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Description

[0001] The present invention relates to an image processing method and apparatus, a recording medium and an
imaging apparatus, and more particularly to an image processing method and apparatus for removing noise of an image,
a medium for recording a program for a computer to perform such an image processing function, and an imaging
apparatus comprising such an image processing apparatus.

[0002] In an MRI (magnetic resonance imaging) apparatus, an object to be imaged is carried into an internal space
of a magnet system, i.e., a space in which a static magnetic field is generated; a gradient magnetic field and a high
frequency magnetic field are applied to generate a magnetic resonance signal inside the object; and a tomographic
image is produced (reconstructed) based on the received signal.

[0003] In order for an observer to view a fine structure in the tomographic image in more detail, filtering is performed
to remove noise in the image. Although the filtering is based on low-pass filtering, since the sharpness of the image is
lowered by using the low-pass filtering alone, filtering with an additional process for preserving the sharpness is employed.
[0004] The filtering with the additional process for preserving the sharpness, however, has a side effect that an
incidental texture created by noise is enhanced, causing an anatomically meaningless structure (false structure) to be
generated.

[0005] Scher et al, "Some new image smoothing techniques" IEEE Transactions on Systems, Man and Cybernetics,
vol. 10, no. 1, January 1080 (1980-01), pp. 153-158, XP008037149 ISSN:00189472, describes techniques involving
averaging over half neighbourhoods, weighted averaging and averaging based on local property probabilities.

[0006] Therefore, an object of the present invention is to provide an image processing method and apparatus for
properly performing filtering, a medium for recording a program for a computer to perform such an image processing
function, and an imaging apparatus comprising such an image processing apparatus.

[0007] Various aspects and embodiments of the present invention are defined in the appended claims.

[0008] Therefore, the presentinvention can provide animage processing method and apparatus for properly performing
filtering, a medium for recording a program for a computer to perform such an image processing function, and an imaging
apparatus comprising such an image processing apparatus.

[0009] Further objects and advantages of the present invention will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the accompanying drawings, in which:

Fig. 1 is a block diagram of an apparatus in accordance with an embodiment of the present invention.

Fig. 2 is a block diagram of an apparatus in accordance with an embodiment of the present invention.

Fig. 3 is a diagram illustrating an exemplary pulse sequence executed by the apparatus shown in Fig. 1 or 2.
Fig. 4 is a diagram illustrating an exemplary pulse sequence executed by the apparatus shown in Fig. 1 or 2.
Fig. 5 is a flow chart of image processing performed by the apparatus shown in Fig. 1 or 2.

Fig. 6 is a diagram illustrating the concept of a local region.

Fig. 7 is a diagram illustrating the concept of a local region.

Fig. 8 is a diagram illustrating the concept of a local region.

Fig. 9 is a diagram illustrating the concept of a local region.

Fig. 10 is a diagram illustrating the concept of a local region.

Fig. 11 is a diagram illustrating the concept of a local region.

Fig. 12 is a diagram illustrating the concept of a set of pixel groups.

Fig. 13 is a flow chart of image processing performed by the apparatus shown in Fig. 1 or 2.

Fig. 14 is a graph illustrating a weighting factor.

Fig. 15 is a diagram illustrating the concept of a structure of an original image in a local region.
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Fig. 16 is a flow chart of image processing performed by the apparatus shown in Fig. 1 or 2.
Fig. 17 is a graph illustrating a weighting factor.
Fig. 18 is a flow chart of image processing performed by the apparatus shown in Fig. 1 or 2.

[0010] Severalembodiments of the presentinvention will now be described in detail with reference to the accompanying
drawings. Fig. 1 shows a block diagram of an imaging apparatus, which is an embodiment of the present invention. The
configuration of the apparatus represents an embodiment of the apparatus in accordance with the present invention.
The operation of the apparatus represents an embodiment of the method in accordance with the present invention.
[0011] As shown in Fig. 1, the present apparatus has a magnet system 100. The magnet system 100 has a main
magnetic field coil section 102, a gradient coil section 106 and an RF (radio frequency) coil section 108. These coil
sections have a generally cylindrical shape and are concentrically disposed. An object to be imaged 300 is rested on a
cradle 500 and carried into and out of the generally cylindrical internal space (bore) of the magnet system 100 by carrier
means, which is not shown.

[0012] The main magnetic field coil section 102 generates a static magnetic field in the internal space of the magnet
system 100. The direction of the static magnetic field is generally in parallel with the direction of the body axis of the
object 300. That is, a "horizontal" magnetic field is generated. The main magnetic field coil section 102 is made using
a superconductive coil, for example. It will be easily recognized that the main magnetic field coil section 102 is not limited
to the superconductive coil, but may be made using a normal conductive coil or the like.

[0013] The gradient coil section 106 generates gradient magnetic fields for imparting gradients to the static magnetic
field strength. The gradient magnetic fields to be generated are the following three: a slice gradient magnetic field, a
readout gradient magnetic field and a phase encoding gradient magnetic field. The gradient coil section 106 has three
gradient coils, which are not shown, corresponding to these three gradient magnetic fields.

[0014] The RF coil section 108 generates a high frequency magnetic field for exciting spins within the object 300 in
the static magnetic field space. The generation of the high frequency magnetic field will be sometimes referred to as
transmission of an RF excitation signal hereinafter. The RF coil section 108 also receives electromagnetic wave, i.e., a
magnetic resonance signal, generated by the excited spins.

[0015] The gradient coil section 108 has transmission and receive coils, which are not shown. For the transmission
and receive coils, the same coil or separate dedicated coils may be used.

[0016] The gradient coil section 106 is connected with a gradient driving section 130. The gradient driving section 130
supplies driving signals to the gradient coil section 106 to generate the gradient magnetic fields. The gradient driving
section 130 has three driving circuits, which are not shown, corresponding to the three gradient coils in the gradient coil
section 106.

[0017] The RF coil section 108 is connected with an RF driving section 140. The RF driving section 140 supplies a
driving signalto the RF coil section 108 to transmit the RF excitation signal, thereby exciting the spins within the object 300.
[0018] The RF coil section 108 is connected with a data acquisition section 150. The data acquisition section 150
gathers receive signals received by the RF coil section 108 and acquires the signals as view data.

[0019] The gradient driving section 130, RF driving section 140 and data acquisition section 150 are connected with
a control section 160. The control section 160 controls the gradient driving section 130 through the data acquisition
section 160 to perform imaging.

[0020] A portion consisting of the magnet system 100, gradient driving section 130, RF driving section 140, data
acquisition section 150 and control section 160 is an embodiment of the signal collecting means of the present invention.
[0021] Theoutputofthe data acquisition section 150is connected to a data processing section 170. The data processing
section 170 is made using, for example, a computer.

[0022] The data processing section 170 has a memory, which is not shown. The memory stores programs for the data
processing section 170 and several kinds of data. The function of the present apparatus is achieved by the data processing
section 170 executing the program stored in the memory.

[0023] The data processing section 170 stores data gathered from the data acquisition section 150 in the memory. A
data space is formed in the memory. The data space constitutes a two-dimensional Fourier space. The data processing
section 170 performs a two-dimensional inverse Fourier transformation on the data in the two-dimensional Fourier space
to produce (reconstruct) an image of the object 300. The two-dimensional Fourier space will be sometimes referred to
as a k-space hereinafter. The data processing section 170 is an embodiment of the original image producing means of
the present invention.

[0024] The data processing section 170 also has a function for filtering the reconstructed image. The data processing
section 170 is an embodiment of the image processing apparatus of the present invention. The filtering function of the
data processing section 170 will be described later in more detail.

[0025] The data processing section 170 is connected to the control section 160. The data processing section 170 is
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above the control section 160 and controls it. The data processing section 170 is connected with a display section 180
and an operating section 190. The display section 180 comprises a graphic display, etc. The operating section 190
comprises a keyboard, etc., provided with a pointing device.

[0026] The display section 180 displays the reconstructed image and several kinds of information output from the data
processing section 170. The operating section 190 is operated by a human operator and inputs several commands,
information and so forth to the data processing section 170. The operator interactively operates the present apparatus
via the display section 180 and operating section 190.

[0027] Fig. 2 illustrates a block diagram of an imaging apparatus of another type, which is another embodiment of the
present invention. The configuration of the apparatus represents an embodiment of the apparatus in accordance with
the present invention.

[0028] The operation of the apparatus represents an embodiment of the method in accordance with the present
invention.

[0029] The apparatus shown in Fig. 2 has a magnet system 100’ of a type different from that in the apparatus shown
in Fig. 1. Since the apparatus has the configuration similar to that of the apparatus shown in Fig. 1 except the magnet
system 100’, similar portions are designated by similar reference numerals and the explanation thereof will be omitted.
[0030] The magnet system 100’ has a main magnetic field magnet section 102’, a gradient coil section 106’ and an
RF coil section 108’. The main magnetic field magnet section 102’ and the coil sections each comprises a pair of members
facing each other across a space. These sections have a generally disk-like shape and are disposed to have a common
center axis. The object 300 is rested on a cradle 500 and carried into and out of the internal space (bore) of the magnet
system 100’ by carrier means, which is not shown.

[0031] The main magnetic field magnet section 102’ generates a static magnetic field in the internal space of the
magnet system 100’. The direction of the static magnetic field is generally orthogonal to the direction of the body axis
of the object 300. That is, a "vertical" magnetic field is generated. The main magnetic field magnet section 102’ is made
using a permanent magnet, for example. It will be easily recognized that the main magnetic field magnet section 102’
is not limited to the permanent magnet, but may be made using a super or normal conductive electromagnet or the like.
[0032] The gradient coil section 106’ generates gradient magnetic fields for imparting gradients to the static magnetic
field strength. The gradient magnetic fields to be generated are the following three: a slice gradient magnetic field, a
readout gradient magnetic field and a phase encoding gradient magnetic field. The gradient coil section 106’ has three
gradient coils, which are not shown, corresponding to these three gradient magnetic fields.

[0033] The RF coil section 108’ transmits an RF excitation signal for exciting spins within the object 300 in the static
magnetic field space. The RF coil section 108’ also receives a magnetic resonance signal generated by the excited
spins. The gradient coil section 108’ has transmission and receive coils, which are not shown. For the transmission and
receive coils, the same coil or separate dedicated coils may be used.

[0034] A portion consisting of the magnet system 100’, gradient driving section 130, RF driving section 140, data
acquisition section 150 and control section 160 is an embodiment of the signal collecting means of the present invention.
[0035] Fig. 3 shows an exemplary pulse sequence for use in magnetic resonance imaging. The pulse sequence is
one in accordance with a gradient echo (GRE) technique.

[0036] Specifically, (1) is a sequence of an o’ pulse for RF excitation of the GRE technique, and (2), (3), (4) and (5)
are sequences of a slice gradient Gs, a readout gradient Gr, a phase encoding gradient Gp and a gradient echo MR,
respectively, of the GRE technique. It should be noted that the o." pulse is represented by its central signal. The pulse
sequence proceeds from the left to the right along a time axis t.

[0037] As shown, the o’ pulse achieves o excitation of the spins, wherein the flip angle o is not greater than 90°. At
the same time, the slice gradient Gs is applied to achieve selective excitation for a certain slice.

[0038] After the o’ excitation, the spins are phase-encoded by the phase encoding gradient Gp. Next, the spins are
first dephased and are subsequently rephased by the readout gradient Gr to generate a gradient echo MR. The gradient
echo MR has its maximum signal intensity at an echo time TE after the o” excitation. The gradient echo MR is collected
by the data acquisition section 150 as view data.

[0039] Such a pulse sequence is repeated 64 - 512 times in a cycle of TR. The phase encoding gradient Gp is varied
for each repetition to provide a different phase encoding each time. Thus, view data for 64 - 512 views filling the k-space
are obtained.

[0040] Another example of the magnetic resonance imaging pulse sequence is illustrated in Fig. 4. The pulse sequence
is one in accordance with a spin echo (SE) technique.

[0041] Specifically, (1) is a sequence of 90° and 180° pulses for RF excitation of the SE technique, and (2), (3), (4)
and (5) are sequences of a slice gradient Gs, a readout gradient Gr, a phase encoding gradient Gp and a spin echo
MR, respectively, of the SE technique. It should be noted that the 90" and 180° pulses are represented by their respective
central signals. The pulse sequence proceeds from the left to the right along a time axis t.

[0042] As shown, the 90° pulse achieves 90° excitation of the spins. At the same time, the slice gradient Gs is applied
to achieve selective excitation for a certain slice. After a predetermined time from the 90° excitation, 180° excitation by
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the 180° pulse, or spin inversion, is performed. Again, the slice gradient Gs is applied at the same time to achieve
selective inversion for the same slice.

[0043] During the period between the 90° excitation and spin inversion, the readout gradient Gr and phase encoding
gradient Gp are applied. The readout gradient Gr dephases the spins. The phase encoding gradient Gp phase-encodes
the spins.

[0044] After the spin inversion, the spins are rephased by the readout gradient Gr to generate a spin echo MR. The
spin echo MR has its maximum signal intensity at TE after the 90" excitation. The spin echo MR is collected by the data
acquisition section 150 as view data. Such a pulse sequence is repeated 64 - 512 times in a cycle of TR. The phase
encoding gradient Gp is varied for each repetition to provide a different phase encoding each time. Thus, view data for
64 - 512 views for filling the k-space are obtained.

[0045] It should be noted that the pulse sequence employed in the imaging is not limited to that of the SE or GRE
technique, but may be that of any other appropriate technique, such as fast spin echo (FSE), fast recovery FSE and
echo planar imaging (EPI) techniques.

[0046] The data processing section 170 performs a two-dimensional inverse Fourier transformation on the k-space
view data to reconstruct a tomographic image of the object 300. The reconstructed image is stored in the memory, and
displayed by the display section 180.

[0047] In order to remove noise in an image, filtering of the image is performed in the data processing section 170.
The filtering may be performed as a part of the image reconstruction, or may be performed by the operator making a
selection based on the result of observation of the reconstructed image.

[0048] Fig. 5 shows a flow chart of an image filtering operation by the data processing section 170. As shown, a pixel
of interest is defined in an original image at Step 502. The pixel of interest is a pixel of which value is to be determined
by the filtering hereafter, and one pixel in the original image is defined as the pixel of interest. For example, a pixel at
the center of the original image is defined as the first pixel.

[0049] Next, at Step 504, a local region is defined in the original image. The local region is one containing the pixel
of interest, and, for example, a 3x3 pixel matrix centering the pixel of interest k is defined, as shown in Fig. 6. It should
be noted that the local region is not limited to the 3x3 pixel matrix, but may be any appropriate region, for example, a
5x5 or 7x7 pixel matrix. The data processing section 170 for performing the process of Step 504 is an embodiment of
the region defining means of the present invention.

[0050] Next, at Step 506, a set of pixel groups is defined. The set of pixel groups is a collection (set) of pixel groups,
and a pixel group is a collection (group) of pixels. The pixel group is comprised of a plurality of pixels in the local region.
The pixels do not overlap one another among the groups. The data processing section 170 for performing the process
of Step 506 is an embodiment of the pixel group defining means of the present invention.

[0051] There are several modes in the group configuration corresponding to the combinations of the pixels. Specifically,
in Fig. 6, when three vertical pixel series are designated as A1, A2 and A3, one mode is of a 3-group configuration in
which each of the pixel series A1, A2 and A3 constitutes a separate pixel group. Another mode is of a 2-group configuration
in which the pixel series A1 constitutes one group and the pixel series A2 and A3 together constitute the other group.
Yet another mode is of another 2-group configuration in which the pixel series A1 and A2 together constitute one group
and the pixel series A3 constitutes the other group.

[0052] Alternatively, and as shown in Fig. 7, when three horizontal pixel series are designated as B1, B2 and B3, one
mode is of a 3-group configuration in which each of the pixel series B1, B2 and B3 constitutes a separate pixel group;
another mode is of a 2-group configuration in which the pixel series B 1 constitutes one group and the pixel series B2
and B3 together constitute the other group; and yet another mode is of another 2-group configuration in which the pixel
series B1 and B2 together constitute one group and the pixel series B3 constitutes the other group.

[0053] Moreover, and as shown in Fig. 8, when a pixel series which rises toward the right side in the 45° direction is
designated as C2, and two pixel series remaining on the both sides of C2 and having an inverted V shape and a V shape
are designated as C1 and C3, respectively, one mode is of a 3-group configuration in which each of the pixel series C1,
C2 and C3 constitutes a separate pixel group; another mode is of a 2-group configuration in which the pixel series C1
constitutes one group and the pixel series C2 and C3 together constitute the other group; and yet another mode is of
another 2-group configuration in which the pixel series C1 and C2 together constitute one group and the pixel series
C3 constitutes the other group.

[0054] Furthermore, and as shown in Fig. 9, when a pixel series which rises toward the left side in the 45° direction
is designated as D2, and two pixel series remaining on the both sides of D2 and having a V shape and an inverted V
shape are designated as D1 and D3, respectively, one mode is of a 3-group configuration in which each of the pixel
series D1, D2 and D3 constitutes a separate pixel group; another mode is of a 2-group configuration in which the pixel
series D1 constitutes one group and the pixel series D2 and D3 together constitute the other group; and yet another
mode is of another 2-group configuration in which the pixel series D1 and D2 together constitute one group and the
pixel series D3 constitutes the other group.

[0055] At Step 506, these modes of group configuration are defined as respective sets of pixel groups. Thus, a total



10

15

20

25

30

35

40

45

50

55

EP 1176 555 B1

of twelve sets of pixel groups are defined.

[0056] It should be noted that, in defining the local region at Step 504, a diamond-shaped pixel matrix may be defined
as the local region for the pixel series along the 45° directions, as exemplarily shown in Fig. 10. In this case, the local
region of the diamond-shaped pixel matrix shown in Fig. 10 is defined in addition to the local region of the square pixel
matrix shown in Fig. 6. In other words, the local region is defined in a plurality of modes. While the number of modes is
two in this example, more than two modes can exist depending on the size of the local region.

[0057] In such a diamond-shaped matrix, when three pixel series which rise toward the right side in the 45° direction
are designated as E1, E2 and E3, the sets of pixel groups can be defined as having: a 3-group configuration in which
each of the pixel series E1, E2 and E3 constitutes a separate pixel group; a 2-group configuration in which the pixel
series E1 constitutes one group and the pixel series E2 and E3 together constitute the other group; and another 2-group
configuration in which the pixel series E1 and E2 together constitute one group and the pixel series E3 constitutes the
other group.

[0058] Moreover, and as shown in Fig. 11, when three pixel series which rise toward the left side in the 45° direction
are designated as F1, F2 and F3, the sets of pixel groups can be defined as having: a 3-group configuration in which
each of the pixel series F1, F2 and F3 constitutes a separate pixel group; a 2-group configuration in which the pixel
series F1 constitutes one group and the pixel series F2 and F3 together constitute the other group; and another 2-group
configuration in which the pixel series F1 and F2 together constitute one group and the pixel series F3 constitutes the
other group.

[0059] Next, at Step 508, a total sum of residual sums of squares of pixel values of the pixel groups are calculated
for each set of pixel groups. The total sum of residual sums of squares of pixel values is obtained by calculating respective
residual sums of squares of pixel values for the pixel groups, and combining these residual sums of squares within a
set of pixel groups.

[0060] Thetotal sumofresidual sums of squares of pixel values can be calculated using either of the following equations:

PY=3 (Pr-Pm ¥ +3(P-Pm2) +X.(P-Pm3), (1)
Ml M2 M3

PV= Z(P,_-—'ﬁm1)2 +Z(Pi—?mz)2 : 2)
Ml M2

wherein:

Pi is a pixel value, and

-Pml s -PmZ, ?mB

are respective average values of pixel values of the groups M1, M2 and M3.

[0061] Eq. (1) is used for a set of pixel groups of the 3-group configuration, and Eq. (2) is used for a set of pixel groups
of the 2-group configuration. Since there are twelve sets of pixel groups in this example, twelve PV values are obtained.
[0062] Next, at Step 510, a pixel group which has a minimum PV value is selected. Specifically, PV having a minimum
value is extracted from the PV values obtained at the previous step, and the set of pixel groups which has the minimum
value is identified.

[0063] It should be noted that when the local region is defined in a plurality of modes, the PV value which is minimum
throughout the local region modes is extracted, and the set of pixel groups which has the minimum value is identified.
The data processing section 170 for performing the processes of Steps 508 and 510 is an embodiment of the selecting
means of the present invention.

[0064] The set of pixel groups thus selected is one which best fits the structure of the original image in the local region.
The reason will now be explained.
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[0065] For example, in the pixel matrix shown in Fig. 6, when a contour, or an edge, in the original image is assumed
to lie on the pixel series A2, the pixels of the pixel series A2 have values indicating the edge; the pixels of the pixel series
A1 have values indicating a structure on the left side of the edge; and the pixels of the pixel series A3 have values
indicating a structure on the right side of the edge, as shown in Fig. 12(a). It should be noted that the values involve
noise in practice.

[0066] In Fig. 12, the pixel values in a pixel series are represented by a dot, and the difference between the pixel
values is represented as the difference in position in the drawing in the vertical direction, and the difference of the
positions of the pixel series is represented by the difference in position in the drawing in the horizontal direction. Moreover,
a line connecting the dots represents a profile of a cross section across the edge.

[0067] In this case, a set of pixel groups of a configuration in which the pixel series A1, A2 and A3 constitute separate
pixel groups fits the structure in the original image, and the set has a smaller PV value than any other sets.

[0068] The reason for this is as follows. The PV value in this case is a total of respectively calculated residual sums
of squares of pixel values of the pixel series A1, A2 and A3. The pixel values of the pixel series A1 are values representing
a portion having an identical structure (i.e., a structure on the left side of the edge) in the original image, involving noise;
the pixel values of the pixel series A2 are values representing a portion having another identical structure (i.e., the edge)
in the original image, involving noise; and the pixel values of the pixel series A3 are values representing a portion having
yet another identical structure (i.e., a structure on the right side of the edge) in the original image, involving noise.
Therefore, their respective residual sums of squares substantially represent residual sums of squares only of noise, and
PV is substantially a total sum of residual sums of squares only of noise.

[0069] On the other hand, the configuration of the pixel groups does not fit the structure in the original image in the
other sets of pixel groups, and therefore these sets always contain a pixel group formed across portions having different
structures. In such a pixel group, the residual sum of squares increases because of the difference in the structure, in
addition to noise. Accordingly, PV of a set of such pixel groups increases.

[0070] When the edge in the original image matches the pixel series A1 in the pixel matrix shown in Fig. 6, the pixels
of the pixel series A1 have values indicating the edge, and the pixels of the pixel series A2 and A3 have values indicating
a structure on the right side of the edge, as shown in Fig. 12(b). It should be noted that these values involve noise in
practice.

[0071] For such a structure, a set of pixel groups of a 2-group configuration in which the pixel series A1 constitutes a
pixel group and the pixel series A2 and A3 together constitute the other pixel group fits the structure in the original image,
and the set has a minimum PV value.

[0072] When the edge in the original image matches the pixel series A3 in the pixel matrix shown in Fig. 6, the pixels
of the pixel series A3 have values indicating the edge, and the pixels of the pixel series A1 and A2 have values indicating
a structure on the left side of the edge, as shownin Fig. 12(c). It should be noted that these values involve noise in practice.
[0073] Forsuch a structure, a set of pixel groups of a 2-group configuration in which the pixel series A1 and A2 together
constitute a pixel group and the pixel group A3 constitutes the other pixel group fits the structure in the original image,
and the set has a minimum PV value.

[0074] If the edge lies in a horizontal direction, one of three sets of pixel groups consisting of combinations of the pixel
series B1, B2 and B3, shown in Fig. 7, has a minimum PV value.

[0075] If the edge lies in the 45° direction rising toward the right side, one of three sets of pixel groups consisting of
combinations of the pixel series C1, C2 and C3, shown in Fig. 8, or one of three sets of pixel groups consisting of
combinations of the pixel series E1, E2 and E3, shown in Fig. 10, has a minimum PV value.

[0076] If the edge lies in the 45° direction rising toward the left side, one of three sets of pixel groups consisting of
combinations of the pixel series D1, D2 and D3, shown in Fig. 9, or one of three sets of pixel groups consisting of
combinations of the pixel series F1, F2 and F3, shown in Fig. 11, has a minimum PV value.

[0077] The minimum value of PV is substantially equal to the residual sums of squares of noise when a set of pixel
groups matches a structure in the original image. The residual sums of squares of noise correspond to the variance of
noise multiplied by the number of pixels in the set of pixel groups. Hence, it is also possible to extract a value closest
to the variance of noise multiplied by the number of pixels in the set of pixel groups, instead of the minimum value, and
select a set of pixel groups having that value.

[0078] Next, at Step 512, an average value of pixels in a pixel group is calculated. The pixels employed in calculating
the average value are those in a pixel group which belongs to the set of pixel groups selected in Step 510, and which
contains the pixel of interest k.

[0079] When the selected set of pixel groups is, for example, a set of pixel groups of 3-group configuration in which
each of the pixel series A1, A2 and A3 constitutes a separate pixel group, the pixel group which contains the pixel of
interest k is the pixel series A2, and hence an average pixel value of the pixel series A2 is calculated.

[0080] When the selected set of pixel groups is, for example, a set of pixel groups of 2-group configuration in which
the pixel series A1 constitutes one pixel group and the pixel series A2 and A3 together constitute the other pixel group,
the pixel group which contains the pixel of interest k is the combination of the pixel series A2 and A3, and hence an
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average pixel value of the pixel series A2 and A3 is calculated.

[0081] When the selected set of pixel groups is, for example, a set of pixel groups of 2-group configuration in which
the pixel series A1 and A2 together constitute one pixel group and the pixel group A3 constitutes the other pixel group,
the pixel group which contains the pixel of interest k is the combination of the pixel series A1 and A2, and hence an
average pixel value of the pixel series A1 and A2 is calculated.

[0082] When the selected set of pixel groups is a set of pixel groups comprised of the pixel series B1 - B3, C1 - C3,
D1-D3, E1-E3orF1-F3, an average pixel value of the pixel group which contains the pixel of interest k is calculated
as above.

[0083] Since the pixel values employed in calculating the average pixel value are those in the pixel group which fits
a structure of the original image in the local region, a pixel value can be obtained reflecting the structure of the original
image in the local region. Moreover, since the obtained pixel value is an average of a plurality of pixel values, noise is
removed. In other words, a pixel value with noise removed can be obtained while enhancing a structure in the original
image. The average pixel value thus obtained is used as a new pixel value for the pixel of interest k.

[0084] After determining a pixel value of one pixel of interest as above, at Step 514, a decision is made whether the
processes are finished for all the pixels of interest, and if not, the pixel of interest is changed at Step 516. The next pixel
adjacent to the previous pixel, for example, is thus selected as a new pixel of interest.

[0085] The processes of Steps 504 - 512 are performed on the new pixel of interest, and its pixel value is determined.
Thereafter, all the pixels of interest in the original image are processed one by one in a similar manner. After determining
the pixel values for all the pixels of interest, an image is produced by the determined pixel values Pf1 at Step 518.
[0086] The pixels of interest are all the pixels that constitute the original image. However, the pixels of interest are not
limited thereto, but may be those in a predefined region such as, for example, a region of interest (ROI) in the original
image, as needed. The data processing section 170 for performing the processes of Steps 512 and 518 is an embodiment
of the image producing means of the present invention.

[0087] In the image thus produced, noise is reduced, and a structure of the original image in the local region are
properly enhanced. In other words, an image of improved quality can be obtained by filtering the original image. The
filtered image is stored in the memory, and is displayed on the display section 180.

[0088] However, the image which has undergone the filtering as above may show up a structure which does not
actually exist, or a false structure, in some combinations of the pixels affected by noise, as a side effect of enhancing a
fine structure, although the possibility thereof is lowered as compared to the conventional filtering.

[0089] Therefore, filtering is performed with an additional process for removing such a side effect. Fig. 13 shows a
flow chart of the operation of such filtering. In Fig. 13, operations similar to those shown in Fig. 5 are designated by
similar reference numerals, and explanation thereof will be omitted. The data processing section 170 for performing the
process of Step 512 is an embodiment of the first pixel value calculating means of the present invention.

[0090] Next to the process of Step 512, at Step 520, a ratio w1 of the minimum value to the maximum value of PV is
calculated. Specifically,

_LPin 6)

w = .
PVnax

[0091] Then, at Step 522, an average value of pixel values in the local region,

Pr

is calculated. The local region for which the average value is calculated is one which contains the set of pixel groups
selected at Step 510. Accordingly, when the selected set of pixel groups is contained in the diamond-shaped local region
shown in Fig. 10 or 11, for example, an average pixel value of the diamond-shaped local region is calculated. The data
processing section 170 for performing the process of Step 522 is an embodiment of the second pixel value calculating
means of the present invention.

[0092] Next, in Step 524, a weighted addition is performed on
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Py,

i.e., the average pixel value of a pixel group, and

;r-

i.e., the average value of pixel values of a region, according to the equation below The average pixel value of a pixel
group will be sometimes referred to as a group average pixel value, and the average pixel value of a local region as a
region average pixel value, hereinbelow. Moreover, the structure of the original image in the local region will be sometimes
referred to simply as a structure in the original image.

Py = (1= fOw) Pry + f(w) By, @

wherein the weighting factor

fw)

is a monotonically increasing function of w1 and has a characteristic as exemplarily shown by a solid line in Fig. 14. It
should be noted that the characteristic curve is not limited to the characteristic of an upwardly convex shape as shown,
but may be of a downwardly convex shape as shown by a dotted line or a straight line as shown by a dot-dash line.
[0093] By performing the weighted addition on the group average pixel value and the region average pixel value, the
group average pixel value has a varying degree of contribution to a pixel value Pf2 resulting from the addition, the degree
of contribution varying with its weight. The weight is a function of w1, i.e., the ratio of the minimum value to the maximum
value of PV of pixel values, and as the ratio becomes closer to 1, the weight for the group average pixel value decreases
and the weight for the region average pixel value increases.

[0094] The ratio of the minimum value to the maximum value of PV of pixel values close to 1 means that the values
of PV are similar for all the sets of pixel groups, which in turn means that the region has no prominent structure such as
an edge, and it is highly likely that the difference among the pixel values comes from noise.

[0095] In this case, the weight for the region average pixel value is increased to enhance its degree of contribution,
and the weight for the group average pixel value is decreased to reduce its degree of contribution. Because it is highly
likely that the region has no prominent structure, the sharpness of the image probably is not reduced by increasing the
degree of contribution of the region average pixel value, but rather, a more important effect can be obtained that the
side effect of the group average pixel value is reduced by decreasing its degree of contribution.

[0096] On the other hand, since the ratio of the minimum value to the maximum value of PV of pixel values close to
0 means thatitis highly likely that the region has a prominent structure such as an edge, the weight for the group average
pixel value is increased to enhance its degree of contribution, and the weight for the region average pixel value is
decreased to reduce its degree of contribution.

[0097] The above processes are performed on all the pixels of interest one by one, and an image is produced at Step
524 based on the resulting pixel values Pf2. The pixels of interest are all the pixels that constitute the original image.
However, the pixels of interest are not limited thereto, but may be those in a predefined region such as, for example, a
region of interest in the original image, as needed. The data processing section 170 for performing the processes of
Steps 524 and 526 is an embodiment of the image producing means of the present invention.

[0098] In the image thus processed, the character of the group average pixel values is effectively exerted while
removing its side effect. Therefore, an image of more improved quality can be obtained by filtering the original image.
The filtered image is stored in the memory, and is displayed on the display section 180.

[0099] The above image processing postulates that a characteristic structure of the original image in the local region
is an edge passing through the local region. Thus, if a structure in the original image does not satisfy the postulation,
the group average pixel value will not properly reflect the structure in the original image.
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[0100] Specifically, if a structure in the original image is, for example, such one as shown in Fig. 15, i.e., no identical
structure lies from one end to the other of the local region in any one of the vertical, horizontal and oblique directions,
a pixel group which contains the pixel of interest k necessarily contains a pixel in a portion having a different structure.
Therefore, the average value in that pixel group is an average value of a plurality of portions having different structures,
resulting in reduced sharpness in such portions.

[0101] Fig. 16 shows a flow chart of filtering with an additional process for avoiding such phenomenon. In Fig. 16,
processes similar to those shown in Fig. 13 are designated by similar reference numerals, and explanation thereof will
be omitted. The data processing section 170 for performing the process of Step 524 is an embodiment of the addition
means of the present invention.

[0102] After the pixel value Pf2 is obtained at Step 524, a ratio w2 of the minimum value of PV divided by N to the
variance of noise at Step 528. Specifically,

'

Vnoise

wherein N is a total number of pixels in a set of pixel groups that gives the minimum value of PV. Therefore, the minimum
value of PV divided by N represents the variance of pixel values in the set of pixel groups that gives the minimum value
of PV. The variance will be referred to as a minimum value of variance of pixel values hereinbelow.

[0103] Next, at Step 530, a weighted addition is performed on the pixel value Pf2 and the pixel value Po of the pixel
of interest k in the original image according to an equation below. The pixel value of the pixel of interest k in the original
image will be referred to simply as a pixel value of the original image.

Pp3 = f(w3) Pry + (1 - f(w)) Py, 6)

wherein the weighting factor is a function of w2, and is given, for example, as follows:

flw) = 2--1;‘”5;2—2-. )

[0104] This function has a characteristic as shown in Fig. 17. Specifically, when w2 is 1, the value of the function is
1, and the function value decreases toward 0 as w2 becomes larger in the range of w2 greater than 1. The function
value decreases toward 0 as w2 becomes smaller in the range of w2 smaller than 1.

[0105] By performing the weighted addition on Pf2 and Po using such a function, the weight for Pf2 is decreased and
the weight for Po is increased as the ratio of the minimum value of variance of pixel values to the variance of noise
becomes larger than 1.

[0106] The ratio of the minimum value of variance of pixel values to the variance of noise close to 1 means that a set
of pixel groups having a minimum PV value matches the structure in the original image. In this case, the weight for Pf2
is increased to enhance its degree of contribution.

[0107] On the other hand, the ratio of the minimum value of variance of pixel values to the variance of noise greater
than 1 means that even the set of pixel groups having a minimum PV value does not match the structure in the original
image. In this case, the weight for the pixel value of the originalimage Po is increased to enhance its degree of contribution
and the weight for Pf2 is decreased to reduce its degree of contribution. Thus, a pixel value can be obtained reflecting
the structure in the original image.

[0108] Itis impossible for an ordinary image to have the ratio of the minimum value of variance of pixel values to the
variance of noise less than 1, that is, to have the minimum value of variance of pixel values which is less than the
variance of noise, and hence, such a ratio probably indicates something abnormal, such as an excessive match to noise.
Also in this case, the weight for Pf2 is decreased to reduce its degree of contribution and the weight for the pixel value
of the original image Po is increased to enhance its degree of contribution.

[0109] The above processes are performed on all the pixels of interest one by one, and an image is produced at Step
532 based on the resulting pixel values Pf3. The pixels of interest are all the pixels that constitute the original image.
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However, the pixels of interest are not limited thereto, but may be those in a predefined region such as, for example, a
region of interest in the original image, as needed. The data processing section 170 for performing the processes of
Steps 530 and 532 is an embodiment of the image producing means of the present invention.

[0110] The image thus produced can represent special structures in the original image without corrupting them. Thus,
an image can be obtained from the original image filtered more properly. The filtered image is stored in the memory,
and is displayed on the display section 180.

[0111] Animage obtained by the above processes is generally an image under the very strong effect of filtering. For
convenience of observing the image, the degree of the filtering requires to be properly adjustable.

[0112] Fig. 18 shows a flowchart of filtering with an additional process to respond such requirement. In Fig. 18,
processes similar to those shown in Fig. 16 are designated by similar reference numerals, and explanation thereof will
be omitted.

[0113] The data processing section 170 for performing the process of Step 524 is an embodiment of the first addition
means of the present invention. Moreover, the data processing section 170 for performing the processes of Steps 530
and 532 is an embodiment of the image producing means of the present invention.

[0114] Next to Step 532, a weighting factor a is specified by the operator at Step 534. Then, at Step 536, a weighted
addition is performed on the pixel value Pf3 and the pixel value Po of the original image for the same pixel, according
to the following equation:

Pry=aPs+(-a)P, @®

[0115] The data processing section 170 for performing the process of Step 536 is an embodiment of the second
addition means of the present invention.

[0116] Next, at Step 538, an image is produced using the pixel value Pf4. By performing the weighted addition on Pf3
and Po using the weighting factor o, the degree of filtering for the final image can be adjusted according to the value of
o as desired. The image is stored in the memory, and is displayed on the display section 180.

[0117] A program for a computer to perform the functions as described above is recorded on a recording medium in
a computer-readable manner. For the recording medium, for example, a magnetic recording medium, an optical recording
medium, a magnetooptical recording medium and any other appropriate type of recording medium may be employed.
The recording medium may be a semiconductor storage medium. A storage medium is synonymous with a recording
medium in the present specification.

[0118] The preceding description is made on an example in which the filtering of an image is performed by the data
processing section 170 in a magnetic resonance imaging apparatus; however, it will be easily recognized that the filtering
may be performed by a data processing apparatus separate from the magnetic resonance imaging apparatus, such as
an EWS (engineering workstation) or PC (personal computer).

[0119] Moreover, although the imaging apparatus is described as being a magnetic resonance apparatus in the
preceding description, the imaging apparatus is not limited thereto but may be any other type of imaging apparatus,
such as an X-ray CT (computed tomography) apparatus, an X-ray imaging apparatus, PET (positron emission tomog-
raphy) or a y-camera.

[0120] Furthermore, while the present invention is described with reference to an example of processing a medical
image, the object to be processed is not limited to the medical image, but the present invention can generally be applied
to, for example, noise reduction of a digital image captured by an optical instrument.

Claims
1. Animage processing method comprising the steps of:

defining (502) a local region containing a pixel of interest (K) in an original image;

defining (506) in a plurality of sets of pixel groups (A1-A3 ... F1-F3), a pixel group consisting of a plurality of
pixels containing said pixel of interest and at least one other pixel group consisting of a plurality of pixels not
overlapping those in the former pixel group, in said region;

calculating (508) a total sum PV of residual sums of squares of pixel values for each set of pixel groups by
calculating respective residual sums of squares of pixel values for the pixel groups and combining these residual
sums of squares within a set of pixel groups, wherein a residual sum of squares of pixel values is the sum of
squares of differences between pixel values (P;) and averages values (P, ,5,,,2,5,,,3) for respective pixel groups
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(Mg, Mg, M3);

selecting (510) the pixel group from said defined plurality of pixel groups that has the minimum calculated PV;
calculating (512) an average pixel value Pf; of the selected pixel group;

calculating (520) a ratio w, of the minimum to maximum value of PV;

calculating (522) the average pixel value p, of said local region;

calculating (524) new pixel value Pf, = (1 - f(w,)) Pf, + f(w,) p, where f(w,) is a weighting factor that is a
monotonically increasing function of wy; and

producing an image using the new pixel value for said pixel of interest.

The method of claim 1, wherein said step of producing an image comprises:

calculating an average pixel value of said pixel group containing the pixel of interest in said selected pixel group;
and
calculating an average pixel value of said region.

The method of claim 2, further comprising the step of:

performing a weighted addition on said average pixel value of the pixel group and said average pixel value of
the region.

The method of claim 3, further comprising the step of:
performing a weighted addition on said produced image and said original image.
The method of any preceding claim further comprising the steps of:

defining in a plurality of pixel groups a local region containing a pixel of interest in an original image;

defining in a plurality of pixel groups a pixel group consisting of a plurality of pixels containing said pixel of
interest and a pixel group(s) consisting of a plurality of pixels not overlapping those in the former pixel group,
in each of said defined plurality of pixel groups of region;

selecting a pixel group from said defined plurality of pixel groups which best fits a structure of said original image
in said region throughout said defined plurality of pixel groups of the region; and

producing an image using an average pixel value of said pixel group containing the pixel of interest in said
selected pixel group mode, as a new pixel value for said pixel of interest.

The method of claim 5 wherein the step of producing an image comprises:
calculating an average pixel value of said pixel group containing the pixel of interest in said selected pixel group;
and
calculating an average pixel value of said region in one of said plurality of pixel groups of region in which said
selected pixel group is defined.

The method of claim 6 further comprising the step of:

performing a weighted addition on said average pixel value of the pixel group and said average pixel value of
the region.

The method of claim 7 further comprising the step of:
performing a weighted addition on said produced image and said original image.

An image processing apparatus comprising:
a region defining (502) device for defining a local region containing a pixel of interest (K) in an original image;
a pixel group defining (506) device for defining in a plurality of sets of pixel groups (A1-A3 ... F1-F3) consisting
of a plurality of pixels containing said pixel of interest and at least one other pixel group consisting of a plurality

of pixels not overlapping those in the former pixel group, in said region;
a device for calculating (508) a total sum PV of residual sums of squares of pixel values for each set of pixel
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groups by calculating respective residual sums of squares of pixel values for the pixel groups and combining
these residual sums of squares within a set of pixel groups, wherein a residual sum of squares of pixel values
is the sum of squares of differences between pixel values (P;) and averages values (P4, Py, Pp3) for
respective pixel groups (M4, My,M3);

a selecting device for selecting the pixel group from said defined plurality of pixel groups that has the minimum
calculated PV;

a device for calculating (512) an average pixel value Pf; of the selected pixel group;

calculating (520) a ratio w, of the minimum to maximum value of PV;

calculating (522) the average pixel value ;7, of said local region;

calculating (524) new pixel value Pfy = (1 - f(wy)) Pfy + f(wy) Er where f(w,) is a weighting factor that is a
monotonically increasing function of w,; and

an image producing (526) device for producing an image using the new pixel value for said pixel of interest.

10. The apparatus of claim 9 further comprising:

a first pixel value calculating device for calculating an average pixel value of said pixel group containing the
pixel of interest in said selected pixel group; and
a second pixel value calculating device for calculating an average pixel value of said region.

11. The apparatus of claim 10 further comprising:

an addition device for performing a weighted addition on said average pixel value of the pixel group and said
average pixel value of the region.

12. Arecording medium which records in a computer-readable manner a program for a computer to perform the functions

defining (502) a local region containing a pixel of interest (K) in an original image;

defining (506) in a plurality of sets of pixel groups (A1-A3 ... F1-F3), a pixel group consisting of a plurality of
pixels containing said pixel of interest and at least one other pixel group(s) consisting of a plurality of pixels not
overlapping those in the former pixel group, in said region;

calculating (508) a total sum (PV) of residual sums of squares of pixel values for each set of pixel groups by
calculating respective residual sums of squares of pixel values for the pixel groups and combining these residual
sums of squares within a set of pixel groups, wherein a residual sum of squares of pixel values is the sum of
squares of differences between pixel values (P;) and averages values (P,,1,Pnp,P m3) for respective pixel groups
(M4, Ma,M3);

selecting (510) the pixel group from said defined plurality of pixel groups that has the minimum calculated PV;
calculating (512) an average pixel value Pf; of the selected pixel group;

calculating (520) a ratio w, of the minimum to maximum value of PV;

calculating (522) the average pixel value Fr of said local region;

calculating (524) new pixel value Pf, = (1 - f(w4)) Pf, + f(w4) p,, where f(w,) is a weighting factor that is a
monotonically increasing function of w,; and

producing an image using the new pixel value for said pixel of interest.

13. The medium of claim 12 further operable to perform the function of:

calculating an average pixel value of said pixel group containing the pixel of interest in said selected pixel group;
and
calculating an average pixel value of said region.

14. The medium of claim 13 further operable to perform the function of:

performing a weighted addition on said average pixel value of the pixel group and said average pixel value of
the region.

15. An imaging apparatus comprising:

a signal collecting device for collecting a signal from an object;

13
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an original image producing device for producing an original image based on said collected signal; and
an image processing apparatus as defined in any one of claims 9 to 11.

Patentanspriiche

1.

Bildverarbeitungsverfahren, welches die folgenden Schritte umfasst:

Definition (502) einer lokalen Region, die ein Pixel von Interesse (K) in einem Originalbild enthalt;

Definition (506) einer Pixelgruppe in einer Vielzahl von Séatzen von Pixelgruppen (A1-A3 ... F1-F3), die aus
einer Vielzahl von Pixels besteht und die das Pixel von Interesse enthalt, sowie mindestens einer anderen
Pixelgruppe, die aus einer Vielzahl von Pixels besteht, welche sich in der Region nicht mit denjenigen in der
vorherigen Pixelgruppe lberschneiden;

Berechnung (508) einer Gesamtsumme PV von Summen der quadrierten Residuen von Pixelwerten flr jeden
Pixelgruppensatz durch die Berechnung der entsprechenden Summen der quadrierten Residuen von Pixel-
werten flr die Pixelgruppen und Kombination dieser Summen der quadrierten Residuen innerhalb eines Pixel-
gruppensatzes, wobei die Summe der quadrierten Residuen von Pixelwerten die Summe von Quadraten der
Differenzen zwischen den Pixelwerten (P;) und den Durchschnittswerten (P, Prp, Prg) fiir die jeweiligen
Pixelgruppen (M4, Mo, M3) ist;

Auswahl (510) derjenigen Pixelgruppe aus der definierten Vielzahl von Pixelgruppen, welche das kleinste be-
rechnete PV aufweist;

Berechnung (512) eines durchschnittlichen Pixelwertes Pf; der ausgewé&hlten Pixelgruppe;

Berechnung (520) eines Verhéltnisses w, von Minimumzu Maximumwert von PV;

Berechnung (522) eines durchschnittlichen Pixelwertes p, der lokalen Region;

Berechnung (524) eines neuen Pixelwertes Pf, = (1-f(w,)) Pf1 + f(w,) p,, wobei

F(w,) ein Gewichtungsfaktor ist, welcher eine monoton steigende Funktion von w, darstellt; und

Erzeugung eines Bildes unter Verwendung des neuen Pixelwertes fiir das Pixel von Interesse.

Verfahren gemaR Anspruch 1, dadurch gekennzeichnet, dass der Schritt der Bilderzeugung umfasst:

Berechnung eines durchschnittlichen Pixelwertes der Pixelgruppe, die das Pixel von Interesse in der ausge-
wahlten Pixelgruppe enthalt; und
Berechnung eines durchschnittlichen Pixelwertes der Region.

Verfahren gemaf Anspruch 2, ferner folgende Schritte umfassend:

Durchfiihrung einer gewichteten Addition bei dem durchschnittlichen Pixelwert der Pixelgruppe und dem durch-
schnittlichen Pixelwert der Region.

Verfahren geman Anspruch 3, ferner die folgenden Schritte umfassend:

Durchfiithrung einer gewichteten Addition bei dem erzeugten Bild und dem Originalbild.

Verfahren gemaf einem beliebigen der vorangegangenen Anspriiche, ferner folgende Schritte umfassend:

Definition (502) einer lokalen Region in einer Vielzahl von Pixelgruppen, die in einem Originalbild ein Pixel von
Interesse enthalt;

Definition (506) einer Pixelgruppe in einer Vielzahl von Pixelgruppen, die aus einer Vielzahl von Pixels besteht
und die das Pixel von Interesse enthalt, sowie einer Pixelgruppe(n), die aus einer Vielzahl von Pixels besteht
(bzw. bestehen), welche sich in jeder der definierten Vielzahl von Pixelgruppen der Region nicht mit denjenigen
in der vorherigen Pixelgruppe tberschneiden;

Auswahl derjenigen Pixelgruppe aus der definierten Vielzahl von Pixelgruppen, welche unter der definierten
Vielzahl von Pixelgruppen der Region am besten zu einer Struktur des Originalbildes in der Region passt; und
Erzeugung eines Bildes unter Verwendung eines durchschnittlichen Pixelwertes der Pixelgruppe, welche das
Pixel von Interesse in dem ausgewahlten Pixelgruppenmodus als neuen Pixelwert fir das Pixel von Interesse
enthalt.

6. Verfahren gemafl Anspruch 5, dadurch gekennzeichnet, dass der Schritt der Bilderzeugung umfasst:
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Berechnung des durchschnittlichen Pixelwertes der Pixelgruppe, die in der ausgewahlten Pixelgruppe das Pixel
von Interesse enthélt; und

Berechnung des durchschnittlichen Pixelwertes der Region von Interesse in einer der Vielzahl von Pixelgruppen
der Region, in der die ausgewahlte Pixelgruppe identifiziert wurde.

7. Verfahren gemaR Anspruch 6, ferner die folgenden Schritte umfassend:

Durchfiihrung einer gewichteten Addition bei dem durchschnittlichen Pixelwert der Pixelgruppe und dem durch-
schnittlichen Pixelwert der Region.

8. Verfahren gemaf Anspruch 7, ferner die folgenden Schritte umfassend:

Durchfiihrung einer gewichteten Addition bei dem erzeugten Bild und dem Originalbild.

9. Bildverarbeitungsgerat, umfassend:

eine Regionsdefinitions-Vorrichtung (502)zur Definition einer lokalen Region, die ein Pixel von Interesse (K) in
einem Originalbild enthalt;

eine Pixelgruppendefinitions-Vorrichtung (506) zur Definition einer Pixelgruppe in einer Vielzahl von Satzen
von Pixelgruppen (A1-A3...F1-F3), die aus einer Vielzahl von Pixels besteht und die das Pixel von Interesse
enthalt, sowie mindestens einer anderen Pixelgruppe, die aus einer Vielzahl von Pixels besteht, welche sich
in der Region nicht mit denjenigen in der vorherigen Pixelgruppe Gberschneiden;

eine Berechnungs-Vorrichtung (508) zur Berechnung einer Gesamtsumme PV von Summen der quadrierten
Residuen von Pixelwerten firr jeden Pixelgruppensatz durch die Berechnung der entsprechenden Summen der
quadrierten Residuen von Pixelwerten fir die Pixelgruppen und Kombination dieser Summen der quadrierten
Residuen innerhalb eines Pixelgruppensatzes, wobei die Summe der quadrierten Residuen von Pixelwerten
die Summe von Quadraten der Differenzen zwischen den Pixelwerten (P;) und den Durchschnittswerten (P,
P2 Prms) fir die jeweiligen Pixelgruppen (M4, My, M5) ist;

eine Auswahlvorrichtung zur Auswahl der Pixelgruppe aus der definierten Vielzahl von Pixelgruppen, welche
das kleinste berechnete PV aufweist;

eine Vorrichtung zur Berechnung (512) eines durchschnittlichen Pixelwertes Pf; der ausgewahlten Pixelgruppe;
die Berechnung (520) eines Verhéltnisses w4 von Minimum- zu Maximumwert von PV;

die Berechnung (522) eines durchschnittlichen Pixelwertes Er der lokalen Region;

die Berechnung (524) eines neuen Pixelwertes Pf, = (1- f(w,)) Pf1 + f(w,) Er, wobei

F(w,4) ein Gewichtungsfaktor ist, welcher eine monoton steigende Funktion von w, darstellt;

und

eine Bilderzeugungs-Vorrichtung (526) zur Erzeugung eines Bildes unter Verwendung des neuen Pixelwertes
fir das Pixel von Interesse.

10. Gerat gemal Anspruch 9, ferner umfassend:

eine erste Pixelwert-Berechnungsvorrichtung zur Berechnung eines durchschnittlichen Pixelwertes der Pixel-
gruppe, die das Pixel von Interesse in der ausgewahlten Pixelgruppe enthalt; und

eine zweite Pixelwert-Berechnungsvorrichtung zur Berechnung eines durchschnittlichen Pixelwertes der Re-
gion.

11. Gerat gemaR Anspruch 10, ferner umfassend:

eine Additionsvorrichtung zur Durchfiihrung einer gewichteten Addition bei dem durchschnittlichen Pixelwert
der Pixelgruppe und dem durchschnittlichen Pixelwert der Region.

12. Aufzeichnungsmedium, das auf eine computerlesbare Weise ein Programm flir einen Computer aufzeichnet, damit
dieser die folgenden Funktionen ausfiihrt:

Definition (502) einer lokalen Region, die in einem Originalbild ein Pixel von Interesse (K) enthalt;

Definition (506) einer Pixelgruppe in einer Vielzahl von Satzen von Pixelgruppen (A1-A3...F1-F3), die aus einer
Vielzahl von Pixels besteht und die das Pixel von Interesse enthélt, sowie mindestens einer anderen Pixelgruppe,
die aus einer Vielzahl von Pixels besteht, welche sich in der Region nicht mit denjenigen in der vorherigen
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Pixelgruppe Uberschneiden;

Berechnung (508) einer Gesamtsumme (PV) von Summen der quadrierten Residuen von Pixelwerten fur jeden
Satz von Pixelgruppen durch die Berechnung der entsprechenden Summen der quadrierten Residuen von
Pixelwerten flr die Pixelgruppen und Kombination dieser Summen der quadrierten Residuen innerhalb eines
Pixelgruppensatzes, wobei die Restsumme von Quadraten von Pixelwerten die Summe von Quadraten der
Differenzen zwischen den Pixelwerten (P;) und den Durchschnittswerten (P, Prp, Prg) fiir die jeweiligen

Pixelgruppen (M4, M5, M) ist;

Auswahl (510) derjenigen Pixelgruppe aus der definierten Vielzahl von Pixelgruppen, welche das kleinste be-

rechnete PV aufweist;

Berechnung (512) eines durchschnittlichen Pixelwertes Pf; der ausgewé&hlten Pixelgruppe;
Berechnung (520) eines Verhéltnisses w, von Minimumzu Maximumwert von PV;

Berechnung (522) eines durchschnittlichen Pixelwertes p, der lokalen Region;

Berechnung (524) eines neuen Pixelwertes Pf, = (1-f(w,)) Pf1 + f(w,) p,, wobei

F(w,) ein Gewichtungsfaktor ist, welcher eine monoton steigende Funktion von w, darstellt; und
Erzeugung eines Bildes unter Verwendung des neuen Pixelwertes fiir das Pixel von Interesse.

13. Medium gemaR Anspruch 12, das ferner so bedient werden kann, dass es die folgende Funktion ausfiihrt:

Berechnung eines durchschnittlichen Pixelwertes der Pixelgruppe, die das Pixel von Interesse in dieser Pixel-

gruppe enthalt; und
Berechnung eines durchschnittlichen Pixelwertes der Region.

14. Medium gemaR Anspruch 13, das ferner so bedient werden kann, dass es die folgende Funktion ausfiihrt:

Durchfiihrung einer gewichteten Addition bei dem durchschnittlichen Pixelwert der Pixelgruppe und dem durch-

schnittlichen Pixelwert der Region.
15. Bildgebungsgerat, umfassend:

eine Signalerfassungsvorrichtung zur Erfassung von Signalen von einem Objekt;

eine Originalbild-Erzeugungsvorrichtung zur Erzeugung eines Originalbildes auf der Grundlage des erfassten

Signals; und

ein Bildverarbeitungsgerat, wie es in einem beliebigen der Anspriiche 9 bis 11 definiert wird.
Revendications
1. Procédé de traitement d'image comprenant les étapes suivantes :

Définir (502) une région locale contenant un pixel d’intérét (K) dans une image d’origine ;

définir (506), dans une pluralité de jeux de groupes (A1-A3 ... F1-F3) de pixels, un groupe de pixels consistant
en une pluralité de pixels contenant ledit pixel d’intérét et au moins un autre groupe de pixels consistant en une

pluralité de pixels ne chevauchant pas ceux dans le groupe de pixels précédant dans ladite région ;

calculer (508) une somme totale PV de sommes résiduelles de carrés de valeurs de pixel pour chaque jeu de
groupes de pixels en calculant des sommes résiduelles respectives de carrés de valeurs de pixel pour les
groupes de pixels et en combinant ces sommes résiduelles de carrés dans un jeu de groupes de pixels, une
somme résiduelle de carrés de valeurs de pixel étant la somme de carrés de différences entre des valeurs (P;)

de pixel et des valeurs moyennes (P, P, P;3) pour des groupes de pixels respectifs (My, My, My);

sélectionner (510) le groupe de pixels parmi ladite pluralité définie de groupes de pixels qui a la PV calculée

minimum parmi les PV ;

calculer (512) une valeur Pf; de pixel moyenne du groupe de pixels sélectionné ;
calculer (520) un ratio W, de la valeur minimum & maximum de PV ;

calculer (522) la valeurﬁrde pixels moyenne de ladite région locale ;

calculer (524) la nouvelle valeur de pixel Pf, = (1 - f(w,)) Pfy + f(w4) p,, ou f(w,) est un facteur pondérant qui

est une fonction monotoniquement croissante de W, ; et
produire une image en utilisant la nouvelle valeur de pixel pour ledit pixel d’intérét.

2. Procédé selon la revendication 1, caractérisé en ce que ladite étape de production d’'une image comprend :

16



15

20

25

30

35

40

45

50

55

EP 1176 555 B1

calculer une valeur de pixel moyenne dudit groupe de pixels contenant le pixel d'intérét dans ledit groupe de
pixels sélectionné ; et
calculer une valeur de pixel moyenne de ladite région

3. Procédé selon la revendication 2, comprenant en outre I'étape consistant a :

effectuer une addition pondérée sur ladite valeur de pixel moyenne du groupe de pixels et ladite valeur de pixel
moyenne de la région

4. Procédé selon la revendication 3, comprenant en outre I'étape consistant a :
effectuer une addition pondérée sur ladite image produite et ladite image d’origine.
5. Procédé selon I'une quelconque des revendications précédentes, comprenant en outre les étapes consistant a :

définir dans une pluralité de groupes de pixels, une région locale contenant un pixel d’intérét dans une image
d’origine ;

définir dans une pluralité de groupes de pixels un groupe de pixel consistant en une pluralité de pixels contenant
ledit pixel d’'intérét et un ou des groupes de pixels consistant en une pluralité de pixels ne chevauchant pas
ceux dans le groupe de pixels précédent dans chacun de ladite pluralité de groupes de pixels de région ;
sélectionner un groupe de pixels parmi ladite pluralité définie de groupes de pixels qui convient le mieux a une
structure de ladite image d’origine dans ladite région dans toute ladite pluralité définie de groupes de pixels de
la région ; et

produire une image en utilisant une valeur de pixel moyenne dudit groupe de pixels contenant le pixel d’intérét
dans le mode de groupe de pixels sélectionné, en tant que nouvelle valeur de pixel pour ledit pixel d’intérét.

6. Procédé selon la revendication 5, caractérisé en ce que |'étape consistant a produire une image comprend :

calculer une valeur de pixel moyenne dudit groupe de pixels contenant le pixel d'intérét dans ledit groupe de
pixels sélectionné ; et

calculer une valeur de pixel moyenne de ladite région dans un de ladite pluralité de groupes de pixels de région
dans laquelle ledit groupe de pixels sélectionné est défini.

7. Procédé selon la revendication 6, comprenant en outre I'étape consistant a :

effectuer une addition pondérée sur ladite valeur de pixel moyenne du groupe de pixels et ladite valeur de pixel
moyenne de la région.

8. Procédé selon la revendication 7, comprenant en outre I'étape consistant a :
effectuer une addition pondérée sur ladite image produite et ladite image d’origine.
9. Appareil de traitement d’'image comprenant :

un dispositif de définition (502) de région pour définir une région locale contenant un pixel d’intérét (K) dans
une image d’origine ;

un dispositif de définition (506) de groupe de pixels pour définir dans une pluralité de jeux de groupes (A1-A3 ...
F1-F3) de pixels consistant en une pluralité de pixels contenant ledit pixel d’intérét et au moins un autre groupe
de pixels consistant en une pluralité de pixels ne chevauchant pas ceux dans le groupe de pixels précédant
dans ladite région ;

un dispositif pour calculer (508) une somme totale PV de sommes résiduelles de carrés de valeurs de pixel
pour chaque jeu de groupes de pixels en calculant des sommes résiduelles respectives de carrés de valeurs
de pixel pour les groupes de pixels et en combinant ces sommes résiduelles de carrés dans un jeu de groupes
de pixels, une somme résiduelle de carrés de valeurs de pixel étant la somme de carrés de différences entre
des valeurs (Pi) de pixel et des valeurs (P, szﬁm) de moyennes pour des groupes (M4, My, M3) de pixels
respectifs ;

un dispositif de sélection pour sélectionner le groupe de pixels parmi ladite pluralité de groupes de pixels qui
a la PV calculée minimum parmi les PV;
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un dispositif pour calculer (512) une valeur Pf; de pixel moyenne du groupe de pixels sélectionné ;

le calcul (520) d’'un ratio w4 de la valeur minimum & maximum de PV ;

le calcul (522) de la valeur p, de ladite région locale ;

le calcul (524) de la nouvelle valeur de pixel Pf, = (1 - f(wy)) Pf; + f(w,) ;7,, ou f(w,) est un facteur pondérant
qui est une fonction monotoniquement croissante de wy; et

un dispositif de production (526) d'image pour produire une image en utilisant la nouvelle valeur de pixel pour
ledit pixel d’'intérét.

10. Appareil selon la revendication 9 comprenant en outre :

un premier dispositif de calcul de valeur de pixel pour calculer une valeur de pixel moyenne dudit groupe de
pixels contenant le pixel d’intérét dans ledit groupe de pixels sélectionné ; et
un deuxiéme dispositif de calcul de valeur de pixel pour calculer une valeur de pixel moyenne de ladite région.

11. Appareil selon la revendication 10 comprenant en outre :

12.

13.

14.

15.

Un dispositif d’addition pour effectuer une addition pondérée sur ladite valeur de pixel moyenne du groupe de
pixels et ladite valeur de pixel de la région.

Moyen d’enregistrement qui enregistre d’'une maniére lisible par ordinateur un programme pour qu’un ordinateur
remplisse les fonctions consistant a :

définir (502) une région locale contenant un pixel d’intérét (K) dans une image d’origine ;

définir (506) dans une pluralité de jeux de groupes (A1-A3 ... F1-F3) de pixels, un groupe de pixels consistant
en une pluralité de pixels contenant ledit pixel d’intérét et au moins un autre groupe ou d’autres groupes de
pixels consistant en une pluralité de pixels ne chevauchant pas ceux dans le groupe de pixels précédant dans
ladite région ;

calculer (508) une somme totale PV de sommes résiduelles de carrés de valeurs de pixels pour chaque jeu de
groupes de pixels en calculant des sommes résiduelles respectives de carrés de valeurs de pixel pour les
groupes de pixels et en combinant ces sommes résiduelles de carrés dans un jeu de groupes de pixels, une
somme résiduelle de carrés de valeurs de pixel étant la somme de carrés de différences entre des valeurs (P,
de pixel et des valeurs (ﬁmﬁmzﬁm) de moyennes pour des groupes (M4, M,, M) de pixels respectifs ;
sélectionner (510) le groupe de pixels parmi ladite pluralité de groupes de pixels qui a le PV calculé minimum
parmi les PV,

calculer (512) une valeur Pf; de pixel moyenne du groupe de pixels sélectionné ;

calculer (520) un ratio w, de la valeur minimum a maximum de PV ;

calculer (522) la valeur p, de pixel moyenne de ladite région locale ;

calculer (524) une nouvelle valeur de pixel pf, = (1 - f(w4)) Pfy + f(wy) ;_)r, ou f(w4) est un facteur pondérant qui
est une fonction monotoniquement croissante de wy; et

produire une image en utilisant la nouvelle valeur de pixel pour ledit pixel d’intérét.

Moyen selon la revendication 12 utilisable en outre pour remplir les fonctions consistant a :
calculer une valeur de pixel moyenne dudit groupe de pixels contenant le pixel d'intérét dans ledit groupe de
pixels sélectionné ; et
calculer une valeur de pixel moyenne de ladite région.

Moyen selon la revendication 13 utilisable en outre pour remplir la fonction consistant a :

effectuer une addition pondérée sur ladite valeur de pixel moyenne du groupe de pixels et ladite valeur de pixel
moyenne de la région.

Un appareil d'imagerie comprenant

un dispositif de collecte de signal pour collecter un signal depuis un objet ;

un dispositif de production d’image d’origine pour produire une image d’origine basée sur ledit signal collecté ; et
un appareil de traitement d'image tel que défini dans I'une quelconque des revendications 9 a 11.
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FIG. 2
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