METHCODS, APPARATUS AND PROGRAM STORAGE DEVI CE FOR REMOVI NG SCRAT)@I-OmZWRg
NOFSE, AND RECORDI NG MEDI A THEREFOR Background of the Invention 1. (i(?| d
of the Invention The present invention relates to nmethods and appare{{’ s for
removi ng noi se fromdigital images, such as for exanmple, digitized

phot ographi ¢ i mages or conputer generated imges ("Cd") and nore
particularly to scratches in, or debris on, old notion picture and still
phot ographic filns, as well as special effects wires, or supports, used for
special effects in notion picture scenes. The present invention further
relates to noise induced into digital images due to transm ssion errors, or
mal functions of MEDHODS APPARATUSCAND RBOGRAMSTORAGE RPEVICRt

i nvention al so FYRREMOVINGSCHATCH OBWIREINOISE, CAND'RECORDING of t he
present invention, and to recordi NMESE I THEREFORY recorded thereon digital
data prepared using the nethods of the present invention. 2. Description

of the Relate t Wt ] proliferation of available channels for
t el evi si on br%g?ﬁgg‘fﬂ%‘ﬂgﬂﬁgqf'ﬁ%ﬁggi ng use of multinedia view ng

pl atfornms, mary ol ¢Esldnet thelnveditiore and still frame filnms are likely to
see increased use through transfers to video and digital fornmats

Unfortunatel y, manyfhst Bressntdavention relatep e ragthass and !aPﬁ’ﬁ"?fé'ﬁefmover t he
fenr " yne T e PR TG B ofeche Kor bl sty o
ot her digital gRdtbyraphie iigester, covnplutéd femerated 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 giiell 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



I mperfections, such as scratches or debris on the filmstock, to be quite
notf ceapl e to viewers, there is an increasing need for a nethod 2 of
renovi ng scratches fromdigitized i nages w thout degradi ng or otherw se
adversely affecting the perceived quality of the image. In notion pictures,
for exanple, certain special effects require actors, nodels 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 exanple the actor, nodel or object floating
aloft. Typically, the appearance of thase wires, cables, rods etc. is later
renoved fromvisibility in the scene during post production via optical
processi ng or, offpemovig eatdtghed dsemddigitized imnabes without aleggading af t he

digitized film SimJarly in desktop publishing it '-;,ain' oftep1 desirable to
remove unvant e@thepwisgadvarsely affegting the peseeived guality of thg|iMadenes from

phot ographs. It shoyl qﬁgﬁgﬁﬁiﬁﬂl*@%ft Q&dﬂgg‘??eﬁaiﬁ hy ghgi lr@ffe%qg %&Jﬁ'}e or

"scratch noi se" as use I'S I nten I ncl u of the above
noted types of aetdise mbdels oragbjectsiin arscendi 1 bé saspendest or Suppoateth in a
digitized image presents itself as unwanted pixels in the djgifized imge.
Scrat ch noi se tWdacwirey cablfsiredsoithe like @r 59 ??tﬂﬂrﬁﬁﬁ?'ﬁuﬁhgcbf’ie% rat her

than smal | i solglgthid lRSotoP! midddh bF obje fiRheiE) Slofth Fydleally,ithad i nage,

scratch noi se nay consi st o? an area of "pi xeﬁqsﬁ%, for exanpl'e, 10 pixels X

100 pi xel s, andippmarance 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.



fall in an area of the digitized i mage wherein details such as textures or
edges. are crossed by the scratch. In order to renove the scratch fromthe
digitized image, the pixels which nake up the scratch area nust be repl aced
wi th pixel data which represents, or enulates 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 surroundi ng
area. Further, continuity of prom nent edges should be maintained, and
textures created to replace the wire or scratch pixels should match the
surroundi ng texture. 3 The effectiv®ness of currently known techni ques
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plurality of contiguous pixels
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



or falls in a textured area of an inmage or in areas having prom nent edges,
or dineg. Currently known techni ques of image noise renoval can be
generally categorized into two types: 1) intra-frame techniques and 2)
inter-frame techni ques. The difference between these two general types of
techni ques centers primarily on where data for replacenent of noise pixels
Is obtained from Inter-franme techniques typically copy pixel data needed
to replace noise pixels frompreceding or succeeding franmes. Intra-frane
techni ques, on the other hand, typically utilize data within the inmge
frame to be repaired for replacenent of noise pixels. Inter-frane nethods
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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 és 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



Known techni ques of scratch noi se renoval have addressed the probl em of
scratchznoi se renoval in several ways, including: (a) |ow pass and ot her
linear filtering (b) median and ot her non-linear filtering, (c) statistical
texture synthesis (d) cloning, i.e. copying another part of the inmage (e)
pai nting manually (f) projection based nethods and (g) nethods based on

sol ving si nmul t aneous equations. However, these techniques have been | ess
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compared with the surrounding 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.



5 about the global structure of the image. The limtation to a | ocal
nei-ghbot hood is due to practical conputational constraints in sone cases.
In addition, sone of these methods |ike nedian and ot her non-Ilinear
filtering are inherently incapable of meaningfully using the gl obal
information. Typically the presence of scratch noise appears as a sudden
variation in the pixel intensities at the scratch | ocati ons when conpared
with the surrounding pixel intensity values. This sudden variation appears
as high frequency conponents in the freguency spectrum of a inmage. By
renovi ng hi gher frequency conponents riation in pixel intensity can be

reduced to thereby sen .h s bi of the scratch,area n the
i mge frame. This ok\gﬁ'é i {%&%\'%%ijegg“qu pixel Bf 2.3 ’?ﬁ{/ol ves
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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



averaged out, is not effective since it often results in reconstructed, or
repai red, scratch noise areas being blurred and | oss of detail in the
repaired scratch area. 6 Wth nedian filtering techniques, a given pixel
of a subject inmage is replaced with the medi an val ue of the surroundi ng

pi xel s. Which pixels conprise the surrounding pixels of a pixel at issue is
typically defined by specifying the limts of a wi ndow encl osi ng that

pi xel . For exanple a wi ndow of 10 pixels by 10 pixels (10 x 10) in which
the pixel at issue is |located could be used to define the "surroundi ng"

pi xel s. The surroundi ng pixels can als® be referred to as the

"nei ghbor hood" of a_ qgiven.pixel, . The si.ze of th ' . _nei ghbor hood can
be varied in 880%‘%%%&5“%’& )iﬁﬁ'&t'h%é%'?*‘&f‘sﬁ%é‘?‘e‘?’#ﬁg’iwgr‘n‘bQ"medi an
filtering to peigHYothb8EHA a \Wigtistiddlddsetiptionwhich Bandsy disebverednown,
only the scratch pixels wll be replaced by the nedian value of the

surroundi ng pbyeanalysisdi Bhusadgivem pixel’s eharactesistics |are supgosedini ques wor k

rel atively well where t.h ratc rea | Lt e .g_rel I |l
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surrounding pixels is typically the value of the scratch area itself. If a

smal | w ndow, distapeggtiyeneighborheodmegessasy: fak analysis ef thasecaixels not

repaired, si n?ﬁuéthﬁe qggk%h}' Palrﬂg. i&nté@rﬁalel erohnf" b\éaé Uﬁchwall 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,



the scratch area itself. In other words, the scratch pixels values are

repl aced with the value of the scratch pixels. Wiere a |larger wi ndow i s
chosen so as to provide a greater nunber 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 inmage area is devel oped. This statistical
representation is then used to generate a synthesized texture that is
simlar to the analyzed area . Scratch/gire noi se pi xels can then be
replaced with the synthesized texture. Statistical nethods are based 7
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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



an imge of a typical brick wall. Many popul ar i nmage processing prograns,
su€éh aszfor exanple, Adobe Photoshopt, provide a tool for copying pixels
fromone area of the imge to another area. Wth these types of tools, the
area of the image to be copied is typically selected, or defined, via use
of a nouse, or other pointer/control device, which allows a user to
mani pul ate a cursor or "brush" on the display screen which displays the

i mage at issue. Using the nouse ‘device, a source area from which pixel data
is to be read, or transferred, is defiged. Then a destination area to which
the pixel data fromthe source area is”to be transferred is defined. "Brush

strokes", or e f\eﬂq ' , can be
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Repai ring scrafgfdi@for?bnth 'ConveX 86td, WIPPOCS. 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 areas, 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



stanp painting is a task requiring lots of tinme and skill for many i nmages.
Si Ace the human visual systemis very sensitive to problens wth edges,

m smat ched edges are relatively easy to pick out by the human eye . Anot her
techni que for scratch renoval has been to "paint" over the pixels of the
scratch by manually matching the scratch pixels with the surroundi ng area.
This nethod is very time consum ng and the quality of the results obtained
depends heavily on the skill of the operator. An even bigger problemis
when the image has uneven intensity due to lighting conditions or inter
reflections. In such cases, finding thel@ane intensity source area can be
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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



9 used. These nethods have been used to extend the frequency spectrum of
band-limted signals by alternating between signal and transform donai ns
and-appl yi ng constraints of each domain. The constraints are directed to
preservation of known signal values and enforcenent of bandlimts. This
approach has been generalized through a geonetric interpretation which is
generally referred to as Projection onto Convex Sets, or POCS. POCS al |l ows
the use of any information about the image, such as, for exanple, the range
of lum nance val ues, distinction between defined scratch areas and
non-scratch areas, as long as the information can be represented as a

cl osed convex ,set ta. b as.a constrain CtIO ased net hods
an’trage at 1 dunsngea it B el SFARRtaE ph e BoRas dHan S5t BVF A8 anot her
i mge which cligfiits ff&ﬁ%ﬁ&yﬁ§pé@@uhﬂaﬂﬁnmﬂg ﬂw&eauénwlmd sfwhthin a

defined range of inmages which satisfy certain pre-defined constraints. The

process of fi ritiags dbes oo providendgsirableiresyitadn seratehnand avitefemeyal .
constraints is knovvnlas rOJ ecting onto that constraint. Once such an inmage
has been found @Fhiea {TR98%nge, or resultant inage, is projected onto the

next pre-defined copghérkméwnl {ecwwquééﬁsf@emhh%malm@ému omf ormation
that is known about the inmage. projection based net hods, an inage at

i ssue may be ceglvingesimultanepus nguetupm ntThQ$eam§§m¢G trpicallninvalve or nore
O e on. Aoy HhePub B BER QR SR BT RSB} 1= X
exanpl e a roons 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



can be described in terns of X, Y and Z coordinates. Simlarly, an inmage
can be described as a single point in high-dinensional space. For exanple,
an i mage conprised of 200 pixels by 100 pixels nay be represented as a

si ngl e point having 20,000 di nensions (200 X 100 = 20, 000). Each di nensi on
of the point represents one of the 10 20, 000 pi xel s which make up the

I mge. The value of each dinension represents the |um nance intensity for
the given pixel represented by the particular dinension. In typical gray
scale imaging, a gray scale of 256 step 2is often used for high quality

| magi ng. Thus, the lum nance intensity, "Oor value, of a given pixel may

range fromO - gi?ﬁﬁh fgrmggig(@lggalﬂ'&%gg_gg?@eggggﬁ% Héfayﬁ g laqjggglrg 0 various

constraints, R Wage? (an- even und t I es of the

constraints i narfied pamtbhishnkicesool, (Bhen airey avoodd tthemdise (dalled he
constraints shoul d reg_resent sonet hi ng known as convex sets. The c%éept of
constraints refpRalepubimageinaed (cdian aeaa oM aNen ROFY EeTIoN 18\Re Uskln a

ints , . ¢
consi der od, ¢ nBcacpresplyne SeaRHECERle 85Fhadt), PR 1 ASSHRLSs B8 8 L (he

set of all posekbinple image. with ndise. rRigures Relllstratest a maése raskrpgpted/ t hat
any linear conbination of two inages in the set ie(la*ds an i mage which is
al s0 wit hi n t hensthe neisen kigura & ilustrates,an examaple afsample,and repalf essed as

follows: 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 r.emove scratch or wire noise from

“non-uniformly shaded images.



u((x) +(1-u) (y) =1z, where O[err]Ju[err]1, and x and y are inmages. If x
and y are two i mages which are nenbers of a set S. uis a real nunber
between 0 and 1 inclusive, and z is also an inmage which is a nenber of the
set S, then the set Sis a convex set. Figure 7(A) illustrates a
geonetrical definition of Equation 1 and how it is satisfied in convex sets
but not in concave sets, as shown for exanple in Figure 7(B). In known

proj ection based met hods of scratch noise renoval , constraints such as
bandlimts are inposed. An inmage is sai3l to be bandlimted if the
fourier transformof the imge does not have an infinite frequency

spectrum Lim tingfRea fhRALEREA RS BT thle &%sbﬂ@%&ﬁﬁ)‘h P UtiRES Y KlSise
desirable results in scratch and wre renoval fromreal imges. O her known

techni ques of maskawith seftrddesate aliawed sonocthieriblendinguo ft ceaconstrustedit i ons.
These net hods _typi call é i.nvol ve sol vi nﬁgl}nurrerous si mul t aneous equati ons,
t8ed SY

often as many"g af"i"a E"qgﬁe?@%de 80459+ the | mge at issue. The

conput ati onal requip mtaavfaﬁtsgé of tﬁutprbbeﬁt iREhtioned pAsViBe vislidly hi gh.
Such met hods are nost useful in renoving b in imges. lterative and

non-iterati veimpreved sempovals ohsetatnbtomwef m1ssdr@mcmpm-enmamlv whi ch
require the sohutl qn of onIy a limted nunber of equations, up to as many
equations as £tHe AFEQ& xels in the scratch, have been

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,



proposed. However, these nethods do not work well where the scratch noise
at -i ssue consists of a plurality of contiguous pixels as is typically the
case with nost scratch noise. A new nethod described in our recently filed
Japanese Patent Application No.P7-303420 (filed on Cctober 30, 1995), which
Japanese Patent Application corresponds to U S. Patent Application No.

08/ 733,753 (filed on Cctober 21, 1996), presents an algorithmfor renoving
such long thin unwanted noise frominages, In U S Patent Application No.
08/ 733, 753, which U S. Patent Applicati otis her eby incor.porated by

ref erence, we posed the imge noi se renoval problemas follows: Gven (i)

bossi bl e to reJtETRe thelbiiete #ila datatorUHERIP oW GAER! florkliiinole ' ©
descri bed i n UifagBad#tat arkp pigts pase filtdved B8, irfaget data, perfarmingfd es (a)
the | ocation of the noisy pixels b . 12 paipting a mask (called noise
mask) over the frRAuRNGY Hangtamyta téPd?'S'a!P%&i ngergngargnns\eklg\qgﬁ)pgta( M an
o g, 0Ly EAr RSl it basnRLER SR "
il lustrates an imeyepdata, THaRing the repaieimbygWata 2oi dénerhtenloas passoi se mask
painted on the fﬂ%rzg'rel;iagui;\fag?’e i:llailzaug;\crlal;[igg p%:\nsse il?enr%ldere%];irsi?n gleedgtgq repair

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



subi mage sel ection. The enbodi nents of our U S. Patent Application No.
08/-733, 953 use spatial and frequency domain information fromthe sanple and
repair subinages to renove the noise. In contrast, previous popul ar
approaches |i ke copy-pasting, painting, nmedian filtering and | ow pass
filtering, etc. work only in one domain. Although the results fromthe
nmethod in U S. Patent Application No. 08/ 733,953 are better than previously
known met hods, our method in U S. Patent Application No. 08/ 733,953 was not
designed for inmages which have trenendd®s intensity variation across their
the area of such inmages. The present invention seeks to overcone the

short com ngs G et ' Oflse aMadf of

renovi ng scr a?ﬁngrlfglf@gdf rome%fgﬁ %ggﬁﬂ%wgggaﬁﬁi §1°e| mggg%fﬁ“égel d high
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frequency domains to renove scratch or wre noise fromnon-uniformy shaded
i mages. 13 of thessample irhaegefdataamel the frequeneydanansfovmeti datatef the | i ze a

- noi se

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



mask with soft edges to allow a snoother blending of reconstructed noise
and the-«i mage around such noise. It is an advantage of the present

i nvention to provide visually inproved renovals of scratch or wire noise
fromnon-uniformy shaded i mages. According to an aspect of the present

I nvention, a nethod of renoving noise frominmage data includes the steps of
defining an area of noise on the inage data, generating a noise nask to

di stingui sh pixels inside the defined area of noise on the inage data from
pi xel s outside the area of noise on the jgmage dat a, defining repair inage
data including the defined area of noise, defining sanple imge data which

Is simlar to S‘iﬂgréé’Qgﬁpléglgtggegtgértgbtroﬁéﬁgéﬂgqg 16 ééqﬁltgﬂaicﬁﬁ;%@? dafa SO t

noi se mask having a so requency trans to the

sanpl e i mage dahear®fort gemEratingt wewrkighgrass filteres! ionagpsiddtd asinig tHee sanpl e
| mage data, performng the frequency transformto the repair imagew;iata to
generat e frequée¥y high pass filtered Jepaisimage datsaithe raaak Inegs 93483 ni ng an

i nverse transf - %Hbe r Hedv e jsagge
data and the fgégt@l%%nﬁ?gé{ﬁs or Br'e%n aft%gs%eﬁ{e?ﬁgngepal %ahggdeactgarqg éﬁ?gﬁé
gener at e new r gpav highpessdilteredaegaydneige dag asdvthedgw passifiltereth t he new

repair image data, the repair imge data and the soft noise mask. According
t o anot her aspé@lagﬁfdﬂ‘?e present invention, a nmethod of renoving noise from
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area of noi se qrogham 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



| mage data from pi xel s outside the area of noise on the inage data,

def4 ning sanple image data which is simlar to the repair inage data, 14
filtering the sanple imge data to generate |ow pass filtered sanple imge
data and high pass filtered sanple inage data, perform ng a frequency
transformto the high pass filtered sanple imge data to generate frequency
transforned data of the high pass filtered sanple imge data, filtering the
repair image data to generate |ow pass filtered repair inmage data and high
pass filtered repair inmage data, perforiiing the frequency transformto the

high pass filtered repair imge data to generate frequency transforned data
of the high pass an _inverse

fi.ltered.repair i e data erform
transtorm of - tRGUdng, definjng Al area, oh tietsoh 1Be imagsArte GeaRE I ed dat a
of the high passiséirhask adt® WRIiStiAGHER FIRER iABHIe! tHe HERALE AP¥a bFf MO Med
data of the high ggss filtered repair inmage data to generate new hi gh pass

filtered repaionithedmagetdatactsati pixels ohtsidewhgzareafef neisedn timimagenge
data and (e | SiP Aol e R oA R I R B PR v e
new hi gh pass datd, giedingfad Fsaiﬂ_memégbaiathh@ g&meriate IoWwgsastafirerstd t he
noi se mask, and generating new i nrage data using the new high pass filtered
repai r i mage dsamplnimege daig angkkigh pass éiliert?ggémm #mageciatai ng to a
further aspect pglffo}rnﬁ\ﬁj Eeﬁggﬁer'\év ?l%tnis?grmqg 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



apparatus for renoving noise frominmage data includes neans for defining an
area of :noi se on the inage data, neans for generating a noise mask to

di stingui sh pixels inside the defined area of noise on the inage data from
pi xel s outside the area of noise on the imge data, nmeans for defining
repair image data including the defined area of noise, neans for defining
sanple image data which is simlar to the repair inmage data, neans for
creating fromthe noise mask a soft noise mask having a soft edge, neans
for performng a frequency transformtojighe sanple inage data and to
generate frequency 15 transfornmed data of the sanple inage data, neans

for perform ngd%{be, éﬂﬁﬂHg%batrriﬁ{hﬂeDaatat Mclldingap@i defirfBiDaretabhnbisegener at e
frequency transtormed data of the rTepair imge data, nmeans for performng

an i nverse tradefioing sémpleirmageutata ywhichnist similad tadhe rgpairtimagengiat@, i mage
data and the freguency trapsfor.nmed data of,. the repair,..l

generate new r&b‘%‘? g x@@@%ﬁﬁt%ﬂ'sﬁﬁa"%&aﬁgﬁ Bf'sfeﬁ%sgtn%\ggﬁa\?%éfg%dat a
using the new LapRirmihgedfredabAcy ithhdfBRAI to tHRSEMPI Mnagé dakte ahdifo noi se
mask. According to yet another aspect of the present invention, an

appar atus for gemerategfraquenrcy transfomged dtata afrtbleusrmpledmage datajef i ni ng an
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pi xel s out si de dep@ratecteqlieAdY HrarisTolied dEE%f 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,



data, nmeans for defining sanple image data which is simlar to the repair

| mege data, neans for filtering the sanple inmage data to generate | ow pass
filtered sanple inage data and high pass filtered sanple image data, neans
for performng a frequency transformto the high pass filtered sanple inmage
data to generate frequency transforned data of the high pass filtered
sanpl e image data, neans for filtering the repair inmage data to generate

| ow pass filtered repair inage data and high pass filtered repair inmage
data, nmeans for performng the frequenq¥ transformto the high pass
filtered repair inage data to generate Trequency transforned data of the

high pass il PEH%? ﬁgﬁ%‘n inVERSEL %%rmqﬁefﬁé?@éﬁé\%mﬁ%ﬁq dfs(i)Hr’

t ransf orm of ency transformusing the frequency trans d data
of the high ptse flfeduemqutraaswrmemﬂgfa dathehlghldassffﬂmxaéraammleansfor med

data of the high anI| repair |rraedatato new hi gh pass
filtered repaf'% %“?Tg" GPGP/f(EB ‘Elﬂ'@gg gé‘PFF?ered

repair image gl ge‘??{;?élbwaa\@ PaS5to ge.ﬂ, afgﬁlsr{ef%g?ﬂ%ﬁ?éyr;at iitdredGe V\ﬁﬁfra to

generate | ow pas ed "mage dat I ng ne I gh pass
filtered i mgémdgeaataj ngmmamgevhmlogh pesssfiltedederepain inpage dateagaddat a t he

Gata Usi ng t hahf avnbats DIBted SRTENG ImAgs 912 W geneiats WP RN 8 hacs
filtered i mog§yAgkadata, 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.



According to a further aspect of the present invention, a program storage
devi ce readabl e by a machi ne, tangi bly enbodyi ng a program of instructions
execut abl e by the nmachine to perform nmethod steps for renoving noise from
i mage data, the nethod steps including defining an area of noise on the

| mage data, generating a noise mask to distinguish pixels inside the
defined area of noise on the inmage data from pi xel s outside the area of

noi se on the imge data, defining repair inage data including the defined
area of noise, defining sanple inage data which is simlar to the repair

i mge data, creating fromthe noise mask% soft noise mask having a soft

edge, performng a equency transformto.the sanple i e data.and to
gegera!toe frequegcy E‘-F‘S?"g‘?‘ﬁﬂ Uaﬁﬁfts"é"bﬁ am dntegrafl ioﬂﬁljgﬁgftng',reﬁé?? i ng
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transforned data of the repalr 1 mage data, performng an inverse transform
of the frequenbgcomenoicalined, detcaned cldserdantbespectnsmdathesendan he

f t f d dat f th ' i data . t.e.. i
| mmge data,  anieAEISPEHING PRt OUSN BRAGR TRES PR 4PTSTAAR dat a,
the repair i mﬂﬂeﬂ@ft? itd ifte? Phlle 0RO Detebn VITSULbBRCE® irY Bhe imagser

aspect of the present Invention, a program storage device readabl e a
machi ne, tangi lorshadinglete.,g a program of instructions executable by the

machi e t0_perf orm 5L Rd hePRahd! SR La%iAg SRabkoMRd LSRR e
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.



i ncludi ng defining an area of noise on the inage data, generating noise
mask data to distinguish pixels inside the defined area of noise on the

i mage data from pi xel s outside the area of noise on the inage data,
defining sanple imge data which is simlar to the repair imge data,
filtering the sanple imge data to generate | ow pass filtered sanple inmge
data and high pass filtered sanple image data, perform ng a frequency
transformto the high pass filtered sagrle i mage data to generate-frequency
transforned data of the high pass filteéred sanple image data, filtering the
repair inmage data to generate | ow pass filtered repair image data and high

pass filtered repaigigifgas PbRckhdiabPalilldstrifing 'cemMbodimaRE bPrARL O t he
hi gh pass filtered réepair imge data to generate frequency transfornmed data

of the hi gh papparatuscotthe ppesentiinugatidnt a, perforning an inverse
transform of the fregquengy t sformpusing the frequenc ransf orned data
of the high pass 1iTGURE L Reera WA Shemin the CHRbgy oF MSied or meq
data of the hiphoRasdydd hbRleSthakrpPai r i mage data to generate new high pass
filtered repair inmage data, conbining the |ow pass filtered repair inmge

data and the | ow pddgufé flcard 121818 Hownhpetsishawing gbedanethed tow pass
filtered i mage data enerfilti ng _new hi}tﬂh (ﬁ)ass.ffi | te eéi | mage data using

t he new hi gh dﬁ%o‘f'f'?t ¥ 'Foe(Bd qeﬁa‘ef AUy ﬁén}ﬁl{ﬁ P mage data and the
noi se mask, and generating new i mage data using the new high pass filtered
repair image data and the | ow pass filtered i mage data. According to an
addi tional aspect of the present invention, a recording nedium has digital

dat e recor ded B eBd Pl 8 dhdPraRsh e EiibOGiRLGRe" od bY the steps of

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.



| mage data, the inmage data representative of an inmage, generating a noise
mask to/di stinguish pixels inside the defined area of noise on the inmage
data from pi xel s outside the area of noise on the inage 18 dat a,
defining repair imge data including the defined area of noise, defining
sanple imge data which is simlar to the repair imge data, creating from
the noi se mask a soft noise mask having a soft edge, perform ng a frequency
transformto the sanple image data and to generate frequency transforned
data of the sanple inmage data, perform ? the frequency transformto the
repair image data to generate frequencyy ransforned data of the repair

| mge data, perforn | r f f . nsf or med
data of the sanpl e%%@%mﬁ@ggﬁ'ﬁg@r@étﬁ?@@%%@%%%@@@a@ afﬂaot he
repair inmge dai andoogreimveatiennshoweddiettérmgaitdahan greviyudt megho@yy | mage
dat a using th(:f new repair ima.ﬁe data, the repair image data and the soft
noi se mask, ar@" MRAILLIRENE FEN {MpgesayBhnitoram inteasityc of extige ®di um

According to Xf‘éri@sfﬂfﬂe@eén@?%ﬁﬁmﬂ{t ks Weﬁé%%diléﬁl Sawe@ﬂxi Srnﬁﬁcor ding

medi um has digital data recorfded thereon, the recording e ei ng

prepared by thdosestpmettiod ¢d ionrraigarittands thé popular method igfage represent ed
by i mage data, the inmge .data rePlresent ative of an image,_ %enerati ng noi se
mask data to UM-ABNRG flRmAnotheeama of imageiarcmanrabpainting toe on t he

i mage data froghidvechsiseWvhidfid fifin 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.



area of noise on the image data, defining sanple inmage data which is
similar to the repair inmage data, filtering the sanple imge data to
generate | ow pass filtered sanple i mage data and high pass filtered sanple

i mage data, performng a frequency transformto the high pass filtered
sanpl e imge data to generate frequency transfornmed data of the high pass
filtered sanple inage data, filtering the repair inage data to generate | ow
pass filtered repair inage data and hi%ﬁépass filtered repair inage data,
perform ng the frequency transformto t hi gh pass filtered.repair inmge
data to generate frequency transformed data of the high pass filtered

T e

transformusing th guency transfto pass tered

sanpl e i mage dhtatArsturd offareibage uréd a0 Yeorearedpiscoftén tpreséngih pass
filtered repair inmage data to generate new high pass filtered repair inage
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I nvention in
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



the U S. Patent Application No. 08/ 733,953 in two ways. One is to handl e
the difficult case of non-uniformy shaded i nages which is the conmon
situation in real applications. The second is to allow the edges of the

noi se mask to be soft so as to allow a snoother bl ending of the
reconstructed noi se and the inmage around the noise. Figure 5 illustrates an
exanpl e of image wi th non-uniform shading. The present invention is
directed to a nethod of scratch and wire noise renoval fromdigitized

| mages wherein a scratched portion of a digitized I mage whi ch requires

repair or noise renoval is identified a binary mask is generated which
di stingui shes the defi ned scra}ﬁf&g $ romthe oltzge ort | 003 of the
digitized i mad®e $eraLgiLAFe SONE ahtedn e HIETRODE 2P S Somdigyle portion

of the di gitizlg,dsidra%p ﬁ?@fﬁﬁst?@cﬂié‘fﬁ’é“é&ﬂu@lﬁeﬁﬁé@éﬁﬁ&ﬁb@bv@t her noi se,
I's then define The sanpl e subinmage is preferably selected so as to be as

cl ose in resendtenutebteoby ltberagmuiolles 30 madethespinsessor 85 fadeniating|
intensity or slow variations of intensity of the e a

subi mages can 'Pi%'\ﬁ@\fa PMLENIFS F@i%nll" ﬂp(?ﬁ?‘é% hc‘&?ﬁgﬁerngb 80%%3%? er
transformis aa?ianire&i fhige diﬁtﬁfinéi}?mnid frie ﬁi&wsorw ePrécddsapg®r m nany

of the essenti gl obal features of an inmage becone |ocalized, i.e cone

closer in the ppmassamsucheimgmdataiahdde tuep@aovwgsgmmemsls toveral | | mage
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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 the 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



or shading etc. On the other hand, rapidly varying randomlike texture |ike
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 ot her objects, features, advantages and aspects of the invention
wi || becone apparent when considered with reference to the follow ng
description and the acconpanying draw ngs. Brief Description of the

Drawings Figure 1 is an illustration of an exanple 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 sanple subi¥Page. Figure 4 is an illustration
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but not in conscae}xp esset}ﬁcifnage géL 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



Figure 8 is a block diagramillustrating one enbodi nent of the apparatus of
the present invention. Figure 9 and 10 are flowcharts showi ng the nethod
for using a soft edged noise mask. Figure 11 and 12 are flowcharts show ng
t he met hod for renoving noise frominmages w th non-uniform shadi ng.

Det ai | ed Description of the Preferred Enbodi nents Qur previous invention in
U. S. Patent Application No. 08/733, 753 conbines the frequency and spati al
dormains in a POCS franework. The present invention extends this basic
concept so that noise can be renoved fr¥fn images that do not have uniform
shading. W al so .extend this basic concept in gnother way, by, allow ng the
noi se gask to ?f&?eth?o’f'ﬁhbﬁ‘g@é‘?x ?ﬁF%aﬁﬂl‘iﬂKBe‘i%gEg%It ed?’}éhqcét?"tso‘“repl ace

the noi sy pixelsqdCtd'8 : ' he background pixel in the cases
in which the bagﬁlcrotrret Egﬁn;tﬁg?@e%@eéﬂé#&&s_ Pat ent Application No.

08/ 733, 753 has pr obWetirsSdekcribaghe iaventiore thahusés ahsdfbaoiseanmskefioy

cl osely spaced dark,and pright areas in the image, The effi.ciengy aof the
present invent ir?f??°|"§"9108‘sceoﬁ'9ﬁb"'f‘aﬁ?s't then Wvgtd@F&f'PGrfI‘Péﬂﬁ?Wé%" fakt

operations on ?éﬁ?\b\rir?d‘ﬁbf%ﬁr%m ﬂﬂ%g@é‘ Wit n@%ﬁﬁ%ﬁgﬁdhﬁ_pr ot ot ype

(sanpl e) based approac noi se renoval as to satisfy the
followng criteria. 1) Prom nent |ines nust be nade continuous. 2) The
texture generated nust -match the surroundi ngs. 3) A sanple of different
intensity shoul d be acceptable.

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



22 In U S. Patent Application No. 08/ 733,753 we solved (1) and (2) and our

i nvention showed better results than previous nmethods for nonochrone still
i mages with uniformintensity. Texture of various types and prom nent |ines
were handl ed correctly. The closest nethod to our algorithmis the popul ar
met hod of copy-pasting from another area of inmage or manual painting to
renove noi se which is thin and long. Alignnent of promnent lines is
difficult in copy pasting and creation of matching texture is difficult in
painting. Another problemis finding a pyototype area that has the sane
overall intensity as the area to be repaired . This can be seen in Figure

6(A d 6(B). : ' | | ' P
Aol i cati on NAMARIEGYE s e IREFIEY YendrBlo! Sdimbll bdBimbgs STTEAMe | (5
was not sol veprbygentiatethodethe phasemagdd ignorefiorHoweyes, thiet h t exture that

has many adj acent brigmtJ anﬂ dark areas, sonmetines the transition between
reconst r uct ed 'pRgBRIYds M1 48k Be I3%%nes slightly noticeable. To sol ve

this, we created 'aeﬁ?%&i o1y éM%&;ﬁséH“nH%%Sm%sE‘? tﬁrgﬂ%ﬁdﬁﬁm frﬁaeﬂgé# unl i ke

t he binary mask us oul previ I nventi on. sol ves robl em of
abrupt transi tpaintedlbindriyanask.ario deéatel thegsdfibietigeet moide imasiavwsiden Fi gure

9. To solve problem (3), we have invented another algorithmalso described
inthis prese elWéélY oSk Eﬁ%ﬂf‘\ﬁb?ﬂ%ﬁ%ﬂf&ﬁ&f&@?ﬂ‘ tsh- butside e

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:



| mage appear as |ow frequencies while texture appears as high frequencies. .
By applying a nmethod simlar to our algorithmin U S. Patent Application
No. 08/733,753 to the high pass filtered image and nerging the result w-th
the low pass filtered inage in each transition, we are able to handl e the
case of image with varying intensity or non-uniform shading. Details of
this nethod are set forth in the flow charts of in Figure 9 and 11. 23
The present invention recognizes that ir8rnation describing the structure
of an inmage area to be repaired is often ‘present in another part of the
sanme imge. Sinply copying this information, pixel by pixel, or generating
an average value to repl aoex$Qratch area pixels yields |ess than desirable

results. The nethod of the prgsent,invention.utilizes.known r
non-scrat ched porti o‘ﬁg'ef)‘? "bpsr ﬁban?lRﬁ ?lﬁﬂw 3?&@?‘1%%&\?&%3 g?s#h_gnflr equency
spectrum of a defi nad paghel gixel VR 6f 8dch loF thegsirbisVet the pspHist r uct

m ssing pixel information I ch conprises a defined i mage scratch area.

Wth reference to Fiignages 3, 4 and 8, an enbodi ment of the nethod of the
present invention will be described. It should be noted that |ike reference
nunerals in the various figures represent |ike features in each di agram

thereof. Wth refereReferfingmdnie Rgars 10, PHicr 13 stépt 8, asReeISithi Ng an
i mge 50 contai ni ng unwant ed ,scr at cﬁ/ wWre noise is input via input 12. In
Fi gure 3 i mage @wve, the user will 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



depicts, for exanple, a brick wall. It will be noted that the brick wall
depicted in image 50 of Figure 3 has large, regularly occurring features,
or prom nent edges, which represent the nortar seams found in a typical
brick wall. The corresponding i nage is displayed on display device 10 .
Usi ng a pointing device, such as, for exanple, a nmouse 15 or pen/tablet 20,
the perineter 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 nmay use a pointer degdxato mani pul ate, or nove a
cursor/pen/ brush across the displayed i'fage and define the scratch area by

tracing over the awtematic AlifhrhentbEiylchal featiresTNBolMPitis iﬁ?rrééﬁ.lénc%s the
shape of the cursaor/pen/brush can be varied according to the operator needs

or desires. THEOMRINHS@asyedlinbthe ﬁ@atidr@@mimrﬁrblaljghﬁﬁmquuld Irllm to foll ow
th tch e ] |.on all _pixels of 24 the scratch are
coSe?g(rj?hi ghl ?gﬁ@lé%d %&Rﬁ&&aﬁvcgﬁgt%[?ﬁf lgured to store a program of
instructions, as fuxtS®p Varsihd IRE rARIMUM PHESHItER gnaypﬁzi?e froR} s@d er 30

and the processor 35 for renpving noise frominmage data. |n operation,
control | er 30 &rinyewesfastdguriaatransfomi(iffd isaadculated. 23 the ek ofr ocessor

control lor 30 e SeBOREER 540 RBEfRAl Fofaity M terlt Brvendpson® to
accept comandhefdesifedoatswah Bid/sihcd W niddifled3he spibthem

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



di splay i mages on display device 10. It is to be understood that the
program:of instructions for the nethods described bel ow may be stored in
menory 25. Alternatively, the programof instructions for the nethods

descri bed bel ow nay be stored in or on a storage device such as a magnetic
tape, magnetic disk, optical disk, magneto-optical disc or any other

st orage devi ce capable of storing such data. In such instances, the program
of instructions would be executable byd§$e processor 35 to performthe

met hods described below. As illustrate n Figure 4, binary mask data is

gener at ed whi ch |st| .nguj shes the efined Sciﬁl} ch ea fro@{%t :}e ot her areas
of the inmage. 'ﬁ\értbe'fﬁa% ae havsuugt ca gier ya Git8Y$ t he

scratch area 4Pe xna%%mas%f thesof? e'&geﬁonﬁéﬁ b thahed BErvIEA 020

scratch area and a "0" ue to ea out si I ned scratch

area, or Vvice-ander stheré’twwtbéaanwngsﬁ vhlues justt ¢elaulated éul previossory 25. A

repalr subi nage 6 cQq i nin | east .a portion of the defined scratch area
h.ihdsd fr Tae orapal teh

pi xel s is defi AteP Y& SHEH Bir 9fs defined . The sanple
subimage 5 is prefe gdm? bl hi TOST
cl osely resenbl es tlryghgbr‘ea 0 ﬁ“ﬁ%%%g‘gwréﬁ ?r’r@fgghgﬁltrn%ggo ng{]i tr"trjrgture,

texture |ines. imMkge using a sofit esiged, ndiseamask campikel ilaé @feaach ohthee it is
preferable that . tq

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



sanpl e subi nage be chosen to closely resenble the repair subinmage area, it
IS not necessary that features and details depicted in the sanpl e subi mage
be identically | ocated or oriented within the sanple sudinage so as to
correspond directly to the feature and detail position of the repair

subi mage. For exanple, in Figure 3 in can be seen that the features and
details depicted in repair subinmage 6 are not positioned within the repair
subi mage 6 exactly as the features and details of sanple subimge 5 are
positioned. However, the features and de&iils of sanple subinage 6 cl osely
resenbl e the features and details of repair subinmage 5. The sanpl e subi mage

5 preferably R[ag &ahﬁfeguegpr%uvﬁﬁb%é?min%{iﬁg&@wﬂggmw fHiat iRy’ epair

subi mage 6, however, orientation w ane ‘o he |XBge 50

does not havepbetitwes ofehtirmsdse walltHsle béen eomovedudicorgefdly, theret her
words, for exanple, if the repair subinage 6 has sides which run parall el
to the X and $OEUNes spaybggarpe remaigingopraklemssspats; nkhe user theml e

subi mage 5 al sQ; 'ﬁgs i i L } hrgag t the
si des thereof %?’b'ﬁgpcg#a eﬁdqéybgﬂig%é%%ﬂ%@gﬁﬁﬂagéfﬁo e ?‘égnggubi mage
6 nmay be defi nhesd sniad @gicmebf problemi geTas usdeakpethenoseléetzdsmal be

wor kabl e. Dat a re,Presenti ng the respective values_of pixels within repair

subi mage 6 i s ePaF &nd samplRIndawsaas beferg, butdhistime concentsating g&ct i ve
val ues of pix LR S nq’g% . r : i sed of a
nunber of sepgbgtrgﬁrf#e%rr'glpyaﬁﬁil‘?gag@a ?’ﬁgw 'g m?"{/\%ﬁﬁl\ﬁ?ﬁﬁé%?ﬁgﬁ
partitioned oragairneepeatedcivofm steped. so as to separately store the various

data. The present nmethod is based upon the theory of Projection
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.



onto Convex Sets, or POCS. In applying POCS, it is inportant 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 noi se mask for renoving noise fromimges, and then we describe the

I nvention for renoving noise frominmages wth non-uniform shadi ng. Method
of and Apparatus for Using a Soft Edged Noi se Mask For | mage Noi se Renoval
Wth reference to both Figures 9 and 10, and in particular Figure 9, at
step 1 a user paints a binary nmask over32he noise area. This nmask is w de
enough to cover the noise but does not have to be of exactly the sane
shape. The user theButavieen she effeitasfondmuniform siiadingde muachimdortehe noi se
area and desi gnhat es C}f‘é}h repair subi_ e. Then the user .selects a

rect angul ar ar REPRAUAGED, tﬁ’& grseriad mathedsialednsufficientng i s sinilar

to the repair HBI¢RYE, Wédn&‘;v égﬁaﬁiéﬂ Y@ dS4 aEPa+aftus1EHh§tn%ra“t‘Qhés

desi gnat ed t he sanpl e 'subi mage nmeani ng o I'sS that the

sanpl e and replw md)hlgigﬁ:equlanuie@k differently 0 The sddsonefbr\srchi reatméntach
other, i.e., the grom nent |ines, insi d the sarrpIF can be a h| fted when
conpared to thi B Bﬂﬁ‘%ﬁlm’?’l"ﬁé@tpﬁ'st'ﬁet edptensity of Hhg dmage;wi cad?PQ?é Been

clearly in the e haRPirbGuSHE) Rohthdidits S whithirfd«eHaNS aRS ARIdferse! ect i ons

of sanple and repalr subl nages e noi se
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



noi se mask painted over it can be seen in Figures 1 and 2. The user al so

selects the nunber of tinmes steps 5 to 10 as shown in Figure 10 wll be
performed. At step 2, the fast fourier transform of the sanple subimge S
is calculated. The output of the fast fourier transformis phase and 27
magni tude of the fourier transform of sanple subimage S. In the present
net hod, the phase nay be ignored. However, the magnitude ML will be used
|ater. At step 3, a soft edged noise k is created fromthe user painted
bi nary nmask. To create the soft edged i se mask, inside the binary mask

region the value of soft mask is 0. Qutside the binary mask the val ue of
the soft mask dubfin@aBeSThEUAPbEGebr BleBriiHIhEAULHEMBIOR o for the

pi xel s outside the Binary mask, if dist stance fromthe ary mask
t hen the val udigéres3fwhinkskhowslexarople s¢lestidns of)sanhplecand rapair const ant

t he user can set .to make.rthe sof t ad‘%ﬁe of tq‘i nmask rise.verx rapi dly or
nore sl owy. MBOES- o1 1 Roise and Maisg imask; palnted ayer dt ¢an hasSegn N f ound
to be sati sf aqgt; f a fo ' ' t he
bt t rmak 16 aglbes A 22 I SAdhid: REAGSE VR HAetEngu TREAERR |
sati sfactory ftorhamdle just pusk.a problery, thetsamplepsiibinmage camybei s nul tiplied

W th she notse Smserdify dahEbe brighfer e B rdfi Subindga/ TR Dler? B! 2k
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 ed_ge 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 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



region of the mask. The soft region of the mask, however, reduces the val ue
of the otiginal pixels underneath by a nmultiplicative factor which has a
value fromnear 0 near the noise edge to near 1 a few pixels away fromthe
edge of the noise mask and has val ues between 0 and 1 in between. The
multiplied result is known as masked repair subimage R In further detail,
when multiplying a repair inmage and a soft edged noi se mask, a pixel val ue
of each of the pixels of the repair image is nultiplied with a

correspondi ng val ue of the soft edged ngjse mask for each pixel according
to the foll ow ng equation: 28 mx rQ Y44here mis the value of the soft
edged noi se magk, re i ' C t i S t he
repair inmage. éﬁf%@??ﬁg%%@ve@ %%Fﬁ{g%rséeqs%’g%dr ?’hrﬁ%o#%é)é:eﬁ @ "élésré'se‘t'f\(‘2 lf(3(rat h
above, the usenonidnifariv ehdilinpisev iy sRiviynthenuaairrabet fiBscahdiss 5 to
10 as shown in F,izgure l_g will be perfornmed. At step. 5 the fast fourier
transform of nHERAdhaR hihe 8op-yRiferm: shading s variesin 8 siidenam@ngemagni t ude

M2 and a phase P2. , e 0 ' : '
el cul ated. WL 1o A SieBraR n st AT of e hidh (58 rhferkd
magni t ude of t samipld sabirmagé ¢S i< palculsted. n"Fie .outpus 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.



done for all frequencies except at DC. At DC the value from M is chosen.
The™ cal cul ated m ni num nagni tude cal cul ated is then used as a new val ue at
step 7, and the phase information P2 generated by the fast fourier
transform of the nasked repair subimage is utilized as is at step 7. The
reason that the above step 6 is effective, is that noise in general adds
magni tude to the spectrum Taking the m ni num of the magni tudes of ML and
M2 effectively reshapes the repair spectruminto the sanple spectrum This
step has this nice property, and it i 3% projection onto a cl osed convex
set (see below). The reason for not nodifying the DC value of the repair

spectrumis that i THeOfSIRWInG! frepsabAahPbugina 3N eegldsehtRiRé copelparBde
intensity. Also note that the phase is retained, that is, while reshaping

spect rum magniof #be methadhy dhese siersevidlibe performed thgtowmber ofitisteshed. |t

turns out that P 1S nstruct ed aut omat. cal over several
Iterations. Pﬁé%ggye%iégﬂepz@( ﬁﬁ% S&LW{'?' itﬁe sda et?{bd g‘?ﬂ%ﬁﬁ?ﬁ'&"%ﬂ‘?sgnnent
of gl obal featWgrsbeiRg suleéttids i n frequency domain is easy. In the spatial
dormai n, an alignnment woul d have required expensive bl ock matching. At step
7 using the nini nuihaten 6Addharmapked cepaipsubiropge is isplikinge twst fouri er
transform(lFlfp

spatial domain. apis?%. %Z'lgﬁwb?élhggsn’a@%cﬁg%%seﬁngf)gé (ﬁm %natgﬁe Which s oav(\:'k a
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,



the desired answer. But since we nodified the spectrum magnitude, [err] it

I s possible that after inverse fast fourier transform we now have

i magi nary conponent in the inmage matri x. Some val ues nay al so be outside
the feasible range of 0 to 255, which is the all owed range of pixel val ues
for a gray scale image. Therefore at step 8, to bring the val ues back into
the feasible range, the values of the spatial domain natrix are nade real
(the imagi nary conmponent, if any, is dropped) and clipped to the range of O
to 255. In further detail, once the inmagi nary conponent, if any, has been
dropped, if the real value is less th O, the real value is set to the

val ue of 0. |flf'fali‘leel*itfi’ﬁlhs\lé’ééiﬁneirﬁ0€r3lr'cli‘éte‘?'ftry1E Fhafbs%'éfto Ben ffRfe'dtty ¥l ue is
set to be 255. O herw se he real value is left as is. In addltlon si nce

t he previous operathan m the entryienesetitorber?55: Qthenwise, eihesremhose

pi xel s out si de f thq@ st?? rrssﬁp These pi xel s must now be corrected in
spatial donai nY ,Tlﬁllg Fe YyRycae |y by copying the known pixel val ues

around the noi se framngtég WAQtH@Pu%#@%h&péﬁByfﬁigﬁ 10AQve rhivad wither sinple
projections are detailed bel ow. A 9, pixels output (the new repair

i mge). from st e pixeleofithe high passridtgredi masked repaie/ssbimagasreateg nal
eset to the vl aed PRon BRe Ay et ate i MEnimot R meaf Al P
known to be nojgsetitbate Jﬂaeyakm&mf midisked &ebaﬁtswmage Bdrauseahey of the
mask that is O are left as is because_the original repair subimge is known

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,



30 to be noisy there and we have just cal cul ated better values for this
regi on. ‘For val ues of the soft edged noi se mask that are between 0 and 1,
there will be a mxing of values just calculated in previous step with
those in the original repair subimge. Wen conbining the new repair inmge
with the original repair inmage using a soft edged noise mask, a pixel value
of each of the pixels of the newrepair image is conbined with the pixel

val ue of each of the correspondi ng plxels of the original repair image,

usi ng, for each pixel, the value of the3doft edged noi se mask in accordance
with the follow ng equation: mx rO+ (1-m) x r, where mis the value of

the soft edged noisg, é‘?n lg%ég,eﬂ@f ?itfﬂglso\ffbﬂgeﬁfncﬁﬁé%égk the pixels of

the repair inmge, an i's the pixe ue o of the pixels of the new
repair image. At stemlsuhe pixel valiee of rdachdofnthet pixels bé the duigis pads nunber of

iterations of stepsff 4: as_been (ﬁ)erforrred | f so, the nethod
proceeds to step 11V[PHE F‘E:}gq"ésg IMEPEnBRC the output of the just finished

teration becomes t g HE bbbl \EE of YARNBOMEphRls b e ew 1K pasgn. A

step 11, after the core part of the rret steps 5 through 9)" has been
repeat ed t he requesfitéredimepair stibimags. as descrl bed above, the user

exam nes the results on display device 10. If the results | ook satisfactory
then the nmethod is conpleted. At this point, the i-nage data may be stored

for later transm ssipgnstep {2A, 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 1BA, the user determines whether the user is satisfied

with the results as displayed on the display device 10. If so, the



recording onto a recordi ng nedi um such as nagnetic tape, an optical disc, a

magnet o-roptical disc, or into a random access nenory. |f 31 not, then
the user returns to step 1. Although it is likely that many portions of the
noi se will have been renoved successfully, there sonetines may be sone

remai ni ng probl ens spots. The user then points out these problem spots by
painting smaller noise masks over these small regions of problem The user
al so then selects small repair and sanple wi ndows as before, but this tine
concentrating on the remaining small pB@blemspots, if any. The algorithm
I's then again repeated fromstep 1. Method of and Apparatus for Renoving

Noi se From | migseddaid agndlont Hot! idisbaRitiend K6 o8 ot 10 98sinkadeabove i s

useful, like the previous invention in U'S. Patent Application
08/ 733, 753 folesﬂagmlq over those mafsmhatsmamw@allyamammabtmeln sagk can

I d. ti d I far awa
and i can t ot tre- R aRBel 4 SPRE Fulm oet fhon Dalk e AESEHE | mmge
nust have (for the T&bhﬁﬂnéﬁzé’@h@&fuﬂ%é%&ﬁhétﬁo&&'&rﬂﬁ;éﬂ%@u r Non- uni form

shading may arise, for exanple, in the inage of t hat |s l'i ghted
using a bulb msaeticing the meghads desariped hmeamhailerda‘slcelbedcfastf rom ot her

oLt 5ot Mol 0 BB Foidd (BRGTEL Ui Ead RN, 01
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



choosing a sanple image with the sanme overall intensity as the repair

subi mage“ can be a problem Note that to sone extent our previously

descri bed nethods can tolerate differences in overall intensity of sanple
and repair subi mages because they treat DC (which contains information
about the overall intensity of an image) differently fromthe other
frequenci es. 32 But when the effect of non-uniform shading is nuch nore
pronounced, the above described nethods are insufficient. Therefore, we now
expl ain our nethod and apparatus that tggat the |ow and high frequencies

differently. The .reason for,such treatnent is because ow. variations in
the intensity ﬁalmeapprﬁ%@e%ﬂere ppggrs‘f‘ﬂ1 YAR2HANF £ @ 'é“rﬂﬂ"rhsoﬂb‘i)nent s,

whi l e the text ghanyed sedify cdBaplated byitRBirb¥ent inverliBRar in the high

- frequency conponent. CQur invention as described bel ow takes into account
this fact. Since the overall variation in shading of an inmage is a gl obal
feature and so we choose the frequency donain to attack this problem The
basic idea is very sinple -- ignore the shading (which is a very |arge,

gl obal feature) by ignoring the |ow frequency conponents. Then, to the high
frequency image, apply the operations simlar to the nmethod of soft noise
mask or our previous invention in U S. Patent Application No. 08/ 733, 753
foll owed by nerging the effect of the shading. Now we go through the nethod



step by step. At step 1 A as in the previous nethod, the user paints a

bi nary nBsk—over—the noise area. This mask is sufficiently wide to cover
t he noi se does not have to be of exactly the same shape. The user then

the repairs he user selects a.rectangular area of the inmage
whi ch does not confaif nbise and is simlar in appearance to the repair
subi mage and of the same exact size asgighe repair subimage. This area is
desi gnated the sanpl e subi mage. The neaning of "simlar," as expl ai ned
earlier, is that the sanple and repair subi nages shoul d appear to be
shifted versi o%ﬁ]u_gmh other, i.e., the promnent lines inside the sanple
can be a shifte en conpared to the promnent lines in the repair 33
subi mage. This can be seen clearly in the schematic shown in Figure 3 which
shows exanpl e sel ecti ons ,of sanpl e and repair, subi mages. The noi se and

noi se mask pai nted dver i "l‘%fﬁ°9e°%€%ﬂ°¥ﬁ'@@'§?é§°'1‘ imagedata addition,
because we hav ' od to handle just such a problem the
sanpl e subi mggoﬂﬁ‘%gg%;&?eerg&y darker or brighter than the repair

subi mage. The user al so siefining anhareausbaocisefon the smageadatat ons) that the

core part of the nethod wll be performed. The core part is the nmethod from
step 6A through step 1 34enerating a noise mask to distinguish pixels inside the

sel ects a”, gﬁm,mm of image around the noi se area and designates it
t

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:



At step 2A, if the user_s sires, a soft edged noise mask is created from
t he” user- bi nary mask.. To create the soft mask, inside the binary

mask regi on num ft mask is 0. Qutside the bi nary mask the val ue
of the sofi ‘!W ““ fromO to 1 in a Gaussian fashion, i.e., for the
pi xel s out e b¥nary *mask, if d is the distance fromthe binary nask

then the val ue 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
nore slowy. Generally a constant k hay, 4,1129 a value of 0.15 has been..f ound
to be satisfactory. After a fixed distarte away fromthe bi nary mask, the

soft mask is given a val Ll?rgﬁﬁn% -m¥€x eysir u?l'éﬁg ddis |ﬂ'a%tc‘3'f'& ut 5

pi xel s to be satisfactory hi's purpose t step 3A, usi ng a OW pass
filter, the sanpl e datamdgthe softirdise etasko create a | ow pass filtered
sanpl e subi mage LS and a high pass filtered subi mage HS. The | ow pass
filtered sanpl e subinage is ignored and the high pass filtered sanple

subi mage becones thegi npufh@mddhed"SKtlaiher; W$]teg ndA. For the filtering
described in the previous two steps any reasonable | ow pass filter can be

used, for exanple a Gaussthenstepl oiapetfbanlngjbtfr@d;mermy tranisfcfrqmemthes Ve
have found a Gaussi an fiII ter to b? adé Tate gowr#g Eil dl ?e fi It r falls
34 off can be deci deﬁ?’ﬂ?et'ﬁ_éa%gﬁ Jqelchiggs atagtigyre afim of t he
non-uni for m shadi ng dfmyR'ithayk aafyty gehtPate 3% FOUREr frahsfirnf aBtd8f
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.



used than if the non-uniformshading is varies in a sudden manner. At step
4A the fast fourier transformof the high pass filtered sanpl e subi mrage HS
i s cal cutatedThe out put of the fast fourier transformecalculation is

phase and, ' e fourier transform of sanple subinage HS. The
phase |sr\!mﬁ“&1mm“z‘mhe magnitude M is utilized in the next step, step
5A. At s en reparrr subinmage is nultiplied with the noise mask. This
noi se mask can be binary or it can be a soft edged noise nask. If it is
bi nary then the actual noise in the repaRr subinmage will becone covered by
a black region. Qutside this region is the part of imge which is noise

free. The nultiplieB.resThe method\of clainids Kaethiee RdINprising Thesstepfofa sof t
noi se mask was requested then the soft region of the mask will reduce the

val ue of the original pifeMpasinethe magnjudes,af the fasttausier teansfermni ch

has a val ue from ne | e e ' way
fromthe edge of t hgﬁﬁﬁozgﬁﬁastsamﬁghﬁaie ggﬁug@ﬂﬁﬁﬁﬁe@tﬁﬁ&fsanﬁw&rﬁ%& ween.
The nultiplied resuhtagritudesof tise fast<dirier teansfordi d@@cof the fepdiher

detail, when nulti pl%i ngr% repair subimage and a soft edged noi se mask, the
pi xel value of each'BRIEIAABi xels of the repair subimage is nultiplied with

a correspondi ng val ue fon, ok Ql’bépslt f°ftmf§%ih§e%gﬁﬁ’e&§%%Pa’{mg'kmaccordi ng

to the following equation: mXx r ere’'mis t a particul ar

pi xel of the soft ngeseratesktheamslwrihage tita psing a selattedfoneashtied t he
correspondin I xel s ,of the repair,inage.
P gp mmgmum ma n?tudes ar%](? 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.



35 The follow ng steps 6A through 1 3A represent the core part of the
rrethed—:Fhes—e—st—aas—wr—H be performed that nunber of times al ready sel ected

by th sanpl e and repair subi mages were being sel ected. At
step iﬁﬁw epair subimage is split into two inages, one which is
hi gh R) and one which is |low pass filtered (LR). Any |ow
pass filter can be used for this step. Only HR is passed onto the next
step, step 7A. The |low pass filtered masked repair subimge is not used in

step 7A, but instead is used in step 1243 At step 7A the fast fourier
transformof the high pass filtered rrasked repair subinmge HR is cal cul ated

to generate magnitu P2, |va I tude, M2 and phase P2 are
provi ded to the nexgssteﬁ Eﬂ“%ﬁ“ g véhereite ni ni mum of nmgni t udes

ML and M2 is cal cul ated. 4 spft ﬁgﬁerﬁ%kwg‘éft‘%d#é}fd“a??tsuéﬂ%b?ft isransf orm

of the sanple subimage and M2 1s the magnitude ast fourier
transform of the nmayhbg Ofeﬁatrvhemtarnﬂngee iShoise, @ valueodf hagveemﬂemdﬁl and

M2 is taken asane val u t he urier tr nsfo such val ue
together with (unrm i FeUy t‘f‘epﬁ%%"eqf Sr'?fﬁf‘r"@ﬁ‘ P Ve ep9€3.%te%t 3St Be next

step of the nethod, cgiam 8itakte $idiA he eddieof MYEhofsd.ast fourier transform
I's cal cul ated

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 generatthg 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;



usi ng the magni tude and phase output step 8A. At step 10A, the calcul ated
I.nver er transformvalues are made real, that is, any inmaginary
conpon are sinply dropped. Since the input to step 10A is
a matri mm\r\ﬂ WMWMF‘E of which may be conpl ex nunbers, for such entries
in the L e s gl nary conponents are set to 0. In addition, since
the real values may be outside the range of 0 to 255, 36 if an entry is
| ess than O, the entry is reset to be 0. If the entry is nore than 255, the
entry is reset to be 255. Otherwi se, théd4real value is |left untouched. At
step 1 1 A the pixels output by step 10A are m xed with the pixels of the
hi gh pass filtered maskefilté@igithe SabhplBdfdgecdititd 9eﬁél%(ie53w pass val ues
that are far away fromthe mask should be reset to the values fromthe
masked repair subi rfd@%’eﬁe%%ms@ image data pndvhrighcpass filtered sarople ithageal ues
that are in the regi .of the mask that is O should be left as is because
the original maske repalr subi mage i s known to be noisy there and we have
just calculated better vpétfeRmniry atfféguerfg) %nsF&rm\@'tHeSthﬁ pdag soft masks
that are between 0 and 1 there wll be a m xing of values just cal cul ated
in previous step arfiftenggdssample ifaage siasa te generata,frequgacy Aransfoupedt hr ee
types of operations 0, nd _bet n.0 and 1) can be
ddtz05f T hi rgnsag/ Eﬁvg?‘g gahpq%l%agg ata; a;

defined in the foll ow ng way
flltermg 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,



poi nt,” tThéen the hewpixel at that point will be: mx rp + (1-m X r where

rp ist point in the high pass filtered masked repair
subi rragg!'mg]!llmg“ Iﬂﬂ"lval ue at that point in the output of previous step
10A. urg when conbining a new high pass filtered repair

subi mage with a high pass filtered repair subimage using a soft edged noi se
mask or a binary noise nmask, the pixel value of each of the pixels of the
new high pass filtered repair image is conbined with the pixel val ue of
each of the correspondi ng pixels of the pigh pass filtered repair subi mage
using the value of the soft noise mask & the bi nary noi se mask, for each

pi xel, acoording to the NShbAhIACSAHRdendPhhf rievs Hidh phok fitered” Wher e

m|sthe val ue of the soft e nol s s the ue of each
of the pixels of thdmadgghdatasesds thenew h@apassﬁmelmgeepmndnagesiatae pi xel

val ue of each of the,pixels .of tha newg B ss fllter d repair subi mage.
At step 1 2A the OLH‘EJFPB'F mage,fata gpd t ?e‘% neisg %‘&?& the | ow pass
filtered masked repair subimage LR fromstep 6 are nerged. Merging consists
of sinply adding these two images. In further detail, when nerging the high
pass filtered repairl1subiFisgenéthiodaoheldim 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.



by conbi ni w_high pass filtered repair subinmage with a high pass
filtered r%ﬁg a soft edged noi se nask or a binary noise
mask) wth%ﬂ[m fidet ered repair subi mage, the high pass filtered
repair subi'r mﬂy}ided to the low pass filtered repair subi mage.
The out put of £hi & mer gs n s provided to the next step, step 13A At step
1 3A if the value of any pixel output by step 1 2A is greater than 255,
the value is reset to 255. Otherwise |leave it untouched. This conpletes the

core part of the nmethod. As describedd4#bout, this core part is to be
performed a set nunber of times, since the user has already selected the

nunber of tines thig is r I nni ng, when the repair
and sanpl e subi magjeé mrégﬁﬁgﬁiéfgﬁ&ﬂ%A&ﬂ&@ﬁpMA it is determ ned
whet her the required nutiestep of perfirhiing 0freqUeAGy GfansfdrrdAohthiee been
performed. If not, the process is returned to step 6A for another

iteration. If so, highhpesefiferrdsampleimagesata ganagsatessat lBasthown in

i th che 7 osults amegricasCer ¥ (4R GLBGP RISt mTheldt; 10, ' 0ps™ 5™

process is done. |f notthé Beepotiperfiriing the Féquercy tiansf@paitdtthehe noi se
mask over those areas that are visually unacceptable. In such a case, new

repair and sanpl e bigh rage{iltesgd repair ithage datpgenarates 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



To sumuarize the two new nmet hods and apparatus for practicing the nethods
desctri bedruare,weu_mri bed fast iterative algorithns for imge noise
renoval . \mmm' i 6iggng al gorithnms have worked solely in spatial or
frequency W'H"Hmiﬁunflthm& work in both domains, making it possible
to fully eXpl bittthe advant ages from each domain. Although a few previous
al gorithns conbi ne frequency and spatial domain information, they required
the image to be band Iimted and required that the band Iimts be known.

Qur algorithms do not have this limtatignp. Qur dual -domai n approach can
(1) reconstruct many contiguous noi sy pixels, (2) reconstruct textures even

when they are |arge featuaataghRhdewfd BIQ cohiponenisSs sefdcté@iddttien
continuity of features (e.g., lines) across the noisy region. In addition

the algorithmfor refMagniydecrkthe fash fopien tranafarm dfdthentapair al | ows
noi se renmoval fromi Hﬁ%%éd%(:h contain objects that have slowy varying
intensity changes in addition to the textures and prom nent |ines. These
advant ages make the methods very useful in many areas. |nportant
applications of this_algorithmare in the field of filmand video post
production: for remofitng Whedeethed of ¢laipedBalfuethes cosprising shestep @f:

restoring old filns and. pégmhf‘ﬂrﬂﬂasthtehﬁéméﬁ ‘g%‘s?ﬂ@elseca’ ﬁeltﬂc%ﬂg%n?é?g%%aew of

t he above description, it be“appreci at sSe'’s e art
that many vari ati onsto eophiedietertmined valdechanges can ‘be made to the present
i nvention wi thout departing fromthe spirit or scope of the present

i nvention as defined by the

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



39 clains appended hereto. Al such variations, nodifications and changes
are'fuJ—l—y—eom_emgLal_ed_by the present invention. 40 WE CLAIM 1. A
met hod of renoving noise frominage data, conprising the steps of: defining

an ar eﬁlllm,uﬁumlmnﬁ i mge data; generating a noise mask to distinguish
pi xel s ed area of noise on the inmage data from pixels
outside the ared of nbise on the i mge data; defining repair image data

i ncluding the defined area of noise; defining sanple image dat.a which is

simlar to the repair inage data,; creat‘ﬁqng fromthe noise mask a soft noise
mask having a soft edge; perform ng a frequency transformto the sanple

i mge data and to generat o sREBEICHIEAARGIHE pdirdRifye batd B §8RABIMR.! MRIE

dat a;
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.

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 '.cransformed
data of the sample image data;



performng the fr transformto the repair inmage data to generate

fréqugntqung(?ﬁta of the repair inmage data; performng an inverse

t ransf “mﬁ ncy transfornmed data of the sanple i mge data and

t he frg&mm\tm d data of the repair inmage data to generate new
=169

repair e dath; Sand generating new i mage data using the new repair inmage
data, the repair inmage data and the soft noise nmask. 2. The net hod of
claim1l1, further conprising the step of: 41 creating nask repair inage
data in accordance with data of the sof yjgnoi se mask. 3. The net hod of

claim1l1, wherein the step of performng a frequency transformto the sanple

i mage data cal cul ates a rfn%ﬁ'hsffek'rpie?forHiﬁ?Stf\@rf%ﬁeﬂélﬁtr%ﬂmrﬁn torge data to
generate fast fourier transformdata of The sanple inage data; the step of

perforning a frequorpgirtimagd data te generategfnequemey transfermed dataivés a f ast
fourier transformaof the repair in?%e data to generate fast fourier
transform data of th rreé)ﬁ'é'i ?%&é ata; the step of performng an inverse

transform cal cul ates 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.



an inverse fast fourier transformusing the fast fourier transformdata of
thé sanple i mge data and the fast fourier transformdata of the repair

[ nagﬂ%’ﬁﬂlnmuuum thod of claim3, wherein the step of calculating a
fast 'Y " = mﬁeof the sanple image data generates at | east

magni t udes; "t h® step of calculating a fast fourier transformof the repair

| mge data generates a phase and nagnitudes; and the step of cal culating an
i nverse fast fourier transform generates the new repair inage data using a
phase of the fast fourier transform dagg of the repair inmage data and one
of the magnitudes of the fast fourier transformdata of the sanple inmage
data and the magni t2gles The Gppafateis dfoglairfir28,  amerginm data of the repair

i mage dat a. 42 5. The nmethod of claim4, further conprising the step
of : conparing the magni tingemesnstfios caleulatinara tastifonrer dransfieitra affthene

fouri or transt or m aareEApidd'Aata AR s T AR RN EReR] ' o7 o, %o
perforning an inverse transhransdoral@atihge Fay foRiee tiistotni gTothe

sel ected one of the m ni rum nmagni tudes and the phase of the fast fourier
repair image data generates a phase and magnitudes; 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:



tra epair image data. 6. The nethod of claimb5,
wherein a magni tude of a DC conponent is selected as a magni tude of the

fast. data of the repair inmge data. 7. The net hod of
cl ai nm“mummmﬂm ising the step of: conformng the repair inage data
to a predetérnf'neli value. 8.  The nethod of claim1, further conprising
the steps of: receiving the inage data; displaying the inage data; and
storing the soft noise nask, the repair imge data and the sanple inmge

data. 9. The met hod of claim 1, wherein the noise mask is binary data
such that it is a value of 1 wherever tBare is no noise and a value of O

wherever there is noise. . nethod of .claim erein the soft
noi se mask is soft edged ‘Hs?ﬁgéégﬁ%@?“‘% ﬁtﬂ'se ':3?%\7gl 'Uié%ef éBtﬂ\/lt;goeFever t here
I's noi se, a val ue ofpredevsraiinedaiud. near the edge of the noise and a val ue
of 1 at at |east a certain distance fromthe edge of the noise.

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



11. The nethod of claim 10, wherein the value of the noise nmask outside a
noi se atea defined by 1 - exp(-k x d x d), where k is a positive constant,
and k is set to a |large val ue where the noise mask is to have a broad soft
edge, mal | val ue where the noise nask is to have a
na?row sﬂmmmmmumm re d is a distance fromthe edge of the noise. 12.
The nmethod of ctai'm F, wherein the steps of perfornming a frequency
transformto the sanple inmage data, perform ng the frequency transformto
the repair inmage data, performng an in grse transform of the frequency

transforned data and generati ng new i ma data are recursively performed to
generate new i nege data . remvi ng noi se f e data
conprising the steps of “‘%lé?‘?ﬁﬂ%gg ?ler ?@'3'"& rr& %‘%‘Tﬁ’( {rﬁgsf torrg'g
generating noi se nBglplimabe dlital tmmééhsowfeée%féﬁﬁingetwﬁeeeéh d area of
noi se on the imge data from pi xel s outside the area of noise on the inmage
dat a; defini ng sanpiaasforagdodhexenairdmage datd, | the meansdor ppeformimgige dat a;

44 filtering the S%m)lll’lsell’sréa gns otr?n to? tﬁg r}?erqal.}eency ¥v aﬁsfgormed 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



filtered sanple inage data and high pass filtered sanple image dat a;
per f ormi ansformto the high pass filtered sanpl e inage

data to cy transformed data of the high pass filtered
sanpl e u Mﬁm” “ﬂri ng the repair inmage data to generate | ow pass
filtereds i ta and high pass filtered repair inage data;

performng the frequency transformto the high pass filtered repair inmage
data to generate frequency transfornmed data of the high pass filtered
repair image data; perform ng an inverse38ransformof the frequency
transformusing the frequency transformed data of the high pass filtered
sanpl e i mage data anﬂetmghfﬂa%euamdtgaaﬁﬁlqu% datalafdl thbdréuihayass
filtered repair inmage data to generate new high pass filtered repair inmage
data; conbi ni ng t he HRsipEBeddataafdhe highi pass filjereshtapainimagr datatpass

filtered sanple ima ' r . y jmge dat a;
generati ng gw hi ghg’%ggzé% {'%@gﬁi %%ehgg‘ie?ﬁ%gﬁgf{‘ﬁégﬁgﬁﬁ gh pass
filtered repair inmage datraeah&dor epaibiningeghe 183V pagsdiltdied repaie imagk: and

generati ng new i mage, data usi nP t he new hi %h pass filtered repair 1 nmage
data and the | ow padatpiandthelqwipssditeredisamplenisnags date tg genarate13,

further conprising tij& ﬁ%?@fiﬂ@e&frﬁ%é%tgr omthe noise mask a soft noise
mask havi ng !

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
of:

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



a soft edge, 45 wh ia-the step of generating new high pass filtered
|mage d&a’mﬁﬁrﬁh pass filtered repair inmge data, the repair

| mage dat M‘\“‘w se mask. 15. The nethod of claim 13, further
conprisin “‘\ \ eating mask repair inmage data in accordance wth
t he noi se and ®*he répair i mge data. 16. The nethod of cl aim 14,
further conprising the step of: creating nask repair imge data in
accordance with the soft noise nmask and the repair inmage data. 17. The

met hod of claim 13, wherein the step of performng a frequency transformto

t he high pass filtered sarrple | mage dat¥*cal cul ates a fast fourier
transform of the h|

tered s l.e data to generate fast
fourier transform da?a o?ﬁ?ﬁé)%r ggpaf'ml ?gagﬁ‘%f&wm e image data; the
step of perfornming the fteRonaHNs fdra;sksr#@frﬁh atfhﬁdarﬁb ﬁaﬁ§f<frh4 t¢tRe repair
‘image data cal culates a fast fourier transformof t he high pass filtered

repair i mage data tB‘ggeﬂ@saf'Hef%ﬁamﬁ imagerdatefanicnlatasadast feurigrgh pass

fiivered repair i mgendfimh of e High Pa38 filers’ {RhpleWhade wl¥Stse transform

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



—_—

frequency transformcalculates an inverse fast fourier transformusing the
f asf fo?rﬂﬂm"m,mﬂml' n ta of the high pass filtered sanple i nage data and
the fastls m Fm data of the high pass repair imge data. 46.

18. The mefholl of dlai*m 17, wherein the step of performng a frequency
transformto the high pass filtered sanple i mage data generates at | east
magni t udes of the fast fourier transformthereof; the step of performng
the frequency transformto the high pass filtered repair inmage data
generates a phase and magnitudes of the fast fourier transformthereof; and
the step of perform ng an inverse transfe?m of the frequency transform

generates the new hifgtere@ssarplelitdffe H8RAAAd tRBIRagAftade'S ofeha fagase of the
fast fourier transformdata of the high pass filtered repair inmge data and

one of the magnituddouser transfagn datardfethe highspassfilered tepaimienageh pass
filtered sanple ima%aatgata and the magni tudes of the fast fourier transform
data of the high passS Tiltered repair inmge data. 19. The nethod of claim
18, further conprising the step of: conparing the magnitudes of the fast
fourier transformdata of the sanple inmage data with nmagnitudes and m ni num

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.



magni t U the fast fourier transformdata of the repair inmage data,

wher ei n e step formng an inverse transform generates the new i mage
dat a usﬁ W ed one of the m nimum magni tudes and the phase of the

fast fo W/ﬁ/mfata of the repair imge data. 20. The nethod of
claim 19, whetel S a magni tude of a DC conponent is selected as the
magni t ude of the fast *fourier transformdata of the repair inmage data. 21.

The nethod of claim 13, further conprising the step of: conform ng the new
hi gh pass filtered repair imge data to S predet erm ned val ue. 22. The
met hod of claim 13, wherein the noise masR is bi nary data such that such

that it is a val ue 1 r here is nganoi,se and a value of O
wherever there is nglhée.\?gg.gal‘%{g%%?ﬁ&a_'m g?r é{Yrﬁ?rfm wherein the soft

noi se mask is soft edgedtii@isafsH6isel Makkiis soft adyéed Wat@kulhWhat avrat here
I's noise, a value of between 0 and 1 near the edge of the noise and a val ue

of 1 at at |east a ¥aluephOnvhessnar thesenis neissd gevaluet dfcbeiyveen 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.



24. Tm' od of claim23, wherein the value of the noise mask outside a
noi se

l I mlg,ﬂl - exp(-k x d x d), where k is a positive constant,

@gﬂlm e value where the noise mask is to have a broad soft

and k +5S L oy
edge, and k is sef tb a small value where the noise mask is to have a

narrow soft edge, and where d is a distance fromthe edge of the noise. 25.
The met hod of claim 13, wherein 48 the steps of filtering the repair

i mage data to generate |low pass filtered repair imge data and hi gh pass
filtered repair inmage data, performnggghe frequency transformto the high
pass filtered repair inmage data to generate frequency transforned data of

the high pass filt dr Lr dat and rform L hverse

transformof the f?‘geﬁuené&qf)?éé{g?%?m%%gﬁ& h’é’paﬁﬁ'éﬁeug‘}ﬂcr]"g“}%?& ‘ormed dat a
of the high paaagibly ednissyiagr prograse® of dstradiond exteeriia by theansf or med
data of the high pass filtered repair inmage data to generate new hi gh pass

filtered repai'fa¢chingeoiaerfounanpthadstans farcieneoviepynaise deateimaget he new
L doL et g B R e R, 00, S° O e vt

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:



means for gene generatlng ‘a noi se mask to distinguish 8|xeLs |n5|defthe defi ned
area of n data from pi xel s outside the area of noise on
the i rrageﬂlﬁmml’mlmlmnﬂmmfl ning repair inmage data including the defined
area of noi'se’ rfearfs for*defining sanple i nage data which is simlar to the
repair image data; nmeans for creating fromthe noise nmask a soft noi se mask
havi ng a soft edge; neans for performng a frequency transformto the

sanpl e i mage data and to generate frequency transfornmed data of the sanple

| mage dat a; 49 nmeans for perfornming tgge frequency transformto the
repair image data to generate frequency transformed data of the repair

| mge data; neans for verse tr formof the frequency
transforned data of the éé‘%}mﬁ]ﬁ‘n@% e eg)gllr o ?ﬁ amn 3_858 GEr WHLY or ned
data of the repair dargef da¢é 3ofongizeainask. new repair imge data; and neans

for generating new image data using the new repair inage data, the repair
I mge data and the soft noi se nask.

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 sample 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 megnitﬁdes of the fast fourier transform

data of the repair image data.



27. The appara | 6, further conprising: neans for creating nmask

repair i hma i cordance with data of the soft noise nask. 28. The
appar at us a?, Hﬁ'ﬂ! mm in the neans for performng a frequency
transformto the I"&"'f'#Mge data cal culates a fast fourier transform of

the sanple image data to generate fast fourier transformdata of the sanple
I mge data; the neans for performng a frequency transformto the repair

i mage data cal culates a fast fourier transformof the repair imge data to
generate fast fourier transformdata of tgye repair inmage data; and the
means for performng an inverse transform cal cul ates an inverse fast

fourier transform uss®g thge fp?éérérﬂ‘égbfégé ?g?%%q;mlg%qsgfwhgg%{ﬁgggl e i mge

data and the fast fourier transtformdata o repair 1 mage 50
29. The appar atethad further eémprisescthe step oeans for cal cul ating a fast
fourier transformof the sanple i e data genera es_at | east nmagnitudes;

the means for cal cul at i ng®¥MPAENG; ¥ meanitungs Qfrthesfast ﬁ%U?%prPPSfoﬁge dat a
gener ?E) es a phase angatapentid d8mpléitHab8%dtsaliRn Raghith§ed 3hiNHifthdRVver se
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



transformgenerates the new repair inmage data using a phase of the fast
fourier transformdata—of—the repair image data and one of the nagnitudes
of thefa rmdata of the sanple i mge data and the

magni t ude m"HMjiw lmgﬂl ier transformdata of the repair image data. 30.
The appar atus ¢o further conprising: means for conparing the
magni tudes of the fast fourier transformdata of the sanple imge data with
magni t udes and m ni mum magni t udes of the fast fourier transformdata of the

repair imge data, wherein the neans foF- perform ng an inverse transform
generates the new i mage data using a se gct ed one of the m ni mum nmagnit udes

and the phase of the fas epai [,.i dat a.
31. The apparatus of cl gh% bééamesrkglgflg'%'ﬁpag#%ﬁgéhgpgghd%adcgﬁ{ygﬁgﬁg I's
sel ected as a magni wiimrevér therefissio hoise and tar valabasind dahérever therg RPAI T

| mage data. 32. The apparatus of claim 26, further conprising: 51 neans

for conformng the P& r i mage data to a predeternined val ue. 33. The
apparatus of claim 26, further conprising:

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:



receiw—ng—ihwgﬂg_g a display for displaying the inage data; and a
menory for storing the ft noise mask, the repair imge data and the

sanpl jl"mgma The appar at us of claim 26, wherein the noise nmask is
bi nar mﬁ "m!‘ is a value of 1 wherever there is no noise and a
val ue’ of G wher&ves ere 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 0 and 1 near the edge of the

noise and a value of 1 at at |east a cergpin distance fromthe edge of the
noi se. 36. The apparatus of claim35, wherein the value of the noise mask

outside a noi se area def u@ﬁq"{yaﬂ. are8dHndis& dh thdlimayb@aeak .1s a positive
constant, and k is set to a |large value where the noise mask is to have a

broad sof t edge, and k i geperating aoaeamaSkadaIe tohdistingtishnpixels imaidde i s to
have = 0o sor AP Ber R Aol B RRGE SR B EdEs, o 11
performng a f reqUGBQYSIHé&ﬁéf&éH‘df%éiQS 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



sanpl e_image data, the neans for performng the frequency transformto the
repair image data,—the—eans for performing an inverse transformof the

freque data and the nmeans for generating new i mage data
recur smmnﬂmrmEHﬂMQener ate new i mage data. 38. An apparatus for
renovi ng nol Se Iy ge data, conprising: neans for defining an area of
noi se on the inmage data; nmeans for generating noise mask data to

di stingui sh pixels inside the defined area of noise on the inage data from

pi xel s outside the area of noise on the imge data; nmeans for defining
sanple imge data which is simlar to thgprepair inmge data; neans for

filtering the sanple i mf‘%ﬁéﬁg?q‘aﬁwﬁﬁ?mmmﬁﬁh? ’llé‘gre@ hs‘%@ e i mage

data and high pass filte e 1 nmage a; nea or ormng a

frequency transfor mfiltteredaepaiyhinpapsdatd and aHedawppass fikgeed dhageaganer at e
frequency transfornmed data of the high pass filtered sanple i nage data;
means for filtering the repair image data to generate | ow pass filtered

i mede 0% B 2. @ BRSatdrh b rhd ABGIKE I N 1S, AwHEFARIG"!

perform ng the frequency rmto red repair imge
data to gener atraethroehfuatiogr tompaisesthe stepaofof the high pass filtered
repair image data; neans for ,perff orm ng an inverse transformof the
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



frequency transformusing the frequency transfornmed data of 53 the high
pass_filtered—sanmpteimage data and the frequency transforned data of the
hi gh pass filter air inmage data to generate new high pass filtered

r epai mu Mﬂﬂns for conbining the |low pass filtered repair inmge
dat a filtered sanple inmage data to generate |ow pass
flltered |mage data; means for generating new high pass filtered inage data
usi ng the new high pass filtered repair inmage data, the repair inage data

and the noi se mask; and neans for generggi ng new i mage data using the new
hi gh pass filtered repair inmage data and the | ow pass filtered i mage dat a.

39. The apparat us | further c reating from
t he noi se nask a so {an%?ﬂgg]oﬁg{gﬁ ngrb%ss ﬁlggﬁetds}e:g%w V\%efglgﬁg Fﬁe means for
generating new hi gh gedefatel fase fedriembanstirng das® of ithe Hiﬁwvdalsgfﬁlfb?ﬁﬂ

e

filtered repair inmage data, the repair inmage data and t soft noi se mask.
40. The apparat us 6¢P@F§nﬁ938’atﬁinaﬂﬁer conprising: neans for creating mask

repairimage data in accordangg o S Rindohs fnVESK FALONR g T | e

dat a.
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



41. Im39, further conprising the step of: creating
mask repair inage data in accordance with the soft noise nask and the

r epai r“ mumuﬂmuu 4 42. The apparatus of claim 38, wherein the neans
for pe ncy transformto the high pass filtered sanple inage
data caflcul at'es ™ fasf fourier transformof the hi gh pass filtered sanple

I mge data to generate fast fourier transformdata of the high pass
filtered sanple inmage data; the neans for perform ng the frequency

transformto the high pass filtered repgjr i mage data calculates a f ast
fourier transformof the high pass filtered repair inage data to generate

fast Tourier transholgrilaich Of tid Fadl Brb rfdtbhi Gétal PR rdgoe dat a

and the neans for pertformng an I nverse transtormof t quency
transf orm cal cul at @#rage datagr se fast fourier transformusing the fast

fourier transformdata of, the hl[t‘%h %?s fiéé_er.ed sarﬁjle | nage ,data and t he

fast fourier transform d‘é{tﬂ%{eﬂ? the st 52 ALY MIBEAT ! .‘?ﬁiﬁ%t sfOrM3  The

?Pgﬁ;?g;’; ?‘; tClhgl ”‘g@%er%@rtﬁbrhé\n%{?g% 'Eafd)ﬁsiﬂﬁrégémcqu drief AHFNCY
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.



hi gh pass filtered sanple i mage data generates at | east Tagnitudes—of the

fast fourier transformthereof; the means for performng f requency '
transformto the high pass filtered repair imge data geimgﬂwim}"mﬂmrd
magni tudes of the fast fourier transformthereof; and the. L o
perfornmng an inverse transformof the frequency transform generates hé
new hi gh pass filtered repair imge data using a phase of the fast fourier
transformdata of the high pass filtered repair inmage data and one of the
magni t udes of the fast fourier transforggtata of the high pass 55

filtered sanple inmage data and the magnitudes of the fast fourier transform

data of the high pas?4fi | Thegitogeatai stordgg dedidiedof laim TRewhepsinat us of
claim43, further conprising: neans for conparing the magnitudes of the

fast fourier transform dath ¥pluenef theppise magk ausidesn neismaraa detiredind
m ni mum nagni tudes ofy the dgxty Loy §f Whaps ks gﬁ%igixgcootr%%éﬁgaﬁﬁg{ K i§PI°

data, wherein the neahs for 'perform ng an | hverse r es t he
new i mage data usi ngset sehdaigeivaie whetd eh&indise MdsRa8i toUuskdse alstohde phase
of the fast fourier trfe%nsformdata of the repair inmge data.
_ so 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;



45. The apparatus of claim44, wherein a magni tude of a DC component TS

sel ected as the magnitude of the fast fourier transform j I
i mage data. 46. The apparatus of claim 38, further conp MHH"EEEEMHGL
conform ng the new high pass filtered repair inmage data te a prede i fled
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 0 wherever there is noise. 56 48. The apparatus of claim 39,
wherein the soft noise mask is soft edged data such that it is a value of 0
wherever there is noise, a value of between 0 and 1 near the edge of the

noi se and a val ue of 1 deffiniiglrepair imagerdatanindlwiing thefdefinedhareadgl of the
noi se. 49. The apparatus of claim48, wherein the value of the noise nask
outsi de a noi se aM@S¥Yefined by 1 - exp(-k x d x d), where k is a positive

oo o os, ane g SR LS LA i g e,
have a narrow sof imaggedatand where d is a distance from
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



the edge of the noise. 50. The apparatus of claim 38, \mm\
for filtéring the repair inmage data to generate |ow pass an il

i mage data and high pass filtered repair inage data, the n&e¥ |,"i m,!!i"l
perforning the frequency transformto the high pass filtered rfepdir®ina
data to generate frequency transforned data of the high pass filtered
repair image data, and the neans for performng an inverse transform of the
frequency transform using the frequency transfornmed data of the high pass
filtered sanple inmage data and the freqysncy transforned -data of the high
pass filtered repair image data to generate new high pass filtered repair

i mage data operate rsauple ilmage dataeo geneeatenfastdourigngandédrdn dataof 51. A
program st orage devi ge readabl e bg a machi ne, tangi bly enbodying a program
of instructions execH®BP@PIS PAGE d8tAi ne to perform nethod steps for
removi ng noi se from i mage mlq% t Aol faning an
area of noise on the irrag}aﬁ%%?eap; ngﬁ%tl n %aﬁgg?gg%}s%s?gmaﬁgtt?\%gui sh

pi xel s inside the defépainiimage data calcidates 4 festi foagier dedrsfobrmmafoihee! s

outside the area of noise.on the inage data; )
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,



defining repair inmage data including the defined area of noise; defining

sanpl e i'mage data which is simlar to the repair inage data;n ' f :
t he noi se nask a soft noi se nask having a soft edge; perforrH[ma"“ﬁutugim"l
transformto the sanple image data and to generate frequency #ranstLorse *
data of the sanple inmage data; performng the frequency transformto the
repair image data to generate frequency transforned data of the repair

i mage data; performng an inverse transform of the frequency transf.ornmed

data of the sanple inmage data and the fregquency transforned data of the

repair image data to generate new repair inmage data; and generating new

| mage data using Lhe newyhepgh't®ep SPparfolih BRahielsGandRir and Lhe
soft noise mask. 52. The program storage device of claimb51l, wherein the

met hod further conpgérsrsteshthesnew vhage d&38 usingei sajecteskone pdithei mage dat a
In accordance w th r%ﬁ%ir%u% %QSnﬁ&’éés re‘:%'dst?\engﬁzla(s'e 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



53. . The program storage device of claim51, wherein the step of perform ng

a frequency transformto the sanple image data cal cul ates a fast fourier

transformof the sanple inmage data to generate fast fourier
of the sanple image data; the step of performng a frequemim“gmm'mrmuﬂ“
the repair image data calculates a fast fourier transform of*thRe reptirs *
I mge data to generate fast fourier transformdata of the repair inage
data; the step of perform ng an inverse transformcal cul ates an inverse
fast fourier transformusing the fast foggi er transformdata of the sanple

| mage data and the fast fourier transformdata of the repair imge data.

54. The program storage fe\Wde ndlse sk is SofteagBH UdtE SutheihaRfit is a
calculating a fast fourier transform of the sanplfe inage data generates at

| east magni t udes; t value of Gwhesever theradgs adisesta value ef betwash & andf t he
repair image data gener s a phase. and .magni fudes; and the step of

cal culating an i nveﬁsﬁesé eFSEPi rthter%?l'§f*?ﬂ'm[ aé’r?Z‘r'%t"gg' ?h@t?ﬁﬁgr"’epai ro

i mge data using a RieredinWistahRel e fHEIEUGE JFtABSIAILE data of the repair
i mage data and one of the nmagnitudes of the fast fourier transform data of

the sanpl e i mage data and the nmagnitudes of the fast fourier transformdata
of the repair imge éjéi.t A 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;



59 55. The program storage device of claim54, wherein tw
conprises the step of: conparing the magni tudes of the fast fourier
transform data of the sanple inage data wi th nagnitudes aH,

magni t udes of the fast fourier transformdata of the repai ”mﬂ&!
wherein the step of performing an inverse transform generates ‘thé ne

data using a selected one of the m ni mum magni tudes and the phase of the
fast fourier transformdata of the repair inage data. 56. The program
storage device of claimb51l, wherein a rragni tude of a DC conponent is

sel ected as a magnitude of the fast fourier transformdata of the repair

i mage data. 57. The progmmwﬂfeagenﬁwirﬁs Qfdé%batbr@é’_ﬁ'eraY@?d\ﬁ'ﬁhsrshe met hod
further conprises the step conf orm ng tﬁe repair 1 mage data to a

predet er mi ned val uefiltgged Sah‘!plprllm‘gg&ndataoala@énglmpase fiifered siam@ie, invdge ei n
t he nethod further ggg{l ses the steps of: receiving the i mage dat a;
di spl ayi ng the img a; and storing the soft noise mask, the repair

i mage data and the sanpl ?Jeirfﬁiﬁﬁngaé 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 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.



59. The program storage device of claimb51, wherein 60 the noi se mask
is binary data such that it is a value of 1 wherever there—+s—nonorse—and

a value of 0 wherever there is noise. 60. The program storage '
claim51, wherein the soft noise nask is soft edged dat tlmmﬂmﬁﬁhﬂﬂlﬂh a
val ue of 0 wherever there is noise, a value of between 0% Y s

edge of the noise and a value of 1 at at |least a certain distance fromthe
edge of the noise. 61. The program storage device of claim®60, wherein the
val ue of the noise mask outside a noise Zrea defined by 1 - exp(-k x d x
d), where k is a positive constant, and k is set to a |arge val ue where the

noi se mask is to hayg a aad splihgsfBliurdilt diafs ¥l rukthe? Hbisikg! ue

where the noise mask is to have a Harrow s edge, 'and ered s

di stance from thestggefof the noise. 62. The program storage device of
claimb51, wherein the steps of performng a frequency transformto the
sanpl e i mage data, perfoChesiNg fomthgnaiey Mmagnas pise M@skd¥ing i mage
data, perform ng anai%gﬁre%gretransform of the frequency transforned data and
generating new i nage data aré recursively perforned to generate new i nage

dat a. 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



63. A program storage devi ce readabl e by a machi ne, tar—rg1—b4~y——enﬂbedy|—ng—a—

program’of instructions executable by the machine to perf S e
for renoving noise frominage data, the nmethod steps conp ﬂﬁwﬁll[ﬁi
defining an area of noise on the inage data; generating n

di stinguish pixels inside the defined area of noise on the inage data from
pi xel s outside the area of noise on the i mage data; defining sanple inmage
data which is simlar to the repair image data; filtering the sanple inmage
data to generate |low pass filtered sanpye i mage data and hi gh pass filtered
sanpl e i mage data; performng a frequency transformto the high pass

filtered same imge dajg diBpasnsedbRnfiPaHIRGYHE RBRLRIAPS g a of the

hi gh pass filtered sanple |nage d ering the repair 1nage data to
generate | ow pass ffrequaray trapaform catpulatessaminiversgifaptibouriér t ered repair

i mge dat a; perform the fr.e C ransformto the hi ass filtered
repair image data t@'ﬁ%ﬁé‘?‘a‘fﬂnatﬁﬁ f}éﬁii"??‘ﬁﬁy@b‘ﬁ Hnﬁigfﬁ%gftﬁ?ﬁ'ﬂghi gh pass
filtered repair inmgaasdfftéred 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,



performng an inverse transformof the frequency transfor mW
frequency transfornmed data of the high pass filtered sanple

the frequency transfornmed data of the high pass filtered re ‘EM” fg[’”
to generate new high pass filtered repair inage data; conbining “tHe l*ows.

pass filtered repair inmage data and the | ow pass filtered sanple inmge data
to generate |low pass filtered i mage data; generating new high pass filtered

i mage data using the new high pass filtered repair image data, the repair

i mage data and the noi se mask; and 627generating new i rage data using
the new high pass filtered repair imge data and the |ow pass filtered

i mge data. 64. The progih@réihthaUstepys ﬁ@rf@ifrnﬂgabmﬁvo’ersmr?éfaﬁmhe met hod

further conprises the step of: creating fromthe ™noise mask a soft noise
mask having a soft egrneratgscthe netl\henageplam ugmgaae&elergedemdwogm@ass

filtered i mage data t he _new hi gh S ltere | nage data, the
rlapalr |m|agegdata an'ﬁ?qlﬁﬁ‘"g&‘?g'\flﬂ\{&'i‘égs ﬁﬁ@@ee@ Serfl tb‘? tafmugxp rage device
of claim63 wherein frigsfopi@std of e step of:

ghd Sf thE FeFAMhh§8Udth!

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 least a

certain distance from the edge of the noise.

99. The recording medium of claim 98, wherein



creating mask repair image data in accordance with the noise mask and the
repair image data. 66. The program storage device of claim64, wherein the
met hod further conprises the step of: creating mask repai lll
accordance with the soft noise mask and the repair inmage lM“ﬁmI“ﬂl “ml
program storage device of claim63, wherein the step of petfdrm‘ng"a
frequency transformto the high pass filtered sanple i mage data cal cul ates
a fast fourier transformof the high pass filtered sanple inmage data to
generate fast fourier transformdata of4the high pass filtered sanple image
data; the step of performng the frequency transformto the high pass
filtered repair imge dafa califud a8l S RbiskiabR outside’ ol bRAN of the
hi gh pass filtered repair inmage data to generate ourler transform
data of the high patefirfed bgr dd- expbkrx dade, ddiene kaisch plositbieepomstant,
perform ng an inverseq i(ransformg t he frglguenc transform cal cyl ates an

i nverse fast fouri "4 Kdiest rgg ‘talde pilere: g paise ARk A B2 of t he
high pass filtered sl & % APk 30 det RE J aianf Ve Sihdreditf RoiRedat a of

t he high pass repair I mage
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.



68. The program storage device of claim67, wherein the step of performng
a frequency transformto the high pass filtered sanple i mage data generates
at | east magnitudes of the fast fourier transformthereof; the step of
perform ng the frequency transformto the high pass filtered repair inmge
data generates a phase and nagni tudes of the fast fourier transform
thereof; and the step of performng an inverse transform of the frequency
transform generates the new high pass filtered repair imge data using a
phase of the fast fourier transformdata of the high pass filtered repair

| mage data and one of the magnitudes of the fast fourier transform data of
the high pass filtered sanpl e inmage data’2nd t he nagnitudes of the fast
fourier transformdata of the high pass flltered repair e data. 69.

The program stor JWWC@@A% S m WI FOR,

conprises the step ‘;ﬁﬂf) phﬁ; e | er
transform data of t sanp quén%(jge g)ta vmth magnlt es an mnlrmm 64

magni t udes of the fast fourier traMBDBANTHRRBFOR t he repair inmage data,
wherein the step of performng an inverse transform

ABSTRACT OF THE DISCLOSURE

Methods and apparatus for removing scratch and wire noise
from digitized images handle the difficult case of non-uniformly
shaded images which is the common situation in real applications.
The methods and apparatus also utilize a soft edge noise mask to
allow a smoother blending of the reconstructed noise and the image
around the noise. 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. The methods and apparatus utilize both the
spatial and frequency domains to effectively reconstruct many
contiguous noisy pixels, reconstruct textures even when they are
large featured, maintain sharpness and maintaiﬁ continuity of
features across a noisy region. A set of instructions for executing
the methods is contained in a program storage device. Also, a

recording media contains digital data generated using the methods.

Figure 3



generates the new i mage data using a sel ected one of the m ni mum nmagnitudes
and the phase of the fast fourier transformdata of the repair inage data.
70. The program storage device of claim®69, wherein a magnitude of a DC
conponent is selected as the magnitude of the fast fourier transform data
of the repair imge data. 71. The program storage device of claim 63,
wherein the nethod further conprises the step of: conform ng the new high
pass filtered repair inmage data to a predeterm ned value. 72. The program
storage device of claim63, wherein &qunoise 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. 73. The program storage device of claim 64,
wherein the soft nﬁ%%g mask is soft edged data such that it is a value of 0
wherever there is NorSe, a value of between 0 and 1 near the edge of the
noi se and a value of|1 at at |least a certain distance fromthe edge of the
noi se. 65 74. ThL program st orage device of claim 73, wherein the val ue
of the noise mask _ou¥side a noise area defined

Scratch or wire noise
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~

Image with scratch or wire noise

FIG. 1

Noise mask painted by user

Image with noise mask painted over noise
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by 1 - exp(-k x d x d), where k is a positive constant, and k is set to a

| ar ge val ue where the noise mask is to have a broad soft edge, and k is set
to a snmall value where the noise mask is to have a narrow soft edge, and
where d is a distance fromthe edge of the noise. 75. The program storage
device of claim®60, wherein the steps of filtering the repair imge data to
generate |low pass filtered repair inmage data and high pass filtered repair

i mage data, performng the frequency transformto the high pass filtered
repair inmage data to generate freque%?ﬁ&ransforned data of the high pass
filtered repair image data, and perforning an inverse transformof the
frequency transformusing the frequency transfornmed data of the high pass

filtered sanpl e i magf datg and—the—frygouency tlau??olned data of the high
pass filtered repair inagq data to geﬂergﬁgﬂ_ ' fliltered repair

i mage data are perfolned rdecursively tlo gener ge data. 76. A
recordi ng medi um hav|ng digital [datag(ecorde ' e fr ecor di ng nedi um
bei ng prepared by thg steps of: |defini R 4N i mage dat a,
the i mage data reprefpentarive of o pijse nmask to

di stingui sh pixels ihside|thezdefi e | mage data from
pi xel s outside the afea—oflndise anninmnm
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66 defining repair inmage data including the defined area of noise; defining
sanpl e i mage data which is simlar to the repair inmage data; creating from
t he noi se nask a soft noi se nask having a soft edge; perform ng a frequency
transformto the sanple image data and to generate frequency transforned
data of the sanple inmage data; performng the frequency transformto the
repair image data to generate frequency transforned data of the repair

i mage data; performng an inverse transform of the frequency transfornmed
data of the sanple inmage data and the frequency transforned data of the
repair inmage data to generate new repair inmage data; generating new i mage
data using the new repair inmge data, tq§ repair image data and the soft

noi se mask; and recording the nem/inaaé ata on the recording nedium 77.
The recording nediumof claim76, further conprising the step of: creating
mask repair inmage data in accordance with data of the soft noise mask. 78.
The recordi ng nedi um of claim 76 wherein

Image with non uniform shading

FIG. 5



the step of performng a frequency transformto the sanple image data
calculates a fast fourier transformof the - 67 sanpl e i nage dat
generate fast fourier transformdata of the sanple i m HPEENdp of
perform ng a frequency transformto the repair inmage TeSa: f ast
fourier transformof the repair inmage data to generagje fadf
transformdata of the repair imge data; the step of ormng an inverse
transform cal cul ates an inverse fast fouq qé transformusing the fast
fourier transformdata of the sanple inagJ ata and the fast fourier
transformdata of the repair inmage data. 79. . T ' j um of claim
78, wherein the step of Ealculat?ng a fast f??'Pﬁfkgggﬁg%ggﬁggglthe sanpl e
i mage data generates at | east magnitudes; e step of calculating a fast
fourier transformof the repair inmage @dta generates a phase and
magni t udes; and t he BERQRE RN st fourier transform
generates the new repair ig ' Fl t he fast fourier
transform data of the repap Ehe magni t udes of the
fast fourier transform dat§ and_t he nmagnitudes of
the fast fourier trg?zSor ‘ Noise to be covered up
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data of the repair inmage data. 80. The recording nmediumof claim 79,
further conprising the step of: conparing the magni tudes of the fast
fourier transformdata of the sanple inmage data with magnitudes and m ni num
magni tudes of the fast fourier transformdata of the repair inmage data,

68 wherein the step of perform ng an inverse transform generates the new

i mge data using a selected one of the m ni num magni tudes and the phase of
the fast fourier transformdata of the repair inmage data. 81. The
recordi ng nmedi um of claim 80, wherein a nagnitude of a DC conponent is

sel ected as a magnitude of the fast f@Ut®er transformdata of the repair

i mge data. 82. The recording nediumof claim76, further conprising the
step of: conformng the repair inmage data to a predeterm ned val ue. 83.
The recording nmediumof claim76, further conprising the steps of:
receiving the i mnage dat a;
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di sp) aying the image data; and storing the soft noise mask, the repair

i mge data and the sanple image data. 84. The recordi ng nmedi um of claim
76, wherein the noise nmask 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 recordi ng medi um of claim76, wherein 69 the soft noise mask is soft
edged data such that it is a value of 0 wherever there is noise, a value of
between 0 and 1 near the edge of the Qﬁ}se and a value of 1 at at |east a
certain distance fromthe edge of the di%e. 86. The recordi ng medi um of
claim 85, 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

| arge val ue where the noise mask is to have a broad soft edge, and k is set
to a small val ue where the noise mask is to have a narrow soft edge, and
where d is a distance fromthe gpdge of the noise. 87. The recording nedi um
of claim76, wherein the stepswgf performng a frequency transformto the

sanpl e i mage data, perform ng EEe frfequency transformto the
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repai,s inmage data, performng an inverse transformof the frequency
transforned data and generating new i mage data are recursively perfornmed to
generate new i nage data. 88. A recording medi um hayj LG

recorded thereon, the recording medi um bei ng prepar $qHie SHEET LS REEN
defining an area of noise in an image represented by i macRERIAGED t he | nage
data representative of an inmage; generating noise o ar stingui sh
pi xel s inside the defined area of nqgjse on the i mage data from pi xel s
outside the area of noise on the inéagibata; defining sanple i mage data
which is simlar to the repair inmage data; 70 filtering the sanple imge
data to generate |low pass filtered sanple i mage data and high pass filtered
sanpl e i mage data; performng a frequency transformto the high pass
filtered sanple inage data to generate frequency transforned data of the

hi gh pass filtered sanple imge data; filtering the repair imge data to
generate |low pass filtered repair inmage data and high pass filtered repair

i mage data; perfd™ilng the frequency transformto the high pass

User paints a binasy mask over the noise area. This mask is wide enough to cover the noise
but does not have (o be of exactly the same shape.The uses then sclects & cectangular area of
image around the noise area s0d designates it the repair subimage. Then the user selects a
recangular area of the image which does not contzin acise and is similer W the ltgl:
subimage mg_ef the exact same size as it This area is desipnated the sample subimage.
meaning of "similar” is explained in the textThe refative locations of promincnt lines in the
sample can be different from the repair subimage. The user also sclects the number of times
the loop shawn in steps 5 to 10 should be pesformed.

STEP?2 Y

Calculate the Fust Fourier Transform (FFT) of the sample subimage S. The output of the FFT

is phase snd magnitude of the Fourier T d
Willbemdlaleg“ rier Tennsform of S, Ignore the phase, The magnicude (M1)

STEP3 Y

Crcate & soft edged mask 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 binasy mask the value of the
soft mask increases from 0 ¢ | in & Gaussian fashior. i.c for the pixels outside tie binary
mask, if 4 is the disance from the binary mask: then the value of soft mask is

t —exp(~k * d ¢ d) where k is 3 constant the usce can set o make the soft edge of the mask
fise very mpidly or mere slowly. Generally a constant valuc of 0.15 hzs becn found to be
satisfactory. Aficr a fized distance away from the binary mask, the soft mask is made 1. We
ha.ve found the disance of about 5 pixels 10 be satisfactory for this purpose.

STEP 4 1

Muhiply the repeir subimage with the noise mask. As 3 tesult of tie original noise will be
covered by black region of die mask. The soft region of the mask will reduce the value of the

ginal pixels und th by 2 multiplicative fuctor which gocs from near 0 near the noisc
edge o aear 1 a few pixels sway from the edge of the noise mask and has values between 0
and | in between. The multiplied result is known as masked cepair subimege.

:
STEPS 5-10 |Go wsteps 5 10 10 shown in Figure 10 |

STEP 11 l

Satisficd with results 7

No : user will repaint noise nusk over
aceas that don’t look good. New repaic and
sample intages may have 1o sclected.

3

Demjls of the steps tor a method that uses a soft noise mask.o remove image noise.
The intermediate sieps shown as STEPS 5-10 here are in Fi gurel0,

RIG. 9
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filtered repair inage data to generate frequency transfornmed data of the
high pass filtered repair inmge data; performing an jnverse transform of
the frequency transformusing the frequency transfor iad N gh
pass filtered sanple inmage data and the frequency tranggggmggzgéggﬁgﬁ]the
high pass filtered repair inmge data to generate new-ai S |terdd
repair image data; conbining the | ow pass filtered repair inmage data and
the low pass filtered sanple inage data to generate |ow pass filtered i mage
data; generating new high pass filtered i mage data using the new hi gh pass
filtered repair inmage data, the repair inmage data and the noi se nmask;
generating new i nage data using the ne8¥h@gh pass filtered repair inmage
data and the | ow pass filtered i mage data; and recording the new i mage data

on the recording nedi um 71 89. The recordi ng medigym qf gk ;;%:ﬁg,
further conprising the step of: creating fromthe noi&&yﬁaaﬁ:anso pirNOi Se

mask having a soft edge, WRLEL T iFmekep Pf generati e ® Bt A pass
filtered

STEPS ' \

Calculate the Fast Fourier Transform (FFT) of masked repair subimage R and pass the
magnitude (M2) and phase (P2) calculnted by FFT to the next step.

STEPG \

Calculaic the minimum of magnitudes M) and M2. M1 is the magnitude of FFT of sunple
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. Pass this acw magninde
<calculated by taking minimum s & new value of the Fourier Transform magnitude wo be used by
the next siep. Pass the phase information P2 produced by taking the FFT of the masked repair
subimage a3 is without modification to the next step.

STEP? Y
Culculate the Inverse Fast Fourier Traasform (IFFT) using magnitude and phase output by the
previous step. .

STEPS Y

Make the input xalues real. The input Is a matrix of numbers some of which may be complex
numbers, For such entries in the matrix sct the complex value to 0. Also the rcal values may be

outside the range of 0 to 255. If the entry is less than 0 make ic 0. 1 it is more than 255 then
make it 255. Otherwise lcave it untouched.

STEP Y9 \

Mix the pixels in the output of previous sicp with the picls of the original repair sebimage. The
values that are far sway from the mask should be reset o the values from the original repair
subimage beciuse they are known to be acise free. The values that are in the region of the mask
that is 0 should be leftas Is because the original repair subimage is known to be noisy there and
we have just calculated better values for this region. For values of the soft maks that are between
0 and 1 there will be a mixing of values just calculated in previous step and those in the original
repair subimage. AUl these three types ol" operations (for soft mask value 0, | and between O and
1) can be defined in the following way. If mask value is m at 2 point then the new pixel at that
point will be : m * 0 + (1~m) * r where 1) is the value at that point in he R created in step 4
and ¢ is the value at that point in the output of previous stiep. :

Y

STEP 10

No
Required b .
iterations done ?

(g0t sicp 11 of Figure 9 )

Details of the STEPS 5~10 for a method that uses a soft noise mash to remove image
noise. The steps before and after are shown in Figure 9.

—_— F1G. 10
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| mage ¢dat.a uses the new high pass filtered repair inmage data, the repair
| mge data and the soft noise nask. 90. The recordi ng nmedi um of cl ai m 88,
further conprising the step of: creating nask repair O oy
accordance with the noi se mask and the repair inage - .-;Q H '
recordi ng nedi um of claim89, further conprising thd sieptSFLAGHEat i ng
repair inmage data in accordance with the soft noi se mask and The iepar
i mage data. 92. The recordi ng nmedi um of claim88, wherein the step of
performing a frequency transformto th@8/&0gh pass filtered sanple i mage
data cal cul ates a fast fourier transformof the high pass filtered sanple
I mge data to generate fast fourier transformdata of the high pass
filtered sanple inage data; the step of perform ng the frequency transform
to the high pass filtered repair inage data calculates a fast fourier
transformof the high pass filtered repair imge data to generate fast
fourier transform dgfg of the high pass filtered repair inmage data; and
72 the step of perfOLILAYLL Vel SE ITaSLOLILAl, TIE
but docs not have 10 be of exactly the same shape.The user then selects 3 recrangular area of
image around the noise area and designates it the repair subimage. Then the user selects 3
secangular area of the image which does not conttin noise and is similar 10 the repai
subicmage xnd of the exact s3me sizo as iv This ares is designated the sample nbiuug:g:
mnm;of'auutu":suplﬂuedhxmepr.ne_m can be considerably darker or

brighter than the repair subimage. The relative locations of prominent lines in the sample can
also be different from the rw&im;e.m-ucnlnulemmmdmu‘:‘hop

:
g
1
]

it

sk
fise very aapidly or moce slowly. Genenally & constant value of 0.1S has becn found to be
sausfactory. After a fixed distance away (rom the binary mask, the soft mask is made |,
have Jound the distance of about 5 pixels o be satisfaciory for this purpose.

S

STEP] Y

Filier the sample subimage using 4 low pass filier W crexe 3 low pass filered sample
subimage (LS) and a high pass filiered subimage (HS) The tow pass version will be ignored
and the high pass filicred image b the input of the next step.

STEP4 &

Calculate the Fast Fourier Traasform (FFT) of the high pass filicred sample subimage HS
The output of the FFT is phasc and mapninude of the Fouticr Transform of HS. Ignore
phase. The magnitude (M1) will be used tater.

STEF 5 )

Multiply the repair subimage with the noize mask. This noise mask can be dinary or it c3a be
3 soft edged mask, (€1t is binacy then the actuat nuise in e repair subimage will become} .
covered by a black region. Qutside this region is the rm af image which is noise frec. The

Itiplicd result is & as ked repair subimage.!f a soft noise mask was requested then
the 1oft region of the mask will reduce the value of the original pirels und e by 2
mutuplicauve factor which goes (rom near 0 near the noise edge 1o near 1 3 few pixels away
from the edge of the noise inusk and has values betweea 0 and 1 in The muttiplied
result is & 33 masked repair subi

Lt

:
STEPS 6-14 |Go 10 5tcps 6 w0 14 shown In Figuee 12 |

sﬁy&\
Satisficd with results 7"
/ No : user will cepaint noisc mask
. gver areas that don’t look good.
Yes New repaic ad sasuple images may
have 10 selected.

Y

T

Flowchart for method for removing naise frum images with non unifarm shading.
The details of STEPS 6~14 are shown in Figure 12,

FIG. 11
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frequency transformcal cul ates an inverse fast fourier transform usi
A1 SHEE TP HASTBEEN
eEpat a.

|[CL{
transformto the high pass filtered sanple i mage data generates at

fast*fourier transformdata of the high pass filte
the fast fourier transformdata of the high pass r
recordi ng medi um of claim 92, wherein the step of

magni t udes of the fast fourier transformthereof;

the frequency transformto the high pass filtered repair

generates a phase and magni t udes of thEP4HY
the step of perform ng an

ng the

ppal r

N

at a and
P3. The

(aa i al
erfor R

™

ency
| east

the step of performng
i mage data
t fourier transformthereof;

and

inverse transform of thegfreguency Lrapsform
generates the new high pass filtered repair image gké‘ér’r@gﬁg‘lréagcdarephase of the

fast fourier transform dat
one of the magnitudes of tF ouT T T
filtered sanple i nage data and the nagal
data of the highsmees filtered repair

mass filt ePBEe 8PS P hage data and
transformdata of the high pass

transform

of claim93, fur

I mge data. 94. . The recor

t f e Ig 2 7 3, Jn| t
ST B S

! whick 3 HDE A Alred R 288
the fast fourier ! .W@,ww mag
and i ni mum nagn F B psFe stppips il geipsierd 3R 1 OO R I PAFE P ATUSESE YT

he
| mge dat a,

n

STEP7 \

Calculate the Fast Fourier Traasform (FFT) of HR and pass the magnitude (M2) and phase
(P2) calculated by FFT to the next step.

STEPS . y

Calculatz the minimum of magaitudes M1 and M2. M1 is the maghinde of FET of sample
subimage end M2 is the magnitude of the FFT of masked repair subimage, Pass this new
magnitude calculated by taking minimum as a aew value of the Fourier Transform magaitude to
be used by the next step. Pass the phase information P2 produced by taking the FFT of the
masked repaic subimage us is without modification to the next step.

STEP 9 Y
Calculate the Inverse Fast Fourier Transform (IFFT) using magaitude and phase oulput by the
previous step.

STEP 10 Y

Make the input values real. The input is a matrix of numbers some of which may be complex
numbers. For such entries in the matrix sct the complex value 10 0. Also the seal valucs may be

outside the range uf 0 to 255, 1f the envy is less than O make it 0. If it is moce than 255 thea
make it 255. Otherwise lcave it untouched.

16 ( Hioh R Silreed 7

Mix the pixelsfin the output of previous sicp with the pixels of e masked repair subimage
created in step ¥. The values that are far away (rom the mask should be reset to the values from
the masked repair subimage because they are known 1o 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 repais subimage is
known 10 be noisy there and we have just calculated better values for this tegion. For values of
the soft maks that are between O and | there will be 3 mising of values just calculied in
previous step and those in the masked repair subimage. All these theee types of opcrations (for
soft mask value 0, 1 and between O and 1) can be defined in the lollowing way. If mask value is
mata pnim then the new pixel at that point will be 2 e ® p + (1-m) * r where p is th_c value at
that point in the R Swmedmmsopsd and ¢ is the value at that point in the output of previous siep.

STEP 12 { hige s Blrered N

Merge the output of the previous step and the fow pass filiered masked cepair subimuge LR
from step 6. Merging cousists of simply adding these two images.

!

If any pixel of the input of this step is 5rea|u:f‘|han 255 then make it 255, Otherwise leave it
untouched.

STEP 11

STEP 13

STEP I

b

Required o

iterttions Joae No
; Yes -
gows\epﬁ'lsnnf"Fi'_\',um 11 ) . L
( — - 'FIG 12

Flowchact for STEPS 6~ 14 lor temoviny nauise from images with non unitoim shading.
The ather steps are shown in Figure 11,
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73 wherein the of-performng an inyerse transforn1generates t he new
I-mage: data udi ng’® QﬂM&Mﬁgﬁk 2 of 't he n1n|nun1nagn|tudes and the phase of
the fast fou ifr.tra % -. h of the repair image data. 95. The :
recordi ng megli Qﬁfﬂﬁ? , erein a magni tude of a DC conponent is

sel ected as 70f[ the fast fourier transformdata of the repair
| mage dat a. ) e ordifng medi um of claim88, further conprising the
step of: co ornlng the new hifgh pass fllteﬁddorepalr i mge data to a
predeterm ned va he yecording nmedium of claim88, wherein the

noi se mask i s bi nary data such that sSucCOFRYTRHIS REGION TOaICOVER UP NOISEcv er
there is no noise and a value of O mherever ere is noise. 98. The

recordi ng nedi um of BEFORE | d
data such that it is a va

between 0 and 1 near the ¢ t a
certain distance fromthe of

claim 98, wherein

FIG.6(A)

NOISE TO BE COVERED UP

AFTER

g oy

DOTTED AREA COPIED HERE. THE
NOISE HAS BEEN COVERED UP BUT
THE LINES ARE MISALIGNED AND THE
COLOR OF THE COVER UP AREA IS
DIFFERENT FROM SURROUNDING.

PROBLEMS WITH SIMPLE COPYING IN IMAGE WITH NON UNIFORM
SHADING. COPYING FORM ANOTHER AREA TO COVER UP NOISE
CAN CREATE MISALIGNMENT AND SHADING MISMATCH.



74 the value of the noise mask outside a noise area defined by 1 - 2%}9(3"%?)(?'3
d x &), Wwhere k is a positive constant, and k is set to a |arge val ue wWagy €1 5
the noi.se nask is to have a broad soft edge, and k is set to a small val ue
where the noise mask is to have a narrow soft edge, and where d is a

di stance fronSTEPEdge of the noise. 100.7/e recordi ng medi um of cl ai m 88,

wh th teps of Ty t rate |ow pass
erein the u%ﬁ%iﬂ\%&%éﬁ?ﬂigkgg@ﬁ NOISE AHEX

filtered repdir inmage ENOUGH H THENOIgEge da]a,
performng the frecﬁlé'h ESrMm'EHAVEﬂ'Q)BEmF JFHE SAMESHAPE.epalr i mage
data to generatefriﬂ IQE iltégred
repair image |data freguency
transform usi|ng t he fREI!lkNGULAR AHE dsgsﬁqopas flltered
sanpl e i mage |data and t NDdS\§IWLABd‘Qj'BﬂEREPAlR1e hi gh pass
filtered repair inmagpy "ﬂ eﬁ?%repilr I mage
data are perfjorned recME;\ --g“mgngr- T&)ﬁa

THE RELATIVE LOCATIONS OF PROMINENT LINES IN THE
SAMPLE CAN BE DIFFERENT FROM THE REPAIR SUBIMAGE.
THE USER ALSO SELECTS THE NUMBER OF TIMES
. THE LOOP SHOWN IN STEPS § TO 10 SHOULD BE PERFORMED.

STEP2 ' r

CALCULATE THE FAST FOURIER TRANSFORM (FFT) OF THE
SAMPLE SUBIMAGE S. THE OUTPUT OF THE FFT IS PHASE
AND MAGNITUDE OF THE FOURIER TRANSFORM OF S.
IGNORE THE PHASE. THE MAGNITUDE (M1) WILL BE USED LATER.

STEP3 r

CREATE A SOFT EDGED MASK 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 TO1

IN 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* d* 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 VALUE OF 0.15 HAS BEEN FOUND TO BE SATISFACTORY.
AFTER A FIXED DISTANCE AWAY FROM THE BINARY MASK.

THE $OFT MASK IS MADE 1. WE HAVE FOUND THE DISTANCE
OF ABOUT 5 PIXELS TO BE SATISFACTORY FOR THIS PURPOSE.

e N
. STEP4 . . |
MULTIPLY.THE REPAIR SUBIMAGE WITH THE NOISE MASK.

AS A RESULT\THE ORIGINAL NOISE WILL BE COVERED BY BLACK
REGION OF THE MASK. THE SOFT REGION OF THE MASK WILL
REDUCE THE VALUE OF THE ORIGINAL PIXELS UNDERNEATH BY A
MULTIPLICATIVE FACTOR WHICH GOES FROM NEAR 0 NEAR THE
NOISE EDGE TO NEAR 1 A FEW PIXELS AWAY FROM THE EDGE OF
THE NOISE MASK AND HAS VALUES BETWEEN 0 AND 1 IN BETWEEN.
THE MULTIPLIED RESULT IS KNOWN AS MASKED REPAIR SUBIMAGE.

STEP5-10 |
GO TO STEPS 5§ TO 10 SHOWN IN FIGURE 10

" REPLACEMENT SHEET STEP11

SATISFIED WITH RESULTS ?

0 1 0CT 1997 NO : USER WILL REPAINT NOISE

YES Y MASK OVER AREAS THAT DON'T
LOOK GOOD. NEW REPAIR AND -
DONE SAMPLE IMAGES MAY
HAVE TO BE SELECTED.
DETAILS OF THE STEPS FOR A METHOD THAT USES A SOFT NOISE

MASK TO REMOVE IMAGE NOISE. THE INTERMEDIATE
STEPS SHOWN AS STEPS 5-10 HERE ARE IN FIGURE 10.

FIG.9
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OUTPUT OF PREVIOUS ITERATION
8/10 BECOMES THE MASKED REPAIR
SUBIMAGE FOR THIS ITERATION.

C FROM STEP 4 OF FIGURE 9)

STEPS | i

. CALCULATE THE FAST FOURIER TRANSFORM (FFT) OF MASKED
REPAIR SUBIMAGE R AND PASS THE MAGNITUDE (M2) AND
PHASE (P2) CALCULATED BY FFT TO THE NEXT STEP.

STEP6'. l |

CALCULATE THE MINIMUM OF MAGNITUDES M1 AND M2. 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. PASS THIS NEW MAGNITUDE CALCULATED
BY TAKING MINIMUM AS A NEW VALUE OF THE FOURIER TRANSFORM
MAGNITUDE TO BE USED BY THE NEXT STEP. PASS THE PHASE
INFORMATION P2 PRODUCED BY TAKING THE FFT OF THE MASKED
REPAIR SUBIMAGE AS IS WITHOUT MODIFICATION TO THE NEXT STEP.

STEP7 |

CALCULATE THE INVERSE FAST FOURIER TRANSFORM (IF
USING MAGNITUDE AND PHASE OUTPUT BY THE PREVIOUS STEP.

STEPS ' l

MAKE THE INPUT VALUES REAL. THE INPUT IS A MATRIX OF NUMBERS
SOME OF WHICH MAY BE COMPLEX NUMBERS. FOR SUCH ENTRIES IN THE
MATRIX SET THE COMPLEX VALUE TO 0. ALSO THE REAL VALUES MAY BE

OUTSIDE THE RANGE OF 0 TO 255. IF THE ENTRY IS LESS THAN 0 MAKE IT 0.
IF IT IS MORE THAN 255 THEN MAKE IT 255. OTHERWISE LEAVE IT UNTOUCHED.

STEP9 ]

MIX THE PIXELS IN THE OUTPUT OF PREVIOUS STEP WITH THE PIXELS
OF THE ORIGINAL REPAIR SUBIMAGE. THE VALUES THAT ARE FAR AWAY
FROM THE MASK SHOULD BE RESET TO THE VALUES FROM THE ORIGINAL
REPAIR SUBIMAGE BECAUSE THEY ARE KNOWN TO BE NOISE FREE. THE
VALUES THAT ARE IN THE REGION OF THE MASK THAT IS 0 SHOULD
BE LEFT AS IS BECAUSE THE ORIGINAL REPAIR SUBIMAGE IS KNOWN
TO BE NOISY THERE AND WE HAVE JUST CALCULATED BETTER VALUES
FOR THIS REGION. FOR VALUES OF THE SOFT MASK THAT ARE BETWEEN
0 AND 1 THERE WILL BE A MIXING OF VALUES JUST CALCULATED IN
PREVIOUS STEP AND THOSE IN THE ORIGINAL REPAIR SUBIMAGE. ALL
THESE THREE TYPES OF OPERATIONS (FOR SOFT MASK VALUE 0, 1 AND
BETWEEN 0 AND 1) CAN BE DEFINED IN THE FOLLOWING WAY. IF MASK
VALUE IS m AT A POINT THEN THE NEW PIXEL AT THAT POINT WILL BE :
m # r0 + (1-m)* r WHERE r0 IS THE VALUE AT THAT POINT IN THE R CREATED IN
STEP 4 AND r IS THE VALUE AT THAT POINT IN THE OUTPUT OF PREVIOUS STEP.

STEP10 NO

REQUIRED
NUMBER OF ITERATIONS
DONE ?

Cao TO STEP 11 OF FIGURE sD

DETAILS OF THE STEPS 5-10 FOR A METHOD THAT USES
A SOFT NOISE MASK TO REMOVE IMAGE NOISE.
THE STEPS BEFORE AND AFTER ARE SHOWN IN FIGURE 9

FIG.10




STEP1 9/10

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
TI-I'El '?AMPLEX_?UBIMAGE THE MEANING OF "SIMILAR" IS EXPLAINRED '

STEP2 y

CREATE A SOFT EDGED MASK FROM THE USER PAINTED BINARY MASK
IF THE USER SO DESIRES. 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 CAUSSIAN 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* d * d) WHERE k IS A
CONSTANT THE USER CAN SET TO MA THE SOFT EDGE OF
THE MASK RISE VERY RAPIDLY OR MORE SLOWLY. GENERALLY
A CONSTANT 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.

STEP3 Y

FILTER THE SAMPLE SUBIMAGE USING A LOW PASS FILTER TO CREATE
A LOW PASS FILTERED SAMPLE SUBIMAGE LS AND A HIGH PASS FILTERED
SUBIMAGE (HS) . THE LOW PASS VERSION BE IGNORED AND THE HIGH
PASS FILTERED SAMPLE SUBIMAGE BECOMES THE INPUT OF THE NEXT STEP.

STEP4 Y

CALCULATE THE FAST FOURIER TRANSFORM (FFT) OF THE HIGH
PASS FILTERED SAMPLE SUBIMAGE HS. THE OUTPUT OF THE FFT
IS PHASE AND MAGNITUDE OF THE FOURIER TRANSFORM OF HS.

IGNORE THE PHASE. THE MAGNITUDE (M1) WILL BE USED LATER.

STEPS Y

MULTIPLY THE REPAIR SUBIMAGE WITH THE NOISE MASK THIS NOISE MASK
CAN BE BINARY OR IT CAN BE A SOFT EDGED MASK: IF ITIS BINARY THEN
CTUAL NOISE IN THE REPAIR SUBIMAGE WILL BECOME C
BY A BLACK REGION. OUTSIDE THIS I'-IEGION 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

FIEPLACEME_NT SHEET

010CT 597 |

NDERNEATH BY A‘MULTIPLICATIVE FACTOR WHICH GOES FROM NEAR
0 (I‘iEAR THE NOISE EIDGE TO NEAR 1 A FEW PIXELS AWAY FROM THE EI%IGE

F THE NOISE MASK AND HAS VALUES BETWEEN 0 AND 1 IN BETWEE
THE MULTIPLIED RESULT IS KNOWN AS MASKED REPAIR SUBIMAGE.
{

STEP6-14 | GO TO STEPS 6 TO 14 SHOWN IN FIGURE 12 |

STE
WITH RESULTS ?

SHADING. THE DETAILS OF STEPS 6-14 ARE SHOWN IN FIGURE 12.

FIG.11

YES NO : USER WILL REPAINT NOISE MASK
OVER AREAS THAT DON'T LOOK
GOOD. NEW REPAIR AND SAMPLE
IMAGES MAY HAVE TO BE SELECTED.

FLOWCHART FOR METHOD FOR REMOVING NOISE FROM IMAGES WISH NON UNIFORM
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QUTPUT OF PREVIOUS ITERATION
10/10 BECOMES THE MASKED REPA%

| SUBIMAGE FOR THIS ITERATION.
( FROM STEP 5 OF FIGURE 11 ) '

STEP6 Ve

SPLIT THE MASKED REPAIR SUBIMAGE INTO TWO IMAGES, ONE
WHICH IS HIGH PASS FILTERED (HR) AND ONE WHICH IS LOW PASS
FILTERED (lI_.R). LR WILL NOT BE SENT TO THE NEXT STEP BUT WILL

GO INSTEAD TO STEP 12. ONLY HR IS PASSED TO NEXT STEP DIRECTLY.

STEP7 T

CALCULATE THE FAST FOURIER TRANSFORM (FFT) OF HR AND PASS THE
MAGNITUDE (M2) AND PHASE (P2) CALCULATED BY FFT TO THE NEXT STEP.

STEPS - I

CALCULATED THE MINIMUM OF MAGNITUDE M1 AND M2. M1 IS THE
MAGNITUDE OF FFT OF SAMPLE SUBIMAGE AND M2 IS THE MAGNITUDE
OEIII:ICE FFT gF MASKED REPAIR SUBIMAGE. PASS THIS NEW MAGNITUDE

G P,
ATION P2 PRODUCED BY TAKING THE FFT OF THE MASKED REPAIR
|“".-OMS‘UBIaAG‘uE AS IS WITHOUT MODIFICATION TO THE NEXT STEP.

STEP9 -y .

CALCULATE THE INVERSE FAST FOURIER TRANSFORM (IFFT) USING
MAGNITUDE AND PHASE OUTPUT BY THE PREVIOUS STEP.

STEP10 Y

MATRIX SET THE COMPLEX VALUE TO 0. ALSO THE REAL VALUES MAY BE
OUTSIDE THE RANGE OF 0 TO 255, IF THE ENTRY IS LESS THAN 0 MAKE IT 0.
IF IT IS MORE THAN 255 THEN MAKE IT 255. OTHERWISE LEAVE IT UNTOUCHED.

STEP11 _ - Y

MIX THE PIXELS IN THE OUTPUT OF PREVIOUS STEP WITH THE PIXELS OF
THE HIGH PASS FILTERED MASKED REPAIR SUBIMAGE CREATED IN STEP 6.
THE VALUES THAT ARE FAR AWAY FROM THE MASK AND 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 0 SHOULD BE LEFT AS IS BECAUSE THE ORIGINAL MASKED
REPAIR SUBIMAGE IS KNOWN TO BE NOISY THERE AND WE HAVE JUST
CALCULATED BETTER VALUES FOR THIS REGION. FOR VALUES OF THE SOFT
MASK THAT ARE BETWEEN 0 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 0 AND 1) CAN BE DEFINED IN THE
FOLLOWING WAY. IF MASK VALUE IS m AT A POINT THEN THE NEW PIXEL

- AT THAT POINT WILL BE : m % rp+(1-m) * r 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.

STEP12 Y

MERGE THE OUTPUT OF THE PREVIOUS STEP AND THE LOW PASS
FILTERED MASKED REPAIR SUBIMAGE LR FROM STEP 6.
MERGING CONSISTS OF SIMPLY ADDING THESE TWO IMAGES.

STEP13 Y

IF ANY PIXEL OF THE INPUT OF THIS STEP IS GREATER THAN 255
THEN MAKE IT 255. OTHERWISE LEAVE IT UNTOUCHED.

STEP14

REQUIRED
NUMBER OF ITERATIONS
DONE ?

NO -

(GO TO STEP 15 OF FIGURE 11 )

FLOWCHART FOR STEPS 6-14 FOR REMOVING NOISE FROM IMAGE WITH NON UNIFORM
SHADING. THE OTHER STEPS ARE SHOWN IN FIGURE 11.

FIG.12




