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ADAPTIVE DITHERING DURING MAGE 
PROCESSING 

BACKGROUND 

0001. When image data, such as data representing a pho 
tograph, picture, or video, is processed electronically by a 
computing device, the device may not be able to display the 
original image with complete fidelity. In some instances, 
artifacts not found in the original image may appear in the 
electronically-processed image. For example, in Some elec 
tronically processed images, discrete color bands with vari 
ous intensities and color levels may appear in lieu of Smooth 
color transition gradients contained in the original image. 
These banding artifacts may become even more noticeable in 
resource or bandwidth limited devices. Image processing 
resources may be determined by various factors including the 
color space implementation, compression algorithms, and 
color correction implementation. 
0002 Many electronic and computing devices use tech 
nologies based on a fixed bit color space implementation 
which limits the possible number of different colors used. For 
example, video cards and processors in many digital devices 
Such as computer and video game consoles may be config 
ured to process images in 8bit, 16 bit, and/or 24bit RGB color 
models. In a 16 bit RGB color model there are generally 2 
or 65,536 different possible colors, typically with 2 or 32 
different shades of red and blue, and 2 or 64 different shades 
of green assignable to each pixel. In a 24bit color model there 
may be up to 2° or 16,777,216 different possible colors with 
2 or 256 different shades of red, green, and blue assignable to 
each pixel. While having over 16.7 million different possible 
colors may seem large, the human eye is still able to detect 
changes from one color to the next. 
0003. Many electronic and computing devices also use 
various lossy image compression techniques to maximize use 
of image processing resources. Often, these lossy image com 
pression techniques further exacerbate banding artifacts in 
electronically processed images. Lossy image compression 
techniques, such as JPEG, MPEG, and H.264, exacerbate 
banding artifacts by reducing the number of colors in an 
image to save space. For example, some compression meth 
ods examine Small pixel blocks in an image and average out 
different colors in each block using a transform function, Such 
as a discrete cosine transform to even out the color and reduce 
the total number of colors. By further reducing the number of 
available colors, the differences between different color 
shades and transition bands become even more pronounced. 
0004 While it may be desirable to reduce banding arti 
facts in Smooth color transition areas of an image, it may also 
be desirable to maintain definite color transition bands in 
certain high contrast areas of an image. For example, sections 
of an image involving contrasting colors, such as those found 
in an image of an intricate Oriental carpet may contain defi 
nite transition bands between the contrasting regions to main 
tain sharpness and detail. Removing these definite transition 
bands may resultina loss of detail and a perception of a lower 
image quality. 
0005 Thus, there is a need to reduce banding artifacts in 
Smooth color gradient transition areas of an image while 
maintaining definite transitions between colors in areas with 
greater contrast. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 shows a basic block diagram of an image 
processing device in an embodiment. 
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0007 FIG.2 shows some pixels of an image in an embodi 
ment. 

0008 FIG. 3a shows components of an exemplary image 
processor to identify and reduce banding artifacts in Smooth 
areas of an image in an embodiment. 
0009 FIG. 3b shows an exemplary method to identify and 
reduce banding artifacts in Smooth areas of an image in an 
embodiment. 
0010 FIG. 4 shows an alternative exemplary method to 
identify and reduce banding artifacts in an embodiment. 
0011 FIG. 5 shows a technique for identifying neighbor 
ing pixels in an embodiment. 
0012 FIG. 6 shows a technique for identifying neighbor 
ing pixels at different distances in an embodiment. 
0013 FIG. 7 shows a magnification of an exemplary pixel 
dither pattern that may be used to reduce banding artifacts in 
an embodiment. 
0014 FIG. 8 shows a magnification of exemplary pixel 
dither patterns that may be used to increase a perceived num 
ber of colors in an embodiment. 
0015 FIG.9 shows an exemplary use of a blur function to 
reduce banding artifacts in an embodiment. 
0016 FIG. 10 shows exemplary uses and applications of 
the invention. 

DETAILED DESCRIPTION 

0017. In an embodiment of the invention, each pixel may 
be compared to average values of neighboring pixels at a 
variety of sampling distances to determine if the pixel is in a 
Smooth gradient area. At each of the given distances, if the 
difference between the average value of pixels at the distance 
and the selected pixel is less than a predetermined threshold, 
it is assumed that the pixel is in a smooth gradient area. When 
the selected pixel is in a Smooth gradient area, the pixel may 
be modified by a dither effect. A dither effect may be added to 
image data in Smooth gradient areas but may not modify 
image data in areas of stronger transition. Adding a dither 
effect in these specified Smooth gradient areas may improve 
the perceived quality of a rendered image. 
0018 FIG. 1 shows a simplified block diagram of an 
image processing system 100 in an embodiment. The system 
100 may include a receiver 110, an image processor 120 and 
a display driver 130. The receiver 110 may receive input 
image data from a channel 106. The channel may be a wired 
or wireless communication channel provided by a communi 
cation network or computer network. Alternatively, the chan 
nel 106 may be a direct connection to an input source 105, 
Such as a camera, television, video player, media device, or 
memory. 
0019. The image processor 120 may perform processing 
functions to condition image data received by the receiver 110 
for display. Image processing functions may include video 
processing and image filtering. In an embodiment, video pro 
cessing may extract image content from a received data signal 
and format it for application to the device via the display 
driver 130. Image filtering may create one or more a new 
images as a result of processing the pixels of an existing 
image. In an embodiment, each pixel in an output of filtering 
process may computed as a function of one or several pixels 
in the original image, usually located near the location of the 
output pixel. In an embodiment using filtering, a filter size 
may refer to a specific distance and the output pixel value of 
a output pixel may be a calculated average value of all pixels 
at the specific distance from the output pixel. Other image 
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processing functions may include video decompression 
operations in the case that a received image signal is coded 
according to a video compression protocol. Such as H.263, 
H.264 or MPEG. In an embodiment, the image processor 
further may perform processes to modify image data as dis 
cussed herein. 
0020. In an embodiment, the display driver 130 may out 
put the processed image to the display 135. In some embodi 
ments the display driver 130 may be customized for a par 
ticular display 135 or type of display, with multiple supported 
display types having different display drivers. 
0021 FIG.2 shows some pixels of an image in an embodi 
ment. Each of the squares shown in FIG.2 may represent one 
pixel. The image in FIG. 2 contains four distinct color values 
broken into four regions: regions 1, 2, 3, and 4, with region 4 
have the darkest colors and lower color values, while region 1 
has the lightest color with the highest color value, followed by 
intermediate color regions 2 and 3, respectively. In this 
embodiment regions 1 and 2, and regions 2 and 3 may be 
slightly different shades of the same color whereas region 4 
may be a dissimilar shade of a different color altogether. The 
color banding artifacts between regions 1, 2, and 3 are readily 
apparent as the upper half of image in FIG. 2. Such as row 7. 
is traversed horizontally. While it is possible to adjust the 
pixel values in this upper portion of FIG. 2, such as in the area 
around row 7, to reduce banding effects, it may be also desir 
able to maintain the sharpness of the object in region 4, by not 
modifying the pixel values in this area. 
0022. In an embodiment, the image processor 120 may 
examine one or more pixels of the image, comparing the color 
values of each examined pixel to that of its nearby neighbors. 
During this comparison, the image processor 120 may select 
pixels for further processing having color values similar to 
those of its nearest neighbors. Thus, in the exemplary image 
of FIG. 2, some of the pixels in the upper half of the image 
near the transition bands between similar color regions 1, 2, 
and 3, such as in row 7, may likely be selected by the image 
processor 120. However, the darker pixels in region 4, may 
not be adjusted by the image processor 120 because of the 
large variation in pixel values between region 4 and the other 
neighboring regions. 
0023 FIG.3a shows components of an exemplary image 
processor 120 to identify and reduce banding artifacts in 
Smooth areas of an image in an embodiment. An image pro 
cessor 120 may contain a Smooth transition detector 122, 
dither pattern 123, mixer 124, and adder 125. In an embodi 
ment, the Smooth transition detector 122 may have an input 
for input image data 121 (“I”) and may filter the image data 
121 with different filter sizes to identify pixels at different 
distances from one or more selected pixels. The Smooth tran 
sition detector 122 may compare the selected pixels of the 
input image data I to the filtered image data at different filter 
sizes and generate a control output (“W) which may be 
scaled based on a difference between the input image data 121 
and the filtered image data when at least one difference is not 
Zero but less than a predetermined threshold. 
0024. In an embodiment, both the control output W from 
the smooth transition detector 122 and a dither pattern 123 
(“D’) may be inputted to a mixer 124. In an embodiment, the 
mixer 124 may perform pixel-by-pixel Scaling of a dither 
image pattern D based on a function (“f(D.W)') of the the 
control output W and the dither image pattern D. The mixer 
124 may then output the scaled results f(D.W) to an adder 
125. In an embodiment, the adder 125 may add the scaled 
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results f(D.W) from the mixer 124 to the original image data 
I and the image processor 120 may output the results I--f(D. 
W). 
0025 FIG. 3b illustrates an exemplary method to identify 
and reduce banding artifacts in Smooth image data. The 
method may be started by inputting image data (box 301). 
The image data input may be filtered multiple times (N times) 
at different distances from a pixel of interest (box 302). Dur 
ing each of these filtering operations, an average pixel value P, 
of the filtered pixels at the selected distance i from a given 
pixel may be calculated. 
0026. Once the average pixel values have been calculated 
at each of the different distances from a given pixel, a differ 
CC AP, between the actual value of the given pixel P, and 
the calculated average pixel value at each radius P, may be 
computed (box 303). The difference may be compared to a 
specified threshold value (box 304). If the difference AP, does 
not exceed the threshold, then the weight w, of the average 
pixel value difference AP, at radius i may be set based on the 
value of AP, (box 305), and the process may be repeated for a 
next larger radius. If the difference AP, exceeds the threshold, 
then the weight w, of the average pixel value difference AP, at 
radius i and all radii larger thani may be set to Zero (box 306). 
0027. Sometime before or after the weights w, at each of 
the different radii have been calculated, a dither value D, for 
the given pixel P. may be retrieved (box 307). An overall 
weight factor W may be calculated based on a combination of 
all the computed weights w, at different distances from the 
given pixel P. (box 308). The dither value D, may be 
adjusted or scaled based on the overall weight factor W (box 
309), such as by multiplying the two values W*D,. In an 
embodiment, if the overall weight factor W is determined to 
be zero, then the pixel value P, may not be modified. 
10028. The given pixel value P, may be modified based on 
the adjusted dither value. Such as by adding or subtracting the 
adjusted dither value W*D, from the given pixel value P, 
(box.310). Finally, the processed image data may be outputted 
for display (box 311). Some or all of these process may be 
repeated until each pixel P, in the image has been processed. 
In some embodiments, the processed image data may not be 
outputted until each pixel P, in the image has been pro 
cessed, whereas in other embodiments, the data for each pixel 
P. may be outputted as soon as it is processed. 
0029 FIG. 4 illustrates a second exemplary method to 
identify and reduce banding artifacts in Smooth image data. 
Once image data has been inputted, an average pixel value P. 
of the filtered pixels at a distance R from a given pixel may be 
calculated (box 401). A difference AP between the actual 
value of the given pixel P, and the calculated average pixel 
value P may be computed (box 402). The difference may 
then be compared to a specified threshold value (box 403). 
0030) If the difference AP exceeds the threshold, then the 
pixel may be assumed to be in a non-Smooth color gradient, 
Such as a high contrast region, and the value of the selected 
pixel may not be modified (box 404), and the process may 
repeat with the next pixel (box 401). If the difference does not 
exceed the threshold, then a first distance R from the pixel 
P. may be selected (box 405). The average values of pixels 
Prat distance R from the pixel P. may be calculated (box 
406). Then, a difference AP between the actual value of the 
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given pixel P, and the calculated average pixel value Pri 
may be computed (box 407). The difference AP, may be 
compared to a second threshold (box 408). 
0031. If the difference AP, is less than the second thresh 
old, the process may repeat after incrementing the distance to 
a second distance R. (box 405). If the difference AP, is not 
less than the second threshold, a dither value D, for the given 
pixel P. may be retrieved (box 409). In an embodiment, the 
average pixel difference AP, for pixels at different distances 
i from the given pixel P. up to the highest incremented 
distance may be scaled depending on their distance to the 
given pixel P. (box 410). Thus, in an embodiment, an aver 
age difference of pixels that are closer to pixel P, such as A 
P. may be weighted more than average pixel differences of 
pixels located further away. An overall weighting factor W 
may be calculated based on the weighted distance of each of 
the average pixel differences AP, to the given pixel P. 
10032. In an embodiment, the dither value D, may be 
adjusted or scaled based on the overall weight factor W (box 
411), such as by multiplying the two values W*D. The 
given pixel value P, may be modified based on the adjusted 
dither value, such as by adding or subtracting the adjusted 
dither value W*D, from the given pixel value P, (box 412). 
0033. As discussed previously, the values of neighboring 
pixels at a specified distance of a pixel P. may be considered 
in an embodiment. The example shown in FIG. 5 shows how 
neighboring pixels at a specified distance may be identified in 
an embodiment. In the FIG. 5 example, a distance S of 2 
pixels away from the selected pixel P has been chosen. The 
darkened square box shown in FIG. 5 has sides of length 2S 
and is centered around the selected pixel P. In an embodiment, 
the pixels on the perimeter of the square box may be desig 
nated as the neighboring pixels of pixel Pat a distance S. 
Other embodiments may use different techniques for identi 
fying nearest neighboring pixels. 
0034) For example, some embodiments may identify 
neighboring pixels using one or more polygons, some of 
which may have specified distances between one or more 
vertexes and the center. In other embodiments, a formula for 
identifying nearest neighbors of a given pixel may vary 
depending on at least one of the image size, resolution, qual 
ity, pixel position, color space, color model, or other criteria. 
Thus, in some embodiments, it is possible that some pixels in 
one image may have different nearest neighbor boundaries 
than other pixels in both the same image and in different 
images. 
0035. In the example shown in FIG. 6, different radii, R, 
R, and R, may be used to identify pixels in different vicini 
ties of pixel P. Thus, radius R may be used to identify closer 
pixels to pixel P. radius R to identify those slightly further 
out, and so on. In some embodiments, it may be desirable to 
identify pixels within different neighboring regions, such 
those within radii R, R2, and R, in order to Scale the contri 
bution of different pixels depending on their proximity to the 
pixel P. For example, in some embodiments, it may be desir 
able to weight the contribution of pixels closer to pixel P. such 
as those pixels at distance R, differently from those at dif 
ferent distances, such as those at distances R and R. 
0036 FIG. 7 shows one example of a repeating dither 
pattern that may be used in an embodiment to reduce banding 
artifacts in an image. Other repeating and/or non-repeating 
dither patterns may be used in different embodiments. In this 
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dither pattern, which is a four square pixel repeating dither 
pattern (2x2 pixel pattern), the pixels corresponding to the top 
right and bottom left corners may not be used to adjust pixel 
values, while those corresponding to the top left and bottom 
right corners may further adjust the pixel value by some factor 
XorY. In an embodiment, this repeating dither pattern may be 
overlaid on an image to determine which pixels in the image 
may be adjusted by a factor of X or Y. In an embodiment, 
pixels in an image that are determined to be adjusted by a 
factor of X orY according to the repeating dither pattern may 
nonetheless not be adjusted if they fail to meet other criteria, 
Such as being located in a high contrast region (non-Smooth 
gradient) or having an average pixel value difference that 
exceeds a threshold. 
0037. In an embodiment, the dither specified in a dither 
pattern may be applied to a selected pixel based on the loca 
tion of the pixel in the image relative to the dither pattern. In 
an embodiment, dither may be applied after a pixel value has 
been adjusted based on a comparison to the pixel values of 
Surrounding pixels. In an embodiment, the dither pattern may 
specify different factors (0 for no change, X, Y, etc.) by which 
the adjusted pixel value is readjusted. In an embodiment, 
dither patterns may vary depending on at least one of image 
size, resolution, quality, pixel position, color space, color 
model, or other criteria. In an embodiment, the dither pattern 
may vary based on the direction of color gradient changes in 
an image, so that, for example, if portion of image transition 
from dark top to light bottom, the dither pattern may transi 
tion from dark top to light bottom, and so on. 
0038 FIG. 8 shows an exemplary 1 bit color model 
embodiment in which dither may be used to increase an 
available color palette. In an 1 bit color model, each pixel is 
either “on” or “off resulting in two possible colors. Addi 
tional lighter and darker shades of colors between these two 
pixel States may be simulated by using a repeating dither 
pattern that only activates a fraction of pixels in a given area, 
as shown by the 18.75%, 50%, and 75% pixel fill rate blocks. 
Although FIG. 8 depicts an exemplary 1 bit color model, the 
same principles can be used in other color models, such as 
16-bit or 24-bit RGB color models. Additional lighter or 
darker “shades” of colors which do not have an assigned 
numerical color value in a given color model can be simulated 
using different dither patterns as shown in FIG. 8. Thus, to 
simulate various shades of a darker color, for example, a 
region of the image can be filled with a repeating dither 
pattern having 75% or more of the pixels filled as shown in 
FIG 8. 

0039 FIG. 9 shows a result of averaging pixel values 
differences in an embodiment to reduce banding and provide 
a smooth gradient when transitioning between colors in a 
discrete region. In this example, the value of each pixel may 
be adjusted based on the difference in pixel value between the 
selected pixel and its two nearest neighbors in either direction 
(left or right). The top portion of FIG. 9 shows pixels P. 
through P. before the averaging function is applied; the bot 
tom portion shows the result. 
0040. As shown in the upper half of FIG.9, pixel P's two 
nearest neighbors are P and P. Since the value of all three 
pixels are equal, as PPPs, no change from the averaging 
function used in FIG.9 may result and P, in the bottom half 
may not change. 
0041. As shown in the upper half of FIG.9, pixel P.'s two 
nearest neighbors on either side are P, P., and P. Since two 
of these pixels have equal values to P, PP=P, the average 
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of the pixel values may only be affected by the difference of 
Pa-P, so the adjusted value P may only be slightly darkened 
as shown in the bottom half of FIG. 9. 
0042. As shown in the upper half of FIG.9, pixel P.'s two 
nearest neighbors on either side are P, P., P., and Ps. Since 
two of these pixels have equal values to P, P =P=P, the 
average of the pixel values may only be affected by the 
difference of P-P and Ps-P so the adjusted value P may be 
slightly darker than that of P. as shown in the bottom half of 
FIG. 9. 
0043. As shown in the upper half of FIG.9, pixel P.'s two 
nearest neighbors on either side are P, P., Ps, and P. Since 
two of these pixels have equal values to P, P =Ps=P, the 
average of the pixel values may only be affected by the 
difference of P-P and P-P so the adjusted value P may be 
about the same or slightly darker than that of P as shown in 
the bottom half of FIG. 9. 
0044 As shown in the upper half of FIG.9, pixel Ps's two 
nearest neighbors on either side are P, P, and P. Since two 
of these pixels have equal values to Ps, PPP, the average 
of the pixel values may only be affected by the difference of 
Ps-Ps, so the adjusted value P may only be slightly lighter 
than the original value of P and slighter darker than the 
adjusted value of P as shown in the bottom half of FIG. 9. 
0045. As shown in the upper half of FIG.9, pixel P's two 
nearest neighbors are P and Ps. Since the value of all three 
pixels are equal, as PPPs, no change in pixel value may 
occur and P in the bottom half may not change. 
0046 FIG. 10 shows different embodiments of the inven 

tion, including different applications and equipment that may 
be used with the invention. In some embodiments, video 
processing hardware 1010 may be used to further process 
images as described in the paragraphs. In an embodiment, the 
video processing hardware 1010 may include a processor 
1030, a memory 1040, and an input/output interface 1050. In 
an embodiment, a video signal may enter an input channel 
1020 of the input/output interface 1050. The video signal may 
then be processed by a processor 1030, which may calculate 
new pixel values based on instructions in memory 1040. The 
new pixel values may then to the output channel 1060 of the 
input/output interface 1050 to be stored, further processed, or 
displayed to a user. 
0047. In an embodiment, memory 1040 may contain dif 
ferent components for retrieving, presenting, changing, and 
saving data. Memory 1040 may include a variety of memory 
devices, for example, Dynamic Random Access Memory 
(DRAM), Static RAM (SRAM), flash memory, cache 
memory, and other memory devices. Additionally, for 
example, memory 1040 and processor(s) 1030 may be dis 
tributed across several different components that collectively 
comprise video processing hardware 1010. 
0048 Processor 1030 may perform computation and con 

trol functions of a system and comprises a suitable central 
processing unit (CPU). Processor 1030 may comprise a single 
integrated circuit, such as a microprocessor, or may comprise 
any Suitable number of integrated circuit devices and/or cir 
cuit boards working in cooperation to accomplish the func 
tions of a processor. Processor 1030 may execute computer 
programs, such as object-oriented computer programs, within 
memory 1040. 
0049. Different variations and embodiments of the video 
processing hardware 1010 may be included in a variety of 
devices, including computing, display, and electronics 
devices. Exemplary computing devices that may contain 
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embodiments of the invention include, but are not limited to, 
PDAs 1093, Smart phones 1095, laptops 1094, desktops, 
Video cards, and other devices. Exemplary display devices 
that may contain embodiments of the invention include, but 
are not limited to, televisions 1092, projectors 1091, moni 
tors, LCD/LED screens, and others. Exemplary electronics 
devices that may contain embodiments of the invention 
include, but are not limited to, video cassette recorders 1096, 
digital video disc players 1096, digital video recorders 1096, 
camcorders, video recording devices, cameras, and others. 
0050. The foregoing description has been presented for 
purposes of illustration and description. It is not exhaustive 
and does not limit embodiments of the invention to the precise 
forms disclosed. Modifications and variations are possible in 
light of the above teachings or may be acquired from the 
practicing embodiments consistent with the invention. For 
example, some of the described embodiments may include 
Software and hardware, but some systems and methods con 
sistent with the present invention may be implemented in 
Software or hardware alone. Additionally, although aspects of 
the present invention in Some embodiments are described as 
being stored in memory, one skilled in the art will appreciate 
that these aspects can also be stored on other types of com 
puter-readable media, Such as secondary storage devices, for 
example, hard disks, floppy disks, or CD-ROM; the Internet 
or other propagation medium; or other forms of RAM or 
ROM. 

We claim: 
1. An image processing method, comprising: 
filtering an input image at a plurality of filter sizes, and 
modifying each pixel in the input image having a non-zero 

difference between the respective input pixel and a cor 
responding pixel of a filtered image at a first filter size 
that is less than a predetermined threshold, the modifi 
cation based on the difference and a dither component. 

2. The method of claim 1, further comprising leaving the 
respective input pixel unchanged when the difference is either 
Zero or greater than a predetermined threshold. 

3. The method of claim 1, wherein the modification is 
further based on a non-zero difference between the respective 
input pixel and a corresponding pixel of a filtered image at a 
second filter size that is less than a predetermined threshold. 

4. The method of claim 1, wherein the modification is 
further based on a plurality of non-zero differences between 
the respective input pixel and corresponding pixels of a fil 
tered image at increasing filter sizes that are less than a pre 
determined threshold. 

5. An image processing system, comprising: 
a transition detector, having an input for input image data, 

tO: 

filter image data at a plurality of filter sizes and 
for each pixel in the input image data: 

compare the pixel of the input image data to a pixel of 
the filtered image data, and 

when a difference between the respective input pixel 
and a filtered pixel at a first filter size is non-zero 
and less than a predetermined threshold, generate a 
control output for the input pixel having a value 
dependent on a difference between the input pixel 
and at least one filtered pixel; 

a mixer to adjust pixels in a dither image pattern according 
to the control output of the transition detector, and 

an adder, having a first input for the image data and a 
second input for an output of the mixer. 
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6. The system of claim 5, wherein when the difference 
between the respective input pixel and a filtered pixel at a first 
filter size is either Zero or greater than a predetermined thresh 
old, the respective input pixel remains unchanged, and an 
output of the adder contains original input pixel data for the 
respective pixel. 

7. An image processing method comprising: 
calculating an average pixel value of pixels at a plurality of 

distances from a selected pixel of an image: 
for each of the plurality of distances: 

if a difference between the calculated average value of 
pixels at the distance and a value of the selected pixel 
does not exceed a threshold, calculating a weighted 
pixel value for the distance, wherein the weighted 
pixel value is proportional to the difference, 

otherwise, setting the weighted pixel value for the dis 
tance and a weighted pixel value for any greater dis 
tances to Zero; 

averaging the weighted pixel values; and 
adjusting the selected pixel value based on the average and 

a dither when the average is non-zero. 
8. The computer-implemented method of claim 7, further 

comprising repeating the method for each pixel in the image. 
9. The computer-implemented method of claim 7, further 

comprising: 
retrieving a dither value for the selected pixel; 
Scaling the dither value proportionate to the average 

weighted pixel values; and 
adjusting the selected pixel value based on the scaled dither 

value. 
10. The computer-implemented method of claim 9. 

wherein the dither value is retrieved from a value correspond 
ing to the selected pixel in a dither pattern. 

11. The computer-implemented method of claim 9. 
wherein the selected pixel value is adjusted by either adding 
or subtracting the scaled dither value. 

12. The computer-implemented method of claim 10, 
wherein the dither pattern is selected based on at least one of: 
a size, a resolution, a position of the selected pixel, a color 
space, or a color model of the image. 

13. The computer-implemented method of claim 10, 
wherein the dither pattern is selected based on the direction of 
a color gradient change in the image. 

14. The computer-implemented method of claim 10, 
wherein the dither pattern is selected to increase a color 
palette of the image. 

15. The computer-implemented method of claim 10, 
wherein the dither pattern is a repeating pattern applying a 
dither to a first pixel in the image and not applying a dither to 
a second pixel in the image. 

16. An image processing method comprising: 
calculating an average pixel value of pixels at a given 

distance from a selected pixel; 
when a difference between the calculated average pixel 

value and a value of the selected pixel is less than an 
upper threshold, modifying the value of the selected 
pixel to reduce the difference between the value of the 
Selected pixel and the calculated average pixel value 
using a dither; and 

otherwise, not modifying the value of the selected pixel. 
17. An image processor, comprising: 
an input interface to receive an image for processing: 
a memory to store image processing data; 
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a processor coupled to the input/output interface and the 
memory, the processor performing the steps of 
calculating an average pixel value of pixels at a plurality 

of distances from a selected pixel of an image; 
for each of the plurality of distances: 

ifa difference between the calculated average value of 
pixels at the distance and a value of the selected 
pixel does not exceed a threshold, calculating a 
weighted pixel value for the distance, wherein the 
weighted pixel value is proportional to the differ 
ence, 

otherwise, setting the weighted pixel value for the 
distance and a weighted pixel value for any remain 
ing greater distances to Zero; 

averaging the weighted pixel values; and 
adjusting the selected pixel value based on the average 

and a dither, and 
a output interface to output the adjusted selected pixel 

value. 
18. The device of claim 17, the processor performing the 

additional steps comprising: 
retrieving a dither value for the selected pixel; 
Scaling the dither value proportionate to the average 

weighted pixel values; and 
adjusting the selected pixel value based on the scaled dither 

value. 
19. The device of claim 17, wherein the dither value is 

retrieved from a value corresponding to the selected pixel in a 
dither pattern. 

20. The device of claim 17, wherein the selected pixel value 
is adjusted by either adding or subtracting the scaled dither 
value. 

21. The device of claim 17, wherein the device further 
comprises a computing device, the input interface, memory, 
processor, and output interface incorporated in the computing 
device. 

22. The device of claim 21, wherein the computing device 
is portable. 

23. The device of claim 17, wherein the device further 
comprises a display device, the input interface, memory, pro 
cessor, and output interface incorporated in the display 
device. 

24. The device of claim 23, wherein the display device is a 
monitor. 

25. The device of claim 17, wherein the device further 
comprises an electronics device, the input interface, memory, 
processor, and output interface incorporated in the electronics 
device. 

26. The device of claim 25, wherein the electronics device 
is a digital video player. 

27. An article of manufacture including a computer read 
able medium storing instructions that, when executed by a 
processor, cause the processor to: 

filter an input image at a plurality of filter sizes, and 
modify each pixel in the input image having a non-zero 

difference between the respective input pixel and a cor 
responding pixel of a filtered image at a first filter size 
that is less than a predetermined threshold, the modifi 
cation based on the difference and a dither component. 

28. An article of manufacture including a computer read 
able medium storing instructions that, when executed by a 
processor, cause the processor to: 

calculate an average pixel value of pixels at a given dis 
tance from a selected pixel; 
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when a difference between the calculated average pixel 
value and a value of the selected pixel is less than an 
upper threshold, modify the value of the selected pixel to 
reduce the difference between the value of the selected 
pixel and the calculated average pixel value using a 
dither; and otherwise, leave the value of the selected 
pixel unchanged. 

29. An article of manufacture including a computer read 
able medium storing instructions that, when executed by a 
processor, cause the processor to: 

calculate an average pixel value of pixels at a plurality of 
distances from a selected pixel of an image: 
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for each of the plurality of distances: 
if a difference between the calculated average value of 

pixels at the distance and a value of the selected pixel 
does not exceed a threshold, calculate a weighted 
pixel value for the distance, wherein the weighted 
pixel value is proportional to the difference, 

otherwise, set the weighted pixel value for the distance 
and a weighted pixel value for any greater distances to 
Zero; 

average the weighted pixel values; and 
adjust the selected pixel value based on the average and a 

dither when the average is non-zero. 
c c c c c 


