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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 comrh_only 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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The Grain Surgery(tm product appears to generate
Progesiethetic grain by filtering a set of random nunbers.

Thi @ nother commercial product that simulates film grain is Grain Surgery™ from Vlsual
Inﬁmty Inc., which is used as a plug-in of Adobe ® After Effects ®. The Grain SurgeryTM
product appears to generate synthetic grain by filtering a set of random numbers. This
apprbach suffers from disadvantage of a high computationa‘l. 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) 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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' BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 depicts a block schematic diagram of a sjstem 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 dépicts 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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" ablending block 16. The blending block 16 blends the filtered film grain information with the
v.input. image to yield an output image coritaining 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 operétes to generate the film grain from Gaussian noise scaled
prior to 'frequency filtering. The film gfain generation method of FIG. 2 commences upon
execution of step 100 during which the system variables undergo initialization. Following
étep 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 éécordance 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 ﬁim' 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 bratio 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
N x M pixel block'that is already in the final size (fcr instance, 8x8) to avoid/re_d\ice the
comple;city-of the d"eblocking process. The scaling that occurs during step 108 takes the form
of modifyieg 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 rhean u and variance o%. Given the scaling function S, defined for each pixel of the
blcck B, the scaled pixel value will have the following relat.ionship‘:

B (is J) = (BG, j) = 1)+ S, ) + ) "
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 automatlcally,

based on the parameters of the SEI message 106 and on the block size. The scahng functlon
~ could also adapt to the different sets of parameters specified in the SEI message. -

In the illustrated implementation, the scaling function reduces the amount of noise on
the block edges (to avoid blocking artifacts) while at the same 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(, 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).



FIGURE 3 depicts a flow chart illustrating the steps

of a nethod in accordance with a second aspect of the
w@emsesti4pri nci pl es for filmgrain generati on.pdhesiond/ea09so

grain generation nmethod of FIG 3 includes many of the
~sane steps as the nmethod of FIG 2 and |i ke nunbers

appear in FIG 3 to reference-gi ke steps. The film

grain generation nmethod of FIG 3 differs fromthe

f
noi L wgfithEicant BhRdbf B8l } HRIcBONH R Rafiaining the film

aﬁﬁﬂp@ﬁaﬂée (ElrﬁUIRE paramneterstafiiesSEbinsssage aleichgnged) amcgreducmg decoder
step 108 as a prelude to the f queng filt rlgg } 1
corm@gygpys(lgu ra,vglgl cgpggklp@ Iry qgisgso\ﬁ{x TG opt a i/hlgclf eqggs are equally relevant,
odh i
o SIS, A cch AdgEL O ERBRA1E M o s
on G’aﬁbzﬂedgémmtaw mud:lhmbreov:lsnbtesthdm on hgrizangqd edges, Uxidee such

cucgt mh v a];qrqgsq ggcgjt%gql }:llgllﬁé E{Sela}r;?(gg r f égcglﬁ o%r)gr(clérp gg?igqe‘l%g%és%ogoqepixel blbck
300, lab SvAtid BCHGA. r’(%d%? cBidih '&ﬁc&hﬁﬁnclég ﬁh@ﬁcaﬂhgtﬂﬁﬁt&n could modify

dccurs in the equival ent nmanner prescribed Equati on

~ onlfy Rpriz@paloidgec402 ofipindl bloak 4Waps Hystraipdin BI6-&8n occur a

pri or &an . occur aut natl | :

Par S EresifR ofrabls RN, B sipboiathAPAfin B By cqded image.

fou%kﬁﬁg deddRingaB/ dcaling te <Hlin0g1raﬁnthdnéiélsmo etiapé cémplekity. .
different sets of paraneters specified in the SEI.

message. In the illustrated i npl enentation, the

- scal.ing function reduces the anount 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 same overall anount of
noi se.. Wth scaling particularized to 8 x 8 pixe

' 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 |ightest 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
noi se intensity (S(i, j ) = 1).The use of the scaling
function constitutes a tradeoff bet ween mai nt ai ni ng
the filmgrain appearance (since the parameters of the
SEl nessage are changed) and reduci ng decoder .
conplexity (i.e., avoid deblocking). In cases where
not all block edges are equally relevant, the scaling
function could nodify only certain edges. On CRT

- di splays, for instance, artifacts
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on vertical edges appear nuch nore visible than on
hori zontal edges. Under such circunstances, reduced
Wmeiose3iimt ensity shoul d occur only on verti cal P€OigE®04/030950
302 of pixel block 300, as shown in FIG 5A Under
certain circunstance's, the scaling function could
nodi fy only horizontal edges 402 of. pixel block 400,
. ,as illustrated in FIG 5B. The foregoi ng describes a
techni que for sinulating filpnagpg n in a coded image
foll owi ng decoding by scaling the filmgrain
par aneters to reduce corrpl eX| ty. CLAIM5S 1. A net hod for

| ati S|n t he. steps of
r e ei vi r(g%i“-‘ﬁféﬁgﬁqg gﬁ%’%@“@ﬂ%@“&‘?’?ﬁ@@? ofn-
I nfofmBhi @Iﬁaé@ﬁ\ltfoﬂn{g,%ﬁdes at | east one par amet er anong

‘a set of posSi bl e paraneters specifying different
at redeining €ilwyf greingniorhatiqr Gatingludes asth@lsyommpatrameuenagmg a set of

mul at ng ccC e th the
posE gpineehy spsibing b BERE b G HEANE et Previbts gy imaee:
Pi %fhulBtifg lmsmzreglfaﬁf inRicXstarte QktSth At A& dnme,mewcicaled in
bl ending the sinulated filmgrain into the inmage. 2.
accorRncAwYifibe tangel ks hgpck@lszeq pixcal blpaks dn He imege;andp - of

furth |
[ Pk Uikt el Yo RERLTAGRY |11 0BT SR S€S :

been conpressed in accordance with a predeternined
conpressi on standard and the step of receiving the
fi 12mlBe Mmethqdacspiting ©ifl %lﬁ’rl(}YBPrean'prl ses the step of

re ff’e% floRg kil %g’eﬁﬂéiﬁmu ‘\%ﬁ thig!
st ?’@é\#ﬁg Eie,"r‘?g@ﬁoldxg ccording to c alm 2 ggr%el r?{ep of receiving an
ima diwhededyt sifeanel®si beem gompressed|imagroadance widr apriedetermined compression

urthgr conprises the step of receiving an i mage whose-
stanfard a0l oam has been conpressed in accordance with the

H. Qﬁélstep preeéﬁar;gmé iR Gadif iBEn AR faHBE QmprReeihtish of reeelvmg

the fil'mgrain informtion further conprlsesthe step’
addmnale:?@m Gmb@ldad irsthie image big gtream. .

3. 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

ahd '

the step of receiving the film grain 1nformat10n further comprlses the. step of recelvmg an

SEI message.

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

grain mformatlon 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
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4. The method according to claim2 further conprising
the step of scaling the filmgrain information with a

wo aoges21d ock size of Nt x Mlpi xel s, wher e Nlapdr/ik20a4/€30950
not 16. 5. The nmethod according to claim2 further
conprising the step of scaling the filmagrain
information with a target bl-pgk size of 8 x 8 pixels.
6. The nmethod according to claim1 wherein the step of.

si ol éltﬁkgnélghet hlﬁ%&ﬁ@b&el pak ¢ PxeFbIBERS ﬁEwously scaled to the

geneérating random rmoi se"I'n accordance w.th t

vuugﬁbﬁﬁksﬁme parameter; andscaling the noise to change

t he pixel val ues of th ]l Dbl ocks previously scal ed
 tofl rp@@npgrﬁét@{mgﬂwlsga?@? 21‘f‘(£,*‘éuency filtering the
noi se after scaling. 7. The nethod according to claim
"1 wherein the step of simulating the filmgrain
i n2l udeThe heethsadeqrsonding eriemat whereirathd steprijisireulating the film grain
. .accqrdance with the '"at Least one paraneter; and
inclydeg, éﬁﬂ?‘#1lter|ng the noi se; and scaling the
g&i&?ﬁ% fahlib BB fe Mh&Rrdaics MamgRe hBasoke pardaletesSandf
_ pi xel” bl ocks previously scaled to the target bl ock
SI frequeicy FHigringtheowisesend di ng to claim 2 wherein the

nf or [
b a0 R L APt e pge locs
prevhﬂﬁlyt@ﬁﬁﬂtto Biexetgebblocksigeé.ze. 9. The nethod according .
to ¢laim4 wherein the noi se undergoes scaling to

reduce noise intensity prinmarily on vertical edges.
10 The ’I'ﬁ%tnq&ﬂocflg&gfcﬁﬁ 48nfh Vnltetn MRASHIR] BrafniffdMif6n comprises
ergoes scaling to r uce noi se itntensity primarily
honiﬁhtél@thd zenical highgad lowl dut flequendiesdfor scalisig oyl the tanget fppdehblock size..
- grain, conprising the steps of (a) receiving image
information representative of an image fromwhich film’

gr @i n hageheGHoRicchifg 10AdARNY HnRfbin (HRIndiRafIdeigdds $dalifig to reduce

graln information that includes at |east.one par anet er

noise hniexpity pmnardy on verncal edges.

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

noise intensity primarily on horizontal edges.

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

(é) receiving image information fepresentative 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

poss_iblé parameters specifying different attributes of the film grain previously in the image;

© 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 coefficients;

(h) frequency filtering the coefficients; and
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possi bl e paraneters specifying different attributes of
the filmagrain previously in the image; (c) scaling

wo besosdims grain i nformati on for target pixel bPODKS2004030950
the image different from16 x 16 blocks; (d) reading a
successive one of pixel blocks of the image; (e) .
generating random noi se for 4ilhe successive pixel bl ock

, in accordance with the at | east one paraneter; (f)
SCQy! AR ¢ fmloRehdfréQlent hlt@éd@f)efﬁment to
thgl)&gg(e)bh Igoa?Es prﬁ?gﬁgflé}ds@gffgd to the&?lar ggt bl ock

'ylelctrazfﬂamgrgi)l ipegé blockng a bl ock-based transformon the

scal ed noise to yield a. set of coefficients; (h)
frequency filtering the coefficients; and(i)

perihor Mg Aéthbd H&fo&ﬁng kPElkmP RS Wﬁlefdilﬁﬂféfswpm(@ﬁ(ﬂ & repeated until all
frequency filtered coefficient to yield a filmgrain

- pixdl bigks bi thekmagehavebeentaadod according to claim 11

wherein the steps (d)-(i) are repeated until all pixe
bl ocks 'i n the imge have been read. < 13. The. net hod

acqgyr di Nphet Methb@bévotdinpeelainm 11 hsexeﬁileﬂle(siem’rﬁedbﬁnm ablock based -
bl ock based transform further conprises the step of '

tranpf@rmcfurﬁwgoamse%theﬁ@pe&epﬁmp&ﬁé?wﬁﬁe Coginehiansi@ing o
according to claim13 wherein the step of performng a
bl ock based inverse transformfurther conprises the - '
st e@. of Tierhethod agroading v elame 1 Divderedt theGoep ofeperforming a block based -

Transform 15. A .nethod for atin f|Im
m"f'éﬁﬁn‘fﬁq u(tﬁ@r g}r@ﬁtése%gle(sgsp c?flé)(en’gtjp r}a‘égsegf)lscrete Cosine
TrahdthQi mation representative of an i rrage fromwhich film
grai-n has been at |east attenuated; (b) receiving film
-grain information that includes at |east one paranet er

Idl f]ger e %f’:letﬂ?(;q %8?‘2{%“ ?thné) ﬁl agrrﬁ%hircé?@?% fg'ﬁe/evslq%ﬂsq y in |

ot hqaj fé@&@mg(xﬁ)aﬁé a#binionepresdniatiyeaif an IuﬂﬁgH freini votiich 6itm gram has

target pixel
been at least attenuated;

bl'ocks i n. the [ mage different from
(b) receiving film grain information that includes at least one parameter among a set of
eossible parameters specifying different attributes of the film grain preViqusly in the image;

() scaling the film grain information for target pixel blocks in the image different from

. 16 X 16 blocks;

(d) reading a successive one  of p1xe1 blocks of the i image; _

(e) generatlng 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;

) performing an inverse block-based transform on the frequency filtered coefflclent 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 repeated until all

pixel blocks in the image have been read.



16 x 16 bl ocks; (d) reading a successive one of pixe
bl ocks of the inmage; (e) generating random noi se for
w0 besesxaeessi ve pi xel bl ock in accordance w t hrehesaD4/030950
| east one paraneter; (f) perform ng a bl ock-based
transformon the noise to yield a set of coefficients;
(g) frequency filtering the d@efficients; (h) -
. perform ng an inverse bl ock-based transformon the :
1 f r gquencihd inkthed acck@af to Elagill Stwheydif kit step of porfoiming a block based
- image block; and (i) scaling the noise to change the
2 tranplioxm|fusthéncompises he sigpafiperpraing adisarissosjneskiandamo
‘the target bl ock size. 16. The nmethod according to
~claim15 wherein the steps (d)-(i) are repeated until
1 al'l 181 xelTHe etksd hérokdifg tarelgien A whetbe therseepoofipérfofing a block
nmet hod according to claim 15 wherein {he step, of ) )
2 bagpdrifiversd Wansonm gb’ﬂleb%éﬁﬂ%eﬁ shesyien o4 peyiorming Aplayerse Discrete Cosine
3 Trth?ostep of performing a Discrete Cosine Transform
T™rhe et hod according to claim15 wherein the step
of perform ng a block based inverse transformfurther

conprises the step of performng an Inverse Discrete
Cosine Transform '



