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BACKGROUNDRARThese groups of blobs as filmgrain. As the
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photographic image consisting of discrete tiny particles of silver. In color negatives, tiny

blobs of dye occur on the sites where the silver crystals form following chemical removal of
the silver during development of the film stock. These small specks of dye commonly bear
the labél 'grain’ in color film. Grain appears randomly distributed on the resulting image
because of the random formation of silver crystals on the original emulsion. Withina
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
becomes higher. Film grain becomes clearly noticeable on cinema and high-definition
images, whereas film grain progressively loses importance in Standard Definition Television

(SDTV) and becomes imperceptible in smaller formats.
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synthetic grain by filtering a set of random nunbers.

Tmagher commercial product that simulates film grain is Grain Surgery™ from Visual

1r&g film grain,

Inf1n1ty Inc., which is used as a plug-in of Adobe ® After Effects ®. The Grain Surgery™
product appears to generate synthetic grain by filtering a set of random numbers. This
approach suffers from disadvantage of a high computational complexity.

Film grain simulation continues to remain a topic of interest. Recently, the H.264
Video Compression standard underwent amendment to adopt a standard Supplemental
Enhancement Information (SEI) mess age specifying film grain simulation parameters. The
adoption of a specific format 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 filterinng grain out of images before compression, then (2)
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* BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 depicts a block schematic diagram of a sjrstem 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 accordance 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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input image to yield an output image containing film grain.

FIGURE 2 depicts a flow chart illustrating the steps of a method in accordance with a.
first aspect of the present principles for film grain generation. As described in greater detail
below, the method of FIG. 2 operaites to generate the film grain from Gaussian noise scaled
prior to ‘frequency filtering. The film grain 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, £H 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 arad 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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acceleréited Discrete Cosine Transform (DCT), Inverse Discrete Cosine Transfom (IDCT)
and 6ther block-based operations. '

During step 108, the random noise undergoes scaling to change the pixel values of the
N x M pixel block Fhat is already in the final size (for instance, 8x8) to avoid/reduce the
complexity-of the deblocking process. The scaling that occurs during step 108 takes the form
of modifyiﬁg 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 mean [ and variance 6°. Given the scaling function Sg, defined for each pixel of the
block B, the scaled pixel value will have the following relationship:

Byiea G J) = (BG, ) = 1) SGy )+ 9 "
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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Specification of the scaling function can occur a priori or can occur automat1cally,
based on the parameters of the SEI message 106 and on the block size. The scalmg function
could also adapt to the different sets of parameters specified in the SEI message. .-

In the illustrated 1mplemen;at10n, 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 noise. With scaling |
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, <), whereas the lightest gray area 204 inside the

block represents an increase in the noise (S(1, j) > 1). The mid gray region 206 represents no

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



check: occurs to determ ne whether additional pixe
bl ocks remain unread. If no further blocks remain, the
woesusloszias noi se fornms a filmgrain i mage 118, panaStdee/030950

process ends during step 120. Gt herw se, step 102 and

those followng it undergo re-execution until no

further unread bl ocks remaiJsg-fromthe i nput inmage 104.

FIGQURE 3 depicts a flow chart illustrating the steps
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circur e RIS d RO NS PHCOT PR AEy i af4ehgOg REpixel bock

300, 2RSEWSE 8 BIG A SURRerlcbrtaldcifimisiaets, HdRafihg fnction could modify
generation nmethod of FIG 3 under t akes noi se scal i ng

_ only hiwizonigl edgep 402 5f Qu@kb@ab 400+ as illwsiraradhia FI6. Mscrete
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follovaA@Hbdt@lifPBy adaliap tepfiln gehit pardarterpioedudfconipdexity.
filtered random noi se during step 115 of FIGURE 4

occurs in the equival ent manner prescribed by Equation
(7). Specification of the scaling function can occur a
priori or can occur automatically, based on the
paranmeters of the SEI nessage 106 and on the bl ock
size. The scaling function could also adapt to the
different sets of paraneters specified in the SEI
nmessage. In the illustrated inplenentation, the
scaling function reduces the anount of noise on the

bl ock edges (to avoid blocking artifacts) while at the
sane tinme increasing the anount of noise inside the

bl ock in order to keep the sane overall amount of

noi se. Wth scaling particularized to 8 x 8 pixe

bl ocks, 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 bl ock
represents an increase in the noise (S(i, j ) > 1).
The m d gray region 206 represents no change in the
noi se intensity (S(i, j ) = 1).-8-




The use of the scaling function constitutes a tradeoff
bet ween maintaining the filmgrain appearance (since

woheospaziaset ers of the SEI nessage are changedpCamg2004/030950
reduci ng decoder conplexity (i.e., avoid debl ocking).
In cases where not all block edges are equally
rel evant, the scaling functi®n could nodify only

~,» certain edges. On CRT displays, for instance,
artifacts o vertical edgegjappg@r nmuch nore visible
than on horizontal edges. Under such circunstances,
reduced noise intensity should occur only on vertical,
edges 3020 i.xel. ack . as _shown i.n FI G _B5A
nder Adpeupf o yoglelie ARB i fetBRane H A on
qg&ﬁgm@ggb ¥ ioiathf I zont al edges 402 of pixel block
0, aSillustrated in FIG 5B. The foregoing .

desmvmgefsirragmtimﬁmrqw@oﬁ dirat gnokudea et egstione prigmeter ameng a set of

pos SRRl R SRS 95 8 i g

@i iRdink e HilrAgkah imgocbidaitdwah st Shaghrameressad in
0O ! receirving | lbqe i nformati on; receijvi ng film graln

accordpueoriva aitenget pizel hladk sizretor pixel blosks ke paIssaartr anong.
f di ff
pRling LA EARR EAELES BeRBEL Y 0 T mge:

sinmulating the filmgrain in accordance w th the at

| east one arangfer scal ed in accordance with a target
- X Beled agording 40 M | Wigreiaks i n the i nmage; and

sihg Q%g ré&?vlﬁg R B eratd in?@rﬁfaﬁbﬁ filrHep cbﬁ?rlkéﬁﬁ@steﬁof receiving an
thod accordi ng

o claim1l wherein he step o
image méoeé bitngeahdias bean epnapressedfroageatdanes Wwiith tarpeerde&mmdsempresswn
aﬁﬂ@ﬁﬁtep of receiving an image whose bit stream has -
stand conpressed in accordance with a predeterm.ned

CARRIePTFIrOckivih A Mckfilth gfeh fnfensitien father e6MbMbaahié §iep of recelvmg
filmgrain information further conprises the step of

additionebédte empededrsl I the HnagedibstesaBedded in the image bit
stream 3. The method according to claim2 wherein:
the step of receiving the filmgrain informtion
f ArtHeancthodptiadmgtib elagh @owldreinecei vi ng an

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 comprlsmg 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.

5. 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.

6. The method according to claim 1 wherein the step of simulating the film grain
includes the steps of:

generating random noise in accordance with the at least one parameter; and



i mage whose bit stream has been conpressed in
accordance with the H 264 conpression standard and the
weneqs/ati4secei ving the filmgrain informtion PATAISE04/030950

conprises the step of receiving an SEI nessage. 4. The

met hod. according to claim2 further conprising the

step of scaling the filmgnein information with a

target block size of N x M pixels, where N and M are

Q@cﬁméelhe Roisd Ebe %@@1@ QLRIESSE the p'i’)ie@ bIBcks prewios scaled to the

conpFising t allng the filmgrain
targetblda:k(snmtl on vvlth a target block size of 8 x 8 pixels. .

. The t hod ccord claim1l wherein the step of
Fﬂ%ﬁl}ftﬁr}ﬁ&mﬁ ¢ R9IFH @Peglsﬁa?”rgcl udes the steps of:

gener ati ng random noi se in accordance wth the at
|'east one paraneter; and-10- scaling the noise to
@hang érhermetpo& atcovdingitssclaim { véeptin die sigeksimplatiog Beilyn grain

. , the target bl ock size; frequency filtering
mdude?ﬁl?sﬁ (gf after scaling. 7. The method according to

e @iriide Wb Hbidelf a6t Part vaitltheat leag dneafanielrpasl n
i'ncludes the steps of: generating random noise in
ér@qmmléermgtthenw& anf | east one par aneter; and-

az%ﬁe g}ﬁeﬁhﬁl[ ey fl 1{&9“{ s d ! B ?lvhlﬂgs§ 1xel blocf‘ks

ncy noise to c nge e pi xe Ples o

pevmdﬂy%dmedﬁ)mﬁﬁmgﬁbntbuueusly scaled to the target bl ock
size. 8. The method according to claim2 wherein the
filmgrain information conprises horizontal and

wer ti cale HL@Ba gf&ghﬁ%’t& Hihich Q%ié?élﬁ HIRSFifn® @ra%?ﬁikélﬂﬁm@ﬁ comprises

the target pix size. 9. The nmethod accord %
horizorttal anidaientich] Wighragil fow lcat frgawecnam ﬂmsgaielg ycthe |targettmxel lock size..

reduce noise intensity primarily on vertical edges.
10. The method according to claim4 wherein the noise

wnder gpRSmEmal hetdrdifg i@ dklﬁﬁ AR eB€in it 1@61§¢ ﬁr)depgdeﬁfﬁddhhg to reduce
on horizontal edges.
noise intensity prlmarlly on vertlcal edges.

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

poise intensity primarily on horizontal edges.

11. A method for simulatiﬂg film grain, cbniprising the steps of

(5) 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 different attributes of the film grain previously in the image;

(c) scaling the film grain information for target pixel blocks in the image different from
16 x 16 blocks; “

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

(e) generating random noise for the successive pixel block in accordance with the at least '
one parameter;

(f) scaling the random noise to change the pixel values of the pixel blocks previously
scaled to the target block size;

(g) performing a block-based transform on the scaled noise to yield a set of coefficienfs;

(h) frequency filtering the coefficients; and



A nmethod for sinulating filmgram conprising the
steps of (a) receiving image information
woeprsgsziasat i ve of an i nage from which fil m gr aC/usSa®4/030950
been at | east attenuated; (b) receiving filmgrain
i nformation that incl udes at .| east one paraneter anong
a set of possible paranetedd-specifying different
. attributes of the filmgrain previously in the inmage;
(®hefBaAhingdntitterid biBLIGbAeD tlaféfBfABhitré @lent@filled coefficient to
pi xel blocks in the image different from16 X 16
yleldaiﬁﬂlmcgzalnlmgebl@am ng a successive one of pixel bl-ocks
of the imge; (e) generating random noise for the
successi ve pixel block in accordance with the at | east
qne paraeiod addordisg 8 clain | he/hernd stk $6)-(Pare hepgeed until all*
- the pixel wvalues of the pixel blocks previously scaled
pixel blagks ethe dmges hayedern s92de; (g) perform ng a bl ock- based
transformon the scaled noise to yield a set of
coefficients; .(h) frequency filtering the '
agef f iTHeantthod atvdrdihg td clhinp &t mlemimgleamp Gf\pferfSHnlng a block based
bl ock- based transform_on the freguency ?
transfopy dpitheliCOmPrises YF slep o4 PPEPIRIRE A Sqrﬁtaggsmeoﬁ SIQU0. The
met hod according to claimwherein the steps (d)-(i)
are repeated until all pixel blocks in the i mage have
Hden rBmdnethdd addveding thodinadd whdtqingthwtepl ofiperfetreingj ablock based

. step.of perforning a.bl ock based tran orm rther .
inverse R I P B R R o IS S R e ST DB Gosine
Transfadgnsform 14. The net hod accor ding to claim13

wherein the step of performng .a block based inverse
transformfurther conprises the step .of perform ng an
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[(ErRcsiviig infage mfbﬁﬁardma’epxesenmﬁe @S antimahge/fomfwlbch filrageain has
been atfliegsrpa?t@rlm%tt]edf iI'mgrain has been at |east attenuated;

(b) receiving film graih information that includes at least olne parameter among a set of
éossib‘le parameters specifying different attributes of the film grain previously in the image;

(¢) scaling the film grain information for target pixel bloclV(s in the image different from
‘ 16 x 16 blocks; |

(d) reading a successwe one of plxel blocks of the image;

(e) generating random noise for the successive pixel block in accordance with the at least
one parameter; '

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

(g) frequency filtering the coefficients;

e performing an inverse block-based transform on the frequency filtered coefficient to

yield a film grain image block; and

(i) scaling the noise to change the pixel values of the pixel blocks previously scaled to the

target block size.

16.  The method according to claim 15 wherein the steps (d)-(i) are rgpeated until all

pixel blocks in the image have been read.



(b) receiving filmgrain information that includes at
| east one paraneter anong a set of possible paraneters
weoepewsioByi4ng di fferent attributes of the fil m grarms2004/030950
previously in the image; (c) scaling the filmgrain
information for target pixel blocks in the inmge
different from16 x 16 bl odRs; (d) readlng a
+successive one of pixel bl ocks of the i mge; (e) .
agner athdfiethad deutrding teclhin 15 Rehesdia dassép/e p&fﬁéﬁhm@ aslsck based
i-n accordance with the at | east one paraneter; (f)
2 transfopm/frsher qegnpaises He REp & perferming AdYiss Q%@ler?aﬁ%@%
yield a set of. coefficients; (g) frequency filtering
the coefficients; (h) perforning an inverse
1 bligck- bH&&dethbdiﬁﬁ:bﬁhﬂg wclbing 15 wheretn the stepl dfperfdrming a block
coefficient to yield a f|In1 r ai block an
2 baseddpyarphiaRsiermh fPNRIEssH Hhe {ﬁ%{gaa iy WJaverpe P??&l(fet% Cosine
| bl ocks previously scaled to the target bl ock
3 TTmmRﬁﬁF 16. - The nmet hod according to claim15 wherein the
steps (d)-(i) are repeated until all pixel blocks in
t he i mage have been read.-12- 17. The method accordi ng
to claimwherein the step of perform ng a bl ock based
transformfurther conprises the step of performng a
Di screte Cosine Transform 18. . The nethod
accordingto claimwherein the step of performng a
bl ock based inverse transform further.conprises the
step of performng an Inverse D screte Cosine
Transform



