -
means for comparing the average pixel value of the block to a corresponding intensity
value in a film grain-information message accompanying an image block to be blended with

the ﬁlm grain block;

0 N N R W N

a database of film grain blocks;



means for selecting the at | east one paraneter anong the plurality of
paraneters. 30. The apparatus according to claim23 wherein the simulating
means furwbeonossngui se: means for scaling cut frequenci esTtfuseooshninsn
conmponents of the inmage bl ock; nmeans #or conputing an average pixel val ue
for the image bl ock; neans for conparing the average pixel value of the
bl ock to a corresponding intensity value in a filmgrain information
nmessage acconpanyi ng an i mage bl ock to be blended with the filmagrain
bl ock; a database_of film i | ocks; . means for retrieying .a,block aof film
graif fromt ﬁ?aa%foas%s“ag%ﬁ%og ﬁ&mrgrﬁpmweéﬁﬁbamﬁﬁmﬁw&w‘wﬂ& o
verjgcal edgqg ReIMEE ki HiGl el Dtveed LdjuhBb1agRar atus according to claim
30 erein scaling neans scal e the cut frequencies for the chrona :
conponents to a 4:2:0 format upon receipt of the at | east one paraneter in
a 4:4:4 chromqa format. 32. The arat.us,accordi ng.to claim.30 wherein the
meand for regﬁi evi §a8p215?t8§ﬁcc8f(g$£ e @'f%?‘ﬁwf’sﬁﬁabﬁ‘fgvﬂg @F?’fses\%lggtﬂ%%u%fi Im
grai 9 bleegkencit3 for'the cRRAA @lrpdnais &F #1129 foPmét FomréipHoe iR 4t 1dabeordat abase
contains preconputed filmgrain blocks. 34. The apparatus according to
cl ai n 3Pamametasiima tfed daroptedemnatont ai ns 169 patterns of 4,096 pre-conputed
filmgrain sanples, in 2's conplenent form ranging from- 127 to 127. 35.
A conput'er readabl e nmedium for causing a conputer to sinmulate filmagrain
for bl endi ng3gi t h The appaatas Bé@eding eO¢Ipim 30 Melelitths neass for retfieviag atbaks f or
causing the conputer to establish at | east one paranmeter at least in part
i n aécoofifiiegraip randgmlyreticvss the fm gra@ blogkge bl ock; and second means for
causing the computer to sinulate at | east one block of filmgrain with bit
accuracy in accordance with the at | east one paraneter. 36. A nethod for
si nullat i ng a38i | mMTheapparhtup aécobding bl daith 3@ whetein the databgse doh@igls, preonpri si ng
the steps of; tabl.i ﬁuogg at | east one paraneter at least in part in

t

acco daﬁe’é‘pﬂfefjﬁﬁ@rgr%ﬁ‘ %%t e of the image bl ock; and,

34.  The apparatus according to claim 30 wherein the database contains 169

2 patterns of 4,096 pre-computed film grain samplés, in 2’s complement form, ranging from -

3 127t0127.

1 35. A computer readable medium for causing a computer to simulate film grain for
2 - blending with an image block, comprising the steps of: |
3 first means for causing the computer to establish at least one parameter at least in part |
4  in accordance with an attribute of the image block; and _ |
5 second means for causing the computer to simulate at least one block of film grain
6  with bit accuracy in accordance with the at least one parameter.
1 36. | A method for simulating a film grain block for blending with an image block,

© 2 comprising the steps of:
3 establishing at least one parameter at least in part in accordance with an attribute of the
4  image block; and,
5 simulating the at least one block of film grain in accordance with the at least parameter

-6 by abcessing a database of film grain patterns.

1 37.  The method of claim 36 further comprising the steblof storing the film grain

2 pattern database in non-volatile memory.



sinmulating the at | east one block of filmgrain in accordance with the at

| east paraneter by accessing a database of filmgrain patterns. 37. The

met hod ofwol28eem53®4f urt her conprising the step of storirgTtdseodsiokresgr ai n
pattern database in non-volatile nmenmavy. 38. The method of claim36 further
conprising the step of creating the filmgrain pattern database upon system
initialization. 39. A nethod for randomy generating filmgrain sanples for
bl ending with i mage sanples, conprising the steps of: initializing a seed

of a pseudo-random nunber generator upon receipt of at l.east one filmgrain
paraneter; and generating at |east one filmgrain sanple by randony -

accegsing a daf ab : i idifly e GRPGAREALINE tHe filifgragndom
nunbgr. 40. '?'%te met olgéﬂa{)dg{rgigl%@%gfﬁg{e%ﬁ%@&é%ﬁr%ri Si rﬁl)g t he Lléf%ep'of g C
i ni ti2al i pattegp databaseepbntsystamfinitiatizatinue upon recei pt of the at |east one
filmgrain paraneter. 41. The method of claim39 further conprising the
step-of initializing the seed to a variable value upon receipt of the at

| easty one fil3y. gr ah MdAsdEmReMdomfygenthRinB el MQSaiasabs Fordleridivid Wh image
conprising the step of initializing the seed 1 n accordance with at |east
one-garamgméﬁ,@xnpumngahesw@ﬁp% receirved bit stream 43. The nethod of claim

4 1 further conpt.Lsi S i : ) fto
2coess a I ook NUp e pracky St FhERsP aSdloe? efert GFRHon R WRaork®
4 . film grain parameter; and : L o
5 generating at least one film grain sample by randomly a(_:cessing a database of film

6  grain patterns in accordance with the random number.

1 - 40.  The method of claim 39 further comprising the step of initializing the seed toa

2 fixed value upon receipt of the at least one film grain parameter.

1 - 41.  The method of claim 39 further comprising the Stcp of initializing thé_ seedto a

2 variable value upon receipt of the at least one film grain parameter.

1 42, | The method of claim 39 further comprising the step of initializing the seed in

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

1 43.  The method of claim 41 further comprising the step of using the at least one

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



