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FILM GRAIN SIMULATION METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 15 U.S.C. 
119(e) to US. Provisional Patent Application Ser. No. 
60/619,655, ?led Oct. 18, 2004, the teachings of Which are 
incorporated herein. 

TECHNICAL FIELD 

[0002] This invention relates to a technique for simulating 
?lm grain in an image. 

BACKGROUND OF THE INVENTION 

[0003] Motion picture ?lms comprise silver-halide crys 
tals dispersed in an emulsion, coated in thin layers on a ?lm 
base. The exposure and development of these crystals form 
the photographic image consisting of discrete tiny particles 
of silver. In color negatives, the silver 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 ?lm. 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. 

[0004] Grain varies in sizes and shapes. The faster the 
?lm, 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. AvieWer identi?es these groups of blobs as ?lm grain. 
As the image resolution becomes larger, the perception of 
the ?lm grain becomes higher. Film grain becomes clearly 
noticeable on cinema and high-de?nition images, Whereas 
?lm grain progressively loses importance in SDTV and 
becomes imperceptible in smaller formats. 

[0005] Motion picture ?lm typically contains image-de 
pendent noise resulting either from the physical process of 
exposure and development of the photographic ?lm or from 
the subsequent editing of the images. The photographic ?lm 
possesses a characteristic quasi-random pattern, or texture, 
resulting from physical granularity of the photographic 
emulsion. Alternatively, a similar pattern can be simulated 
over computed-generated images in order to blend them 
With photographic ?lm. In both cases, this image-dependent 
noise is referred to as grain. Quite often, moderate grain 
texture presents a desirable feature in motion pictures. In 
some instances, the ?lm grain provides visual cues that 
facilitate the correct perception of tWo-dimensional pictures. 
Film grain is often varied Within a single ?lm to provide 
various clues as to time reference, point of vieW, etc. Many 
other technical and artistic uses exist for controlling grain 
texture in the motion picture industry. Therefore, preserving 
the grainy appearance of images throughout image process 
ing and delivery chain has become a requirement in the 
motion picture industry. 

[0006] Several commercially available products have the 
capability of simulating ?lm grain, often for blending a 
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computer-generated object into a natural scene. Cineon® 
from Eastman Kodak Co, Rochester N.Y., one of the ?rst 
digital ?lm applications to implement grain simulation, 
produces very realistic results for many grain types. HoW 
ever, the Cineon® application does not yield good perfor 
mance for many high-speed ?lms because of the noticeable 
diagonal stripes the application produces for high grain siZe 
settings. Further, the Cineon® application fails to simulate 
grain With adequate ?delity When images are subject to 
previous processing, for example, such as When the images 
are copied or digitally processed. 

[0007] Another commercial product that simulates ?lm 
grain is Grain SurgeryTM from Visual In?nity Inc., Which is 
used as a plug-in of Adobe® After E?fects®. The Grain 
SurgeryTM product appears to generate synthetic grain by 
?ltering a set of random numbers. This approach suffers 
from disadvantage of a high computational complexity. 

[0008] None of these past schemes solves the problem of 
restoring ?lm grain in compressed video. Film grain con 
stitutes a high frequency quasi-random phenomenon that 
typically cannot undergo compression using conventional 
spatial and temporal methods that take advantage of redun 
dancies in the video sequences. Attempts to process ?lm 
originated images using MPEG-2 or ITU-T Rec. H.264]ISO/ 
IEC 14496-10 compression techniques usually either result 
in an unacceptably loW degree of compression or complete 
loss of the grain texture. 

[0009] Thus, there exists a need for a technique simulating 
?lm grain, especially a technique that affords relatively loW 
complexity. 

BRIEF SUMMARY OF THE INVENTION 

[0010] Brie?y, in accordance With a preferred embodiment 
of the present principles, simulation of a block of ?lm grain 
for addition to a macroblock of an image occurs by ?rst 
establishing at least one image parameter at least in part in 
accordance With at least one attribute of the macroblock. 
Thereafter, a block of ?lm grain is established in accordance 
With the image parameter. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 depicts a block schematic diagram of the 
combination of a transmitter and receiver in a ?lm grain 
processing chain useful for practicing the technique of the 
present principles; 

[0012] FIG. 2 depicts a block schematic diagram of a 
system for simulating ?lm grain in accordance With the 
present principles; 

[0013] FIG. 3 depicts a block diagram of a shift register 
for generating a primitive polynomial modulo 2 for simu 
lating ?lm grain in accordance With the method of FIG. 2 
and 

[0014] FIG. 4 depicts a pixel grid shoWing the use of 
random numbers in generating ?lm grain in accordance With 
the method of FIG. 2. 

DETAILED DESCRIPTION 

[0015] To understand the technique of the present prin 
ciples for simulating a bit-accurate ?lm grain pattern com 
prised of individual ?lm grain blocks, a brief overvieW of 
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?lm grain simulation Will prove helpful. FIG. 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 ?lm grain (if any) 
present in the sample. In practice, the transmitter 10 could 
comprises 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 DVDs. The 
receiver 11 decodes the coded video stream and simulates 
?lm grain in accordance With the ?lm grain information and 
decoded video, both received from the transmitter 10 or 
directly from the media itself in the case of a DVD or the 
like, to yield an output video stream that has simulated ?lm 
grain. The receiver 11 can take the form of a set-top box or 
other such mechanism that serves to decode compressed 
video and simulate ?lm grain in that video. 

[0016] The overall management of ?lm grain requires the 
transmitter 10 (i.e., the encoder) provide information With 
respect to the ?lm grain in the incoming video. In other 
Words, the transmitter 10“models” the ?lm grain. Further the 
receiver 11 (i.e., decoder) simulates the ?lm grain according 
to the ?lm grain information received from the transmitter 
10. The transmitter 10 enhances the quality of the com 
pressed video by enabling the receiver 11 to simulate ?lm 
grain in the video signal When dif?culty exists in retaining 
the ?lm grain during the video coding process. 

[0017] In the illustrated embodiment of FIG. 1, the trans 
mitter 10 includes a video encoder 12 Which encodes the 
video stream using any of the Well knoWn video compres 
sion techniques such as the ITU-T Rec. H.264lISO/IEC 
14496-10 video compression standard. Optionally, a ?lm 
grain remover 14, in the form of a ?lter or the like depicted 
in dashed lines in FIG. 1, could exist upstream of the 
encoder 12 to remove any ?lm grain in the incoming video 
stream prior to encoding. To the extent that the incoming 
video contains no ?lm grain, no need Would exist for the ?lm 
grain remover 14. 

[0018] A ?lm grain modeler 16 accepts the input video 
stream, as Well as the output signal of the ?lm grain remover 
14 (When present). Using such input information, the ?lm 
grain modeler 16 establishes the ?lm grain in the incoming 
video signal. In its simplest form, the ?lm grain modeler 16 
could comprise a look up table containing ?lm grain models 
for different ?lm stocks. Information in the incoming video 
signal Would specify the particular ?lm stock originally used 
to record the image prior to conversion into a video signal, 
thus alloWing the ?lm grain modeler 16 to select the appro 
priate ?lm grain model for such ?lm stock. Alternatively, the 
?lm grain modeler 16 could comprise a processor or dedi 
cated logic circuit that Would execute one or more algo 
rithms to sample the incoming video and determine the ?lm 
grain pattern that is present. 

[0019] The receiver 11 typically includes a video decoder 
18 that serves to decode the compressed video stream 
received from the transmitter 10. The structure of the 
decoder 18 Will depend on the type of compression per 
formed by the encoder 12 Within the transmitter 10. Thus, 
for example, the use Within the transmitter 10 of an encoder 
12 that employs the ITU-T Rec. H.264lISO/IEC 14496-10 
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video compression standard to compress outgoing video Will 
dictate the need for an H.264-compliant decoder 18. Within 
the receiver 11, a ?lm grain simulator 20 receives the ?lm 
grain information from the ?lm grain modeler 16. The ?lm 
grain simulator 20 can take the form of a programmed 
processor, or dedicated logic circuit having the capability of 
simulating ?lm grain for combination via a combiner 22 
With the decoded video stream. 

[0020] Film grain simulation aims to synthesiZe ?lm grain 
samples that simulate the look of the original ?lm content. 
As described, ?lm grain modeling occurs at the transmitter 
10 of FIG. 1, Whereas ?lm grain simulation occurs at the 
receiver 11. In particular, ?lm grain simulation occurs in the 
receiver 11 along With the decoding the incoming video 
stream from the transmitter 10 upstream of the output of the 
decoded video stream. Note that the decoding process that 
occurs in the receiver 11 makes no use of images With added 
?lm grain. Rather, ?lm grain simulation constitutes a post 
processing method for synthesizing simulated ?lm grain in 
the decoded images for display. For that reason, the ITU-T 
Rec. H.264lISO/IEC 14496-10 video compression standard 
contains no speci?cations regarding the ?lm grain simula 
tion process. HoWever, ?lm grain simulation requires infor 
mation 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.264lISO/IEC 14496-10 video 
compression standard as speci?ed by the Amendment 1 
(Fidelity Range Extensions) of that compression standard. 

[0021] The ?lm grain simulation technique of the present 
principles enables bit-accurate ?lm grain 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 even recording devices such 
as camcorders and the like. Film grain simulation occurs 
after decoding the video bit-stream and prior to pixel dis 
play. The ?lm grain simulation process requires the decod 
ing of ?lm grain supplemental information transmitted in the 
SEI message. Speci?cations affecting the ?lm grain SEI 
message ensure the technology Will meet the requirements 
of high de?nition systems in terms of quality and complex 
ity. 

[0022] The value of the parameters conveyed in an ITU-T 
Rec. H.264lISO/IEC 14496-10 ?lm grain characteristics SEI 
message folloW these constraints: 

[0023] The parameter model_id speci?es the simulation 
model. It shall be 0, Which identi?es the ?lm grain simula 
tion model as frequency ?ltering. 

[0024] The parameter separate_colour_description_pre 
sent_?ag speci?es Whether the color space in Which the ?lm 
grain parameters are estimated is different from the color 
space in Which the video sequence has been encoded. This 
parameter equals 0, Which indicates that the color space for 
?lm grain simulation is the same than for encoding. 

[0025] The parameter blending_mode_id speci?es the 
blending mode used to blend the simulated ?lm grain With 
the decoded images. This parameter equals 0, Which corre 
sponds to the additive blending mode. 

[0026] The parameter log2_scale_factor speci?es the 
logarithmic scale factor used to represent the ?lm grain 
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parameters in the SE1 message. This parameter lies in the 
range [2, 7] to ensure the ?lm grain simulation can occur 
using 16-bit arithmetic. 

[0027] The parameters intensity_interval_loWer_bound[j] 
[i] and intensity_interval_upper_bound specify the 
limits of the intensity interval i of color component j for 
Which ?lm grain parameters have been modeled. For all j 
and i, intensity_interval_loWer_bound [j][i+1], this param 
eter remains greater than intensity_interval_upper_bound[j] 
[i] since multi-generational ?lm grain is not alloWed. 

[0028] The parameter num_model_values_minus1[j] 
speci?es the number of model values present in each inten 
sity interval for color component j. For all j, this parameter 
lies in the range [0, 2], Which speci?es that band-pass 
?ltering and cross-color correlation are not supported. 

[0029] The parameter comp_model_value[j][i][0] speci 
?es the ?lm grain intensity for color component j and 
intensity interval i. For all j and i, this parameter lies in the 
range [0, 255] to ensure ?lm grain simulation can be 
performed using 16-bit arithmetic. 

[0030] The parameter comp_model_value[j][i][1] speci 
?es the horizontal high cut frequency that characterizes the 
?lm grain shape for color component j and intensity interval 
i. (The horizontal high and loW cut frequencies, together 
With the vertical high and loW cut frequencies that describe 
the properties of a tWo-dimensional ?lter that characterizes 
the desired ?lm grain pattem).For all and i, this parameter 
lies in the range [2, 14], Which includes all the required grain 
patterns. 

[0031] The parameter comp_model_value[j][i][2] speci 
?es the vertical high cut frequency that characterizes a ?lm 
grain shape for color component j and intensity interval i. 
For all j and i, this parameter shall be in the range [2, 14] 
Which includes all the required grain patterns. For the 
combination of all the color components j and intensity 
intervals i in an SE1 message, the number of different pairs 

(comp_model_value[j1 ], comp_model_value[j remains not greater than 10. 

[0032] All the other parameters in the ?lm grain SE1 
message speci?ed by the 1TU-T Rec. H.264l1SO/1EC 14496 
10 standard have no constraint according to this speci?ca 
tion. 

[0033] In accordance With the present principles, bit accu 
rate ?lm grain simulation occurs in the current picture unless 
the parameter ?lm_grain_characteristics_cancel_?ag equals 
unity or the frame range speci?ed by the parameter 
?lm_grain characteristics_repetition_period becomes 
exhausted. The current speci?cations of the 1TU-T Rec. 
H.264l1SO/1EC 14496-10 standard alloWs the simulation of 
?lm grain in all color components. Film grain is simulated 
and added to color component c of the decoded image if the 
parameter comp_model_present_?ag[c] equals unity in the 
?lm grain SE1 message. Bit-accurate ?lm grain simulation 
occurs by specifying: a database of ?lm grain patterns; a 
uniform pseudo-random number generator; and a precise 
sequence of operations. Film grain simulation typically 
occurs independently for each color component. 

[0034] FIG. 2 depicts [JLUa block schematic diagram of a 
method in accordance With a preferred embodiment of the 
present principles for simulating ?lm grain. The method 
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commences upon execution 100 to establish parameters for 
the simulated ?lm grain. Part of the process of establishing 
the ?lm grain parameters for the simulated ?lm grain 
includes extracting ?lm grain information carried by the 
incoming video signal. With the incoming video signal 
encoded using the 1TU-T Rec. H.264l1SO/1EC 14496-10 
video coding standard, the ?lm grain information Will exist 
in the SE1 message. Extracting the SE1 message requires 
decoding of the incoming H-264 coded incoming video 
signal using a H.264lMPEG4 AVC-compliant decoder 101 
as shoWn in FIG. 2. 

[0035] As discussed above, the SE1 message contains 
several parameters, including intensity_interval_loWer 
_bound[c][i] and intensity_interval_upper_bound[c][i] 
parameters Where i ranges from 0 to the value of the 
parameter num_intensity_intervals_minus1[c]. These SE1 
message parameters undergo a comparison against the aver 
age pixel intensity value computed during step 102 for a 
color component c of each non-overlapping 8x8 pixel block 
in the decoded image stored in a display buffer 102 folloW 
ing decoding by the decoder 101. For each non-overlapping 
8x8 pixel block from color component c of the decoded 
image, computation of the average value occurs during step 
102 in the folloWing manner: 

[0036] avg=0 
[0037] for(i=0 . . . 7, j=0 . . . 7) 

Where (m,n) are the coordinates of top-left corner of the 
block and decoded_image[c][x][y] is the decoded pixel 
value at coordinates (x,y) of a color component c Which 
can take on values of 0, 1 or 2 representing a particular 
one of three primary color components. 

[0040] The value of i for Which the macroblock average 
pixel intensity value remain not less than intensity_interval 
_loWer_bound[c][i] and not greater than intensity_interval 
_upper_bound[c][i] serves as the basis for selecting the ?lm 
grain parameters for the ?lm grain simulated for the current 
block in the image. If no value exists that ful?lls the 
condition, no ?lm grain simulation Will occur for the current 
block. 

[0041] The ?lm grain parameter selection process typi 
cally includes the step of scaling the cut frequencies When 
processing chroma components (c=1, 2) in order to adapt to 
the 41210 chroma format as folloWs: 

comp_model_value[c][s][ 1 ]=Clip (2, 14, 
_value[c][s][1]<<1)) 
comp_model_value[c][s][2]=Clip (2, 14, 
_value[c][s][2]<<1)) 
[0042] Step 104 initiates establishing a ?lm grain block, 
typically although not necessarily 8x8 pixels in size. The 
step of establishing a ?lm grain block of 8x8 pixels involves 
retrieving a block of 8x8 ?lm grain sample from a ?lm grain 
database 105, and scaling the sample to the proper intensity, 
although scaling While desirable need not necessarily occur. 
The database 103 typically comprises 169 patterns of 4,096 
?lm grain samples, each representing a 64x64 ?lm grain 
pattern. The database 105 stores the values in 2’s comple 
ment form, ranging from —127 to 127. Synthesis of each ?lm 

(comp_model 

(comp_model 
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grain pattern typically occurs using a speci?c pair of cut 
frequencies that establish a tWo-dimensional ?lter that 
de?nes the ?lm grain pattern. The cut frequencies transmit 
ted in the SE1 message enable access of the database 105 of 
?lm grain patterns during ?lm grain simulation. 

[0043] The scaled cut frequencies (comp_model_value[c] 
[s][1] and comp_model_value[c][s][2]) determine Which 
pattern of the database serves as the source of ?lm grain 
samples. TWo randomly generated values serve to select an 
8x8 block from the pattern selected in accordance With the 
cut frequencies. These random values used to select the 8x8 
pixel ?lm grain block represent a horizontal and vertical 
offset Within the 64x64 pixel pattern and are created using 
the folloWing procedure: 

[0044] Where x(k, e0) indicates the k-th symbol of the 
sequence x of pseudo-random numbers initiated With the 
seed e0, MSBl6 and LSBl6 denote the 16 most signi?cant 
bits and 16 least signi?cant bits, respectively, and (m,n) are 
the coordinates of the current 8x8 block in the decoded 
image. For the i_offset, the ?rst equation generates a pseudo 
random value uniformly distributed in the range [0,51], the 
second equation restricts that value to multiples of 4, and the 
last equation adds 8 to i_offset When m %16 equals 8. 
Equivalent operations are performed for the j_offset. 

[0045] A uniform pseudo-random number generator 106 
provides the pseudo-random numbers used to select the 8x8 
pixel block. Referring to FIG. 3, the pseudo-random number 
generator 106UL2] typically comprises a 32 bit shift register 
that implements a primitive polynomial modulo 2 operator, 
x”31+x”3+1, to randomly select ?lm grain blocks of 8x8 
pixels from the ?lm grain patterns of 64x64 pixels in the 
database. The tWo pseudo-random numbers used for 8x8 
?lm grain block selection comprise the 16 Most Signi?cant 
Bits (MSB) and the 16 Least Signi?cant Bits, respectively 
output by the shit register. 

[0046] The pseudo-random value x(k, e0), created using 
the pseudo-random number generator 106 undergoes updat 
ing every 16 pixels (horizontally) and every 16 lines (ver 
tically) of the image. The same pseudo-random number x(k, 
e0) is used in each non-overlapping area of 16x16 pixels of 
the decoded image. As illustrated in FIG. 4, the resulting 
sequence of pseudo-random values x(k, e0) folloWs a raster 
scan order over a 16x16 pixels grid. While the illustrated 
embodiment assumes a raster scan order of blocks of 8x8 
pixels, other implementations remain possible. 

[0047] The random number generator 106 has different 
seeding depending on the color component (c) to Which ?lm 
grain is being added. Upon receipt of a ?lm grain SE1 
message, the seed e1, used for simulating ?lm grain on the 
?rst color component, typically has a value of unity. The 
seed e2, used for simulating ?lm grain on the second color 
component, typically has a value of 557,794,999; Whereas 
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the seed e3, used for simulating ?lm grain on the third color 
component, typically has a value of 974,440,221. 

[0048] Referring to FIG. 2, after computing the random 
offsets, extraction of 64 ?lm grain values from the database 
and scaling (if necessary) occurs as folloWs: 

scale_factor=BlTO(x(k, eC))==0 ? comp_model_value[c][s] 
[011* 
comp_model_value[c][s][0] 

Where h is equal to comp_model_value[c][s][l]—2, v is 
equal to comp_model_value[c][s][2]—2 and the factor 6 
scales the ?lm grain values retrieved from the ?lm 
grain pattern database. BITO denotes the LSB. 

[0050] During step 108, deblocking ?ltering occurs 
betWeen each ?lm grain block created during step 104 and 
a previous block 109 to ensure the seamless formation of 
?lm grain patterns. Deblocking ?ltering applies only to the 
vertical edges betWeen adjacent blocks. Assuming simula 
tion of ?lm grain blocks in raster scan order and that the 
left-most pixels of the current_fg_block lie adjacent to the 
right-most pixels of the previous_fg_block, deblocking ?l 
tering typically occurs by means of a 3-tap ?lter With 
coef?cients 1,2,1 (not shoWn) as folloWs: 

for(i=0, j=0 . . . 7) 

[0051] current_fg_block[i][j ]=(previous_fg_block[i+7] 
[j ]+(current_fg_block ]<< 1 )+current_fg_block [i+] 
[j ]+2)>>2 

[0053] At the end of the ?lm grain simulation process, the 
deblocked ?lm grain block undergoes blending With the 
corresponding decoded image block via a block 110 and the 
result undergoes clipping to [0, 255] prior to display in the 
folloWing manner: 

for(i=0...7,j=0...7) 

[0054] Where (m,n) are the coordinates of the top-left 
corner of the block, decoded_image[c][x][y] is the decoded 
pixel value at coordinates (x,y) of color component c and 
display_image[c][x][y] is the video output at the same 
coordinates. 

[0055] A sWitching element 111 controls the passage of the 
deblocked ?lm grain block to the block 110 under the control 
of a control element 112. The control element 112 controls 
the sWitching element responsive to Whether the SE1 mes 
sage parameter ?lm_rain_characteristics_cancel_?ag equals 
unity or the frame range speci?ed by the parameter ?lm 
_rain_characteristics_repetition_period has been exceeded 
Which dictate Whether ?lm grain simulation should occur as 
discussed above. 
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[0056] The foregoing describes a technique for simulating 
?lm grain that has application in consumer electronic 
devices, such as set top boxes, HD-DVD players, television 
sets, and camcorders. The relatively loW cost of random 
access memory readily permits incorporation of the ?lm 
grain database 105 Within a memory element. The combi 
nation of one or more of a microprocessor, programmable 
gate array and dedicated logic circuit, depicted generally in 
block 114 in FIG. 2 can readily execute the steps of 
establishing the ?lm grain parameters, creating a ?lm grain 
block and deblocking ?ltering, to yield a ?lm grain block for 
addition to a video image. 

What is claimed is: 
1. A method for simulating a ?lm grain block for addition 

to a block of an image, comprising the steps of: 

establishing at least one parameter at least in part in 
accordance With an attribute of the block; and 

establishing at least one block of ?lm grain in accordance 
With the at least one parameter. 

2. The method according to claim 1 further including the 
step of deblocking ?ltering the ?lm grain block [1L3] 

3. The method according to claim 1 Wherein the step of 
establishing at least one block of ?lm grain comprises the 
steps of: 

providing a plurality of ?lm grain patterns for selection; 
and 

selecting from among the plurality of ?lm grain patterns 
a source pattern; 

selecting from the source pattern a block of ?lm grain. 
4. The method according to claim 1 Wherein the at least 

one image parameter comprises average pixel intensity. 
5. The method according to claim 4 further comprising the 

step of thresholding the average pixel intensity in accor 
dance With upper and loWer pixel intensity thresholds con 
tained in supplemental information accompanying the 
image. 

6. The method according to claim 3 Wherein the step of 
selecting the ?lm grain block from the ?lm grain pattern 
further comprises the step of randomly selecting the ?lm 
grain block. 

7. The method according to claim 6 Wherein the step of 
randomly selecting the ?lm grain block from the ?lm grain 
pattern comprises the steps of: 

generating ?rst and second pseudo-random numbers; 

generating ?rst and second offsets Within the ?lm grain 
pattern based on the ?rst and second pseudo-random 
numbers; and 

extracting the ?lm grain block at a location in the ?lm 
grain pattern speci?ed by the ?rst and second offsets. 

8. The method according to claim 7 further comprising the 
step of scaling the extracted ?lm grain block. 

9. The method according to claim 7 Wherein the step of 
generating the ?rst and second numbers further comprises 
the steps of: 

seeding a shift register With a seed value selected in 
accordance With a color component of the macroblock, 
and 

extracting a set of most signi?cant bits as the ?rst random 
number; and 
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extracting a set of least signi?cant bits as the second 
random number. 

10. The method according to claim 3 Wherein the step of 
providing a plurality of ?lm grain patterns for selection 
further comprises the step of populating a database of 
pre-determined ?lm grain patterns. 

11. The method according to claim 1 further comprising 
the step of blending the deblocked ?lm grain pattern With the 
image block. 

12. The method according to claim 1 Wherein the deblock 
ing step further comprises the step of deblocking the vertical 
edges betWeen adjacent blocks of ?lm grain. 

13. A method for simulating ?lm grain in a 4:2:0 chroma 
format in at least one block of an image, comprising the 
steps of: 

establishing at least one ?lm grain parameter in 4:4:4 
chroma format in accordance With at least one attribute 
of the at least one block; and 

deriving a ?lm grain block from a database of ?lm grain 
patterns by randomly selecting the ?lm grain block 
from the database in accordance With the at least one 
?lm grain parameter; 

14. The method according to claim 13 further comprising 
the step of deblocking at least a portion of the derived ?lm 

grain blOCKULS]. 
15. The method according to claim 13 further comprising 

the step of blending the deblocked ?lm grain block With the 
at least one image blockUL6]. 

16. Apparatus for simulating a ?lm grain block for addi 
tion to a block of an image, comprising: 

a ?lm grain simulator for establishing at least one param 
eter at least in part in accordance With an attribute of the 
block, and for establishing at least one block of ?lm 
grain in accordance With the parameter 

17. The apparatus according to claim 16 further compris 
ing a deblocking ?lter for deblocking ?ltering the ?lm grain 
blockUU]. 

18. The apparatus according to claim 16 Wherein the ?lm 
grain simulator further comprises: 

a database providing a plurality of ?lm grain patterns for 
selection; 

means for selecting from among the plurality of ?lm grain 
patterns a source pattern; and 

means for selecting from the source pattern a block of ?lm 
grain. 

19. The apparatus according to claim 16 Wherein the at 
least one image parameter comprises average pixel intensity. 

20. The apparatus according to claim method 19 further 
including means for thresholding the average pixel intensity 
in accordance With upper and loWer pixel intensity thresh 
olds contained in supplemental information accompanying 
the image. 

21. The apparatus according to claim 18 Wherein the 
means for selecting the ?lm grain block from the ?lm grain 
pattern further comprises means for randomly selecting the 
?lm grain block. 

22. The apparatus according to claim 21 Wherein the 
means for randomly selecting the ?lm grain block from the 
?lm grain pattern comprises: 

means for generating ?rst and second pseudo-random 
numbers; 
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means for generating ?rst and second o?csets Within the 
?lm grain pattern based on the ?rst and second pseudo 
random numbers; and 

means for extracting the ?lm grain block at a location in 
the ?lm grain pattern speci?ed by the ?rst and second 
o?csets. 

23. The apparatus according to claim 22 further compris 
ing means for scaling the extracted ?lm grain block. 

24. The apparatus according to claim 22 Wherein the 
means for generating the ?rst and second pseudo random 
numbers further comprises: 

a shift register seeded With a Value selected in accordance 
With a color component of the macroblock, for yielding 
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a set of most signi?cant bits as the ?rst random number 
and a set of least signi?cant bits as the second random 
number. 

25. The apparatus according to claim 18 Wherein the 
database includes predetermined ?lm grain patterns. 

26. The apparatus according to claim 16 further comprises 
means for blending the deblocked ?lm grain pattern With the 
macroblock. 

27. The apparatus according to claim 17 Wherein the 
deblocking ?lter deblocks Vertical edges betWeen adjacent 
blocks of ?lm grain. 


