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Description

Background of the invention
Field of the invention
The invention relates to image processing methods for reducing noise in a sampled image.

Description relative to the prior art

Pictures generated by an image processing method often display artifacts introduced by the
processing method itself. Such artifacts may mask the benefits obtained by processing the image. This
invention pertains to the suppression of a particular class of artifacts: the introduction of what appear to be
“edges” into places—like smooth facial features—where no such edges existed in the original image. To
better describe the invention it is necessary to review certain aspects of known image processing
technology.

In known image processing methods, every image signal is replaced by a modified value, based on the
values of the image signals from a surrounding field of image elements. The signals from the surrounding
field are used to form a number of different linear combinations each of which represents a different
component of the image structure within the field. In a typical method, most of the combinations represent
the detail within the field. Each detail-sensitive combination represents a difference among local image
signals and tends to vanish in the absence of a particular kind of image detail. Noise is reduced by
modifying the detail-sensitive combinations such that, for example, the value of a combination is lowered
or set to zero wherever a particular kind of image detail is not present.

One such method, hereinafter referred to as a point-neighborhood method, considers the signal
representative of the light value of each original image element in combination with similar signals from a
small neighborhood of surrounding elements. (Light value, as used herein, shall mean any image-related
characteristic—e.g., lightness, brightness, image density, hue and the like—that can be expressed in a form
suitable for image processing). The point-neighborhood method reconstitutes the image by replacing the
signal from each original image element with the sum of a number of linear combinations of the
neighborhood signals. The general plan of such a method is to 1} generate image signals representative of
light values by sampling the image according to a regular array of picture elements, 2) filter the image
signals to obtain a low-pass and one or more band-pass image signals (one of which may be high-pass) 3)
core each band-pass signal by comparison to a threshold to remove noise, 4) amplify the cored band-pass
signals to increase sharpness, and 5) add the amplified, cored band-pass signals to the low-pass signal to
obtain a final image for display or reproduction. (Coring is a non-linear noise reduction process that
removes signal energy—presumably noise—near the average signal axis and less than a threshold; the
remaining signal is then added back to the low-pass signal. See “Digital Techniques of Reducing Television
Noise,” by J. P. Rossi, Journal of the Society of Motion Picture and Television Engineers, March 1978, pp.
134—140. A complementary process, hereinafter referred to as clipping, removes signal energy—
presumably image detail—that is above a threshold; the remaining noise signal is then subtracted from the
fuli-band signal).

One version of a point-neighborhood method divides the image into (A) a low-pass image signal
obtained by convolving the original image with 1/16 of a 3 by 3 array of weights such as

(n

-3 N -3
N BN
- N -2

and (B) a high-pass image signal composed of eight high-pass component signals obtained by convolving
the original image with 1/16 of a combination of eight 3 by 3 arrays of weight such as

0 0 0 -1 0 0 0 -2 0 0 0 -1

-2 2 0 0 1 0 0 2 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 0
{2)

0 0 0 0 0 0 0 0 0 0 0 0

0 2 =2 0 1 0 0 2 0 0 1 0

0 0 0 0 0 -1 0 -2 0 -1 0 0

Each high-pass image component signal is proportional to the image gradient in a particular direction. A
sharpened image of reduced noise is obtained by coring each high-pass component signal, amplifying
each cored high-pass component signal and adding the amplified component signals to the low-pass
signal. Such point-neighborhood processing methods are described in (A) International Publication
Number WO 80/00774, published on April 17, 1980 and (B) “A Method for the Digital Enhancement of
Unsharp, Grainy Photographic Images”, by P. G. Powell and B. E. Bayer, Proceedings of the International
Conference on Electronic Image Processing, July 26—28, 1982, pp. 179—183. The latter article by Powell
and Bayer is believed to disclose features closest to the present invention.
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The knowp method thus far described removes noise of very high frequency and responds only to local
aspects of an image gr_zadlent,'whether in fact the overall gradient is local or extended. In order to process
lower frequency noise in a point-neighborhood method, an even lower-pass signal is obtained in a second

stage by convolving the low-pass signal of the initial stage heretofore described with 1/16 of a 5 by 5 array
of weights such as

102 0 1
06 00O00CQ0
2 0 4 0 2 (3)
0 00000
10 2 0 1

) Just as eight high-pass, or fine detail, image component signals were obtafned from the original
image, eight band-pass, or intermediate detail, image component signals are now obtained from the

low-pass signal by convolving that signal with 1/16 of a combination of eight 5 by 5 arrays of weights, such
as : '
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-2 0 2 00 0 0100 00200 00 1Too
000O0C0O 000000 0-0 0 00 0 0000
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0 00O0OO 0 0000 00000 00O0O0OO
0 0 2 0-2 00100 00 200 0 0100
0 00O00O0 00 0O0CO 0 00O0OO 0 0000
0 00O0CO 0 00 0-1 0 0-2 0 O -1 0000

As before, each band-pass image component signal is proportional to the average gradient in a
particular direction, but now the result is taken over a larger area. These image component signals are
cored and summed- with the lower-pass signal to produce a.smoothed version of the original low-pass
signal, which is then added to the processed high-pass image component signals from the initial, or first,
stage {such cascading procedures are described in the previously cited Powell and Bayer article and in
International Publication Nos. WO 81/03096 and WO 81/03097, both published on October 29, 1981). This
process can be cascaded any number of times until removing noise of lower frequency yields little further
improvement.

in the above-described point-neighborhood method, noise is reduced by coring (or clipping) the
detaii-sensitive linear combinations of the image signals. Since the noise coring process involves the
application of a noén-linear function (e.g., a threshoid), some distortion of local image values may be
generated as an artifact of the processing itself, but this is tolerated in order to realize the desired noise
reduction. For example, none of the gradient-sensitive weighting arrays heretofore discussed will generate
component signals that respond to the abrupt change of a low contrast edge without also responding to a
gradual change in a smooth, extended image gradient—such as is frequently found within smooth areas of
scene objects. A local gradient (i.e., a low contrast edge) and an extended gradient may thus “look” the
same to a weighting array that encompasses only the local field.

The non-linear coring procedure is in part justified by the assumption that transition between the cored
and non-cored states is mostly acceptable in a “busy” region of the.image, as at an edge. The problem
arises where the local and extended gradients appear the same, that is, in certain less “busy” regions of an
image where the tight value is changing only smoothly and slowly. In such regions the value of one or more
of the detail-sensitive linear combinations will pass through its noise threshold. Because this situation
activates the coring procedure, an abrupt discontinuity will undesirably appear in the processed image at
the point where the threshold is crossed and the corresponding linear combination is undesirably
modified. In less “busy” regions—Ilike the smoothed area of an extended gradient—this transition
sometimes - leads to a visible artifact—much like an “edge’—and therefore is undesirable. From an
aesthetic view-point, such artifacts particularly detract from the overall visual appeal of images reproduced
by such methods. In fact, in some areas of an image such transitions may be more objectionable than the
original noise component that coring has removed. Point-neighborhood methods of which | am aware are
unable to effectively deal with these types of artifacts, therefore yielding aesthetically unappealing results.
My invention provides a solution for this type of problem. Though neither employing the aforementioned
point-neighborhood method for particularly related to the type of problem encountered in a noise
reduction circuit, European Patent 0076380 describes a circuit providing unsharp masking signals in an
apparatus for contrast intensification of electronic printing form production. This circuit generates an
image signal, a first outer field signal and a second larger outer field signal. The two outer field signals are
combined to obtain a correction signal that is added to the image signal. Just as noise reduction is not the
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concern of this patent disclosure, there is no suggestion of any kind of non-linear noise reduction
processing of the correction signal.

Summary of the invention

The multi-stage point-neighborhood method has some linear combinations that respond to gradients
in a small area of an image and others that respond to gradients in a larger area. | have found that by
processing signals based on an interrelationship of these image gradients, rather than by separately
processing those based on local gradients, greater immunity to annoying discontinuities such as ‘“false
edged’” can be obtained.

The invention pertains to a method of image processing for noise reduction as set out in the appended
claims to which reference is now directed. image signals are generated that are representative of the light
value of elements of the image. Then a first gradient signal is generated in response to a combination of
image signals representative of an image gradient over a first portion of the image. Another gradient signal
is generated representative of an image gradient over a second image portion that is greater than the first
image portion. A composite signal is generated by combining the two gradient signals. The image signals
are then modified relative to a non-linear noise sensitive function that operates upon a characteristic of the
composite signal. The application of this method in connection with an image having both gradual,
extended gradients and low-contrast local gradients (e.g., low-contrast edges) prevents unwanted
processing artifacts—such as ““false edges”—from degrading the reproduction of such portions of the
image. The composite signal is based on the generation of local and extended gradient signals in one case
of a point-neighborhood method. The local gradient signal is representative of image gradients obtained
from various image signals that correspond to image-elements distributed in nearby locations while the
extended gradient signal similarly derives from elements distributed more widely over the image. The
composite signal is then made to vary as a function of the difference between the gradient signals; the
magnitude of the thus-varying composite signal is compared to a threshold and the image signals are
modified based on the outcome of this comparison.

Brief description of the drawings

The invention will be described with reference to the figures, wherein:

Figure 1 is a block diagram of a two-stage point-neighborhood method known in the prior art;

Figure 2 is a block diagram of an improved image processing method employing gradient detectors in
accordance with the invention, as applied to a point-neighborhood method of the kind shown in Figure 1;

Figure 3 is a block diagram of a modification made to the improved method illustrated in Figure 2 in
order to align the gradient detectors relative to the same image element;

Figure 4 is a block diagram of a three-stage point-neighborhood method employing the improved
image processing method in accordance with the invention;

Figure 5 is a circuit diagram of a network for implementing the local gradient detector of Figures 2 and
3; and

Figure 6 is a circuit diagram of a network for implementing the extended gradient detector of Figures 2
and 3.

Detailed description of the preferred embodiments

The input signal in the following description is generated by the scanning and sampling of an original
image. For purposes of describing the preferred embodiments the input signal is assumed to be generated
from an image such as a negative or positive photographic transparency. It is further understood that such
a signal may represent a variety of spatial components of the image, including an average light value level,
fine detail such as fine edges, lines and textures; intermediate detail such as broader edges and small
features; and coarse detail such as shaded modeling and other gradually varying features. (Modeling as
here used refers to the rendition of smoothly varying features or details). In addition, the signal includes a
noise component affecting most of the spatial components to some degree. With a photographic
transparency, much of such noise originates with the random distribution of the light-absorbing particles
that form the basis of this image-recording system. While the invention will be described in connection
with sampled data from a photograph transparency, it should be understood that the input signal can
represent other information or data, such as would be derived from directly scanning an object, from a
composite video signal or from image information in optical/electrical/magnetic storage. In such cases the
noise originates in other-characteristics of the signal generating system.

A block diagram of a known two-stage point neighborhood method is shown in Figure 1. Conventlonal
scanning and sampling apparatus 1 generates a stream of image signals by scanning a photographic
negative 2. Each signal relates to the light value of a respective element of an original image. This signal
stream, hereinafter called signal S, is presented in a first stage to a local gradient detector 3 and to a
low-pass prefilter 4. The prefilter 4 convolves the signal S with the low-pass weighting array (1), heretofore
described in relation to the prior art. The low-pass signal S, is then presented in a second stage to a further
low-pass filter 5 and to an extended gradient detector 6. The two gradient detectors 3 and 6, acting as
filters, convolve the image signal S and the low-pass signal S_ with selected arrays of weights {i.e., sets of
filter coefficients) sensitive to local and extended gradients, respectively. The arrays (2) and (4) described
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heretofore in relation to the prior art are suitable for generating respective local and extended gradient
signals G, and Gg, which are proportional to local and extended image gradients. The signals G, and Ge are
then processed by respective non-linear noise modification circuits 16 and 17, which suppress signal
energy less than a predetermined threshold and put out respective cored signals G_' and G¢'. The coring
procedure mentioned heretofore in relation to the prior art is suitable for the noise modification circuits 16
and 17. The cored signals G_' and Gg' are then separately amplified in respective amplifiers 18 and 19,
which apply respective gain factors GF, and GF, to the cored signals. The low-pass signal needed to
complete the processing is obtained in the low-pass filter 5 by convolving the low-pass signal generated by
the array (1) with the 5 by 5 array (3) to generate a second, lower-pass signal component (S,}.. The final
noise-reduced image signal S’ is formed in a summer 20 by summing the lower-pass signal component
(S, with the cored and amplified local gradient signal G," and the cored and amplified extended gradient
signal G¢'. ]

§ Figu?e 2 illustrates the principle of the invention as applied to the point-neighborhood method
illustrated by Figure 1. In particular, the part of the block diagram of Figure 2 enclosed in broken line 7
replaces the part of the block diagram of Figure 1 likewise enclosed in broken line 7. The signal S is
presented to the local gradient detector 3 and the low-pass prefilter 4. As was the case in Figure 1, the
prefilter 4 convolves the signal S with the low-pass weighting array (1). However, an additional output is
taken from the prefiiter 4 and the low-pass signal S, is presented to an.additional extended gradient
detector 8. The gradient detectors 3 and 8, acting as filters, convolve the image signal S and the low-pass
signal S_ with selected arrays of weights (i.e., sets of filter coefficients, such as arrays (2) and (4)) sensitive
to local and extended gradients, respectively. In so doing, the gradient detectors generate respective local
and extended gradient signals G, and.Gg, which are proportional to local and extended image gradients.
The signals G_ and Gg generated by the detectors 3 and 8 are multiplied by the proportionality factors A and
B in respective conventional multipying circuits 9 and 10. The signals put out by the circuits 9 and 10 are
proportional to-local and extended image gradients, respectively. In accordance with the invention, these
signals—and the gradients they represent—are related to each other in a signal combining circuit, such as,
for example, a conventional differencing circuit 11. The difference circuit 11 produces a composite gradient
signal Cg that varies as a function of the difference between the signals G, and Gg, i.e., a signal
Ce=A*G_ ~B*Gg). '

The composite subtraction signal Cgq is processed by a non-linear noise modification circuit 12, which
provides an output based on a particular characteristic of the signal Cq. For example, the coring procedure
mentioned heretofore in relation to the prior art is a suitable procedure for the noise modification circuit 12;
signal energy less than a predetermined threshold is suppressed and a cored signal Cg'=(A*G_ —B*Gg)’ is
generated. However, rather than—as in Figure 1—coring the gradient signals separately, the coring
procedure is applied to an image signal resulting from an interrelation or comparison (i.e., as by
subtraction) of image gradients of different extent.

The method thus far described removes noise of high frequency in regions where the underlying local
gradient signal differs. little from the underlying extended gradient signal. For example, the difference
between the gradient signals should vanish if the underlying image variation is smooth and continuous. it
will not vanish if the gradient is strictly localized, as at an edge. In both cases, noise will be included in the
difference between the gradient signals. By coring this difference, instead of the individual gradient signals,
the image signal S will be uniformly treated in extended, smoothly varying areas. In particular, the local
gradient detector will not by itself introduce the artifact of '‘false edges” in the midst of the smoothly
varying area because the local gradient signal will not by itseif be subjected to a noise threshold. In effect,
the “correct” local gradient for a smoothly varying area is predicted by reference to the extended gradient.
That is, the local gradient shouid not trigger an edge decision unless its value significantly differs {by an
amount exceeding the coring threshold) from its “predicted edge-less’’ value, i.e., the value one would
expect by lookirig at the extended gradient in the same area. The net effect of this method is the
suppression of-the artifact of "false edges” heretofore described.

In other respects, the final image is reconstructed from the individual image signals as in the known
method described by the block diagram of Figure 1. The method of the invention as described to this point
removes noise of high frequency without introducing the ““false edge” artifact. Separetly coring the
extended gradient signal by itself in the noise modification circuit 17 removes noise of lower frequency,
providing a cored extended gradient signal G¢'. The final noise-reduced image is formed by summing the
lower-pass signal (S.}, with the cored extended gradient signal G’ and with the cored composite signal
Cq'. In generating Cq’, the proportionality factors A and B are usually chosen so as to generate a zero signal
difference {C¢'=0) when the local and extended gradient signals G, and Gg are obtained from a smoothly
varying image area where the local image gradient is equal to the extended image gradient. For an accurate
reconstruction of the original image, but with reduced noise, the cored gradient signal G¢' (put out by
circuit 17 of Figure 1) is then sufficiently multiplied to account for the proportion of the signal Gg subtracted
during the generation of Cg'. For example (with A=1), the exact reconstruction will involve

(SL)L+(1 +B)GE'+(GL—B*GE)'

where the sigal G¢' has been rﬁultiplied by proportionality constant {(1+B) to make up for the loss of a
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proportion (B) of Gg in the signal C's. Adjustment of the gain factor GF, of the amplifier 19 is a suitable way
to perform this multiplication.

It is further desirable to modify the extended gradient signal Gg when it is not possible to align the
gradient detectors 3 and 8 relative to the same image element. For example, the horizontal weight *—220"
from array (2)—taking only the central string of the weighting array—does not exactly center on a gradient
the same as the horizontal weight “—20200" from array (4). They are off by one-half element. Therefore, it
has been my practice to subtract from the focal gradient the average of two extended gardients offset by
one element. Figure 3 illustrates the application of this averaging process to the arrangement of Figure 2.
Two extended gradient detectors 8 are employed; each may implement the same form of the array (4) if a
delay 13 of, for example, one image element is provided prior to one of the detectors. A suitable delay
element 15 is also included to delay the signal G, so that it is in time-wise alignment with the averaged Gg
signal.

This procedure may be cascaded through further stages in order to remove noise of yet lower
frequency without introducing the “false edge” artifact. For example, in a third stage a third still lower-pass
image signal and eight coarse-detail image signals can be formed from the second, lower-pass image
signal. Such a cascading procedure is described in the heretofore cited International Publication Nos. WO
81/03096 and WO 81/03097, and the Powell and Bayer article. Furthermore it is well-known to form the
second and third low-pass signals directly from the original image signals, as discussed, for example, in the
Powell and Bayer article. If a third stage is implemented, then the coarse-detail image signals {actually,
more widely or further extended image gradients) are available for comparison with the medium-detail
extended gradient signals in the second stage in a manner in accordance with the invention.

Figure 4 is a block diagram of a point-neighborhood process incorporating the principles of the
invention in a three stage operation. This figure also shows the use of a clipping type of noise reduction,
instead of the coring type shown in the preceding figures. Similar reference characters are used to indicate
blocks that are similar to those described in connection with Figures 1 and 2. The differences are as follows.
The stream of unfiltered image signals S is additionally presented to a delay circuit 100 and therefrom to a
difference circuit 101, from which the noise-reduced image signal S’ is generated. The low-pass signal (S,),.
is also presented to a further extended gradient detector 102 for generating a further extended gradient
signal Gy, which is proportional to further extended image gradients. (A set of weights based on a straight-
forward extension of the array (4) is suitable for generating the signal Gy.)

The gradient signal Gy, is then made available for interrelationship with the gradient signal Gg in the
second stage in accordance with the invention. The signal Gy and the extended gradient signal Gg are
multiplied by proportionality factors C and D in respective multiplying circuits 104 and 106. The signals
provided by the circuits 104 and 106 are presented to a difference circuit 108, which generates a second
stage composite signal (Cg). The composite signals Cq and (Cg) are clipped in respective clipped circuits 110
and 112, which suppress signal energy above a designated threshold, leaving clipped composite signals.
Cq' and (Cg)’ composed mainly of noise. At the next stage of processing the further extended gradient
signal Gy is clipped by another clipping circuit 114 and amplified in an amplifier 116. The final
noise-reduced image is formed by summing the clipped and amplified signals Cq’, (Cs)’ and Gy’ and
subtracting the summed result—which is mainly noise—from the full-band signal S in the difference circuit
101. The delay circuit 100 provides suitable delay to the signal S such that it is properly aligned with respect
to the picture element represented by the output of the summer 20. As before, compensation for
off-centered gradients is handled (but not shown in Figure 4) by subtracting from the extended gradient the
average of two offset further extended gradients.

Despite the beneficial results, there is a trade-off in using such a procedure in accordance with the
invention. Low-contrast detail suffers in comparison to the output from cascaded procedures based on the
coring of the local gradient signal by itself. However, the advantage in reduction of unwanted artifact is
deemed worth the cost. (Various compromises are possible. For example, the aforementioned
proportionality factor B—and/or D—can be reduced, leaving more of the artifact but increasing low contrast
sharpness.)

Circuit elements for implementing the local gradient detector 3 are shown in the network of Figure 5,
which aligns the incoming signals into signal arrays corresponding to elements within particular areas of
the image and then processes the signal arrays in accordance with a particular gradient-sensitive pattern.
The incoming stream of image signals S are applied to a one-element delay 22 and to a one-line delay 28.
The one-element delayed signal is applied to another one-element delay 24, then forming a two-element
delayed signal. The undelayed, the one-element delayed and the two-element delayed signals are each
applied to the summing amplifier 26, which has coefficients a, b and ¢ for weighting the sum. The summed
output signal (allowing for plus and minus coefficient operations) forms one image line of the gradient
detector output. Similarly the one-line delayed signal from delay 28 is applied to another one-line delay 36
and to a summing amplifier 34 (having weighting coefficients d, e and f} by way of the one-element delays
30 and 32, thus forming a second line of the output. Likewise a third line is formed by a summing amplifier
42 (having weighting coefficients g, h and i) from the two-line delayed signal from delay 36 and the signals
from one-element delays 38 and 40.
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The local gradient signal G, is formed by combining the output signals of the summing amplifiers 26,
34 and 42 in a summing amplifier 44. The local gradlent detector 3 therefore convolves the stream of
signals S with an array of weights equal to:

i h g
f e d
c b a

In practice, eight such gradient detectors are used and the lettered weights are assigned numbers
corresponding to the numbered weights heretofore described in connection with the set of arrays (2).
{Consequently, certain of the lettered weights are zero and the corresponding signal value does not enter
into the computation).

Circuit elements for implementing the extended gradlent detector 8 are shown in the network of Figure
6. Much as in Figure 5, the extended gradient signal is generated in a summing amplifier 65 by combining
the signals from-the summing amplifiers 50, 57 and 64, which in turn combine the variously delayed signals
from one-element delays 46—49, 53—56, 60—63 and one-line delays 51, 52, 568 and 59. The additional
delays, compared to Figure 5, cause the collection of image signals over a larger array of image elements.
The extended gradient detector 8 thus convolves the low-pass signal S_ with an array of weights equal to

O O 4 O.—
coocoo
oo oI
coooo
» o0 o

Eight such gradient detectors (or more, if off-centered averaging is employed per Figure 3) are used and the
weights are assigned numbers (some of which may be zero) corresponding to the numbered weights
heretofore described in connection with the set of arrays (4). Extension of the network of Figure 6 to collect
image signals over yet larger arrays of image elements—as would be needed for the further extended
gradient detector 102 of Figure 4—will be apparent to anyone of ordinary skill in these arts.

Other gradient signal combinations may be useful in special situations. For example, the signal Gz may
include contributions from the local gradient detector as well as the extended gradient detector.
Furthermore, many other ways of implementing the gradient detectors 3 and 8 will be apparent to anyone
of ordinary skill in the art, some of which may possess efficiency and speed benefits not of direct concern in
describing the principles of this invention.

Claims

1. Method of image processing for noise reduction comprising the steps of:

generating Image signals (S) representative of the light value of elements of the image;

generating a first gradient signal {G,) in response to a combination of image signals representative of
an image gradient over a first portion of the image;

generating a second gradient signal (Gg) in response to a combination of image signals representative
of an image gradient over a second image portion that is greater than said first image portion;

generating a composite signal (Cg)} from the combination of said first and second gradient signals;
characterized by:

modifying said composite image signals relative to a non-linear noise sensitive function that operates
upon a characteristic of said composite signal.

2. A method as claimed in Claim 1 wherein the step of generating the composite signal further
comprises generating a composite signal that varies as a function of the difference between said first and
second gradient signals.

3. A method as claimed in Claim 2 wherein the step of modifying said image signals comprises
comparing the magnitude of said composite signal to at least one predetermined threshold and then
basing the image signal modification on the difference therebetween.

4. A method as claimed in Claim 3 additionally comprising

generating a third gradient signal obtained from image signals that correspond to image elements
distributed over a third image portion greater than said first or second image portions; and

generating a second. composite signal that varies as a function of the difference between said third
gradient signal and said second gradient signal.

5. A method as claimed in Claim 4 in which the step of modifying said image signais further comprises
comparing the magnitude of said second composite signal to at least one predetermined threshold and
additionally basing the image signal modification on the difference between said second composite signai
and its respective threshold. '
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Patentanspriiche

1. Verfahren fiir die Verarbeitung eines Bildes zur Reduzierung von Stérungen mit folgenden Schritten:

Erzeugung von Bildsignalen (S}, die den Lichtwerten von Bildelementen entsprechen;

Erzeugung eines ersten Gradientensignals (G,) in Abhé&ngigkeit von einer Kombination von
Bildsignalen, die einem (iber einen ersten Bereich des Bildes erhaltenen Bildgradienten entsprechen;

Erzeugung eines zweiten Gradientensignals (Gg) in Abhéangigkeit von einer Kombination von
Bildsignalen, die einem (iber einen zweiten Bereich des Bildes erhaltenen Bildgradienten entsprechen,
wobei dieser zweite Bereich grGRer ist als der erste; und

Erzeugung eines zusammengesetzten Signals (CG) durch Kombination des ersten und des zweiten
Gradientensignals, dadurch gekennzeichnet, dal® die zusammengesetzten Bildsignale in Abhéngigkeit von
einer nichtlinearen, stérungsabhingigen Schwellenfunktion verdndert werden, die sich auf eine
Charakteristik des zusammengesetzten Signals auswirkt.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dal3 ein zusammengesetztes Signal erzeugt
wird, das in Abhangigkeit von der Differenz zwischen dem ersten und dem zweiten Gradientensignal
variiert.

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daf® bei der Modifizierung der Bildsignale der
GroRenwert des zusammengesetzten Signals mit mindestens einem vorbestimmten Schwellenwert
verglichen und die Differenz zwischen den Vergleichswerten dann der Bildsignalmodifizierung zugrunde
gelegt wird.

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, da® ein drittes Gradientensignal aus
Bildsignalen erzeugt wird, die Bildelementen entsprechenden, die (iber einen dritten Bildbereich verteilt
sind, der groRer ist als der erste oder der zweite Bildbereich, und dal® ein zweites zusammengesetztes
Signal erzeugt wird, das in Abhéangigkeit von der Differenz zwischen dem dritten und dem zweiten
Gradientensignal variiert.

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daf® bei der Modifizierung der Bildsignale
auBerdem der GroRenwert des zweiten zusammengesetzten Signals mit mindestens einem
vorbestimmten Schwellenwert verglichen und die Differenz zwischen diesem zweiten zusammengesetzten

. Signal und seinem entsprechenden Schwellenwert zusétzlich der Bildsignalmodifizierung zugrunde gelegt
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wird.
Revendications

1. Procédé de traitement d‘image pour la réduction du bruit, comprenant les étapes suivantes:

la génération de signaux images (S) représentatifs des caractéristiques lumineuses des éléments de
I'image,

la génération d'un premier signal (G, ), en réponse a une combinaison de signaux images, représentatif
d'un gradient d’image sur une premiére portion de l'image,

la génération d’un second signal (Gg), en réponse a une combinaison de signaux images, représentatif
d'un gradient d’image sur une seconde portion d'image plus grande que ladite premiere portion,

la génération d’un signal composite (Cg) résultant de la combinaison du premier signal et du second
signal; ledit procédé étant caractérisé par:

la modification desdits signaux images composites selon une fonction non linéaire sensible au bruit,
laquelle agit sur une caractéristique dudit signal composite.

2. Procédé selon la revendication 1, dans lequel la caractéristique de I'étape de génération du signal
composite réside dans le fait que ledit signal varie en fonction de la différence entre le premier et le second
signal.

3. Procédé selon la revendication 2, dans lequel I’étape de modification desdits signaux images inclue
une comparaison de l'amplitude dudit signal composite avec au moins un seuil prédéterminé, et une
modification du signal image basée sur la différence obtenue par cette comparaison.

4. Procédé selon la revendication 3 comprenant en plus:

la génération d'un troisiéme signal provenant des signaux images correspondant aux éiéments
d’image répartis sur une troisiéme portion d'image plus grande que lesdites premiére et seconde portions,
et

la génération d’un second signal composite qui varie en fonction de la différence entre le troisieme et
le deuxiéme signal.

5. Procédé selon la revendication 4, dans lequel I'étape de modification des signaux images inclue en
plus une comparaison de I"amplitude du deuxiéme signal composite avec au moins un seuil prédéterminé
et une modification du signal image basée sur la différence entre le second signal composite et son seuil
respectif.
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