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- the s1lver during development of the film stock. "These small specks of dye commonly bear
the label- grain' in color film. Grain appears randornly distributed on the resulting image

: bcéause of the random formation of silver crystals on the original emulsion. Within a |

~ uniformly exposed area, some crystals develop after exposure while others do not.

Grain varies in size and shape. The faster the film, the larger the clumps of silver
formed and blobs of dye generated, and the more they tend to group together in random
patterns. The term “granularity” typically refers to the grain pattern. The naked eye cannot
distinguish individual grains, which vary from 0.0002 mm to about 0.002 mm. Instead, the

_eye resolves groups of grains, referred to as blobs. A viewer identifies these groups of blobs .
as film grain. As the image resolution becomes larger, the peréeption of the film grain
become$ higher. Film grain becomes clearly noticeable on cinema and high-definition
images, whereas film grain progressively loses importance in Standard Definition Television
(SDTYV) and becomes imperceptible in smaller formats. —
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exposure and devel opnent of the photographic fil m or
fromthe subsequent editing of the imges.
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product appears to generate synthetic grain by filtering a set of random numbers. This
approach suffers from disadvantage of a high computationai compl‘exit_y'. _

Film grain simulation continues to remain a topic of interest. Recéntly, the H.264
Video Compression standard underwent amendment to adopt a standard Supplemental
Enhancement Information (SEI) message specifying film grain simulation parameters. The
adoption of a specific fbrmat film grain SEI message will greatly facilitate the development of
decoders for simulating film grain using a technique recently disclosed by the assignee of the
instant application for simulating film grain. The technique developed by applicants’ assignee

simulates film grain by (1) first filtering grain out of images before compression, then (2)
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FIGURE 1 depicts a block schematic diagram of a sYstem for simulating film grain;

FIGURE 2 depicts a flow chart that shows the steps of a method by which the system
of FIG. 1 generates film grain information in aécordan_c¢ with a first aspect of the present
principles; _

FIGURE 3 depicts a ﬂow chart that shows the steps of a method by which the system
of FIG. 1 generates film grain information in accordance with a second of the present

principles;
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the use of conventional hardware elenents to perform

wWo b@shbnek- based operations associated with fi IPEf]I‘ﬁfS%M/030950
si mul ati on. BRI EF DESCRI PTI ON OF THE DRAW NGS FI GU

“depicts a block schematic diagramof a system:for
simulating filmgrain; FIGJE 2 depicts a flow chart
that shows the steps of a nethod by which the system

of FEG?RF}4QE %ﬁaag]??{rl?!é%f%lag ? 8 A?{é{i rb'f@ctk' s%‘le('l pl accordance §vith the.

: accordance , aspec presen
prespntlpimcnilms, FI GURE 3 depl cts a flow chart t hat shows

%a?@:&f a. method b V\Q‘H{:hthesstem of  FIG 1 '
- A LIRES 54, depicty 3 sxammeehan § & Rineldleck Whons vericahedges only
e present principles; WO 2005/032143
und&gT %%%2#%30950 -4 FIGURE 4 depl cts ‘an exanpl e of
an RBGURE fBxdepichs ancdx aspid efari 8 x Bopinelddouked wihoke hérizontal edges only
d%r es%arit rinci ples; FIGJRE 5A depicts an exanpl e of an -
uncgeq s el block whose vertical edges only undergo
scal ing; and FI GQURE 5B depicts an exanple of an 8 x .8
i xel bl ocked whose horizontal edges only undergo
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first aspect of the present principles for film grain generation. As described in greater detail
below, the method of FIG. 2 operétes to generate the film grain from Gaussian noise scaled
prior to -freguency filtering. The film gfain generation method of FIG. 2 commences upon
execution of step 100 during which the system variables undergo initialization. Foliowing
step 100 extraction of successive N x M pixel blocks from the input image 104 occurs, with
N and M each being integers greater than zero. '
Following step 102, step 105 occurs and a noise generator (not shown) ‘within the film
grain generator block 12 of FIG. 1 generates random (Gaussian) noise in accordance with at
least one of the film grain parameters contained in the SEI message 106 that accompanies the
- input image, as:scaled in the manner discussed below. As adopted in the H.264 compression
standard, the film grain parameters in the SEI message 106 are predicated on a 16 x 16 pixel
block. Such a block size does not always afford the greatest convenience in terms of

implementation efficiency.
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where floor(x) returns the greatest integer smaller or equal than x, f,** is the new low

horizontal cut frequency and f,%* is the new low vertical cut frequency to be used with the

target block size. This scaling constitutes the equivalent of dividing the original frequency by |
the ratio of block sizes and rounding down to the nearest integer.
The above-described rounding yields the most similar film grain on the target block

size as compared to the film grain resulting from using the original cut frequency values
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accelerated Discrete Cosine Transform (DCT), Inverse Discrete Cosine Transform (IDCT)
and other block-based operations.

During step 108, the random noise undergoes scaling to change the pixel values of the
NxM p1xel block that is already in the final size (for instance, 8x8) to avold/reduce the -
complexxty -of the deblocking process. The scaling that occurs during step 108 takes the form
of modifying the variance of the noise with respect to the value (as scaled) specified in the
SEI message. Assume that for a given block B, the random.noise generated during step 105
has a fnean p and variance 6°. Given the scaling function Sg, defined for each pixel of the

block B, the scaled pixel va]ue will have the following relatlonshlp
By (i, J) = (B(i, j)— 1) SG. N+ 4 ()
where B(i, j) represents the pixel at coordinates (i, j) of block B. Observe that Equation (7)
only applies to those pixels where S(i, j) is not 1. |
The noise scaling that occurs during step 108 obviates the need for a deblocking filter
in order to reduce blocking artifacts. The use of noise scaling to reduce such artifacts makes

use of the principle that blocking artifacts arise as a result of uncorrelated pixels across block
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In the illustrated implementation, the scaling function reduces the amount of noise on
the block edges (to avoid blocking artifacts) while at the sarﬁe time increasing the amount of
noise inside the block in order to keep the same overall amount of nois.c_.e. With scaling l-
particularized to 8 x 8 pixel blocks, the scaling function can achieve the result shown in
FIGURE 4 for pixel block 200. The darkest gray area 202 on the edge of pixel block 200
represents a reduction in the noise (S(i, j) < 1), whereas the lightest gray area 204 inside the
block represents an increase in the noise (S(i, j) > 1). The mid gray region 206 represents no

change in the noise intensity (S(i, j) = 1).



unread N x M blocks remain fromthe input inmage 104.

FIGURE 3 depicts a flow chart illustrating the steps
wobom/aauhod i n accordance with a second aspegtTAis2003830950

present principles for filmgrain generation.' The

filmgrain generation nethod of FIG 3 includes nmany

of the sane steps as the nmethgd of FIG 2 and |ike

nunbers appear in FIG 3 to. reference I|ike steps The
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met hod of FI GURE 2 undertakes noi se scaling during
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on dtttllcﬂgadgtasﬁppeiﬂﬁauem heegvisible than bh dotinomalseelgls. sUﬁdﬁrGuch _
Cosi ne Transforn1that occurs during step 114, af
cirquistancel JEFHCFd APISE HEnTY SBPYIG ey by PRy ﬁe@pekpdgmw of pixel block
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tered random noi se ring step 115
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size. The scallng unction could also adapt to the
different sets of paraneters specified in the SEI

- message. In the illustrated inplenmentation, the’
scaling function reduces the amount of noise on " the

- bl ock edges (to avoid blocking artifacts) while at the
same tinme increasing the amount of noise inside the

- block in order to keep the sane overall anount of
noi se. Wth scaling wparticularized to-8 x 8 pixe
bl ocks, the scaling function can achi eve.the result

- shown in FIGURE 4 for pixel block 200. The darkest
gray area 202 on the edge of pixel block 200
represents a reduction in the noise (S(i, j) < 1),
whereas the lightéest gray area 204 inside the bl ock
represents an increase in the noise (S(i, j) > 1). The
m d gray region 206 represents no change in the noise
intensity (S(i, j) = 1). W 2005/ 032143
PCTI US2004/ 030950 -8. The use of .the scaling function.
constitutes a tradeoff between maintaining the film _
grai'n appearance (since the paraneters of the SEl
message are changed) and reduci ng decoder complexity
(i.e., avoid deblocking). In cases where not all bl ock

" edges are equally relevant, the scaling function
could nodify only-certain edges. On CRT displays, for
i nstance, artifacts
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on vertical edges appear nuch nore visible than on
hori zontal edges. Under such circunstances, reduced
noi se intensity should occur only on vertical edges
302 of pixel block 300, as shown in FIG 5A. Under
certain circunstances, the scaling function could
nodi fy only horizontal edges 402 of pixel block 400,
as illustrated in FIG 5B. Th& f oregoi ng descri bes a
technique for sinmulating filmgrain in.a coded i mage.
foll owm ng decodi ng by scalgﬂgg§ﬁg filmgrain
paraneters to reduce conplexity.™ -9- CLAIMS 1 1. A
nmet hod for sinmulating filmgrain conprising the steps
of 2 receiving inmage . information; 3 receiving film
grdi-n i Y BFRad ?‘6 ﬁ”‘t‘"ﬁ%‘t‘“& e grawcompripiag e sipps Og'ar amet er

anmpGivan gﬁaggfnfoﬁna@gg;si bl e paraneters specifying
different attributes of the filmgrain previously in

t heedeirgefiim g inforaatienghetiacinddst gpytione prramelenrmengceset of
af r 1 4 .
positbl pals L b S O A B of B b PR Yo
i mageulatengtthé Ailrmgratrhie actdrdange avith the7attieashenegpanamhaidrasdaled in
' . y Skl [ rain. into the. :
accdHifhel oG5Bt 81 B i P b b Roliiing e i grein
to b2 stmhdated;epd of receiving the filmgrain information

further conpri he step of receiving an 3 image
V\hggcé)ggllgtqms Trnggé%%tﬁa{? %eeﬁgtgghn%lfné’§§‘ed i n accor dance
with a predeterm ned conpression 4 standard and 5 the

St6p of 15 EGRIYANG il LTYS Qi or mation fur ther
conpri ses e step of °recel vi ng 8" additi onal data
e itieroderdofireeeiieg therdige draib iformesion filrtldr cdihprisee thzaekp of receiving an
: [oToTqe [N To P oM { =Y, 14N, se of receivin .
ma?ﬁe ﬁél m 1g:;;rlr_fgllln ‘ﬁ] or%?m %(%%d%?tfzﬁ%%scecgﬁ%? Preggte lémssf pression
stangfrdapdej ving an 3 i mage whose bit stream has. been

COMRY &30 JedeliRE G HIANSED Web g LOMof receiving
'standa?ﬁ 7 éﬁ% 5_thg£§?ep 0 rgceiv?§% ﬁ§£§%%%%°fmcmvmg
addigiopg!fatarpbeddediio thefineghbit seemmr i ses the step of
receiving an 6 SEI nessage. 1 4. The net hod according

to claim2 further conprising the step of scaling the
fi Bm  The method according to claim 2 wherein:

 the step of receiving the film grain information further comprises the step of receiving an
image whose bit stream has been compressed in accordance with the H.264 compression standard
and _
the step of receiving the film grain information further comprises the step of receiving an

SEI message.

4. The method according to claim 2 further comprising the step of scaling the film

grain information with a target block size of N, x M, pixels, where N; and M, are not 16.

S. The method according to claim 2 further comprising the step of scaling the film

grain information with a target block size of 8 x 8 pixels.
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2 grain information with a target block size of N, x
M pixels, where N, and M are not 16. 1 5. The nethod
according to claim2 further conprising the step of '
scaling the film 2 grain information with a target
bl ock size of 8 x 8 pixels. SUBSTI TUTE SHEET -I 0 1 6.
The nmethod according to claim1 wherein the step of
sinulating the filmgrain 2 .jncludes the steps of 3
generating random noi se in accordance with the at
| east one paraneter; and 4 scaling the noise to change
t he pixel values of the pixel blocks previously scal ed
to g.he ThetgBed adebraing 15 tldien | Shkfeatie 8&Y of kilduRihg thelfifh grain
. hoise after_scaling. 1 7. The nmethod according to
inclydes the Fei At ei n the step of simulating the film grain

2 i ppkiablRs rdnbem $o8R n Rbordar@eREIhahé dedsBOEGA ARk CarddD
accordance with the at | east one paraneter; and 4

f r etfalecYe PRISE By hapse thepixlivalies effhe Bixglhlpsks gravipusly scaled to the
targdt BRLIESIEY - fi I tered noi se to change the pixel values of
he pi xel bl ocks 6 previously scaled to the target
bl ofkqusneydiltering thempisegfierigalingecor di ng to cl ai m 2
wherein the filmgrain information conprises 2
horizontal and vertical high and | ow cut frequencies
f or 7-scal Thegneshed srsondinegrelaimg & athersintbg sisp pEsimplagng thgeilm grain

inclRtAEls@EsCerr ding to claim4 wherein the noise
undergoes scaling to reduce 2 noise intensity

pr i SFRFRILE BRAQE NPjse i aceRiganse withithe atiipast eretseeter; and

acCREMERG flifrak MdBofseVi@r €i n the noi se under goes
scaling to reduce 2 noise intensity primarily on

horsc2lstth fregnsasy-fijtered noige tahengs thopixelivalvesef thepikel blocks

preQiodiP scafe@TB kethripdt B1b& s$eePs of 2 (a) receiving image
informati on representative of an inmage fromwhich film
grain has 3 been at |east attenuated; 4 (b) receiving

filan gr arhie theth& #REIGI tb Bidm D bletésiEe #im |pRARS Inf@Rftion comprises
b araretey ananggaiet of . 5 paossjble paraneters )
°f§ﬁ9a¥e i vgegl b low gt freqmehcies 197 sqaling by thetageetipixel block size.
previously in the image; 6 (c) scaling the filmagrain
i nformat_jon for tar%Ft pi xel bl ocks in the image
contai ni% m¢ihod according to claim 4 wherein the noise undergoes scaling to reduce

noise intensity primarily on vertical edges.

10. The method according to claim 4 wherein the noise undergoes scaling to reduce

noise intensity primari]y on horizontal edges.

11. A method for simulating film grain, comprising the steps of

(a) receiving image information representative of an image from which film grain has
been at least attenuated,;

(b) receiving film grain information that includes at least one parameter among a set of
possible parameters specifying differeﬁt attnbutes of the film grain previously in the image;

(c) scaling the film grain information for target pixel blocks in the image containing the

film grain to be simulated when the blocks have a size different from 16 x 16 blocks;

SUBSTITUTE SHEET
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7 filmgrain to be sinulated when the bl ocks have a

size different from16 x 16 bl ocks; SUBSTI TUTE SHEET

-11- g (d) reading a successive one of pixel blocks of

the image; 9 (e) generating random noi se for the

successi ve pixel block i'n accordance with the at | east

10 one paraneter, 11 (f) scaling the random noise to

change t he pi xel values of the pixel blocks previously

12 scaled to the target bl ockllsi ze; 13 (g) performng

a bl ock-based transformon the scaled noise to yield a

set of coefficients; 14 (h) frequency filtering the

coefd) cadiry §suc@£gvéloﬁleﬁ>fhx9ﬂﬁlf>@dhﬂﬂﬂ idkel NVer se

block based transformon the frequency filtered

coef9)igeherpting randogenojsedprgbesuceessive PREIPIockdR accerdgake With the at least

~method according to claiml | wherein the

°“;?§E§Q% -(i) are repeated until all 2 pixel blocks’

in (h écalwagl@ Tardem noiss o ehagee the pig! vajuyes ofibe Rixgl blocks previously
Scﬁ&pQrth(agge; ol @len | 1 wherein the step of performng

sed 2 fransformfurther conprises the step

of g@rresforning aalosj@wétr@s@sm oncth pealed meserdo yield 4 setffsoefficients;
|oer?'('E)Olr”“q‘q1 ‘?ﬂlt@Hn Be%e?ﬁmnls?m@er ein the step of

ormn based 2 inverse transformfurther

comiw pslém%m@pwocbéw@mﬁnﬁ@m aAn therepuencpififiered ceefficient to
yidtP2 68 g ke bR 1 15. A nethod for sinmulating film

grain; “conprising the steps of 2 (a) receiving imge

information representative of an image fromwhich film

graifd hagne fetto8 Becdidilgtd laidlih e&méine@le stéps((@ ?5 56 $pehidd until all

filmgrain information that includes at |east one
PiXshPloRks Brheimagghaye dem A4 5 possi bl e paraneters

speci fying different attrlbutes of the filmagrain

previously in the image; c% scaling the filmgrain

i nf dPmat iT8RMERPd f’%ﬁ’@é‘ig B °5€‘é‘P 15 M ty S‘Fm%f?‘?ﬁ?@émg a block based
tra6 SO A ftHRg cdrifises/thé ktbidipetfofning a MRschdtaUbsahEThadteim. t he

bl ocks have a size different from16 x 16 bl ocks; 8

(d) reading a successive one of pixel blocks of the

i mage; 9 Thenegw accatdingocuitl AR Witesittht ﬁEp bh;&rforming a block based

m\§ “%Cc?aSE’ Ve cD Xre !:on? ln%gskthe aep o I;'ggnnlge an vcrse ?scxaéte ce> ar? !
T0°one  par anet ero? € sine
Transform.

15. A method for simulating film grain; comprising the steps of

() rcceiving image information representative of an image from which film grain has
been at least attenuated;

(b) receiving film grain information that includes at least one parameter among a set of
possible parameters specifying different attributes of the film grain previously in the image;

(c) scaling the film grain information for target i)ixel blocks in the image containing the
film grain to be simulated when the blocks have a size different from 16 x 16 blocks;

(d) reading a successive one of pixel blocks of the image;

(e gcqerating random notse for the successive pixel block in accérdance with the at least

onec parameter,

(D) performing a block-based transform on the noise to yield a set of coefficients;

SUBSTITUTE SHEET
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| 1 (f) performing a bl ock-based transformon the
noise to yield a set of coefficients; SUBSTI TUTE
SHEET -12- 1 1 (g) frequency filtering the
coefficients; 2 (h) performng an inverse bl ock-based
transformon the frequency filtered 3 coefficient to
yield a filmgrain i mage bl ock; and 4 (i) scaling the
noi se to change the pixel valgrs of the pixel blocks
previously 5 scaled to the target block size. 1 16.
The nmet hod according to claim 15 wherein the steps
(d)-(i) are 2 repeated until all pixel blocks in the

i mage (?ﬁﬁ‘ﬂ:x@rﬁ:?'ﬁldéﬂﬂgjme%oefﬁcﬂts The rret hod accor di ng to
claim

erein the step erf 2 blo
based @) BFROBREAR VERE PO Bg’ﬁ?‘ﬁ% Heordhe Fegtency fliored
P& FitidRk Byidd Pmﬁl’gﬁhﬁmégemm ana Tr ansform 1 18. The
nmet hod _according to claim15 wherein_the s

per f or(iseijing thenojse 4o fhapge g wméqhs% of EhﬁﬁWbPﬁ‘meFﬁ@?Sly

c&g}g@@ﬁgm}é}@m@gpﬂz@f performng an Inverse 3
Discrete Cosine Transform SUBSTI TUTE SHEET

16,  Tbhemethod according to claim 15 wherein the steps (d)-(i) are
repeated unl all pixel blocks in the image have been read.

17.  The method according to claim 15 wherein the step of performing a
block based transform further comprises the step of performing a Discrete Cosine

‘Transform.
18. The method according to claim 15 wherein the step of performing a

block based inverse transform further comprises the step of performing an Inverse

Discrete Cosine Transform.
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