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(57) ABSTRACT 

A method for converting video from a first format into a 
second format, the method including decoding into a series 
of frames video that is encoded in a first format, mapping the 
colors represented in the frames into a palette having fewer 
colors than the number of colors represented in the frames, 
removing noise from the frames, selectably removing at 
least one frame from the sequence, and re-encoding the 
sequence using the fewer colors into a second video format. 
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VIDEO TO ANIMATION CONVERSION WITH 
FILE SIZE CONSTRAINT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/985,026, filed Nov. 10, 2004, which 
claims priority from U.S. Provisional Patent Application No. 
60/518,310, filed Nov. 10, 2003, both incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to animation in gen 
eral, and more particularly to the conversion of video to 
animation with file size constraints. 

BACKGROUND OF THE INVENTION 

0003 Digital video is fast becoming a popular and ubiq 
uitous means of communications. The proliferation of digi 
tal cameras embedded in cellular telephones enables the 
rapid creation and transmission of digital videos. To mini 
mize the quantity of data transmitted, digital videos are 
typically encoded prior to transport. 
0004 The recipient of a digital video must typically 
utilize a computational device capable of decoding the 
digital video and rendering the video stream. Such devices 
require computational power in proportion to the complexity 
of the decoding technique necessary to decode the encoded 
video. 

SUMMARY OF THE INVENTION 

0005 The present invention discloses a system and 
method for conversion of video to animation with file size 
constraints. 

0006. In one aspect of the present invention a method is 
provided for converting video from a first format into a 
second format, the method including decoding into a series 
of frames video that is encoded in a first format, mapping the 
colors represented in the frames into a palette having fewer 
colors than the number of colors represented in the frames, 
removing noise from the frames, selectably removing at 
least one frame from the sequence, and re-encoding the 
sequence using the fewer colors into a second video format. 
0007. In another aspect of the present invention a method 

is provided for color quantization of a sequence of video 
frames, the method including mapping a plurality of pixels 
in a series of video frames to a corresponding color in a 
palette, defining a plurality of groups of colors in the palette, 
weighting each of the colors in any of the color groups by 
its respective number of occurrences of each of the pixels of 
a particular color, where the weighting is applied to each 
color value in the color to be weighted, Summing the 
weighted color values in any of the color groups, Summing 
the number of occurrences of each of the pixels in the color 
group, and dividing the Summed weighted color values in 
the color group by the Summed number of occurrences, 
thereby yielding a single color that represents the weighted 
mean of the color group. 
0008. In another aspect of the present invention the 
defining step includes masking the pixels with a bit mask. 
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0009. In another aspect of the present invention the 
method further includes maintaining a count for each of the 
numbers of occurrences. 

0010. In another aspect of the present invention the 
Summing steps comprise separately Summing for each color 
component of the color group. 
0011. In another aspect of the present invention the 
dividing step includes separately dividing each color com 
ponent of the color group by the Summed number of 
OCCUCCS. 

0012. In another aspect of the present invention the 
method further includes merging the weighted mean color 
with a neighboring weighted mean color where the Summed 
number of occurrences of the first-mentioned weighted 
mean color is below a predefined occurrence threshold, and 
where the difference between the merged color value and the 
value of the first-mentioned weighted mean color is below a 
predefined error threshold. 
0013 In another aspect of the present invention the 
merging step is performed a plurality of times until a merged 
palette is formed having a predetermined number of 
weighted mean colors. 
0014. In another aspect of the present invention the 
method further includes constructing a set of indexed images 
corresponding to the frames of the original video where each 
pixel in the indexed images points to a color in the merged 
palette. 

0015. In another aspect of the present invention a method 
is provided for Smoothing an indexed palletized image, the 
method including rasterwise Scanning the pixels of a pallet 
ized image with a sliding window, determining a pixel value 
occurring most often within the window, and setting any of 
the pixels within the window to the most often occurring 
pixel value. 
0016. In another aspect of the present invention the 
setting step includes setting one of the pixels within a first 
distance from the leading extent of the window and within 
a second distance from the trailing extent of the window to 
the most often occurring pixel value. 
0017. In another aspect of the present invention the 
setting step includes setting where the distances differ. 
0018. In another aspect of the present invention the 
method further includes weighting any of the pixel values 
occurring within the window in accordance with a position 
ally corresponding predefined weight, where the weighting 
step is performed prior to performing the determining step. 

0019. In another aspect of the present invention a method 
is provided for processing a region of interest in a sequence 
of frames, the method including deriving a difference frame 
between two consecutive frames in a sequence of frames, 
where each pixel position value in the difference frame is set 
equal to the absolute pixel value difference between its 
positionally corresponding pixels in both of the consecutive 
frames, deriving a region of interest mask by multiplying the 
pixel position values in the difference frame by a weight map 
and setting any of the pixel position values in the region of 
interest mask to a predefined value as a function of its 
weighted value with respect to a predefined threshold, 
defining a region of interest within the last of the two 
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consecutive frames to include pixels that positionally cor 
respond to pixel positions in the region of interest mask that 
have a predefined value, and setting any of the pixels in the 
last of the two consecutive frames that lie inside the region 
of interest as transparent pixels if the pixels are identical to 
their positionally corresponding pixels in the first of the two 
consecutive frames and if the pixels are not part of a larger 
sequence of contiguous pixels with identical values. 
0020. In another aspect of the present invention the 
method further includes excluding any of the pixels in the 
last of the two consecutive frames that lie outside the region 
of interest from being used to reconstruct the last frame. 
0021. In another aspect of the present invention the 
method further includes identifying a segment of pixels in 
the region of interest, beginning at a pixel location corre 
sponding to a pixel location in the difference frame whose 
value is equal to 0, determining the number of contiguous 
pixels in the region of interest extending from the pixel 
location whose corresponding pixel locations in the differ 
ence frame all have a value equal to 0, thereby resulting in 
a transparency candidate run length, determining the number 
of contiguous pixels in the region of interest extending from 
the pixel location having identical color values, thereby 
resulting in an identical color run length, determining the 
length of the segment as the longer of the run lengths, and 
setting the values of the pixels in the segment to a trans 
parent pixel value if the transparency candidate run is 
longest. 
0022. In another aspect of the present invention a method 

is provided for frame selection, the method including deter 
mining the size of a video segment, should the size exceed 
a predefined limit measuring the amount of information in a 
frame of the video segment, dropping the frame if the 
amount of information is below a predefined threshold. 
0023. In another aspect of the present invention the 
measuring step includes selecting the frame as part of two 
consecutive frames, and measuring the magnitude of change 
that occurs between the frame the other selected frame. 

0024. In another aspect of the present invention the 
measuring magnitude of change step includes measuring 
using the following formula 

1 
SCENE CHANGE = -XX, Pli i) - p2(i, j): w(i, j) 

where N and Mare the ROI dimensions, p(i,j) is the value 
of pixel (i,j) in the kth frame and w(i,j) is a weight of a pixel, 
In another aspect of the present invention the measuring 
magnitude of change step includes dividing the Sum of 
absolute difference between pixels in a region of interest of 
the frame with corresponding pixels in the other selected 
frame by the number of pixels in the region of interest. 
0025. In another aspect of the present invention the 
method further includes performing the steps a plurality of 
times for a plurality of frames of the video segment until the 
size does not exceed the predefined limit. 
0026. In another aspect of the present invention the 
method further includes recalculating a region of interest 
and transparency pixels for a Subsequent frame of the 
dropped frame. 
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0027. In another aspect of the present invention the 
method further includes calculating a display duration for 
the frame to be dropped, retaining the frame in the video 
sequence if the display duration exceeds a predefined dura 
tion threshold. 

0028. In another aspect of the present invention a system 
is provided for converting video from a first format into a 
second format, the system including means for decoding 
into a series of frames video that is encoded in a first format, 
means for mapping the colors represented in the frames into 
a palette having fewer colors than the number of colors 
represented in the frames, means for removing noise from 
the frames, means for selectably removing at least one frame 
from the sequence, and means for re-encoding the sequence 
using the fewer colors into a second video format. 
0029. In another aspect of the present invention a system 

is provided for color quantization of a sequence of video 
frames, the system including means for mapping a plurality 
of pixels in a series of video frames to a corresponding color 
in a palette, means for defining a plurality of groups of colors 
in the palette, means for weighting each of the colors in any 
of the color groups by its respective number of occurrences 
of each of the pixels of a particular color, where the 
weighting is applied to each color value in the color to be 
weighted, means for Summing the weighted color values in 
any of the color groups, means for Summing the number of 
occurrences of each of the pixels in the color group, and 
means for dividing the Summed weighted color values in the 
color group by the Summed number of occurrences, thereby 
yielding a single color that represents the weighted mean of 
the color group. 
0030. In another aspect of the present invention the 
means for defining is operative to masking the pixels with a 
bit mask. 

0031. In another aspect of the present invention the 
system further includes means for maintaining a count for 
each of the numbers of occurrences. 

0032. In another aspect of the present invention the 
means for Summing are operative to separately sum for each 
color component of the color group. 
0033. In another aspect of the present invention the 
means for dividing is operative to separately divide each 
color component of the color group by the Summed number 
of occurrences. 

0034. In another aspect of the present invention the 
system further includes means for merging the weighted 
mean color with a neighboring weighted mean color where 
the summed number of occurrences of the first-mentioned 
weighted mean color is below a predefined occurrence 
threshold, and where the difference between the merged 
color value and the value of the first-mentioned weighted 
mean color is below a predefined error threshold. 
0035) In another aspect of the present invention the 
means for merging is operative to merge a plurality of times 
until a merged palette is formed having a predetermined 
number of weighted mean colors. 
0036). In another aspect of the present invention the 
system further includes means for constructing a set of 
indexed images corresponding to the frames of the original 
Video where each pixel in the indexed images points to a 
color in the merged palette. 
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0037. In another aspect of the present invention for 
Smoothing an indexed palletized image, the system includ 
ing means for rasterwise scanning the pixels of a palletized 
image with a sliding window, means for determining a pixel 
value occurring most often within the window, and means 
for setting any of the pixels within the window to the most 
often occurring pixel value. 

0038. In another aspect of the present invention the 
means for setting is operative to set one of the pixels within 
a first distance from the leading extent of the window and 
within a second distance from the trailing extent of the 
window to the most often occurring pixel value. 
0039. In another aspect of the present invention the 
means for setting is operative to set where the distances 
differ. 

0040. In another aspect of the present invention the 
system further includes means for weighting any of the pixel 
values occurring within the window in accordance with a 
positionally corresponding predefined weight, where the 
means for weighting is operative to weight prior to perform 
ing the determining step. 

0041. In another aspect of the present invention a system 
is provided for processing a region of interest in a sequence 
of frames, the system including means for deriving a dif 
ference frame between two consecutive frames in a 
sequence of frames, where each pixel position value in the 
difference frame is set equal to the absolute pixel value 
difference between its positionally corresponding pixels in 
both of the consecutive frames, means for deriving a region 
of interest mask by multiplying the pixel position values in 
the difference frame by a weight map and setting any of the 
pixel position values in the region of interest mask to a 
predefined value as a function of its weighted value with 
respect to a predefined threshold, means for defining a 
region of interest within the last of the two consecutive 
frames to include pixels that positionally correspond to pixel 
positions in the region of interest mask that have a pre 
defined value, and means for setting any of the pixels in the 
last of the two consecutive frames that lie inside the region 
of interest as transparent pixels if the pixels are identical to 
their positionally corresponding pixels in the first of the two 
consecutive frames and if the pixels are not part of a larger 
sequence of contiguous pixels with identical values. 

0042. In another aspect of the present invention the 
system further includes means for excluding any of the 
pixels in the last of the two consecutive frames that lie 
outside the region of interest from being used to reconstruct 
the last frame. 

0043. In another aspect of the present invention the 
system further includes means for identifying a segment of 
pixels in the region of interest, beginning at a pixel location 
corresponding to a pixel location in the difference frame 
whose value is equal to 0, means for determining the number 
of contiguous pixels in the region of interest extending from 
the pixel location whose corresponding pixel locations in the 
difference frame all have a value equal to 0, thereby resulting 
in a transparency candidate run length, means for determin 
ing the number of contiguous pixels in the region of interest 
extending from the pixel location having identical color 
values, thereby resulting in an identical color run length, 
means for determining the length of the segment as the 
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longer of the run lengths, and means for setting the values 
of the pixels in the segment to a transparent pixel value if the 
transparency candidate run is longest. 

0044) In another aspect of the present invention a system 
is provided for frame selection, the system including means 
for determining the size of a video segment, means for 
should the size exceed a predefined limit means for mea 
Suring the amount of information in a frame of the video 
segment, means for dropping the frame if the amount of 
information is below a predefined threshold. 
0045. In another aspect of the present invention the 
means for measuring is operative to select the frame as part 
of two consecutive frames, and measure the magnitude of 
change that occurs between the frame the other selected 
frame. 

0046. In another aspect of the present invention the 
means for measuring magnitude of change is operative to 
measure using the following formula 

1 s , . . . 8 M 
SCENE CHANGE= 22. p1 (i, j) - p2(i, j): w(i, j) 

where N and Mare the ROI dimensions, p(i,j) is the value 
of pixel (i,j) in the kth frame and w(i,j) is a weight of a pixel, 

0047. In another aspect of the present invention the 
means for measuring magnitude of change is operative to 
divide the sum of absolute difference between pixels in a 
region of interest of the frame with corresponding pixels in 
the other selected frame by the number of pixels in the 
region of interest. 

0048. In another aspect of the present invention the 
means are operative for a plurality of frames of the video 
segment until the size does not exceed the predefined limit. 

0049. In another aspect of the present invention further 
includes means for recalculating a region of interest and 
transparency pixels for a Subsequent frame of the dropped 
frame. 

0050. In another aspect of the present invention the 
system further includes means for calculating a display 
duration for the frame to be dropped, means for retaining the 
frame in the video sequence if the display duration exceeds 
a predefined duration threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051. The present invention will be understood and 
appreciated more fully from the following detailed descrip 
tion taken in conjunction with the appended drawings in 
which: 

0.052 FIG. 1A is a simplified illustration of a video 
conversion process, operative in accordance with a preferred 
embodiment of the present invention; 

0053 FIG. 1B is a simplified conceptual illustration of a 
method for color quantization of a sequence of frames, 
constructed and operative in accordance with a preferred 
embodiment of the present invention; 
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0054 FIGS. 2A and 2B, which taken together is a sim 
plified flow chart of a method for color quantization of a 
sequence of frames, operative in accordance with a preferred 
embodiment of the present invention: 
0055 FIGS. 3A through 3E are simplified illustrations of 
color palettes constructed and operative in accordance with 
a preferred embodiment of the present invention; 
0056 FIG. 4A is a simplified flow chart of a method for 
Smoothing an indexed palletized image, operative in accor 
dance with a preferred embodiment of the present invention; 
0057 FIG. 4B is a simplified pictorial illustration of a 
segment of an indexed palletized image and a sliding filter, 
constructed and operative in accordance with a preferred 
embodiment of the present invention: 
0.058 FIG. 5A through 5C are simplified illustrations of 
the processing of a region of interest in a sequence of frames, 
constructed and operative in accordance with a preferred 
embodiment of the present invention; and 
0059 FIG. 6 is a simplified flow chart of a method for 
frame selection, operative in accordance with a preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0060 Reference is now made to FIG. 1A, which is a 
simplified illustration of a video conversion process, opera 
tive in accordance with a preferred embodiment of the 
present invention. In the first step encoded video, Such as 
MPEG-4 encoded video, received from an external source is 
preferably decoded into a series of frames. Next, the colors 
used to represent the entire set of frames, i.e. the global color 
map is preferably reduced through color quantization. Col 
ors are mapped from true colors found in the original 
video to a subset of colors represented by a relatively small 
palette, as described in more detail hereinbelow with refer 
ence to FIGS. 2A, 2B, and 3A through 3E. A filtering 
mechanism may be employed to remove noise and increase 
Subsequent compression, as described hereinbelow with 
reference to FIGS. 4 and 5. Finally, to further reduce the size 
of the converted video, selected frames may be removed 
from the sequence, preferably as described in more detail 
hereinbelow with reference to FIG. 6. The final sequence of 
frames may then be re-encoded into a format suitable for 
representation, Such as animated GIF. 
0061 Reference is now made to FIG. 1B, which is a 
simplified conceptual illustration of a method for color 
quantization of a sequence of frames, constructed and opera 
tive in accordance with a preferred embodiment of the 
present invention. In FIG. 1B, each pixel 100 in a series of 
Video frames 102 is mapped to a corresponding color in a 
palette, such as a 24-bit palette, shown as a cube 104, where 
the three dimensions of cube 104 correspond to the three 
values of a pixels red, green, and blue (RGB) color com 
ponents. Pixels of similar color are preferably mapped to the 
same color group within cube 104, shown as a sub-cube 106. 
A count, not shown, is preferably maintained for each color 
in cube 104 of the number of occurrences of each pixel 100 
that maps to a particular color. Each of the colors in a color 
group may be weighted by its respective count, with the 
weighted color values in the group Summed and divided by 
the sum of the counts in the group to yield a single color that 
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represents the weighted mean of the entire color group, 
shown at 108. A preferred method of quantization is 
described in greater detail hereinbelow with reference to 
FIGS 2A-3E 

0062) Reference is now made to FIGS. 2A and 2B, which 
taken together is a simplified flow chart of a method for 
color quantization of a sequence of frames, and to FIGS. 3A 
through 3E, which are simplified illustrations of color pal 
ettes, constructed and operative in accordance with a pre 
ferred embodiment of the present invention. The first stage 
of color quantization, the mapping of pixels in a palette to 
pixels in a limited palette. Such as mapping 24-bit true-color 
pixels in a palette having 2 colors to 24-bit true-color 
pixels in a limited palette having 2" colors, may only be 
necessary if the pixels indeed have color. If the entire 
sequence of frames is composed of gray-level pixels, i.e. 
pixels where the values in each triplet are equivalent, the 
process preferably continues as described in detail in here 
inbelow with reference to FIG. 4. If the pixels within the 
entire sequence of frames contain any non-gray scale pixels, 
i.e. pixels whose RGB triplets are not equal, such as red 
(255.0.0) or blue (0,0.255), the quantization process contin 
ues as described hereinbelow. 

0063. The 24-bit pixels 300 in each frame of a sequence 
of frames may be masked with a bit mask, such as a 15-bit 
mask 310, in order to group the pixels into color groups of 
similarly colored pixels, where all pixels in a color group 
have the same bit-masked-value. For example, a group of 
24-bit RGB pixels 300a through 300? (0xff, 0x0, 0x0), 
(Oxfa, 0x0, 0x0), (Oxfb, 0x0, 0x0), (0xff, 0x0, 0x0), (0xff, 
0x0, 0x0), (0xff, 0x0, 0x0) have the same bit-masked-value 
(Oxf8, 0x0, 0x0) after masking with a 15-bit mask (Oxf8, 
Oxf8, 0xf8), and are therefore considered to be part of the 
same color group of similarly colored pixels. A count is 
maintained for each color in a color group of the number of 
occurrences of a pixel of that color. The RGB values of each 
color in the color group are then multiplied by its count. 
Thus, for example, should pixel 300a of the color (0xff 0x0, 
0x0) occur 10 times in the frame sequence, 0xff is multiplied 
by 10 (red), as are 0x0 (green) and 0x0 (blue). The products 
of each color component in a color group are then added 
together (i.e., all the multiplied red values are added 
together, all the multiplied green values are added together, 
etc.) and divided by the sum of the color counts (i.e., the total 
number of pixels in the color group), resulting in a single 
RGB triplet. The R, G, and B values in the triplet may be 
rounded up or down to eliminate fractional values. The 
resulting RGB triplet thus corresponds to a single color in 
the color group that represents the weighted average color of 
the pixels in the color group. A reduced 24-bit palette having 
2' colors is then represented by the weighted average color 
selected for each color group. 

0064 Preferably, the weighted average color of the color 
group at the origin of the color cube is preferably set to the 
color (0x0, 0x0, 0x0) notwithstanding the true weighted 
average color), as shown in FIG.3C. Similarly, the weighted 
average color of the color group at the corner farthest from 
the origin of the color cube is preferably set to color (0xff, 
0xff, 0xff). 

0065. A color usage table 320 is preferably constructed, 
such as is shown in FIG. 3B, where each entry 330 contains 
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the weighted average color selected for a color group, as 
well as the sum of the pixel occurrence counts for that color 
group. 

0.066 Next, the colors represented in the reduced 24-bit 
palette found in color usage table 320, which may have 
32,768 potentially entries, may be further condensed to an 
8-bit palette with a maximum of 256 entries by merging 
neighboring entries that are deemed relatively insignificant. 
The criteria of significance is typically determined by evalu 
ating the relative number of occurrences (C USAGE) of 
each pixel color, as represented in the color usage table 320, 
and the distortion error that would occur from merging the 
entries using any known measure of distortion. A symmetri 
cal cubic search, preferably based on a Euclidian distance, is 
performed in which the weighted mean of each potential 
group of entries in table 320 to be merged is calculated in a 
growing fashion by increasingly extending the size of the 
group of entries to be merged. If the color occurrence value 
(C OCCURRENCE) of an entry is below a predefined color 
occurrence threshold (C THRESHOLD), and the resultant 
error of the weighted mean (COLOR ERROR), i.e. the 
mean color after the merge as compared to the entry's color 
prior to the merge, is within a predefined threshold 
(ERROR THRESHOLD), the entries may be merged, with 
each merged entry set to point to an entry 350 in a merged 
palette 360 containing the weighted mean of each of their R. 
G, and B values, as shown in FIG. 3D. 

0067 C THRESHOLD and ERRORTHRESHOLD may 
be set initially by employing the following formulae: 

TRUE COLOR USAG RATIO=1500 

TRUE COLOR QUALITY TRADEOFF RATIO= 
800 

C THRESHOLD=ImageSize/TRUE COLOR USA 
G RATIO: 
ERROR THRESHOLD=ImageSize/TRUE COL 
OR QUALITY TRADEOFF RATIO; 
C THRESHOLD-MAX(C THRESHOLD,2); 
ERROR THRESHOLD-MIN(MAX(ERROR 
THRESHOLD,10).20): 

Where ImageSize is equal to the number of pixels in the 
frame, the function MAX(a,b) returns the maximum 
between the two values a and b, and the function MIN(a,b) 
returns the minimum between the two values a and b. 

0068. In the example shown in FIG. 3E, since the entry 
330a (0x03, 0x02, 0x0) in the color usage table 320 has a 
color occurrence of 10, which is below a color occurrence 
threshold of 50, it is merged with the entry 330b (0x02, 
0x01, 0x00) in the color usage table 320 whose color 
occurrence is 90, with the weighted mean after the merge 
equal to 2.1, 1.1 and 0.0. Since, the resultant error of the 
weighted mean with the chosen entry 330a is equal to 
SQRT((3-2.1)+(2-1.1)+(0-0))=1.27, which is below an 
error threshold of 2, the weighted mean is inserted into the 
third entry 350 of the merged palette 360 with corresponding 
values of 2.1, 1.1 and 0.0 for their respective Red, Green and 
Blue values. Typically, the value of each color component is 
rounded up or down to the nearest integer value in the range 
of O-255. 

0069. The symmetrical search and merge process may 
continue in an iterative process, merging clusters of colors, 
i.e., colors merged in previous iterations are merged again. 
The thresholds are typically tuned for each iteration to 
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ensure an appropriate final size of the merged palette 360, 
such as 255 entries corresponding to an 8-bit color palette 
with an additional transparency value. For example, should 
the size of the merged palette still be larger than the desired 
size, C THRESHOLD may be increased by multiplying the 
current C THRESHOLD by a predefined value, such as by 
2. ERROR THRESHOLD may also be increased by adding 
a predefined value to the current ERROR THRESHOLD, 
such as 10. 

0070. After the construction of the merged palette 360, a 
set of indexed images corresponding to the frames of the 
original video are preferably constructed based on the new 
merged palette 360, where each pixel in the indexed image 
points to an entry in merged palette 360. 
0071 Reference is now made to FIG. 4A which is a 
simplified flow chart of a method for smoothing an indexed 
palletized image, and FIG. 4B, which is a simplified pictorial 
illustration of a segment of an indexed palletized image and 
a sliding filter, constructed and operative in accordance with 
a preferred embodiment of the present invention. The 
present invention includes a Smoothing stage, prior to com 
pression, to filter out minor noises that may have otherwise 
disrupted the coherence of a sequence of pixels. 
0072. In the method of FIG. 4A, a sliding filter, typically 
constructed to place emphasis on earlier-Scanned portions of 
the image as described hereinbelow, is preferably applied in 
turn to each pixel of the palletized images in a raster fashion. 
For example, a sliding filter 400 depicted in FIG. 4B may be 
used for assigning to a pixel 440a a new index value 
corresponding to the index values occurring most often 
among the three preceding pixels and two Subsequent pixels 
Surrounding pixel 440a, as defined by the length and place 
ment of filter 400. A raster scan 410 of an image before filter 
400 is applied may be converted to a raster scan 420 of an 
image after filter 400 is applied in conjunction with an index 
occurrence table 430. Thus, in the example shown in FIG. 
4A, the index value occurring most often among the pixels 
preceding and following pixel 440a and within the area 
defined by filter 400 is 113, which occurs 3 times. The 
number of occurrences of a pixel may be weighted by the 
values shown in filter 400, being a uniform weight of 1 in the 
example shown. Pixel 44.0a is therefore given the index 
value 113, as shown as 440b. Line filters are well suited to 
filter out noise that would have otherwise interfered with a 
raster based compression algorithm Such as the one 
employed in a GIF compressor. 
0073) Reference is now made to FIG. 5A through FIG. 
5C, which is a simplified illustration of a method for 
processing a region of interest in a sequence of frames 
constructed and operative in accordance with a preferred 
embodiment of the present invention. A region of interest in 
a particular frame is typically defined as an area within a 
frame where relatively large changes occurred with refer 
ence to its previous frame. To enhance the compression of 
the sequence of frames, all pixels outside the region or 
regions of interest are typically set to the index representing 
transparency. Transparent pixels may be reconstructed by 
the recipient by utilizing the preceding frame's pixel values 
and as such their values need not be transmitted indepen 
dently. The region of interest is preferably defined as fol 
lows: 

0074 First, a difference frame 500 is preferably con 
structed by calculating the pixel by pixel absolute difference 
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between two consecutive frames, frame N 510 and frame 
N+1520. The difference frame 500 may be multiplied by a 
weight map 530 to emphasize key areas in the frame N-1 
520, such as the center of a frame. Weighted difference 
products that exceed a predefined arbitrarily chosen thresh 
old, such as 9, receive a value of 1, whereas products that are 
less than the threshold receive a value of 0, while products 
that equal the threshold may be consistently given either 0 
or 1. These values are then stored in a Region of Interest 
(ROI) mask 540. ROI mask 540 typically defines a bounding 
rectangle of a region of relative importance whose members 
have a predefined value, such those pixel positions in ROI 
mask 540 whose value is equal to 1. The pixels in a frame 
positionally corresponding to the pixel positions in the 
bounding rectangle define a region of interest. Note, that the 
ROI mask 540 may include pixels that have no relative 
change, yet due to the nature of the bounding rectangle are 
included within the ROI mask 540. For example, the pixels 
in frame N+1 520 in FIG. 5A in the 2" and 3" columns of 
the third row (whose values are 112 and 81) have identical 
values to those in the preceding frame, frame N 510, as is 
evident in the difference frame 500, yet they are included 
within the ROI mask 540 in FIG. 5B. 

0075) While pixels in the original frame, frame N+1 520 
in FIG. 5A, outside the bounding rectangle are not trans 
mitted and may be reconstructed based on the previous 
frame, pixels within the bounding rectangle may be set to the 
transparent pixel. This may occur if the bounding rectangle 
of the ROI mask 540 incorporates pixels that have no 
relative change and are not part of a larger sequence of 
contiguous pixels with identical values. For example, in 
FIG. 5C, frame N+1 520 in Example I contains two pixels 
in the 2" and 3" columns of the third row that have identical 
values to those in the preceding frame, 112 and 81 respec 
tively. Since these pixels are not part of a larger sequence of 
contiguous pixels with identical values, their values are 
adjusted to equal that of the transparent pixel, labeled T. 
In Example II, although the pixels in the 2" and 3" columns 
of the third row have the same value as the preceding frame, 
being all equal to 50, because they are part of a larger 
contiguous sequence with identical values in frame N-1 520 
that includes the pixel in the 4" column of the third row, 
their values are not modified. 

0.076 The decision whether to set pixels within the region 
of interest to a transparent pixel value may be made by 
identifying a segment of pixels in the region of interest, 
beginning at a pixel location corresponding to a pixel 
location in difference frame 500 whose value is equal to 0. 
thus marking the pixel as a candidate for transparency. If 
from that pixel location a run of contiguous pixels in the 
region of interest exists whose corresponding pixel locations 
in difference frame 500 all have a value equal to 0, the length 
of the transparency candidate run is noted. Similarly, if from 
that pixel location a run of contiguous pixels in the region of 
interest exists having identical color values, the length of the 
identical color run is also noted. The length of the segment 
within the region of interest is thus defined as the length of 
the transparency candidate run if no identical color run 
overlaps it, or as the longer of the two runs where both runs 
exist. The pixel values of the entire segment are then 
changed to a transparent pixel value if the transparency 
candidate run is longest, or left as is if the identical color run 
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is longest. Where both runs are found and are equal in 
length, either course of action may be taken, preferably 
consistently. 

0.077 Preferably, the decision whether to set pixels 
within a region of interest to a transparent pixel value is 
made according to the following algorithm. Each region of 
interest is scanned in a raster fashion. Two counters, a 
TRANSPARENCY COUNT and a COLOR COUNT, are 
maintained throughout the raster scan to determine which of 
two contiguous sequences is longer, the transparent 
sequence or the color sequence. The counters may be in one 
of two states, active or inactive. The counters are initially set 
as active and their values set to Zero. Next, an analysis is 
performed for a segment of the frame, which may be any 
contiguous set of pixels within the region of interest. Any 
pixels that are encountered within the segment whose value 
in the difference frame 500 is equal to 0 are candidates for 
transparency, in which case the TRANSPARENCY 
COUNT may be incremented by one. Any pixel that is the 

first in the segment or whose value is identical to that of the 
preceding pixel in the raster scan may belong to a larger 
contiguous color sequence, in which case the COLOR 
COUNT may be incremented by one. When a pixel is 

encountered during the raster scan whose value in the 
difference frame 500 is not equal to 0, the TRANSPAREN 
CY COUNT is set to inactive and may not be further 
incremented. Similarly, if a pixel is encountered during the 
raster scan whose value is different than that of the preceding 
pixel, the COLOR COUNT is set to inactive and may not be 
further incremented. When both counters are set to inactive 
a comparison is performed between them. The counter 
whose value is greater is termed the winner, and all the 
pixels analyzed within this segment are set appropriately, i.e. 
if the color counter won, the values of the pixels in the 
segment are preserved, and if the transparency counter won, 
all the pixels in the segment are set to the index represen 
tation of the transparent pixel. 

0078 Should the value of the counters be equal, priority 
may be given to color. Alternatively priority may be given 
to transparency. 

0079 The counters may then be reset to active and their 
values set to Zero, with the process repeated for another 
Segment. 

0080 Reference is now made to FIG. 6, which is a 
simplified flow chart of a method for frame selection, 
operative in accordance with a preferred embodiment of the 
present invention. To further reduce the size of the video, 
individual frames may be dropped, i.e. removed from the 
sequence of frames. Which frames to drop is preferably 
determined during an iterative process in which the video 
size is estimated, preferably its compressed size. Should the 
estimated size exceed a predefined limit, frames that are 
considered to have the least information are dropped. The 
amount of information in a frame may be expressed in terms 
magnitude of change that occurs from one frame to the next. 
One measure of a magnitude of change that may be used is 
defined herein as SCENE CHANGE, which is preferably 
calculated separately for each pair of consecutive frames 
using the following formula: 
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1 
SCENE CHANGE = 22. p1(i, j) - p2(i, j): w(i, j) 

where N and Mare the ROI dimensions, p(i,j) is the value 
of pixel (i,j) in the kth frame and w(i,j) is the weight of that 
pixel in the weight map 530. Thus, SCENE CHANGE for a 
frame is preferably determined by dividing the sum of 
absolute difference between pixels in the region of interest 
of the frame with corresponding pixels in the other frame by 
the number of pixels in the region of interest. 
0081. Thus in the method of FIG. 6, the size of a video 
segment is calculated. If the size exceeds a predefined limit, 
the SCENE CHANGE is calculated for a frame. If SCENE 
CHANGE is below a predefined threshold, the frame is 
dropped. The size of a video segment may then be recalcu 
lated to determine if the predefined limit is still exceeded. 
0082 Once a frame is dropped, the region of interest and 
transparency pixels for the Subsequent frame may be 
affected. Therefore, these aspects of the frame are preferably 
recalculated as described hereinabove before the decision 
whether to drop the subsequent frame is made. Alternatively, 
this recalculation may be carried out only after a predefined 
number of frames within a predefined sequence of frames 
are dropped, such as after 3 of 10 frames are dropped. 
Alternatively, no recalculation is performed. 
0083. The duration of display for each frame may also be 
calculated. Should the duration of display for a particular 
frame exceed a DURATION THRESHOLD, which may be 
predefined, if the frame would otherwise be dropped based 
on its SCENE CHANGE value, the frame is preferably not 
dropped from the sequence. 
0084. The iterative process of FIG. 6 typically concludes 
when the estimated movie size is within the limits imposed. 
0085. It is appreciated that one or more of the steps of any 
of the methods described herein may be omitted or carried 
out in a different order than that shown, without departing 
from the true spirit and scope of the invention. 
0.086 While the methods and apparatus disclosed herein 
may or may not have been described with reference to 
specific computer hardware or software, it is appreciated that 
the methods and apparatus described herein may be readily 
implemented in computer hardware or software using con 
ventional techniques. 
0087 While the present invention has been described 
with reference to one or more specific embodiments, the 
description is intended to be illustrative of the invention as 
a whole and is not to be construed as limiting the invention 
to the embodiments shown. It is appreciated that various 
modifications may occur to those skilled in the art that, while 
not specifically shown herein, are nevertheless within the 
true spirit and scope of the invention. 

What is claimed is: 
1. A method for converting video from a first format into 

a second format, the method comprising: 
decoding into a series of frames video that is encoded in 

a first format; 
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mapping the colors represented in said frames into a 
palette having fewer colors than the number of colors 
represented in said frames; 

removing noise from said frames; 

selectably removing at least one frame from said 
sequence; and 

re-encoding said sequence using said fewer colors into a 
second video format. 

2. A method according to claim 1 wherein said removing 
noise step comprises: 

rasterwise scanning the pixels of palletized images of said 
frames with a sliding window; 

determining a pixel value occurring most often within 
said window; and 

setting any of said pixels within said window to said most 
often occurring pixel value. 

3. A method according to claim 2 wherein said setting step 
comprises setting one of said pixels within a first distance 
from the leading extent of said window and within a second 
distance from the trailing extent of said window to said most 
often occurring pixel value. 

4. A method according to claim 3 wherein said setting step 
comprises setting where said distances differ. 

5. A method according to claim 2 and further comprising 
weighting any of said pixel values occurring within said 
window in accordance with a positionally corresponding 
predefined weight, wherein said weighting step is performed 
prior to performing said determining step. 

6. A method according to claim 1 wherein said removing 
noise step comprises: 

deriving a difference frame between two consecutive 
frames in a sequence of said frames, wherein each pixel 
position value in said difference frame is set equal to 
the absolute pixel value difference between its posi 
tionally corresponding pixels in both of said consecu 
tive frames: 

deriving a region of interest mask by multiplying the pixel 
position values in said difference frame by a weight 
map and setting any of said pixel position values in said 
region of interest mask to a predefined value as a 
function of its weighted value with respect to a pre 
defined threshold; 

defining a region of interest within the last of said two 
consecutive frames to include pixels that positionally 
correspond to pixel positions in said region of interest 
mask that have a predefined value; and 

setting any of said pixels in the last of said two consecu 
tive frames that lie inside said region of interest as 
transparent pixels if said pixels are identical to their 
positionally corresponding pixels in the first of said two 
consecutive frames and if said pixels are not part of a 
larger sequence of contiguous pixels with identical 
values. 

7. A method according to claim 6 and further comprising 
excluding any of said pixels in the last of said two consecu 
tive frames that lie outside said region of interest from being 
used to reconstruct said last frame. 
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8. A method according to claim 6 and further comprising: 
identifying a segment of pixels in said region of interest, 

beginning at a pixel location corresponding to a pixel 
location in said difference frame whose value is equal 
to 0: 

determining the number of contiguous pixels in said 
region of interest extending from said pixel location 
whose corresponding pixel locations in said difference 
frame all have a value equal to 0, thereby resulting in 
a transparency candidate run length; 

determining the number of contiguous pixels in said 
region of interest extending from said pixel location 
having identical color values, thereby resulting in an 
identical color run length; 

determining the length of said segment as the longer of 
said run lengths; and 

setting the values of the pixels in said segment to a 
transparent pixel value if said transparency candidate 
run is longest. 

9. A method according to claim 1 wherein said selectably 
removing step comprises: 

determining the size of a video segment; and 
should said size exceed a predefined limit: 

measuring the amount of information in a frame of said 
Video segment; and 

dropping the frame if said amount of information is 
below a predefined threshold. 

10. A method according to claim 9 wherein said measur 
ing step comprises: 

Selecting said frame as part of two consecutive frames; 
and 

measuring the magnitude of change that occurs between 
said frame the other selected frame. 

11. A method according to claim 10 wherein said mea 
Suring magnitude of change step comprises measuring using 
the following formula: 

1 s , . . . X M 
SCENE CHANGE = -XX, Pli i) - p2(i, j): w(i, j) 

where N and Mare the ROI dimensions, p(i,j) is the value 
of pixel (i,j) in the kth frame and w(i,j) is a weight of a pixel; 

12. A method according to claim 10 wherein said mea 
Suring magnitude of change step comprises dividing the Sum 
of absolute difference between pixels in a region of interest 
of said frame with corresponding pixels in the other selected 
frame by the number of pixels in said region of interest. 

13. A method according to claim 9 and further comprising 
performing said steps a plurality of times for a plurality of 
frames of said video segment until said size does not exceed 
said predefined limit. 

14. A method according to claim 13 and further compris 
ing recalculating a region of interest and transparency pixels 
for a Subsequent frame of said dropped frame. 

15. A method according to claim 9 and further compris 
1ng: 
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calculating a display duration for said frame to be 
dropped; 

retaining said frame in said video sequence if said display 
duration exceeds a predefined duration threshold. 

16. A system for converting video from a first format into 
a second format, the system comprising: 
means for decoding into a series of frames video that is 

encoded in a first format; 
means for mapping the colors represented in said frames 

into a palette having fewer colors than the number of 
colors represented in said frames; 

means for removing noise from said frames; 
means for selectably removing at least one frame from 

said sequence; and 
means for re-encoding said sequence using said fewer 

colors into a second video format. 
17. A system according to claim 16 wherein said means 

for removing noise comprises: 
means for rasterwise Scanning the pixels of palletized 

images of said frames with a sliding window; 
means for determining a pixel value occurring most often 

within said window; and 
means for setting any of said pixels within said window 

to said most often occurring pixel value. 
18. A system according to claim 17 wherein said means 

for setting is operative to set one of said pixels within a first 
distance from the leading extent of said window and within 
a second distance from the trailing extent of said window to 
said most often occurring pixel value. 

19. A system according to claim 18 wherein said means 
for setting is operative to set where said distances differ. 

20. A system according to claim 17 and further compris 
ing means for weighting any of said pixel values occurring 
within said window in accordance with a positionally cor 
responding predefined weight, wherein said means for 
weighting is operative to weight prior to performing said 
determining step. 

21. A system according to claim 16 wherein said means 
for removing noise comprises: 
means for deriving a difference frame between two con 

secutive frames in a sequence of said frames, wherein 
each pixel position value in said difference frame is set 
equal to the absolute pixel value difference between its 
positionally corresponding pixels in both of said con 
secutive frames; 

means for deriving a region of interest mask by multi 
plying the pixel position values in said difference frame 
by a weight map and setting any of said pixel position 
values in said region of interest mask to a predefined 
value as a function of its weighted value with respect to 
a predefined threshold; 

means for defining a region of interest within the last of 
said two consecutive frames to include pixels that 
positionally correspond to pixel positions in said region 
of interest mask that have a predefined value; and 

means for setting any of said pixels in the last of said two 
consecutive frames that lie inside said region of interest 
as transparent pixels if said pixels are identical to their 
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positionally corresponding pixels in the first of said two 
consecutive frames and if said pixels are not part of a 
larger sequence of contiguous pixels with identical 
values. 

22. A system according to claim 21 and further compris 
ing means for excluding any of said pixels in the last of said 
two consecutive frames that lie outside said region of 
interest from being used to reconstruct said last frame. 

23. A system according to claim 21 and further compris 
1ng: 

means for identifying a segment of pixels in said region 
of interest, beginning at a pixel location corresponding 
to a pixel location in said difference frame whose value 
is equal to 0. 

means for determining the number of contiguous pixels in 
said region of interest extending from said pixel loca 
tion whose corresponding pixel locations in said dif 
ference frame all have a value equal to 0, thereby 
resulting in a transparency candidate run length; 

means for determining the number of contiguous pixels in 
said region of interest extending from said pixel loca 
tion having identical color values, thereby resulting in 
an identical color run length; 

means for determining the length of said segment as the 
longer of said run lengths; and 

means for setting the values of the pixels in said segment 
to a transparent pixel value if said transparency candi 
date run is longest. 

24. A system according to claim 16 wherein said means 
for selectably removing comprises: 

means for determining the size of a video segment; 
means for measuring the amount of information in a 

frame of said video segment where said size exceeds a 
predefined limit; and 

means for dropping the frame if said amount of informa 
tion is below a predefined threshold. 
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25. A system according to claim 24 wherein said means 
for measuring is operative to: 

select said frame as part of two consecutive frames; and 
measure the magnitude of change that occurs between 

said frame the other selected frame. 
26. A system according to claim 25 wherein said means 

for measuring magnitude of change is operative to measure 
using the following formula: 

1 
SCENE CHANGE= -XX, Pli i) - p2(i, j): w(i, j) 

where N and Mare the ROI dimensions, p(i,j) is the value 
of pixel (i,j) in the kth frame and w(i,j) is a weight of a pixel; 

27. A system according to claim 25 wherein said means 
for measuring magnitude of change is operative to divide the 
sum of absolute difference between pixels in a region of 
interest of said frame with corresponding pixels in the other 
selected frame by the number of pixels in said region of 
interest. 

28. A system according to claim 24 wherein said means 
are operative for a plurality of frames of said video segment 
until said size does not exceed said predefined limit. 

29. A system according to claim 28 and further compris 
ing means for recalculating a region of interest and trans 
parency pixels for a subsequent frame of said dropped 
frame. 

30. A system according to claim 24 and further compris 
ing: 
means for calculating a display duration for said frame to 

be dropped; 
means for retaining said frame in said video sequence if 

said display duration exceeds a predefined duration 
threshold. 


