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METHODS, APPARATUS AND PROGRAM STORAGE DEVICE
FOR REMOVING SCRATCH OR WIRE NOISE, AND RECORDING
MEDIA THEREFOR

Background of the Invention
1. Field of the Invention

The present invention relates to methods and apparatus for
removing noise from digital images, such as for example, digitized
photographic images or computer generated images ("CGI") and
more particularly to scratches in, or debris on, old motion picture
and still photographic films, as well as special effects wires, or
supports, used for special effects in motion picture scenes. The
‘present invention further relates to noise induced into digital images
due to transmission errors, or malfunctions of image recording or
scanning equipment. The present invention also relates to program
storage devices for the methods of the present invention, and to
recording medium having recorded thereon digital data prepared

using the methods of the present invention.

2. Description of the Related Art

With the growing proliferation of available channels for
television broadcast and the increasing use of multimedia viewing
platforms, many older motion picture and still frame films are likely
to see increased use through transfers to video and digital formats.
Unfortunately, many old motion and still photographic films have,
over the years of Ose ‘and viewing, become scratched or dirtied with
dust or other___debris. Since high definition and digital television
formats, as ﬁiell as other digital multimedia formats, will allow
imperfections, such as scratches or debris on the film stock, to be

quite noticeable to viewers, there is an increasing need for a method
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of removing scratches from digitized images without degrading or
otherwise adversely affecting the perceived quality of the image.

In motion pictures, for example, certain special effects require
actors, models or objects in a scene to be suspended or supported
via a wire, cable, rod or the like or so as to create the effect of, for
example the actor, model or object floating aloft. Typically, the
appearance of these wires, cables, rods etc. is later removed from
visibility in the scene during post production via optical processing
or, more typically these days, via digital processing of the digitized
film. Similarly in desktop publishing it is often desirable to remove
unwanted portions of an image or erase scratches or blemishes from
photographs. It should be noted that the usage of the term
"scratch" or “scratch noise" as used herein, is intended to include all
of the above noted types of noise which may occur in a digitized
image.

A scratch in a digitized image presents itself as unwanted
pixels in the digitized image. Scratch noise typically consists of a
plurality of contiguous pixels rather than small isolated groups, or
clusters, of pixels. In a digitized image, scratch noise may consist of
an area of pixels of, for example, 10 pixels X 100 pixels, and may
fall in an area of the digitized image wherein details such as textures
or edges are crossed by the scratch. In order to remove the scratch
from the digitized image, the pixels which make up the scratch area
must be replaced with pixel data which represents, or emulates the
original data. In order to effectively repair scratched areas, this pixel
data should allow the resulting image to be as sharp in the scratch
area as in the surrounding area. Further, continuity of prominent
edges should be maintained, and textures created to replace the wire

or scratch pixels should match the surrounding texture.
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The effectiveness of currently known techniques of digital

processing varies according to the features of the image and their
relative size within the image at issue and whether they are regularly
or randomly occurring. Examples of regularly occurring features
include a brick wall or fabric weave texture. Examples of randomly
occurring features may include an asphalt roadway or concrete walk
or sandy beach. The effectiveness of known techniques also |
depends upon the size and type of the scratch area. Scratches
which show up as small, isolated clusters of noise pixels in smooth
or blurred areas of an image are typically relatively easy to remove
through known techniques such as filtering or simple cloning and
painting techniques. However, existing noise removal techniques fall
short where the scratch consists of a plurality of contiguous pixels
or falls in a textured area of an image or in areas having prominent
edges, or lines.

Currently known techniques of image noise removal can be
generally categorized into two types: 1) intra-frame techniques and
2) inter-frame techniques. The difference between these two
general types of techniques centers primarily on where data for
replacement of noise pixels is obtained from. Inter-frame techniques
typically copy pixel data needed to replace noise pixels from
preceding or succeeding frames. Intra-frame techniques, on the
other hand, typically utilize data within the image frame to be
repaired for replacement of noise pixels.

Inter-frame methods typically fail to provide suitable results
where the images/scenes at issue reflect an extreme level of camera
movement or scene activity. These methods also tend to fall short
where the scratch extends across several image frames, or where

the damaged image frame is the only image frame available for
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providing data for repairing the image. Unfortunately, it is common

for scratches to run across several image frames, because of the

" motion of typical motion picture films through a typical motion

picture projector. In these situations, corresponding pixel data from
a preceding/succeeding image frame is not readily available for
replacement/copying to the scratched area.

Known techniques of scratch noise removal have addressed
the problem of scratch noise removal in several ways, including: (a)
low-pass and other linear filtering (b) median and other non-linear
filtering, (c) statistical texture synthesis (d) cloning, i.e. copying
another part of the image (e) painting manually (f) projection based
methods and (g) methods based on solving simultaneous equations.
However, these techniques have been less than successful in
providing scratch removal so as to yield pptimum results in a variety
of scratch/image situations. Every image can be considered to be
made up of many different undulating images, each having specific
rate and amount by which they undulate. Such an analysis of an
image into its component undulating images can be done by a _
method known as fast fourier transform ("FFT"). When the image is
analyzed in this way and the information produced by FFT is
rhanipulated, this is known as working in the frequency domain.
When an operation is done to the image itself it is known as an
operation in spatial domain.

The methods (a) to (e) suffer from the shortcoming that they
work only in one such domain. Frequency domain algorithms can
capture global structure of the image but lose local control (line
continuity, sharpness). As a result, lines and other details become
blurred. One problem shared by all spatial-only methods is that they

have local control and information but do not have any information
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about the global structure of the image. The limitation to a local
neighborhood is due to practical computational constraints in some
cases. In addition, some of these methods like median and other
non-linear filtering are inherently incapable of meaningfully using the
global information.

Typically the presence of scratch noise appears as a sudden
variation in the pixel intensities at the scratch locations when
compared with the surrour{ding pixel intensity values. This sudden
variation appears as high frequency components in the frequency
spectrum of a image. By removing higher frequency components,
variation in pixel intensity can be reduced to thereby lessen the
visibility of the scratch area within the image frame. This operation
is known as low-pass filtering and involves transforming the image
from the spatial (or image} domain into the frequency domain,
filtering out a predetermined level of high frequency components and
transforming the resulting image frequencies back into an image.
Similar results can be achieved via an operation known as a
convolution, which operates on the image directly without first
converting it into the frequency domain. Low pass filtering is
effective in reducing scratch noise from certain types of images,
typically images having few details or smooth textures. This
technique is not, however, effective for removing scratch noise from
images having textures or very detailed areas or prominent edges.
Smoothing by low-pass and similar linear filtering techniques,
whereby variations in pixel intensities within a given area are
averaged out, is not effective since it often results in reconstructed,

or repaired, scratch noise areas being blurred and loss of detail in the
repaired scratch area.
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With median filtering teéhniques, a given pixel of a subject
image is replaced with the median value of the surrounding pixels.
Which pixels comprise the surrounding pixels of a pixel at issue is
typically defined by specifying the limits of a window enclosing that
pixel. For example a window of 10 pixels by 10 pixels (10 x 10) in
which the pixel at issue is located could be used to define the
“surrounding” pixels. The surrounding pixels can also be referred to
as the “neighborhood” of a given pixel. The size of the window or
neighborhood can be varied in accordance with the needs at hand.
In applying median filtering to scratch removal where the location of
the scratch is known, only the scratch pixels will be replaced by the
median value of the surrounding pixels.

Median and similar non-linear filtering techniques work
relatively well where the scratch area is limited to a relatively small
group of isolated pixels. Typically scratches, and particularly wire
noise, consist of many contiguous pixels. As a result, the median
value of surrounding pixels is typically the value of the scratch area
itself. If a small window, or neighborhood, is chosen, scratches are
typically not repaired, since the median value ié'ty_pically the value of
the scratch area itself. In other words, the scratch pixels values are
replaced with the value of the scratch pixels. Where a larger
window is chosen so as to provide a greater number of surrounding
pixels, blurring of the image typically results .

In techniques based on statistical texture synthesis, an area of
the damaged image at issue is analyzed and a statistical
representation of the image area is developed. This statistical
representation is then used to generate a synthesized texture that is
similar to the analyzed area . Scratch/wire noise pixels can then be

replaced with the synthesized texture. Statistical methods are based
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on the assumption that the relationship between pixels in a

neighborhood has a statistical description which can be discovered
by analysis. Thus a given pixel's characteristics are supposed to
depend statistically on some or all of its nearby pixels. Where there
is a relationship between pixels which are relatively far apart in
distance, the neighborhood necessary for anal\jsis of those pixels
must be felatively large. An example would be a brick wall with
large bricks or a wide wire mesh photographed close-up. Typically
in these methods the computational processing required increases as
the number of pixels within the neighborhood on which a given pixel
depends is increased. As a result these methods are not useful for
textures having large features, such as, for example, the texture of
an image of a typical brick wall.

Many popular image processing programs, such as for
example, Adobe Photoshop™, provide a tool for copying pixels from
one area of the image to another area. With these types of tools,
the area of the image to be copied is typically selected, or defined,
via use of a mouse, or other pointer/control device, which allows a
user to manipulate a cursor or “brush” on the display screen which
_displays the image at issue. Using the mouse device, a source area
from which pixel data is to be read, or transferred, is defined. Then
a destination area to which the pixel data from the sdurce area is to
be transferred is defined. "Brush strokes", or movement of the
cursor across the destination area, can be accomplished using the
mouse. With each "brush stroke" pixels from the source area are
copied to the destination area. This method works well when the
texture, or pattern, depicted in the image at issue is random or
regularly occurring in nature and has relatively small features. Small

features might include, for example, spots on a piece of fruit, sand,
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asphalt of a road, or fabric weave. Where there are, for example,
random or regularly occurring details, or patterns, depicted in the
image in the form of curved or straight lines then alignment of the
edges of the repaired region with that of the surrounding region is
very time consuming. Repairing scratches or wires using rubber
stamp painting is a task requiring lots of time and skill for many
images. Since the human visual system is very sensitive to
problems with edges, mismatched edges are relatively easy to pick
out by the human eye .

Another technique for scratch removal has been to "paint”
over the pixels of the scratch by manually matching the scratch
pixels with the surrounding area. This method is very time
consuming and the quality of the results obtained depends heavily
on the skill of the operator. An even bigger problem is when the
image has uneven intensity due to lighting conditions or inter
reflections. In such cases, finding the same intensity
source area can be difficult. With reference to Figures 6(A) and
6(B), such figures illustrate the broblems resulting of the simple
copying of when attempting to cover up noise’in an image with non-
uniform shading. Such copying can create misalignment and
shading mismatch. In further detail, Figure 6(A) illustrates an
example of noise to be removed or covered up and also illustrates
the dotted line region to be copied to cover up such noise. Figure
6(B) iliustrates that the dotted line region has been copied onto the
noise. However, the resulting lines are misaligned, and as would be
expected because of non-uniform shading, the color of the covered
up area is different from that of the surrounding area.

Techniques of scratch noise removal based on projection

methods in the context of signal restoration have been previously
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used. These methods have been used to extend the frequency
spectrum of band-limited signals by alternating between signal and
transform domains and applying constraints of each domain. The
constraints are directed to preservation of known signal values and
enforcement of bandlimits. This approach has been generalized
through a geometric interpretation which is generally referred to as
Projéction onto Convex Sets, or POCS. POCS allows the use of any
information about the image, such as, for exémple, the range of
luminance values, distinction between defined scratch areas and
non-scratch are‘as, as long as the information can be represented as
a closed convex set to be used as a constraint.

In projection based methods an image at issue is projected
upon predefined constraints to find another image which closely
resembles the image at issue and which is within a defined range of
images which satisfy certain pre-defined constraints. The process of
finding the closest image satisfying certain pre-defined constraints is
known as projecting onto that constraint. Once such an image has
been found, this new image, or resultant image, is projected onto
the next pre-defined constraint, if any. The constraints represent
information that is known about the image. In projection based
methods, an image at issue may be considered as a single point in a
space which has one or more dimensions. Any point on a flat
surface can be described in terms of its X and Y coordinates.
Further, any point in a 3- dimensional space, for example a room,
can be described in terms of X, Y and Z coordinates. Similarly, an
image can be described as a single point in high-dimensional space.
For example, an image comprised of 200 pixels by 100 pixels may
be represented as a single point having 20,000 dimensions {200 X
100 = 20,000). Each dimension of the point represents one of the
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20,000 pixels which make up the image. The value of each

dimension represents the luminance intensity for the given pixel
represented by the particular dimension. In typical gray scale
imaging, a gray scale of 256 steps is often used for high quality
imaging. Thus, the luminance intensity, or value, of a given pixel
may range from O - 255, for example.

Through repeated projections onto various constraints, an
image can eventually be found that satisfies all of the constraints
imposed, simultaneously. The only condition is that the constraints
should represent somgt;\jng known as convex sets. The concept of
constraints representing convex sets can be explained as follows.

- When a constraint is placed on, for example, a set of images that
are to be considered, the set of images is reduced to a possibly
smaller set than the set of all possible images. If this new, smaller
set has the property that any Iineaf combination of two images in
the set yields an image which is also within the set, then the set is a

convex set. This can be expressed as follows:

uilx) + (1-u)(y) = 2z,

where O0<u<1, and x and y are images.

If x and y are two images which are members of aset S, uis
a real number between 0 and 1 inclusive, and z is also an image
which is a member of the set S, then the set S is a convex set.
Figure 7(A) illustrates a geometrical definition of Equation 1 and how
it is satisfied in convex sets but not in concave sets, as shown for
example in Figure 7(B).

In known projection based methods of scratch noise removal,

‘constraints such as bandlimits are imposed. An image is said to be
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bandlimited if the fourier transform of the image does not have an
infinite frequency spectrum. Limiting the frequency band of an
image does not provide desirable resuits in scratch and wire removal
from real images.

Other known techniques of scratch removal are based on
solving simultaneous equations. These methods typically involve
solving numerous simultaneous equations, often as many equations
as there are pixels in the image at issue. The computational
requi‘rement_s to carry out this technique can be quite high. Such
methods are most useful in removing blur in images. Iterative and
non-iterative linear algebra based methods for scratch removal,
which require the solution of only:a limited number of equations, up
to as many equations as there are pixels in the scratch, have been
proposed. However, these methods do not work well where the
scratch noise at issue consists of a plurality of contiguous pixels as
is typically the case with most scratch noise.

A new method described in our recently filed Japanése Patent
Application No.P7-303420 (filed on chober 30, 1995), which
Japanese Patent Application corresponds to U.S. Patent Application
No. 08/733,753 (filed on October 21, 1996), presents an algorithm
for removing such long thin unwanted noise from images. In U.S.
Patent Application N6. 08/733,753, which U.S. Patent Application is
hereby incorporated by reference, we posed the image noise removal
problem as follows:

Given (i) the locations of noisy pixels and (ii) a prototype
(sample) image, it is possible to restore those noisy pixels in a
natural way.

In our method described in U.S. Patent Application No.

08/733,753 the user specifies (a) the location of the noisy pixels by
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painting a mask (called noise mask) over the noise area using a
digital paint brush like tool, (b) an area around the noise (called
repair subimage), and (c) an area from a non noisy region to be used
as a prototype (called sample subimage). Figure 1 illustrates an
example image with noise. Figure 2 illustrates a noise mask painted
on the noise. Figure 3 illustrates an example of sample and repair
subimage selection.

The embodiments of our U.S. Patent Application No.
08/733,953 use spatial and frequency domain information from the
sample and repair subimages to remove the noise. In contrast,
previous popular approaches like copy-pasting, painting, median
filtering and low pass filtering, etc. work only in one domain.
Although the results from the method in U.S. Patent Application No.
08/733,953 are better than previously known methods, our method
in U.S. Patent Application No. 08/733,953 was not designed for
images which have tremendous intensity variation across their the
area of such images.

The present invention seeks to overcome the shortcomings
set forth above and to provide methods and apparatus of removing
scratch noise from digitized photographic images which yield high
quality results without the need for undue operator manipulation.

Summary of the Invention

It is an object of the present invention to provide a method for
removing scratch or wire noise from non-uniformly shaded images.
It is a feature of the present invention to operate in both the

spatial and frequency domains to remove scratch or wire noise from
“non-uniformly shaded images.
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It is a further feature of the present invention to utilize a noise
mask with soft edges to allow a smoother blending of reconstructed
noise and the image around such noise.

It is an advantage of the present invention to provide visually
improved removals of scratch or wire noise from non-uniformly
shaded images.

According to an aspect of the present invention, a method of
removing noise from image data includes the steps of defining an
area of noise on the image data, generating a noise mask to
distinguish pixels inside the defined area of noise on the image data
from pixels outside the area of noise on the image data,defining
repair image data including the defined area of noise, defining
sample image data which is similar to the repair image data, creating
from the noise mask a soft noise mask having a soft edge,
performing a frequency transform to the sample image data and to
generate frequency transformed data of the sample image data,
performing the frequency transform to the repair image data to
generate frequencv transformed data of the repair image data,
performing an inverse transform of the frequency transformed data
of the sample image data and the frequency transformed data of the
repair image data to generate new repair image data, and generating
new image data using the new repair image data, the repair image
data and the soft noise mask. .

According to another aspect of the present invention, a
methbd of removing noise from image data includes the steps of
defining an area of noise on the image data, generating noise mask
data to distinguish pixels inside the defined area of noise on the
image data from pixels outside the area of noise on the image data,

defining sample image data which is similar to the repair image data,
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filtering the sample image data to generate low pass filtered sample
image data and high pass filtered sampie image data, performing a
frequency transform to the high pass filtered sample image data to
generate frequency transformed data of the high pass filtered sample
image data, filtering the repair image data to generate low pass
filtered repair image data and high pass filtered repair image data,
performing the frequency transform to the high pass filte_red repair
image data to generate frequency transformed data of the high pass
filtered repair image data, performing an inverse transform of the
frequency transform using the frequency transformed data of the
high pass filtered sample image data and the frequency transformed
data of the high pass filtered repair image data to generate new high
pass filtered repair image data, combining the low pass filtered repair
image data and the low pass filtered sample image data to generate
low pass filtered image data, generating new high pass filtered
image data using the new high pass filtered repair image data, the
repair image data and the noise mask, and generating new image
data using the new high pass filtered repair image data and the low
pass filtered image data. -

According to a further aspect of the present invention, an
apparatus for removing noise from image data includes means for
defining an area of noise on the image data, means for generating a
noise mask to distinguish pixels inside the defined area of noise on
the image data from pixels outside the area of noise on the image
data, means for defining repair image data including the defined area
of noise, means for defining sample image data which is similar to
the repair image data, means for creating from the noise mask a soft
noise mask having a soft edge, means for performing a frequency

transform to the sample image data and to generate frequency
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transformed data of the sample image data, means for performing
the frequency transform to the repair image data to generate
frequency transformed data of the repair image data, means for
performing an inverse transform of the frequency transformed data
of the sample image data and the frequency transformed data of the
repair image data to generate new repair image data, and means for
generating new image data using the new repair image data, the
repair image data and the soft noise mask.

According to yet another aspect of the present invention, an
apparatus for removing noise from image data includes means for
defining an area of noise on the image data,means for generating
noise mask data to distinguish pixels inside the defined area of noise
on the image data from pixels outside the area of noise on the image
data, means for defining sample image data which is similar to the
repair image data, means for filtering the sample image data to
generate low pass filtered sample image data and high pass filtered
sample image data, means for performing a frequency transform to
the high pass filtered sample image data to generate frequency
transformed data of the high pass filtered sample image data, means
for filtering the repair image data to generate low pass filtered repair
image data and high pass filtered i'epair image data, means for |
performing the frequency transform to' the high pass filtered repair
" image data to generate frequency transformed data of the high pass
filtered repair image data, means for performing an inverse transform
of the frequency transform uéing the frequendy transformed data of
the high pass filtered sample image data and the frequency
transformed data of the high pass filtered repair image data to
generate new high pass filtered repair image data, means for

combining the low pass filtered repair image data and the low pass
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filtered sample image data to generate low pass filtered image data,
means for generating new high pass filtered image data using the
new high pass filtered repair image data, the repair image data and
the noise mask, and means for generating new image data using the
new high pass filtered repair image data and the low pass filtered
image data.

According to a further aspect of the present invention, a
program storage device readable by a machine, tangibly embodying
a program of instructions executable by the machine to perform
method steps for removing noise from image data, the method steps
including defining an area of noise on the image data, generating a
noise mask to distinguish pixels inside the defined area of noise on
the image data from pixels outside the area of noise on the image
data, defining repair image data including the defined area of noise,
defining sample image data which is similar to the repair image data,
creating from the noise mask a soft noise mask having a soft edge,
performing a frequency transform to the sample image data and to
generate frequency transformed data of the sample image data,
performing the frequency transform to the rep'a'ir image data to
generate frequency transformed data of the repair image data,
performing an inverse transform of the frequency transformed data |
of the sample image data and the frequency transformed data of the
repair image data to generate new repair image data, and generating
new image data using the new repair image data, the repair image
data and the soft noise mask.

According to yet another aspect of the present invention, a
program storage device readable by a machine, tangibly embodying
a program of instructions executable by the machine to perform

method steps for removing noise from image data, the method steps
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including defining an area of noise on the image data, generating
noise mask data to distinguish pixels inside the defined area of noise
on the image data from pixels outside the area of noise on the image
data, defining sample image data which is similar to the repair image
data, filtering the sample image data to generate low pass filtered
sample image data and high pass filtered sample image data,
performing a frequency transform to the high pass filtered sample
image data to generate frequency transformed data of the high pass
filtered sample image data, filtering the repair image data to generate
low pass filtered repair image data and high pass filtered repair
image data, performing the frequency transform to the high pass
filtered repair image data to generate frequency transformed data of
the high pass filtered repair image data, performing an inverse
transform of the frequency transform using the frequency
transformed data of the high pass filtered sample image data and the
frequency transformed data of the high pass filtered repair image
data to generate new high pass filtered repair image data, combining
the low pass filtered repair image data and the low pass filtered
sample image data to generate low pass filtered image data, generati
ng new high pass filtered image data using the new high pass
filtered repair image data, the repair image data and the noise mask,
and generating new image data using the new high pass filtered
repair image data and the low pass filtered image data.

According to an additional aspect of the present invention, a
recording medium has digital data recorded thereon, the recording
medium being prepared by the steps of defining an area of noise on
image data, the image data representative of an image, generating a
noise mask to/distinguish pixels inside the defined area of noise on

the image data from pixels outside the area of noise on the image
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data, defining repair irﬁage data including the defined area-of noise,
defining sample image data which is similar to the repair image data,
creating from the noise mask a soft noise mask having a soft edge,
performing a frequency transform to the sample image data and to
generate frequency transformed data of the sample image data,
performing the frequency transform to the repair image data to
generate frequency transformed data of the repair image data,
performing an inverse transform of the frequency transformed data
of the sample image data and the frequency transformed data of the
repair image data to generate new repair image data, generating new
image data using the new repair image data, the repair image data
and the soft noise mask, and recording the new image data on the
recording medium.

According to yet a further aspect of the present invention, a
recording medium has digital data recorded thereon, the recording
medium being prepared by the steps of defining an area of noise in
an image represented by image data, the image data representative
of an image, generating noise mask data to distinguish pixels inside
the defined area of noise on the image data from pixels outside the
area of noise on the image data, defining sample image data which
is similar to the repair image data, filtering the sample image data to
generate low pass filtered sample image data and high pass filtered
sample image data, performing a frequency transform to the high
pass filtered sample image data to generate frequency transformed
data of the high pass filtered sample image data, filtering the repair
image data to generate low pass filtered repair image data and high
pass filtered repair image data, performing the frequency transform
to the high pass filtered repair image data to generate frequency

transformed data of the high pass filtered repair image data,
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performing an inverse transform of the frequency transform using
the frequency transformed data of the high pass filtered sample
image data and the frequency transformed data of the high pass
filtered repair image data to generate new high pass filtered repair
image data, combining the low pass filtered repair image data and
the low pass filtered sample image data to generate low pass filtered
image data, generating new high pass filtered image data using the
new high pass filtered repair image data, the repair image data and
the noise mask, generating new image data using the new high pass
filtered repair image data and the low pass filtered image data, and
recording the new image data on the recording medium.

The present invention improves on our previous invention in
the U.S. Patent Application No. 08/733,953 in two ways. One is to
handle the difficult case of non-uniformly shaded images which is
the common situation in real applications. The second is to allow
the edges of the noise mask to be soft so as to allow a smoother
blending of the reconstructed noise and the image around the noise.
Figure 5 illustrates an example of image with non-uniform shading.

The present invention is directed to a method of scratch and
wire noise removal from digitized images wherein a scratched
portion of a digitized image which requires repair or noise removal is
identified and a binary mask is generated which distinguishes the
defined scratched portion from the other portions of the digitized
image. A repair subimage is defined which delineates the portion of
the digitized image desired to be repaired of scratches or other noise,
is then defined. The sample subimage is preferably selected so as to
be as close in resemblance to the repair subimage as possible. The
overall intensity or slow variations of intensity of the sample and

repair subimages can however be different from each other.
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The Fourier transform is an integration over the entire signal.
After a transform, many of the essential global features of an image
become localized, i.e come closer in the spectrum. These can
include repeating patterns, overall image intensity, slow variation in
intensity due to inter reflection between various objects in the image
or shading etc. |

On the other hand, rapidly varying random like texture like
asphalt etc. or sharpness of lines and edges appear scattered in the
~ spectrum. These are features that are localized in the spatial
domain.

These and other objects, features, advantages and aspects of
the invention will become apparent when considered with reference

to the following description and the accompanying drawings.

Brief Description of the Drawings
Figure 1 is an illustration of an example image with noise.
Figure 2 is an illustration of a noise mask painted over the
noise. '

Figure 3 is an illustration of a repair and.sample subimage.

Figure 4 is an illustration showing a relation between a defined
noise area, a repair subimage and a sample subimage.

Figure 5 is an illustration of an image with non-uniform
shading.

Figures 6(A) and 6(B) are illustrations of alignment and color
matching problems with simple copying.

Figures 7(A) and 7(B) illustrate a geometrical definition of

Equation 1 and how it is satisfied in convex sets but not in concave
sets.
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Figure 8 is a block diagram illustrating one embodiment of the
apparatus of the present invention.

Figure 9 and 10 are flowcharts showing the method for using
a soft edged noise mask.
Figure 11 and 12 are flowcharts showing the method for

removing noise from images with non-uniform shading.

Detailed Description of the Preferred Embodiments

Our previous invention in U.S. Patent Application No.
08/733,753 combines the frequency and spatial domains in a POCS
framework. The present invention extends this basic concept so
that noise can be removed from images that do not have uniform
shading. We also extend this basic concept in another way by
aIIowinQ the noise mask to have soft edges. This allows the pixels
created to replace the noisy pixels to merge smoothly with the
background pixel in the cases in which the basic method presented
in U.S. Patent Application No. 08/733,753 has probiems. Such
images are ones in which there are many closely spaced dark and
bright areas in the image.

The efficiency of the present invention is due to the fact that
each iteration requires fast operations on small subimages, not on
the entire image.

A prototype (sample) based approach for noise removal from
images has to satisfy the following criteria.

1) Prominent lines must be made continuous.

2) The texture generated must match the surroundings.

3) A sample of different intensity should be acceptable.
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In U.S. Patent Application No. 08/733,753 we solved (1) and
(2) and our invention showed better results than previous methods
for monochrome still images with uniform intensity. Texture of
various types and prominent lines were handled correctly. The
closest method to our algorithm is the popular method of
copy-pasting from another area of image or manual painting to
remove noise which is thin and long.

Alignment of prominent lines is difficult in copy pasting and
creation of matching texture is difficult in painting. Another problem
is finding a prototype area that has the same overall intensity as the
area to be repaired . This can be seen in Figure 6(A) and 6(B).

Alithough our previous invention in the U.S. Patent Application
No. 08/733,753 solved the problems {1) and (2) the problem (3)
was not solved by that invention. In addition, for images with
texture that has many adjacent bright and dark areas, sometimes the
transition between reconstructed pixels and background becomes
élighﬂy noticeable. To solve this, we created a new algorithm which
uses a soft edged noise mask unlike the binary mask used by our
previous invention. This solves the problem of. abrupt transition.
The flow chart detailing this method is shown in Figure 9.

To solve problem (3), we have invented another algorithm also
described in this present invention. Slow varying changes in the
image appear as low frequencies While texture appears as high
frequencies. By applying a method similar to our algorithm in U.S.
Patent Application No. 08/733,753 to the high pass filtered image
and merging the result with the low pass filtered image in each
transition, we are able to handle the case of image with varying

intensity or non-uniform shading. Details of this method are set
forth in the flow charts of in Figure 9 and 11.
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The present invention recognizes that information describing
the structure of an image area to be repaired is often present in
another part of the same image. Simply copying this information,
pixel by pixel, or generating an average value to replace scratch area
pixels yields less than desirable results. The method of the present
invention utilizes known, or non-scratched portions of a repair
window area, as well as the frequency spectrum of a defined sample
window area, to iteratively reconstruct missing pixel information
which comprises a defined image scratch area.

With reference to Figures 3, 4 and 8, an embodiment of the
method of the present invention will be described. It should be
noted that like reference numerals in the various figures represent
like features in each diagram thereof. With reference to Figure 3 and
Figure 8, data representing an image 50 containing unwanted
scratch/wire noise is input via input 12. in Figure 3 image 50
depicts, for example, a brick wall. It will be noted that the brick wall
depicted in image 50 of Figure 3 has large, regularly occurring
features, or prominent edges, which represent the mortar seams
found in a typical brick wall. ‘The corresponding image is displayed
on display device 10 . Using a pointing device, such as, for
example, a mouse 15 or pen/tablet 20, the perimeter or area of the
scratch 40 is generally highlighted, or defined, by the operator on
the display device 10. In defining the scratch area, an operator may
use a pointer device to manipulate, or move a cursor/pen/brush
across the displayed image and define the scratch area by tracing
over the area of the scratch at issue. The width, as well as the
shape of the cursor/pen/brush can be varied according to the
operator needs or desires. The path traced by the cursor/pen/brush

does not have to follow the scratch exactly as long as all pixels of



24
the scratch are covered/highlighted. The memory 25 is configured

to store a program of instructions, as further described below,
executable by the controller 30 and the processor 35 for removing
noise from image data. In operation, controller 30 provides image
data from image data input 12 to the processor 35. Processor 35
processes such image data and in turn provides commands to
controller 30 in order to store in and retrieve data from memory 25,
to accept commands from mouse 15 and/or pen/tablet 20, and to
display images on display device 10. It is to be understood that the
program of instructions for the methods described below may be
stored in memory 25. Alternatively, the program of instructions for
the methods described below may be stored in or on a storage
device such as a magnetic tape, magnetic disk, optical disk,
magneto-optical disc or any other storage device capable of storing
such data. In such instances, the program of instructions would be
executable by the processor 35 to perform the methods described
below. '

As illustrated in Figure 4, binary mask data is generated which
distinguishes the defined scratch area from thé other areas of the
image. This binary mask data could, for example, distinguish the
scratch area 40 by assigning a "1" value to each pixel of the defined
scratch area and a "0" value to each pixel outside of the defined
scratch area, or vice-a versa. This binary mask data is then stored in
memory 25.

A repair subimage 6 containing at least a portion of the
defined scratch area pixels is defined. Similarly, a sample subimage
5 is defined . The sample subimage 5 is preferably chosen to be an
area of the image 50 which most closely resembles the area of the

repair subimage 6, in terms of structure, texture lines. The
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luminance, however can be different. While it is preferable that the
sample subimage be chosen to closely resemble the repair subimage
area, it is not necessary that features and details depicted in the
sample subimage be identically located or oriented within the sample
subirhalje so as to correspond directly to thé feature and detail
position of the repair subimage. For example, in Figure 3 in can be
seen that the features and details depicted in repair subimage 6 are
not_positidned within the repair subimage 6 exactly as the features
and details of sample subimage 5 are positioned. However, the
features and details of sample subimage 6 closely resemble the
features and details of repair subimage 5.

The sample subimage 5 preferably has a shape and
dimensions which are identical to the repair subimage 6, however,
its orientation within the X/Y plane of the image 50 does not have to
be identical to that of repair subimage 6 . In other words, for
example, if the repair subimage 6 has sides which run parallel to the
X and Y axes, for example, it is not necessary that the sample
subimage 5 also be oriented within the X/Y plane of the image so
that the sides thereof run parallet to the X and Y axes thereof. The
repair subimage 6 may be defined to be as small or large as the
operator finds to be Workable. Data representing the respective
values of pixels within repair subimage 6 is stored in memory 25, as
is data representing the respective values of pixels within sample
subimage 5. Memory 25 may be comprised of a number of separate
memory units or a single memory unit which is partitioned or
otherwise configured so as to separdtely store the various data.

The presenf method is based upon the theory of Projection

onto Convex Sets, or POCS. In applying POCS, it is important to



26
find the right convex sets and correctly define the projections in
order to obtain the desired results.
We first describe the invention that uses a soft noise mask for

removing noise from images, and then we describe the invention for

removing noise from images with non-uniform shading.

Method of and Apparatus for Using a Soft
Edged Noise Mask For Image Noise Removal

With reference to both Figures 9 and 10, and in particular
Figure 9, at step 1 a user paints a binary mask over the noise area.
This mask is wide enough to cover the noise but does not have to
be of exactly the same shape. The user then selects a rectangular
area of image around the noise area and designates it the repair
subimage. Then the user selects a rectangular area of the image
which does not contain noise and is similar to the repair subimage
and of the exact same size as it. This area is designated the sample
subimage S. The meaning of "similar" is that the sample and repair
subimages should appear to be shifted versions of each other, i.e.,
the prominent lines inside the sample can be a shifted when
compared to the prominent lines in the repair subimage. This can be
seen clearly in the schematic shown in Figure 3 which shows
example selections of sample and repair subimages. The noise and
noise mask painted over it can be seen in Figures 1 and 2. The user
also selects the number of times steps 5 to 10 as shown in Figure
10 will be performed.

At step 2, the fast fourier transform of the sample subimage S

is calculated. The output of the fast fourier transform is phase and
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magnitude of the fourier transform of sample subimage S. In the
present method, the phase may be ignored. However, the
magnitude M1 will be used later.

At step 3, a soft edged noise mask is created from the user
painted binary mask. To create the soft edged noise mask, inside
the binary mask region the value of soft mask is 0. Outside the
binary mask the value of the soft mask increases from O to 1in a
Gaussian fashion, i.e., for the pixels outside the binary mask, if d is

the distance from the binary mask then the value of soft mask is 1

exp{-k x d x d) where k is a constant the user can set to make the
soft edge of the mask rise very rapidly or more slowly. Generally a
constant k, having a value of 0.15 has been found to be
satisfactory. After a fixed distance away from the binary mask, the
soft mask is made 1. We have found the distance of about 5 pixels
to be satisfactory for this purpose.

At step 4 the repair subimage is multiplied with the noise
mask. As a result, the original noise is covered by a black (hard)
region of the mask. The soft region of the mask, however, reduces
the value of the original pixels underneath by a multiplicative factor
which has a value from near O near the noise edge to near 1 a few
pixels away from the edge of the noise mask and has values
between O and 1 in between. The muitiplied result is known as
masked repair subimage R. In further detail, when multiplying a
repair image and a soft édged noise mask, a pixel value of each of
the pixels of the repair image is multiplied with a corresponding

value of the soft edged noise mask for each pixel according to the
following equation:
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m x rQ,

where m is the value of the soft edged noise mask, and
rO is the pixgl value of each of the pixels of the repair

image.

++ Referring now to Figure 10, prior to step 5, as set forth
above, the user \IJiII already have selected the number of times steps
5 to 10 as shown in Figure 10 will be performed. At step 5 the fast
fourier transform of masked repair subimage R is calculated to
generate a magnitude M2 and a phase P2. -

At step 6, the minimum of magnitudes M1 and M2 is
calculated. M1 is the magnitude of FFT of sample subimage and M2
is the magnitude of the FFT of masked repair subimage. This is
done for all frequencies except at DC. At DC the value from M2 is
chosen. The calculated minimum magnitude calculated is then used
as a new value at step 7, and the phase information P2 generated by
the fast fourier transform of the masked repair subimage is utilized
as is at step 7.

The reason that the above step 6 is effective, is thaf noise in
general adds magnitude to the spectrum. Taking the minimum of
the magnitudes of M1 and M2 effectively reshapes the repair
spectrum into the sample spectrum. This step has this nice
property, and it is a projection onto a closed convex set (see below).
The reason for not modifying the DC value of the repair spectrum is
that it contains the value of the overall repair subimage intensity.

Also note that the phase is retained, that is, while reshaping
spectrum magnitude we leave the phase of the repair spectrum
untouched. It turns out that the phase is reconstructed

automatically over several iterations. Phase reconstruction results in
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the automatic alignment of global features. Doing this in frequency
domain is eaéy. In the spatial domain, an alignment would have
required expensive block matching.

At step 7 using the minimum magnitude and phase from step
6, inverse fast fourier transform (IFFT) is calculated. At the end of
this step we are back in spatial domain. The result is now closer to
the desired answer. But since we modified the spectrum
magnitude,e it is possible that after inverse Tast fourier transform,
we now have imaginary component in the image matrix. Some
values may also be outside the feasible range of O to 255, which is

the allowed range of pixel values for a gray scale image. Therefore

~ at step 8, to bring the values back into the feasible range, the values
of the spatial domain matrix are made real (the imaginary
component, if any, is dropped) and clipped to the range of O to 255.
in further detail, once the imaginary component, if any, has been
dropped, if the real value is less than O, the real value is set to the
value of 0. If the real value is greater than 255, then the real value
is set to be 255. Otherwise, the real value is left as is. In addition,
since the previous operation was in frequency domain, it even
affects those pixels outside of the noise mask. These pixels must
now be corrected in spatial domain. This is done simply by copying
the known pixel values around the noise from the original repair
subimage. These two rather simple projections are detailed below.

At step 9, pixels output (the new repair image) from step 8
are mixed (combined) with the pixels of the original repair subimage.
The values of pixels that are far away from the mask are reset to the
values from the original repair subimage because they are known to
be noise free. The values of pixels that are in the region of the mask

that is O are left as is because the original repair subimage is known
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to be noisy there and we have just calculated better values for this
region. For values of the soft edged noise mask that are between O
and 1, there will be a mixing of values just calculated in prévious
step with those in the original repair subimage.

When combining the new repair image with the original repair
image using a soft edged noise mask, a pixel value of each of the
- pixels of the new repair image is combined with the pixel value of
each of the corresponding pixels of the original repair image, using,

for each pixel, the value of the soft edged noise mask in accordance

with the following equation:

mxr0 + (1-m) xr,
where m is the value of the soft edged noise mask,
rO is the pixel value of each of the pixels of the repéir image,

and r is the pixel value of each of the pixels of the new repair

image.

At step 10, it is determined whether the requested number of
iterations of steps 5 through 9 has been performed. If so, the
method proceeds to step 11 (in Figure 9). If not, the output of the
just finished iteration becomes the masked repair subimage R for the
next iteration.

At step 11, after the core part of the method (steps 5 through
9) has been repeated the requested number of times as described
above, the user examines the results on display device 10. If the
results look satisfactory then the method is completed. At this
point, the image data may be stored for later transmission or for
recording onto a recording medium such as magnetic tape, an optical

disc, a magneto-optical disc, or into a random access memory. f
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not, then the user returns to step 1. Although it is likely that many
portions of the noise will have been removed successfully, there
sometimes may be some remaining problems spots. The user then
points out these problem spots by painting smaller noise masks over
these small regions of problem. The user also then selects small
repair and sample windows as before, but this time concentrating on
the remaining small problem spots, if any. The algorithm is then

again repeated from step 1.

Method of and Apparatus for Removing

Noise From Images Having Non-Uniform Shading

| The method described above is useful, like the previous
invention in U.S. Patent Application No. 08/733,753 for images that
have uniform shading. Of course the image can have prominent
lines placed systematically or randomly, closely or faf away and it
can texture, stochastic or repeating. But one thing that the image
must have (for the method to be effective) is uniform shéding. Non-
uniform shading may arise, for example, in the image of a wall that
is lighted using a bulb near it. It may also happen because of
reflections from other objects that are nearby. All this makes it
harder to use the previously described methods described because
choosing a sample image with the same overall intensity as the
repair subimage can be a problem. Note that to some extent our
previously described methods can tolerate differences in overall
intensity of sample and repair subimages because they treat DC
(which contains information about the overall intensity of an image)

differently from the other frequencies.
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But when the effect of non-uniform shading is much more
pronounced, the above described methods are insufficient._
Therefore, we now explain our method and apparatus that treat the
low and high frequencies differently. The reason for such treatment
is because slow variations in the intensity of the image will appear in
the low frequency components, while the texture and sudden
changes in intensity will appear in the high frequency component.
Our invention as described below takes into account this fact.

Since the overall variation in shading of an image is a global
feature and so we choose the frequency domain to attack this
problem. The basic idea is very simple -- ignore the shading (which
is a very large, global feature) by ignoring the low frequency
components. Then, to the high frequency image, apply the
operations similar to the method of soft noise mask or our previous
invention in U.S. Patent Application No. 08/733,753 followed by
merging the effect of the shading. Now we go through the method
step by step.

At step 1A, as in the previous method, the user paints a
binary mask over the noise area. This mask is 'sufficiently wide to
cover the noise, but does not have to be of exactly the same shape.
The user then selects a rectangular area of image around the noise
area and designates it the repair subimage. Then the user selects a
rectangular area of the image which does not contain noise and is
similar in appearance to the repair subimage and of the same exact
size as the repair subimage. This area is designated the sample
subimage. The meaning of "similar," as explained earlier, is that the
sample and repair subimages should appear to be shifted versions of
each other, i.e., the prominent lines inside the sample can be a

shifted when compared to the prominent lines in the repair
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subimage. - This can be seen clearly in the schematic shown in
Figure 3 which shows example selections of sample and repair
subimages. The noise and noise mask painted over it can be seen in
Figures 1 and 2. In addition, because we have designed the method
to handle just such a problem, the sample subimage can be
considerably darker or brighter than the repair subimage. The user
also selects the number of times (iterations) that the core part of the
method will be performed. The core part is the method from step
6A through step 13A.

At step 2A, if the user so desires, a soft edged noise mask is
created from the user painted binary' mask. To create the soft mask,
inside the binary mask region the value of soft mask is 0. Outside
the binary mask the value of the soft mask increases from 0 to 1. in
a Gaussian fashion, i.e., for the pixels outside the binary mask, if d
is the distance from the binary mask fhen the value of soft mask is
1-expl(-k xd xd) where k is a éonstant the user can set to make
the soft edge of the mask rise very rapidly or more slowly.

Generally é constant k having a value of 0.15 has been found to be
satisfactory. After a fixed distance away from the binary mask, the
soft mask is given a value of 1. We have found the distance of
about 5 pixels to be satisfactory for this purpose.

At step 3A, using a low pass filter, the sample subimage is
filtered to create a low pass filtered sample subimage LS and a high
pass filtered subimage HS. The low pass filtered sample subimage is
ignored and the high pass filtered sample subimage becomes the '
input of the next step, step 4A. For the filtering described in the
previous two steps any reasonable low pass filter can be used, for
example a Gaussian filter that multiplies the frequencies. We have

found a Gaussian filter to be adequate. How rapidly the filter falls
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off can be decided by the user based on the image. Generally, if the
non-uniform shading is varying slowly then a narrower filter can be
used than if the non-uniform shading is varies in a sudden manner.

At step 4A the fast fourier transform of the high pass filtered
sample subimage HS is calculated. The output of the fast fourier
transform calculation is phase and magnitude of the fourier
transform of sample subimage HS. The phase is ignored, while the
magnitude M1 is utilized in the next step, step BA.

At step BA the repair subimage is multiplied with the noise
mask. This noise mask can be binary or it can be a soft edged noise
mask. If it is binary then the actual noise in the repair subimage will
become covered by a black region. Outside this region is the part of
image which is noise free. The multiplied result is known as masked
repair subimage. If a soft noise mask was requested then the soft
region of the mask will reduce the value of the original pixels
underneath by a multiplicative factor which has a value from near O
near the noise edge to near 1 a few pixels away from the edge of
the noise mask and has values between O and 1 in between. The
multiplied result is known as masked repair subimage.

in further detail, when multiplying a repair subimage and a
soft edged noise mask, the pixel value of each of the pixels of the
repair subimage is multiplied with a corresponding value for each

pixel of the soft edged noise mask according to the following
equation:

m x 1O,
where m is the value of a particular pixel of the soft noise

mask, and rO is the pixel value of each of the corresponding

pixels of the repair image.
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The following steps 6A through 13A represent the core part
of the method. These steps will be performed that number of times
already selected by the user when the sample and repair subimages
were being selected.

At step 6A, the masked repair subimage is split into two
images, one which is high pass filtered (HR) and one which is low

pass filtered (LR). Any low pass filter can be used for this step.

Only HR is passed onto the next step, step 7A. The low pass

filtered masked repair subimage is not used in step 7A, but instead
is used in step 12A.

At step 7A the fast fourier transform of the high pass filtered
masked repair subimage HR is calculated to generate magnitude M2
and phase P2. Magnitude M2 and phase P2 are provided to the next
step, step 8A.

At step 8A, the minimum of magnitudes M1 and M2 is
calculated. M1 is the maghitude of the fast fourier transform of the
sample subimage and M2 is the magnitude of the fast fourier
transform of the masked repair subimage. The minimum of
magnitudes M1 and M2 is taken as a new value of the fourier
transform, and such value together with (unmodified) phase
information P2 is provided to the next step of the method, step 9A.

At step 9A, the inverse fast fourier transform is calculated
using the magnitudé and phase output step 8A.

At step 10A, the calculated inverse fast fourier transform
values are made real, that is, any imaginary component in such
values are simply dropped. Since the input to step 10A is a matrix
of numbers, some of which may be complex numbers, for such
entries in the matrfx, the imaginary components are set to 0. In

addition, since the real values may be outside the range of O to 255,
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if an entry is less than O, the entry is reset to be 0. If the entry is
more than 255, the entry is reset to be 255. Otherwise, the real
value is left untouched.

At step 11A, the pixels output by step 10A are mixed with
the pixels of the high pass filtered masked repair subimage created
in step 6A. The values that are far away from the mask should be
reset to the values from the masked repair subimage because they
are known to be noise free. The values that are in the region of the
mask that is O should be left as is because the original masked repair
subimage is known to be noisy thea"e and we have just calculated
better values for this region. For values of the soft masks that are
between O and 1 there will be a mixing of values just calculated in
previous step and those in the masked repair subimage. All these
three types of operations (for soft mask value 0, 1 and between O
and 1) can be defined in the following way. If mask value is m at a
point, then the new pixel at that pdiht wilbe :mxrp + (1-m) xr
where rp is the value at that point in the high pass filtered masked
repair subimage R and r is the value at that point in the output of
previous step 10A.

In further detail, when combining a new high pass filtered
repair subimage with a high pass filtered repair subimage using a
soft edged noise mask or a binary noise mask, the pixel value of
each of the pixels of the new high pass filtered repair image is
combined with the pixel value of each of the corresponding pixels of
the high pass filtered repair subimage using the value of the soft

noise mask or the binary noise mask, for each pixel, according to the
following equation:

mxrp + (1-m) xr,
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where m is the value of the soft edged noise mask, -
rp is the pixel value of each of the pixels of the high pass

filtered repair subimage, and

r is the pixel value of each of the pixels of the new high pass

filtered repair subimage.

At step 12A, the output of the previous step 11A and the low
pass filtered masked repair subimage LR from step 6 are merged.
Merging consists of simply adding these two images. In further
detail, when merging the high pass filtered repair subimage (obtained
by.combining a new high pass filtered repair subimage with a high
pass filtered repair subimage using a soft edged noise mask or a
binary noise mask) with the low pass filtered repair subimage, the
high pass filtered repair subimage is simply added to the low pass
filtered repair subimage. The output of this merging is provided to
the next step, step 13A.

At step 13A, if the value of any pixel output by step 12A is
greater than 255, the value is reset to 2556. Otherwise leave it
untouched. This completes the core part of the method. As
described about, this core part is to be performed a set number of
times, since the user has already selected the number of times this is
to be performed at the beginning, when the repair and sample
subimages were being selected.

At step 14A, it is determined whether the required number of
iterations of steps 6A - 13A have been performed. If not, the
process is returned to step 6A for another iteration. if so, then the
process continues to step 15A as shown in Figure 11.

At step 15A, the user determines whether the user is satisfied

with the results as displayed on the display device 10. If so, the
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process is done. If not, the user returns to step 1A to repaint the
noise mask over those areas that are visually unacceptable. In such
a case, new repair and sample subimages may have to be selected.

To summarize the two new methods and apparatus for
practicing the methods described here, we have described fast
iterative algorithms for image noise removal. While most existing
algorithms have worked solely in spatial or frequency domain, our
algorithms work in both domains, making it possible to fully exploit
the advantages from each domain. Although a few previous
algorithms combine frequency and spatial domain information, they
required the image to be band limited and required that the band
limits be known. Our algorithms do not have this limitation.

Our dual-domain approach can (1) reconstruct many
contiguous noisy pixels, (2) reconstruct textures even when they are
large featured, (3) maintain sharpness, (4) maintain continuity of
features (e.g., lines) across the noisy region. In addition the
algorithm for removing noise from non-uniformly shaded images
allows noise removal from images which contain objects that have
slowly varying intensity changes in addition to the textures and
prominent lines. These advantages make the methods very useful in
many areas.

Important applications of this algorithm are in the field of film
and video post production: for removing wires used in special effects
scenes and for restoring old films and photographs that have
become scratched.

In view of the above description, it will be appreciated by
those skilled in the art that many variations, modifications and
changes can be made to the present invention without departing

from the spirit or scope of the present invention as defined by the
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claims appended hereto. All such variations, modifications and

changes are fully contemplated by the present invention.
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WE CLAIM:

1. A method of removing noise from image data,
comprising the steps of:

defining an area of noise on the image data;

generating a noise mask to distinguish pixels inside the
defined area of noise on the image data from pixels outside
the area of noise on the image data;

defining repair image data including the defined area of
noise;

defining sample image data which is similar to the repair

image data;

creating from the noise mask a soft noise mask having
a soft edge;

performing a frequency transform to the sample image
data and to generate frequency transformed data of the
sample image data; |

performing the frequency transform to the repair image
data to generate frequency transformed data of the repair
image data;

performing an inverse transform of fhe frequency
transformed data of the sample image data and the frequency
transformed data of the repair image data to generate new
repair image data; and

generating new image data using the new repair image
data, the repair image data and the soft noise mask.

2. The method of claim_1, further comprising the step of:
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creating mask repair image data in accordance with
data of the soft noise mask.

3. The methad of claim 1, wherein

the step of performing a frequency transform to the
sample image data calculates a fast fourier transform of the
sample image data to generate fast fourier transform data of
the sample image data;

the step of performing a frequency transform to the
repair image data calculates a fast fourier transform of the
repair image data to generate fast fourier transform data of -
the repair image data;

the step of performing an inverse transform calculates
an inverse fast fourier transform using the fast fourier
transform data of the sample image data and the fast fourier

transform data of the repair image data.

4. The method of claim 3, wherein

the step of calculating a fast fourier transform of the

'sample image data generates at least magnitudes;

the step of calculating a fast fourier transform of the
repair image data generates a phase and magnitudes; and

the step of calculating an inverse fast fourier transform
generates the new repair image data using a phase of the fast
fourier transform data of the repair image data and one of the
magnitudes of the fast fourier traﬁsform data of the sample
image data and the magnitudes of the fast fourier transform

data of the repair image data.
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5. The method of claim 4, further comprising the step of:

comparing the magnitudes of the fast fourier transform
data of the sample image data with magnitudes and minimum
magnitudes of the fast fourier transform data of the repair
image data,

wherein the step of performing an inverse transform
generates the new image data using a selected one of the
minimum magnitudes and the phase of the fast fourier

transform data of the repair irage data.

6. The method of claim 5§, wherein

a magnitude of a DC component is selected as a

magnitude of the fast fourier transform data of the repair
image data.

7. The method of claim 1, further comprising the step of:

conforming the repair image data to a predetermined
value.

8. The method of claim 1, further comprising the steps of:
receiving the image data;
displaying the image data; and
storing the soft noise mask, the repair image data and
the sample image data.

9. ‘"The method of claim 1, wherein

the noise mask is binary data such that it is a value of 1

wherever there is no noise and a value of O wherever there is
noise.
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10. The method of claim 1, wherein

the soft noise mask is soft edged data such that it is a
value of O wherever there is noise, a value of between O and
1 near the edge of the noise and a value of 1 at at least a

certain distance from the edge of the noise.

11. The method of claim 10, wherein

the value of the noise mask outside a noise area defined
by 1 -expl-k x d x d), where k is a positive constant, and k is
set to a large value where the noise mask is to have a broad
soft edge, and k is set to a small value where the noise mask

is to have a narrow soft edge, and where d is a distance from

the edge of the noise.

12. The method of claim 1, wherein

the steps of performing a frequency transform to the
sample image data, performing the frequency transform to the
repair image data, performing an inverse transform of the
frequency transformed data and generatfhg new image data

are recursively performed to generate new image data.

13. A method of removing noise from image data,

comprising the steps of:

defining an area of noise on the image data;

generating noise mask data to distinguish pixels inside
the defined area of noise on the image data from pixels
outside the area of noise on the image data;

defining sample image data which is similar to the repair
image data;
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filtering the sample image data to generate low pass
filtered sample image data and high pass filtered sample image
data;

performing a frequency transform to the high pass
filtered sample image data to generate frequency transformed
data of the high pass filtered sample image data;

filtering the repair image data to generate low pass
filtered repair image data and high pass filtered repair image
data; '

performing the frequency transform to the high pass
filtered repair image data to generate frequency transformed
data of the high pass filtered repair image data;

performing an inverse transform of the frequency

transform using the frequency transformed data of the high

‘pass filtered sample image data and the frequency

transformed data of the high pass filtered repair image data to
generate new high pass filtered repair image data;

combining the low pass filtered repair image data and
the low pass filtered sample image data to generate low pass
filtered image data;

generating new high pass filtered image data using the
new high pass filtered repair image data, the repair image data
and the noise mask; and

generating new image data using the new high pass

filtered repair image data and the low pass filtered image data.

14. The method of claim 13, further comprising the step of:

creating from the noise mask a soft noise mask having
a soft edge,
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wherein the step of generating new high pass filtered

image data uses the new high pass filtered repair image data,

the repair image data and the soft noise mask.

15. The method of claim 13, further comprising the step of:

creating mask repair image data in accordance with the
noise mask and the repair image data.

16. The method of claim 14, further comprising the step of:

creating mask repair image data in accordance with the
soft noise mask and the repair image data.

17. The method of claim 13, wherein

the step of performing a frequency transform to the
high pass filtered sample image data calculates a fast fourier
transform of the high pass filtered sample image data to
generate fast fourier transform data of the high pass filtered
sample image data;

the step of performing the frequency transform to the
high pass filtered repair image data calculates a fast fourier
transform of the high pass filtered repair image data to
generate fast fourier transform data of the high pass filtered
repair image data; and

the step of performing an inverse transform of the
frequency transform calculates an inverse fast fourier
transform using the fast fourier transform data of the high
pass filtered sample image data and the fast fourier transform

data of the high pass repair image data.
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18. The method of claim 17, wherein

the step of performing a frequency transform to the
high pass filtered sample image data generates at least
magnitudes of the fast fourier transform thereof;

the step of performing the frequency transform to the
high pass filtered repair image data generates a phase and
magnitudes of the fast fourier transform thereof; and

the step of performing an inverse transform of the
frequency transform generates the new high pass filtered
repair image data using a phase of the fast fourier transform
data of the high pass filtered repair image data and one of the
magnitudes of the fast fourier transform data of the high pass
filtered sample image data and the magnitudes of the fast

fourier transform data of the high pass filtered repair image
data.

19. The method of claim 18, further comprising the step of:

comparing the magnitudes of the fast fourier transform
data of the sample image data with magnitudes and minimum
magnitudes of the fast fourier transform data of the repair
image data,

wherein the step of performing an inverse transform
generates the new image data using a selected one of the
minimum magnitudes and the phase of the fast fourier

transform data of the repair image data.

20. The method of claim 19, wherein
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a magnitude of a DC component is selected as the

magnitude of the fast fourier transform data of the repair
image data.

21. The method of claim 13, further comprising the step of:

conforming the new high pass filtered repair image data

to a predetermined value.

22. The method of claim 13, wherein
the noise mask is binary data such that such that it is a
value of 1 wherever there is no noise and a value of 0

wherever there is noise.

23. The method of claim 14, wherein

the soft noise mask is soft edged data such that it is a
value of O wherever there is noise, a value of between O and
1 near the edge of the noise and a value of 1 at at least a
certain distance from the edge of the noise.

24. The method of claim 23, wherein

the value of the noise mask outside a noise area
defined by 1 - exp(-k x d x d), where k is a positive constant,
and k is set to a large value where the noise mask is to have a
broad soft edge, and k is set to a small value where the noise

mask is to have a narrow soft edge, and where d is a distance
from the edge of the noise.

25. The method of claim 13, wherein
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the steps of filtering the repair image data to generate
low pass filtered repair image data and high pass filtered repair
image data, performing the frequency transform to the high
pass filtered repair image data to generate frequency
transformed data of the high pass filtered repair image data,
and performing an inverse transform of the frequency
transform using the frequency transformed data of the high_
pass filtered sample image data and the frequency _
transformed data of the high pass filtered fepair image data to
generate new high pass filtered repair image data are

performed recursively to generate the new image data.

26. An apparatus for removing noise from image data,
comprising:
means for defining an area of noise on the image data;
means for generating a noise mask to distinguish pixels
inside the defined area of noise on the image data from pixels
outside the area of noise on the image data;

means for defining repair image data including the
defined area of noise;

means for defining sample image data which is similar
to the repair image data;

means for creating from the noise mask a soft noise
mask having a soft edge;

means for performing a frequency transform to the

sample image data and to generate frequency transformed
data of the sample image data;
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means for performing the frequency transform to the
repair image data to generate frequency transformed data of
the repair image data;

means for performing an inverse transform of the
frequency transformed data of the sample image data and the
frequency transformed data of the repair image data to
generate new repair image data; and

means for generating new image data using the new

repair image data, the repair image data and the soft noise
mask.

27. The apparatus of claim 26, further comprising:
means for creating mask repair image data in
accordance with data of the soft noise mask.

28. The apparatus of claim 26, wherein
" the means for performing a frequency transform to the

sample image data calculates a fast fourier transform of the |
sample image data to generate fast fourier transform data of
the sample image data;

the means for performing a frequency transform to the
repair image data calculates a fast fourier transform of the
repair image data to generate fast fourier transform data of
the repair image data; and

the means for performing an inverse transform
calculates an inverse fast fourier transform using the fast
fourier transform data of the sample image data and the fast

fourier transform data of the repair image data.
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29. The apparatus of claim 28, wherein

the means for calculating a fast fourier transform of the
sample image data generates at least magnitudes;

the means for calculating a fast fourier transform of the
repair image data generates a phase and maghnitudes; and

the means for calculating an inverse fast fourier
transform generates the new repair image data using a phase
of the fast fourier transform data of the repair image data and
one of the magnitudes of the fast fourier transform data of the
sample image data and the magnitudes of the fast fourier

transform data of the repair image data.

30. The apparatus of claim 29, further comprising:

means for comparing the magnitudes of the fast fourier
transforfn data of the sample image data with magnitudes and
minimum magnitudes of the fast fourier transform data of the
repair image data,

wherein the means for performing an inverse transform
generates the new image data using a selected one of the

minimum magnitudes and the phase of the fast fourier

transform data of the repair image data.

31. The apparatus of claim 30, wherein
a magnitude of a DC component is selected as a

magnitude of the fast fourier transform data of the repair
image data.

32. The apparatus of claim 26, further comprising:
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means for conforming the repair image data to a

predetermined value.

33. The apparatus of claim 26, further comprising:
receiving the image data;
a display for displaying the image data; and
a memory for storing the soft noise mask, the repair

image data and the sample image data. -

34. The apparatus of claim 26, wherein
the noise mask is binary data such that it is a value of 1

wherever there is no noise and a value of O wherever there is

noise.

35. The apparatus of claim 26, wherein

~ the soft noise mask is soft edged data such that it is a
value of O wherever there is noise, a value of between O and
1 near the edge of the noise and a value of 1 at at least a

certain distance from the edge of the noise.

36. The apparatus of claim 35, wherein

the value of the noise mask outside a noise area defined
by 1 - exp(-k x d x d}, where k is a positive constant, and k is
set to a large value where the noise mask is to have a broad
soft edge, and k is set to a small value where the noise mask

is, to have a narrow soft edge, and where d is a distance from

the edge of the noise.

37. The apparatus of claim 26, wherein
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. the means for performing a frequency transform to the
sample image data, the means for performing the frequency
transform to the repair image data, the means for performing
an inverse transform of the frequency transformed data and

the means for generating new image data recursively operate

to generate new image data.

38. An apparatus for removing noise from image data,
comprising:

means for defining an area of noise on the image data;

means for generating noise mask data to distinguish
pixels inside the defined area of noise on the image data from
pixels outside the area of noise on the image data;

means for defining sample image data which is similar
to the repair image data;

means for filtering the sample image data to generate
low pass filtered sample i'mage data and high pass filtered
sample image data;

means for performing a frequency transform to the high
pass filtered sample image data to generate frequency
transformed data of the high pass filtered sample image data;

means for filtering the repair image data to generate low
pass filtered repair image data and high pass filtered repair
image data;

means for performing the frequency transform to the
high pass filtered repair image data to generate frequency
transformed data of the high pass filtered repair image data;

means for performing an inverse transform of the

frequency transform using the frequency transformed data of
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the high pass filtered sample image data and the frequency
transformed data of the high pass filtered repair image data to
generéte new high pass filtered repair image data;

means for combining the low pass filtered repair image
data and the low pass filtered sample image daté to generate
low pass filtered image data;

means for generating new high pass filtered image data
using the new high pass filtered repair image data, the repair
image data and the noise mask; and

means for generating new image data using the new

high pass filtered repair image data and the low pass filtered
image data.

39. The apparatus of claim 38, further comprising:

means for creating from the noise mask a soft noise
mask having a soft edge,

wherein the means for generating new high pass filtered
image data uses the new high pass filtered repair image data,

the repair ih‘\age data and the soft noise mask.

40. The apparatus of claim 38, further comprising:
means for creating mask repair image data in

accordance with the noise mask and the repair image data.

41. The apparatus of claim 39, further comprising the step

creating mask repair image data in accordance with the
soft noise mask and the repair image data.
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42. The apparatus of claim 38, wherein

the means for performing a frequency transform to the
high pass filtered sample image data calculates a fast fourier
transform of the high pass filtered sample image data to
generate fast fourier transform data of the high pass filtered
sample image data;

the means for performing the frequency transform to
the high pass filtered repair image data calculates a fast
fourier transform of the high pass filtered repair image data to
generate fast fourier transform data of the high pass filtered
repair image data; and

the means for performing an inverse transform of the
frequency transform calculates an inverse fast fourier
transform using the fast fourier transform data of the high
pass filtered sample image data and the fast fourier transform

data of the high pass repair image data.

43. The apparatus of claim 42, wherein

the means for performing a frequency transform to the
high pass filtered sample image data generates at least
magnitudes of the fast fourier transform thereof;

the means for performing the frequency transform to
the high pass filtered repair image data generates a phase and
magnitudes of the fast fourier transform thereof; and

the means for performing an inverse transform of the
frequency transform generates the new high pass filtered
repair image data using a phase of the fast fourier transform
data of the high pass filtered repair image data and one of the

magnitudes of the fast fourier transform data of the high pass
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filtered sample image data and the magnitudes of the fast

fourier transform data of the high pass filtered repair image
data.

44, The apparétus of claim 43, further comprising:

means for comparing the magnitudes of the fast fourier
transform data of the sample image data with magnitudes and
minimum magnitudes of the fast fourier transform data of the
repair image data,

wherein the means for performing an inverse transform
generates the new image data using a selected one of the
minimum magnitudes and the phase of the fast fourier

transform data of the repair image data.

45. The apparatus of claim 44, wherein
a magnitude of a DC component is selected as the

magnitude of the fast fourier transform data of the repair
image data.

46. The apparatus of claim 38, further comprising:
means for conforming the new high pass filtered repair

image data to a predetermined value.

47. The apparatus of claim 38, wherein
the noise mask is binary data such that such that it is a

value of 1 wherever there is no noise and a value of O

wherever there is noise.



g

L]

JI]

s *

56

48. The apparatus of claim 39, wherein
the soft noise mask is soft edged data such that it is a
value of O wherever there is noise, a value of between O and

1 near the edge of the noise and a value of‘ 1 at at least a

- certain distance from the edge of the noise.

49. The apparatus of claim 48, wherein

~ the value of the noise mask outside a noise area defined
by 1 - exp(-k x d x d}, where k is a positive constant, and k is
set to a large value where the noise mask is to have a broad
soft edge, and k is set to a small value where the noise mask

is to have a narrow soft edge, and where d is a distance from
the edge of the noise.

50. The apparatus of claim 38, wherein

the means for filtering the repair image data to generate
low pass filtered repair image data and high pass filtered repair
image data, the means for performing the frequency transform
to the high pass filtered repair image data to generate
frequency transformed data of the high pass filtered repair
image data, and the means for performing an inverse
transform of the frequency transform using the frequency

transformed data of the high pass filtered sample image data

: énd the frequency transformed data of the high pass filtered

repair image data to generate new high pass filtered repair

image data operate recursively to generate the new image
data.
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51. A program storage device readable by a machine,
tangibly embodying a program of instructions executable by the
machine to perform method steps for removing noise from image
data, the method steps comprising:

defining an area of noise on the image data;

generating a noise mask to distinguish pixels inside the
defined area of noise on the image data from pixels outside
the area of noise on the image data;

defining repair image data including the defined area of
noise;

defining sample image data which is similar to the repair

image data;

creating from the noise mask a soft noise mask having
a soft edge;

performing a frequency transform to the sample image
data and to generate frequency transformed data of the
sample image data;

performing the frequency transform to the repair image
data to generate frequency transformed data of the repair
image data;

performing an inverse transform of the frequency
transformed data of the sample image data and the frequency
transformed data of the repair image data to generate new
repair image data; and

genérating new image data using the new repair image
data, the repair image data and the soft noise mask.

52. The program storage device of claim 51, wherein the
method further comprises the step of:
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creating mask repair image data in accordance with

. data of the soft noise mask.

53. The program storage device of claim 51, wherein

the step of performing a frequency transform to the
sample image data calculates a fast fourier transform of the
sample image data to generate fast fourier transform data of
the sample image data;

the step of performing a frequency transform to the
repair image data calculates a fast fourier transform of the
repair image data to generate fast fourier transform data of
the repair image data;

the step of performing an inverse transform calculates
an inverse fast fourier transform using the fast fourier
transform data of the samplé image data and the fast fourier

transform data of the repair image data.

54. The program storage device of claim 53, wherein

the step of calculating a fast fourier transform of the
sample image data generates at least magnitudes;

the step of calculating a fast fourier transform of the
repair image data generates a phase and magnitudes; and

the step of calculating an inverse fast fourier transform
generates the new repair image data using a phase of the fast
fourier transform data of the repair image data and one of the
magnitudes of the fast fourier transform data of the sample
image data and the mégnitﬁdes of the fast fourier transform

data of the repair image data.



—_—

Iy

59

55. The program storage device of claim 54, wherein the
method further comprises fhe step of:

comparing the magnitudes of the fast fourier transform
data of the sample image data with magnitudes and minimum
magnitudes of the fast fourier transform data of the repair
image data,

wherein the step of performing an inverse transform
generates the new image data using a selected one of the
minimum magnitudes and the phase of the fast fourier

transform data of the repair image data.

56. The program storage device of claim 51, wherein
a magnitude of a DC component is selected as a

magnitude of the fast fourier transform data of the repair
image data.

57. The program storage device of claim 51, wherein the
method further comprises the step of:

conforming the repair image data to a predetermined
value.

58. The program storage device of claim 51, wherein the
method further comprises the steps of:

receiving the image data;
displaying the image data; and
| storing the soft noise mask, the repair image data and
the sample image data.

59. The program storage device of claim 51, wherein
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the noise mask is binary data such that it is a value of 1 -

wherever there is no noise and a value of O wherever there is

noise.

60. The program storage device of claim 51, wherein

the soft noise mask is soft edged data such that it is a
value of O wherever there is noise, a value of between O and
1 near the edge of the noise and a value of 1 at at least a

certain distance from the edge of the noise.

61. The program storage device of claim 66, wherein

the value of the noise mask outside a noise area defined
by 1 -exp(-k x d x d), where k is a positive constant, and kis
set to a large value where the noise mask is to have a broad
soft edge, and k is set to a small value where the noise mask

is to have a narrow soft edge, and where d is a distance from
the edge of the noise.

62. The program storage device of claim 51, wherein

the steps of performing a frequency transform to the
sample image data, performing the frequency transform to the
repair image data, performing an inverse transform of the
frequency transformed data and generating new image data

are recursively performed to generate new image data.

63. A program storage device readable by a machine,
tangibly embodying a program of instructions executable by the

machine to perform method steps for removing noise from image

data, the method steps comprising:
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defining an area of noise on the image data; -

generating noise mask data to distinguish pixels inside
the defined area of noise on the image data from pixels
outside the area of noise on the image data;

defining sample image data which is similar to the repair
image data; |

filtering the sample image data to generate low pass
filtered sample image data and high pass filtered sample image
data; _

performing a frequency transform to the high pass
filtered sample image data to generate frequency transformed
data of the high pass filtered sample image data;

filtering the repair image data to generate low pass
filtered repair image data and high pass filtered repair image
data;

performing the frequency transform to the high pass
filtered repair image data to generate frequency transformed
data of the high pass filtered repair image data;

performing an inverse transform of the frequency
transform using the frequency transformed data of the high
pass filtered sample image data and the frequency
transformed data of the high pass filtered repair image data to
generate new high pass filtered repair image data;

combining the low pass filtered repair image data and
the low pass filtered sample image data to generate low pass
filtered image data;

. generating new high pass filtered image data using the

new high pass filtered repair image data, the repair image data
and the noise mask; and
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generating new image data using the new high pass

filtered repair image data and the low pass filtered image data.

64. The program storage device of claim 63, wherein the
method further comprises the step of:
creating from the noise mask a soft noise mask having
a soft edge,
wherein the step of generating new high pass filtered
image data uses the new high pass filtered repair image data,

the repair image data and the soft noise mask.

65. The program storage device of claim 63 wherein the
method further comprises the step of:
creating mask repair image data in accordance with the
noise mask and the repair image data.

66. The program storage device of claim 64, wherein the
method further comprises the step of: _
creating mask repair image data in accordance with the

soft noise mask and the repair image data.

67. The program storage device of claim 63, wherein

the step of performing a frequency transform to the
high pass filtered sample image data calculates a fast fourier
transform of the high pass filtered sample image data to
generate fast fourier transform data of the high pass filtered
sample image data;

the step of performing the frequency transform to the

high pass filtered repair image data calculates a fast fourier
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transform of the high pass filtered repair image data to
generate fast fourier transform data of the high pass filtered
repair image data; and

the step of performing an inverse transform of the
frequency transform calculates an inverse fast fourier
transform using the fast fourier transform data of the high
pass filtered sample image data and the fast fourier transform

data of the high pass repair image data.

68. The program storage device of claim 67, wherein

the step of performing a frequency transform to the
high pass filtered sample image data generates at least
magnitudes of the fast fourier transform thereof;

the step of performing the frequency transform to the
high pass filtered repair image data generates a phase and
magnitudes of the fast fourier transform thereof; and

the step of performing an inverse transform of the
frequency transform generates the new high pass filtered
repair image data using a phase of the fast fourier transform
data of the high pass filtered repair image data and one of the
magnitudes of the fast fourier transform data of the high pass
filtered sample image data and the magnitudes of the fast

fourier transform data of the high pass filtered repair image
data.

69. The program storage device of claim 68, wherein the
method further comprises the step of:

comparing the magnitudes of the fast fourier transform

data of the sample image data with magnitudes and minimum
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magnitudes of the fast fourier transform data of the repair
image data,
wherein the step of performing an inverse transform
generates the new image data using a selected one of the

minimum magnitudes and the phase of the fast fourier

transform data of the repair image data.

70. The program storage device of claim 69, wherein
a magnitude of a DC component is selected as the

magnitude of the fast fourier transform data of the repair
image data.

71. The program storage device of claim 63, wherein the
method further comprises the step of:

conforming the new high pass filtered repair image data
to a predetermined value.

72. The program storage device of claim 63, wherein

the noise mask is binary data such that such thatitis a
value of 1 wherever there is no noise and a value of O
wherever there is noise.

73. The program storage device of claim 64, wherein

the soft noise mask is soft edged data such that itis a
value of O wherever there is noise, a value of between O and
1 near the edge of the noise and a value of 1 at at least a

certain distance from the edge of the noise.
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74. The program storage device of claim 73, wherein
the value of the noise mask outside a noise area defined
by 1 - exp(-k x d x d}, where k is a positive constant, and k is
set to a large value where the noise mask is to have a broad
sc_;ft edge, and k is set to a small value where the noise mask

is to have a narrow soft edge, and where d is a distance from

the edge of the noise.

75. The program storage device of claim 60, wherein

the steps of filtering the repair image data to generate
low pass filtered repair image data and high pass filtered repair
image data, performing the frequency transform to the high
pass filtered repair image data to generate frequency
transformed data of the high pass filtered repair image data,
and performing an inverse transform of the frequency _
transform using the frequency transformed data of the high
pass filtered sample image data and the frequency
transformed data of the high pass filtered repair image data to
generate new high pass filtered repair image data are

performed recursively to generate the new image data.

76. A recording medium having digital data recorded
thereon, the recording medium being prepared by the steps of:
defining an area of noise on image data, the image data
representative of an image;
generating a noise mask to distinguish pixels inside the
defined area of noise on the image défa from pixels outside

the area of noise on the image data;
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defining repair image data including the defined area of
noise;

defining sample image data which is similar to the repair
image data; |

creating from the noise mask a soft noise mask having
a soft edge;

performing a frequency transform to the sample image
data and to generate frequency transformed data of the
sample image data;

performing the frequency transform to the repair image
data to generate frequency transformed data of the repair
image data;

performing an inverse transform of the frequency
transformed data of the sample image data and the frequency
transformed data of the repair image data to generate new
repair image data;

generating new image data using the new repair image
data, the repair image data and the soft noise mask; and

recording the new image data on the recording medium.

77. The recording medium of claim 76, further comprising
the step of:

creating mask repair image data in accordance with
data of the soft noise mask.

78. The recording medium of claim 76 wherein
the step of performing a frequency transform to the

sample image data calculates a fast fourier transform of the
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sample image data to generate fast fourier transform data of
the sample image data; .

the step of performing a frequency transform to the
repair image data calculates a fast fourier transform of the
repair image data to generate fast fourier transform data of
the repair image data;

the step of performing an inverse transform calculates
an inverse fast fourier transform using the fast fourier
transform data of the sample image data and the fast fourier

transform data of the repair image data.

79. The recording medium of claim 78, wherein

the step of calculating a fast fourier transform of the
sample image data generates at least magnitudes;

the step of calculating a fast fourier transform of the
repair image data generates a phase and magnitudes; and

the step of calculating an inverse fast fourier transform
generates the new repair image data using a phase of the fast
fourier transform data of the repair image data and one of the
magnitudes of the fast fourier transform data of the sample

image data and the magnitudes of the fast fourier transform
data of the repair image data.

80. The recording medium of claim 79, further comprising
the step of:
comparing the magnitudes of the fast fourier transform
data of the sample image data with magnitudes and minimum

magnitudes of the fast fourier transform data of the repair
image data,
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wherein the step of performing an inverse transform
generates the new image data using a selected one of the
minimum magnitudes and the phase of the fast fourier

transform data of the repair image data.

81. The recording medium of claim 80, wherein
a magnitude of a DC component is selected as a

magnitude of the fast fourier transform data of the repair
image data.

82. The recording medium of claim 76, further comprising
the step of:

conforming the repair image data to a predetermined
value.

83. The recording medium of claim 76, further comprising
the steps of:

receiving the image data;
displaying the image data; and

storing the soft noise mask, the repair image data and
the sample image data.

84. The recording medium of claim 76, wherein
the noise mask is binary data such that it is'a value of 1

wherever there is no noise and a value of O wherever there is
noise.

85. The recording medium of claim 76, wherein
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the soft noise mask is soft edged data such that itis a
value of O wherever there is noise, a value of between 0 and

1 near the edge of the noise and a value of 1 at at least a

certain distance from the edge of the noise.

86. The recording medium of claim 85, wherein

the value of the noise mask outside a noise area defined
by 1 -expl-k x d x d}, where k is a positive constant, and k is
set to a large value where the noise mask is to have a broad
soft edge, and k is set to a small value where the noise mask

is to have a narrow soft edge, and where d is a distance from

the edge of the noise.

87. The recording medium of claim 76, wherein

the steps of performing a frequency transform to the
sample image data, performing the frequency transform to the
repair image data, performing an inverse transform of the
frequency transformed data and generating new image data

are recursively performed to generate new image data.

88. A recording medium having digital data recorded
thereon, the recording medium being prepared by the steps of:
defining an area of noise in an image represented by
image data, the image data representative of an image;
generating noise mask data to distinguish pixels inside
the defined area of noise on the image data from pixels

outside the area of noise on the image data;

defining sample image data which is similar to the repair
image data;
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filtering the sample image data to generate low pass
filtered sample image data and high pass filtered sample image
data; _

performing a frequency transform to the high pass
filtered sample image data to generate frequency transformed
data of the high pass filtered sample image data;

filtering the repair image data to.generate low pass
filtered repair image data and high pass filtered repair image
data;

| performing the frequency transform to the high pass

filtered repair image data to generate frequency transformed
data of the high pass filtered repair image data;

performing an inverse transform of the frequency
trénsform using the frequency transformed data of the high
pass filtered sample image data and the frequency
_transformed data of the high pass filtered repair image data to
generate new high pass filtered repair image data;

combining the low pass filtered repair image data and
the low pass filtered sample image data to generate low pass
filtered image déta;

generating new high pass filtered image data using the
new high pass filtered repair image data, the repair image data
and the noise mask;

generating new image data using the new high pass
filtered repair image data and the low pass filtered image data;

and

recording the new image data on the recording medium.



* c L L] S *

71

89. The recording medium of claim 88, further comprising
the step of:
creating from the noise mask a soft noise mask having
a soft edge,
wherein the step of generating new high pass filtered
image data uses the new high pass filtered repair image data,

the repair image data and the soft noise mask.

90. The recording medium of claim 88, further comprising
the step of:
creating mask repair image data in accordance with the

noise mask and the repair image data.

91. The recording medium of claim 89, further comprising
the step of:
creating mask repair image data in accordance with the

soft noise mask and the repair image data.

92. The recording medium of claim 88, wherein

the step of performing a frequency transform to the
high pass filtered sample image data calculates a fast fourier
transform of the high pass filtered sample image data to
generate fast fourier transform data of the high pass filtered
sample image data;

the step of performing the frequency transform to the
high pass filtered repair image data calculates a fast fourier
transform of the high pass filtered repair image data to
generate fast fourier transform data of the high pass filtered

repair image data; and
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the step of performing an inverse transform of the
frequency transform calculates an inverse fast fourier
transform using the fast fourier transform data of the high
pass filtered sample image data and the fast fourier transform

data of the high pass repair image data.

93. The recording medium of claim 92, wherein

the step of performing a frequency transform to the
high pass filtered sample image data generates at least
maghnitudes of the fast fourier transform thereof;

the step of performing the frequency transform to the
high pass filtered repair image data generates a phase and
magnitudes of the fast fourier transform thereof; and

the step of performing an inverse transform of the
frequency transform generates the new high pass filtered
repair image data using a phase of the fast fourier transform
data of the high pass filtered repair image data and one of the
magnitudes of the fast fourier transform data of the high pass
filtered sample image data and the magnitudes of the fast

fourier transform data of the high pass filtered repair image
data.

94. The recording medium of claim 93, further comprising
the step of:
comparing the magnitudes of the fast fourier transform
data of the sample image data with magnitudes and minimum

-magnitudes of the fast fourier transform data of the repair
image data,
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wherein the step of performing an inverse transform
generates the new image data using a selected one of the
minimum magnitudes and the phase of the fast fourier

transform data of the repair image data.

95. The recording medium of claim 94, wherein
a magnitude of a DC component is selected as the

magnitude of the fast fourier transform data of the repair

image data.

96. The recording medium of claim 88, further comprising
the step of:

conforming the new high pass filtered repair image data
to a predetermined value.

97. The recording medium of claim 88, wherein
the noise mask is binary data such that such that it is a
value of 1 wherever there is no noise aujid a value of O

wherever there is noise.

98. The recording medium of claim 89, wherein

the soft noise mask is soft edged data such that it is a
value of O wherever there is noise, a value of between 0 and
1 near the edge of the noise and a value of 1 at at Iea_st a

certain distance from the edge of the noise.

99. The recording medium of claim 98, wherein
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the value of the noise mask cutside a noise area
defined by 1 - exp{-k x d x d), where k is a positive constant,
and k is set to a large value where the noise mask is to have a
broad soft edge, and k is set to a small value where the noise

mask is to have a narrow soft edge, and where d is a distance
from the edge of the noise.

100. The recording medium of claim 88, wherein

the steps of filtering the repair image data to generate
low pass filtered repair image data and high pass filtered repair
image data, performing the frequency transform to the high
pass filtered repair image data to generate frequency
transformed data of the high pass filtered repair image data,
and' performing an inverse transform of the frequency
transform using the frequency transformed data of the high
pass filtered sample image data and the frequency
transformed data of the high pass filtered repair image data to
generate new high pass filtered repair image data are

performed recursively to generate the new image data.



