
WO 01/20551 PCT/US00/24968  COMPRESSION EDGE ADAPTIVE VIDEO AND IMAGE
SHARPENING AND SCALING  5 FIELD  The present invention relates to image and
video processing and, in  particular, to adaptive sharpening of an image or
video frame. BACKGROUND  10 Applications that use and display compressed
video often must prepare  video for transmission over a communications
pipeline such as ordinary phone  lines (i.e., Plain Old Telephone Service)
(POTS)) or Integrated Services Digital  Network (ISDN), which provide a
limited bandwidth through which the video or  image must be transmitted. In
particular, an image is defined to include both a 15 still image or a video
frame within a stream of video frames. This limitation on  the bandwidth
imposes a qualitative upper bound on the video compressed with  state of
the art algorithms. In general, the compressing of video or image data is
a lossy process and a consequence thereof is the manifestation of
compression  artifacts which are products introduced into the image as a
result of compression 20 that do not exist otherwise. Moreover, compression
subjects the image to a  general loss of detail. Despite these limitations,
application users, typically,  want bigger images (i.e., images occupying a
significantly greater percentage of  the display screen area) to see scene
detail. When images are small, the eye is forgiving. However when scaling
25 images to larger sizes, the small defects (e.g., the artifacts or loss
of detail and  texture) due to the compression become extremely visible
causing the image to  frequently appear "washed out" as the same
information is spread over a larger  area. To avoid this "washed out"
effect, sharpening filters are applied to help  bring some more definition
and crispness to images. However, compression 30 artifacts and other
defects must be taken into account during the sharpening  process.
Otherwise, these defects are sharpened along with the image, causing  the
image to look even worse than if no sharpening was performed. Therefore, 



WO 01/20551 - PCT/US00/24968  -2 for these and other reasons there is a
need to adaptively sharpen certain portions  of an image. SUMMARY  In one
embodiment, a method for edge adaptive image sharpening 5 comprises the
detection of an edge pixel in an unsharpened image. Additionally,  the edge
pixel is sharpened to form a sharpened image. A region of the  sharpened
image is selected such that the region includes the edge pixel. In one
embodiment, the selected region of the sharpened image is centered around
the  edge pixel that has been sharpened. This region of the sharpened image
is 10 compared to a corresponding region of the unsharpened image to form a
difference value. The difference value is then processed to form a final
image.  BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a block diagram of a
system in accordance with an embodiment  of the invention. 15 FIGS. 2A-2C
are illustrations of an unsharpened image, a corresponding  edge map and a
corresponding sharpened image, respectively. FIG. 3 is a flowchart of a
method in accordance with an embodiment of  the present invention. FIG. 4
is a diagram of a computer in conjunction with which  2 0 embodiments of
the invention may be practiced. DESCRIPTION OF DETAILED EMBODIMENTS In the
following detailed description of the exemplary embodiments,  reference is
made to the accompanying drawings that form a part hereof, and in  which
are shown by way of illustration specific embodiments in which the 25
invention may be practiced. It is to be understood that other embodiments
may  be utilized and structural changes may be made without departing from
the scope  of the present invention. Some portions of the detailed
descriptions which follow are presented in  terms of algorithms and
symbolic representations of operations on data bits 



30 within a computer memory. These algorithmic descriptions and
representations  are the means used by those skilled in the data processing
arts to most effectively  convey the substance of their work to others
skilled in the art. An algorithm is  here, and generally, conceived to be a
self-consistent sequence of steps leading WO 01/20551 PCT/US00/24968  -3 to
a desired result. The steps are those requiring physical manipulations of
physical quantities. Usually, though not necessarily, these quantities take
the  form of electrical or magnetic signals capable of being stored,
transferred,  combined, compared, and otherwise manipulated. It has proven
convenient at 5 times, principally for reasons of common usage, to refer to
these signals as bits,  values, elements, symbols, characters, terms,
numbers, or the like. It should be  borne in mind, however, that all of
these and similar terms are to be associated  with the appropriate physical
quantities and are merely convenient labels applied  to these quantities.
Unless specifically stated otherwise as apparent from the 10 following
discussions, it is appreciated that throughout the present invention,
discussions utilizing terms such as "processing" or "computing" or
"calculating"  or "determining" or "displaying" or the like, refer to the
action and processes of  a computer system, or similar electronic computing
device, that manipulates and  transforms data represented as physical
(electronic) quantities within the 15 computer system's registers and
memories into other data similarly represented  as physical quantities
within the computer system memories or registers or other  such information
storage, transmission or display devices. Additionally, the  term image is
defined to include both a still image or a video frame within a  stream of
video frames. 20 Referring first to FIG. 1, a block diagram of a system
according to one  embodiment of the invention is shown. The system of FIG.
1 includes edge  detector 102, image sharpener 104, region selector 106,
region comparator 108  and component 110. Edge detector 102, image
sharpener 104, region selector  106, region comparator 108 and component
110 are desirably part of a computer, 25 although the invention is not so
limited. In such an embodiment, edge detector  



102, image sharpener 104, region selector 106, region comparator 108 and
component 110 are desirably computer programs on a computer - i.e.,
programs  (viz., an edge detector program, a image sharpener program, a
image comparator  program, region selector program and a component program)
executed by a 30 processor of the computer from a computer-readable medium
such as a memory  thereof. The computer also desirably includes an
operating system within which  and in conjunction with which the programs
run, as can be appreciated by those  within the art. WO 01/20551
PCT/US00/24968  -4 Edge detector 102 receives an unsharpened image and
detects one to a  number of edge pixels therein. An edge is defined as a
large enough change in  intensity within a short distance, while edge
pixels are defined as those pixels in  the image that reside along edges of
the image. For example, FIG. 2A includes 5 an unsharpened image of a cross
200, such that the pixels internal to cross 200  have an intensity value
ranging from 128 to 255 while the pixels external to  cross 200 have an
intensity value of zero. Moreover, the unsharpened image of  FIG. 2A is
broken into a number of pixels including pixels 201-209.  Additionally, the
unsharpened image of FIG. 2A includes a region 210 which is 10 comprised of
pixels 201-209. Pixels 201, 204, 205, 206 and 207 are considered  edge
pixels because these pixels are located along edges of cross 200. In
contrast, pixels 202, 203, 208 and 209 are not edge pixels as these pixels
are not  part of any object edge including edges of cross 200. In one
embodiment, edge detector 102 comprises an edge map generator  15 for
creating an edge map for the unsharpened image, in order to determine the
location of edge pixels along object edges in the image, as is well-known
in the  art. In an edge map typically, high values indicate edges and
correspondingly  low values indicate flat areas. In another embodiment,
edge detector 102 comprises a two-dimensional (2-D) Sobel sharpening
filter, which is known in  20 the art, to create the edge map from the Y
frame. Moreover, a 3x3 median filter,  which is also well-known in the art,
can then be used to filter the edge map, to  



eliminate spurious edge points. Accordingly in one embodiment, edge
detector 102 creates a  corresponding edge map for cross 200 (i.e., cross
220), as illustrated in FIG. 2B.  25 In particular, the edge map in FIG. 2B
includes only the edges of cross 200, such that the pixels internal and
external to cross 220 have an intensity value of zero.  Moreover, the edge
map of FIG. 2B is broken into a number of pixels including  pixels 221-229,
which correspond to pixels 201-209 of FIG. 2A, respectively.  Additionally,
the edge map of FIG. 2B includes a region 230 which is comprised 30 of
pixels 221-229, which corresponds to region 210 of FIG. 2A. Image sharpener
104 receives the edge pixels and sharpens those pixels,  thereby forming a
sharpened image. In one embodiment, image sharpener 104  comprises a 2-D
sharpening filter that is applied to a Y plane of the edge pixels WO
01/20551 PCT/US00/24968  -5 in the unsharpened image to sharpen the edge
pixels. In one embodiment, image  sharpener 104 comprises a mechanism for
dynamic sharpening. The mechanism  for dynamic sharpening allows the
sharpening to be tuneable. For example, a  user of this process, such as a
person looking at a image at a computer terminal, 5 can control how much or
little sharpening is performed on the image. Region selector 106 receives
the sharpened image for each edge pixel and  selects a region of the
sharpened image, such that the region includes an edge  pixel. In one
embodiment, region selector 106 selects a region within the  sharpened
image such that the selected region is centered around the edge pixel. 10
In other, words, the edge pixel is in the middle of the selected region.
The size  of the region is tuned to the amount of noise (e.g., compression
and system  noise) in the image. For example, if the image is considered
very noisy, the size  of the region is increased in order to average out
over a larger region. In one  embodiment, the size of the region is 5x5. In
another embodiment, the size of 15 the region is not static. The range of
sizes can vary between one pixel and the  entire image size. This allows
for a range of comparisons between the  unsharpened and sharpened image
(e.g., a pixel by pixel comparison). It is  



important, however, to appreciate that the region is not limited to any
particular  size or shape (e.g., square, rectangular or circular). 20 To
prevent a large change (usually due to spurious noise) between the
sharpened and unsharpened image, a check is performed to determine whether
to  accept or reject the new sharpened value for a particular edge pixel.
In  particular, region comparator 108 performs this check by receiving each
region  that corresponds to each edge pixel and comparing each region to
the 25 corresponding region of the unsharpened image to form a difference
value for  each set of regions that correspond to an edge pixel. The
corresponding region of the unsharpened image is that region of the
unsharpened image that is in the same location as the region of the
sharpened  image. For example referring back to FIG. 2A, this figure
includes an 30 unsharpened image of cross 200, wherein the unsharpened
image is broken into a  number of pixels including pixels 201-209 and also
includes region 210. FIG.  2C includes a sharpened image of cross 200
(i.e., cross 230), wherein the  sharpened image is broken into a number of
pixels including pixels 231-239. WO 01/20551 PCT/USOO/24968  -6 Further,
FIG. 2C includes region 240 which is comprised of pixels 231-239.. In
FIGS. 2A and 2C, region 210 of FIG. 2A corresponds to region 240 of FIG.
2C,  as regions 210 and 240 are in the same location within the different
images. For each edge pixel, region comparator 106 compares the two
selected 5 regions for each edge pixel, thereby generating a difference
value between these  two regions. In one embodiment, this comparison of
regions and generation of a  difference value comprises the calculation of
the sum of the absolute differences  between the two regions, as is
well-known in the art. In another embodiment,  this comparison of regions
and generation of a difference value comprises the lo calculation of the
mean square error between the two regions, which is also well- known in the
art. Therefore, a difference value is generated for each set of  regions
(i.e., the region from the sharpened image and the corresponding region
from the unsharpened image) so as to correspond to each edge pixel. In
other  



words, there is a difference value associated with each edge pixel. 15
Component 110 then receives each of the difference values for each edge
pixel and processes these difference values to form (i.e. generate) a final
image.  Component 110 processes the difference values to determine whether
to accept  or reject the new sharpened value for each edge pixel. In one
embodiment,  component 110 selects the edge pixel in the sharpened image
(i.e., the sharpened 20 value for that particular edge pixel) if the
difference value is less than a  predetermined threshold. Conversely,
component 110 selects the edge pixel in  the unsharpened image (i.e., the
unsharpened value for that particular edge pixel)  if the difference value
is greater than or equal to the predetermined threshold. This predetermined
threshold is chosen to reflect the level of noise (e.g.,  25 compression
and system noise)-- the greater the noise, the lower the threshold  and
vice versa. The assumption is made that if the change between the
unsharpened region and the sharpened region is large enough (i.e., the
threshold  value is exceeded), it is due to noise in the data or the area
is an edge boundary  condition. Either way the sharpened value for any
particular edge pixel is 30 discarded in favor of the unsharpened value
because otherwise there will be a  dramatic difference in the appearance of
the image. One reason for adaptive sharpening a image is to allow the size
of the  image to be scaled up (i.e., zoomed) while avoiding the "washed
out" effect WO 01/20551 PCT!US00/24968  -7 while at the same time
de-emphasizing compression artifacts. Because zooming  is a blurring
process, in one embodiment, an image scaler receives the  unsharpened image
and scales up the size of the unsharpened image prior to  having edge
detector 102 detect the edge pixels in the unsharpened image. The 5 zooming
up of the image can also occur subsequent to the sharpening process.  In
this embodiment, the blurring process associated with the zooming of the
image is accounted for by over sharpening the image. Referring next to FIG.
3, a flowchart of a method in accordance with an  embodiment of the
invention is shown. The method is desirably realized at least  



10 in part as one or more programs running on a computer -- that is, as a
program executed from a computer-readable medium such as a memory by a
processor of  a computer. The programs are desirably storable on a
computer-readable  medium such as a floppy disk or a Compact Disk- Read
Only Memory (CD- ROM), for distribution and installation and execution on
another (suitably 15 equipped) computer. In block 302, one to a number of
edge pixels of an unsharpened image  are detected. In one embodiment, an
edge map for the image is created to  determine the location of edge pixels
along object edges in the image, as is well- known in the art. In an edge
map typically, high values indicate edges and 20 correspondingly low values
indicate flat areas. In another embodiment, a two- dimensional (2-D) Sobel
sharpening filter, which is well-known in the art, is  used to create the
edge map from the Y frame. The edge map can then be  filtered through a 3x3
median filter, which is also well-known in the art, to  eliminate spurious
edge points. 25 In block 304, the edge pixels that were detected in block
302 are  sharpened to form a sharpened image. In one embodiment, the edge
pixels in the  image are sharpened by applying a 2-D sharpening filter to a
Y plane. In one  embodiment, the sharpening process is dynamic. In other
words, the sharpening  filter is tuneable. As previously explained, a user
of this process, such as a 30 person watching a video sequence at his
television or an individual looking at a  image at a computer terminal, can
control how much or little sharpening is  performed on the image. WO
01/20551 PCT/US00/24968  -8 In block 306, regions of the sharpened image
are selected to corresponds  to each edge pixel, such that the region
includes an edge pixel. The size of the  region is tuned to the amount of
noise (e.g., compression and system noise) in  the image. For example, if
the image is considered very noisy, the size of the 5 region is increased
in order to average out over a larger region. In one  embodiment, the size
of the region is 5x5. In another embodiment, the size of  



the region is not static. The range of sizes can vary between one pixel and
the  entire image size. This allows for a range of comparisons between the
unsharpened and sharpened image (e.g., a pixel by pixel comparison). It is
10 important, however, to appreciate that the region is not limited to any
particular  size. To prevent a large change between the sharpened and
unsharpened  image, a check is performed in block 308 to determine whether
to accept or  reject the new sharpened value for a particular edge pixel.
In particular, this  15 check is performed by comparing regions of the
sharpened image to corresponding regions of the unsharpened image. The
corresponding region of  the unsharpened image is that region of the
unsharpened image that is in the  same location as the region of the
sharpened image. For each edge pixel, a comparison of the two selected
regions for each  20 edge pixel is performed. Comparing two corresponding
regions for a particular  edge pixel generates a difference value between
these two regions. In one  embodiment, this comparison of regions and
generation of a difference value  comprises the calculation of the sum of
the absolute differences between the two  regions, as is well-known in the
art. In another embodiment, this comparison of 25 regions and generation of
a difference value comprises the calculation of the  mean square error
between the two regions, which is also well-known in the art.  Therefore, a
difference value is generated for each set of regions (i.e., the region
from the sharpened image and the corresponding region from the unsharpened
image) so as to correspond to each edge pixel. In other words, there is a
3o difference value associated with each edge pixel. In block 310, the
difference value for each set of regions for each edge  pixel is processed
to form a final image. The difference values are processed to  determined
whether to accept or reject the new sharpened value for an edge WO 01/20551
PCT/US00/24968  -9 pixel. In one embodiment, the formation of the final
image includes the  selection of the edge pixel in the sharpened image to
be used in the formation of  



the final image upon determining the difference value is less than a
predetermined threshold (block 312). Conversely, the formation of the final
5 image includes the selection of the edge pixel in the unsharpened image
to be  used in the formation of the final image upon determining the
difference is  greater than or equal to the predetermined threshold (block
314). This predetermined threshold is chosen to reflect the level of noise
(e.g.,  compression and system noise)-- the greater the noise, the lower
the threshold  10 and vice versa. The assumption is made that if the change
between the unsharpened region and the sharpened region is large enough
(i.e., the threshold  value is exceeded), it is due to noise in the data or
the area is an edge boundary  condition. Either way the sharpened value for
any particular edge pixel is  discarded in favor of the unsharpened value
because otherwise there will be a 15 dramatic difference in the appearance
of the image. In one embodiment, the unsharpened image includes a still
image or a  video frame within a video sequence. One reason for adaptive
sharpening a  image is to allow the size of the image to be scaled up
(i.e., zoomed) while  avoiding the "washed out" effect while at the same
time de-emphasizing 20 compression artifacts. Because zooming is a blurring
process, in one  embodiment the image is zoomed prior to the sharpening
process. Therefore, the  scaling up of the size of the image is performed
prior to detecting the edges of  the image in block 302. The zooming up of
the image can also occur subsequent  to the sharpening process. In this
embodiment, the blurring process associated 25 with the zooming of the
image is accounted for by over sharpening the image.  Referring finally to
FIG. 4, a diagram of a representative computer in  conjunction with which
embodiments of the invention may be practiced is  shown. It is noted that
embodiments of the invention may be practiced on other  electronic devices
including but not limited to a set-top box connected to the 30 Internet.
Computer 410 is operatively coupled to monitor 412 and pointing  device
414. Computer 410 includes a processor (desirably, an Intel(r) Pentium(r)
processor), random-access memory (RAM), read-only memory (ROM), and one  or
more storage devices, such as a hard disk drive, a floppy disk drive (into 



WO 01!20551 PCT/US00/24968  -10 which a floppy disk can be inserted), an
optical disk drive, and a tape cartridge  drive. The memory, hard drives,
floppy disks, etc., are types of computer- readable media. The invention is
not particularly limited to any type of  computer 410. In one embodiment,
computer 410 is a PC-compatible computer, 5 running a version of the
Microsoft(r) Windows(r) operating system. Residing on  computer 410 is a
computer readable medium storing a computer program which  is executed on
computer 410. Compression edge adaptive video and image  sharpening and
scaling performed by the computer program is in accordance  with an
embodiment of the invention. 10 The invention includes systems, methods,
computers, and computer- readable media of varying scope. Although specific
embodiments have been  illustrated and described herein, it will be
appreciated by those of ordinary skill  in the art that any arrangement
which is calculated to achieve the same purpose  may be substituted for the
specific embodiments shown. This application is 15 intended to cover any
adaptations or variations of the invention. It is manifestly  intended that
this invention be limited only by the following claims and  equivalents
thereof. WO 01/20551 PCTIUSOO/24968  -11- What is claim is: 1. A method
comprising: detecting an edge pixel in an unsharpened image; 5 sharpening
the edge pixel to form a sharpened image; selecting a region of the
sharpened image, such that the region includes  the edge pixel; comparing
the region to a corresponding region of the unsharpened  image to form a
difference value; and 10 processing the difference value to form a final
image. 2. The method of claim 1, wherein processing the difference value  



comprises: selecting the edge pixel in the sharpened image upon determining
the  15 difference value is less than a predetermined threshold; and
selecting the edge pixel in the unsharpened image upon determining the
difference value is greater than or equal to the predetermined threshold.
3. The method of claim 1, wherein the unsharpened image is selected from a
20 group consisting of a still image and a video frame within a video
sequence. 4. The method of claim 1, further comprising scaling up the size
of the  unsharpened image prior to detecting the edge pixel in the
unsharpened image.  25 5. The method of claim 1, wherein detecting the edge
pixel in the unsharpened image comprises generating an edge map for the
unsharpened  image. 6. The method of claim 5, wherein creating the edge map
for the 3 0 unsharpened image comprises applying a two-dimensional (2-D)
Sobel filter to a  Y plane. 11111111 J1III IIIII 11111 II IIII WO 01/20551
PCT/US00/24968  -12 7. The method of claim 5, further comprising
eliminating spurious edge  points in the edge map. 8. The method of claim
7, wherein eliminating spurious edge points in the  5 edge map includes
median filtering of the edge map.. 9. The method of claim 1, wherein
sharpening the edge pixel to form the  sharpened image comprises applying a
2-D sharpening filter to a Y plane of the  edge pixel. 10 10. The method of
claim 1, wherein sharpening the edge pixel to form the  sharpened image
comprises dynamic sharpening. 11. . The method of claim 1, wherein the
region of the sharpened image and  15 the corresponding region of the
unsharpened image comprises a 5x5 region.  12. A method comprising: 



detecting a plurality of unsharpened edge pixels in an unsharpened  image;
20 sharpening the plurality of unsharpened edge pixels in the unsharpened
image to form a sharpened image having sharpened edge pixels; selecting a
plurality of sharpened regions of the sharpened image, such  that each
region includes a sharpened edge pixel from the plurality of sharpened
edge pixels; 25 comparing each region to the corresponding region of the
unsharpened  image to form a plurality of difference values, such that each
difference value  corresponds to each comparison; and forming a final
image, wherein each sharpened edge pixel is used to form  the final image
upon determining the corresponding difference value is less than  30 a
predetermined threshold, and wherein each unsharpened edge pixel is used to
form the final image upon determining the corresponding difference value is
greater than or equal to the predetermined threshold. I V'II'I IIIIII VIII
VIII II IIII ..  ,r C ~ WO 01/20551 PCT/USOO/24968  -13 13. The method of
claim 12, further comprising scaling up the size of the  unsharpened image
prior to detecting the edge pixel in the unsharpened image.  14. A system
comprising: 5 an edge detector capable of receiving an unsharpened image
and  detecting an edge pixel in the unsharpened image; an image sharpener
capable of receiving the edge pixel and sharpening  the edge pixel to form
a sharpened image; a region selector capable of receiving the sharpened
image and selecting  10 a region of the sharpened image, such that the
region includes the edge pixel; a region comparator capable of receiving
the region and a corresponding  region of the unsharpened image and
comparing the region to the corresponding  region to form a difference
value; and 



a component capable of receiving the difference value and processing the
15 difference value to form a final image. 15. The system of claim 14,
wherein the component is capable of selecting  the edge pixel in the
sharpened image upon determining the difference value is  less than a
predetermined threshold, and wherein the component is capable of  20
selecting the edge pixel in the unsharpened image upon determining the
difference value is greater than or equal to the predetermined threshold.
16. The system of claim 14, further comprising an image scaler capable of
receiving the unsharpened image and scaling up the size of the unsharpened
25 image prior to detecting the edges in the unsharpened image. 17. The
system of claim 14, wherein the edge detector comprises an edge- map
generator for creating an edge map for the unsharpened image. 30 18. The
system of claim 14, wherein the image sharpener comprises a  mechanism for
dynamic sharpening. * IIIIIIIIIIIIIIIIIIIII M S ~ WO 01/20551
PCT/US00/24968  -14 19. The system of claim 14, wherein the region of the
unsharpened image  and the corresponding region of the sharpened image
comprise a 5x5 region.  20. A system comprising: 5 an edge detector capable
of receiving an unsharpened image and  detecting a plurality of edge pixels
in the unsharpened image; an image sharpener capable of receiving the
plurality of edge pixels and  sharpening the plurality of edge pixels to
form a sharpened image having  sharpened edge pixels; 10 a region selector
capable of receiving the sharpened image and selecting  a plurality of
regions of the sharpened image, such that each region includes a  sharpened
edge pixel from the plurality of sharpened edge pixels. a region comparator
capable of receiving the plurality of regions and a  plurality of
corresponding regions of the unsharpened image and comparing each  



15 region to the corresponding region of the unsharpened image to form a
plurality  of difference values, such that each difference value
corresponds to each comparison; and a component capable of receiving each
difference value and processing  each difference value to form a final
image, wherein each sharpened edge pixel  20 is used to form the final
image upon determining the corresponding difference value is less than a
predetermined threshold, and wherein each unsharpened edge  pixel is used
to form the final image upon determining the corresponding  difference
value is greater than or equal to the predetermined threshold. 25 21. An
article comprising a computer readable medium having a computer  program
stored thereon for execution on a computer with instructions to:  detect an
edge pixel in an unsharpened image; sharpen the edge pixel to form a
sharpened image; select a region of the sharpened image, such that the
region includes the  3 0 edge pixel; compare the region to a corresponding
region of the unsharpened image  to form a difference value; and process
the difference value to form a final image.  1111111 IIIIII IIIII IIIII II
IIII WO 01/20551 PCT1US00124968  -15 22. The article of claim 20, wherein
to detect the edges in the unsharpened  image comprises to create an edge
map for the unsharpened image. 23. The article of claim 20, wherein the
region of the unsharpened image and  5 the corresponding region of the
sharpened image comprise a 5x5 region. 24. A system comprising: means for
receiving an unsharpened image and detecting an edge pixel in  the
unsharpened image; 10 means for receiving the edge pixel and sharpening the
edge pixel to form  a sharpened image; means for receiving the sharpened
image and selecting a region of the  



sharpened image, such that the region includes the edge pixel; means of
receiving the region and a corresponding region of the 15 unsharpened image
and comparing the region to the corresponding region to  form a difference
value; and means for receiving the difference value and processing the
difference  value to form a final image. 20 25. The system of claim 24,
wherein the means for receiving the difference  value is capable of
selecting the edge pixel in the sharpened image upon  determining the
difference value is less than a predetermined threshold, and  wherein the
means for receiving the difference value is capable of selecting the  edge
pixel in the unsharpened image upon determining the difference value is 25
greater than or equal to the predetermined threshold. 26. The system of
claim 24, further comprising means for receiving the  unsharpened image and
scaling up the size of the unsharpened image prior to  detecting the edges
in the unsharpened image. 30 27. The system of claim 24, wherein the means
for receiving an unsharpened  image and detecting an edge pixel in the
unsharpened image comprises an edge- map generator for creating an edge map
for the unsharpened image. I 1,1111{"'IIIII{II1III L IIII M S WO 01/20551
PCT/US00/24968  -16 28. The system of claim 24, wherein the means for
receiving the edge pixel  and sharpening the edge pixel comprises a
mechanism for dynamic sharpening.  5 29. The system of claim 24, wherein
the region of the unsharpened image and the corresponding region of the
sharpened image comprise a 5x5 region.  10 lllllllllllll'll  IIIIIIIIIIIIII
M s 


