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Description

FIELD OF THE INVENTION

[0001] This invention relates to the field of image data
processing. More particularly, this invention relates to the
display of image elements having display values lying
within a range of display values located within a broader
overall range of display values.

BACKGROUND ART

[0002] Itis known to provide image display systems in
which image elements, whether they are representing a
two-dimensional image or a three-dimensional image,
are displayed to a user with a selection and modified
processing of at least some of the image elements being
made in dependence upon the display values for those
image elements. Suchasystemise.g. disclosed in "Edge
class training for supervised image segmentation, IBM
Technical disclosure Bulletin, Vol. 34, No.1, 1991 (XP 21
0259). In certain cases, these image elements are direct-
ly related to a physical characteristic of an object through
the measurement of signal strength values from a detec-
tion device. As an example, in medical imaging applica-
tions signal values representing the signals returned from
CAT scanning or MRI scanning may be displayed with
display elements having their intensity or colour control-
led by the value of the signal returned for each particular
image element. In order to improve the ease of interpre-
tation of such images it is known to map different colours
to different ranges of display value such that particular
features, e.g. blood vessels, may be made more visible
within the image.

[0003] A particular problem arises when it is desired
to selectively process or display those image elements
falling within arange of display values that is itself located
within a broader full range of display values for the image
as a whole. Figure 1 of the accompanying drawings il-
lustrates such an image. The image contains a region 2
of image elements having high display values, such as
a region of bone within a medical image. This region 2
having high display values is located within an overall
background 4 of image elements having low display val-
ues, such as image elements representing soft tissue.
Also present within this image is a blood vessel 6 con-
taining a contrast enhancing agent that is represented
by image elements having display values located some-
where between the high values of the bone region 2 and
the low values of the background soft tissue region 4.
[0004] Figure 2 of the accompanying drawings illus-
trates the problem that occurs due to the finite resolution
of real imaging systems in that at the interface between
the bone region 2 and the soft tissue 4 there is a boundary
formed of pixels having values lying somewhere between
the high values of the bone region 2 and the low values
ofthe soft tissue region 4. In many cases, these boundary
pixels will have display values closely similar to the dis-
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play values corresponding to the blood vessel 6. Accord-
ingly, if the image of Figure 2 is processed to enhance
the appearance, or otherwise select in some way, the
display elements having display values corresponding to
the blood vessels 6, then this will erroneously also high-
light a region at the interface between the bone region 2
and the soft tissue 4 that due to aliasing effects appears
to have the appropriate display value.

SUMMARY OF THE INVENTION

[0005] Viewed from one aspect the present invention
provides a computer implemented method of processing
image data formed of an array of image elements, each
image element having a display value, said method com-
prising the steps of

identifying a set of target image elements having dis-
play values within a target range of display values
from By, t0 Bax

identifying a set of low display value image elements
having display values below T;.;

identifying a set of high display value image elements
having display values above T,,,,;

applying a morphological dilation to said set of low
display value image elements to generate a dilated
set of low display value image elements;

applying a morphological dilation to said set of high
display value image elements to generate a dilated
set of high display value image elements;
identifying an intersection set ofimage elements that
are present in both said dilated set of low display
value image elements and said dilated set of high
display value image elements; and

removing from said set of targetimage elements any
image elements also present within said intersection
set ofimage elements to form a modified set of target
image elements.

[0006] The invention recognises that the image ele-
ments that are incorrectly appearing to have display val-
ues corresponding to the target range of display values
occur at the interfaces between regions of image ele-
ments with display values at opposite sides of the target
range and if these interface image elements can be re-
liably identified, then they may be removed. The invention
identifies such interface image elements by morpholog-
ically dilating the regions (i.e. sets of image elements) at
either side of the target region and then determining the
intersection of those dilated regions. The dilated regions
will intersect where they touch one another and accord-
ingly this technique selectively identifies the interface re-
gions rather than picking up image elements that lie at
an interface between the target region and a region of
image elements having display values outside of the tar-
get range. When these interface image elements have
been identified, they may be removed from the set of
image elements having a display value within the target
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range and the modified set of image elements having the
target display value can then be displayed with reduced
interface aliasing artefacts or in some other way proc-
essed, e.g. volume measured.

[0007] The technique of the invention is able to identify
and remove the image elements producing the erroneous
artefacts within the image without significantly impacting
the display ofimage elements that are correctly identified.
By comparison, a technique that merely morphologically
expanded either the high display value region or the low
display value region to overwrite any interface image el-
ements would also be likely to overwrite the edges or the
fine detail in the display of the regions image elements
that correctly have the target range of display values, e.g.
fine capillaries may be lost from the image.

[0008] It will be appreciated that the technique de-
scribed above could be applied to both two dimensional
images and three dimensional images. The invention is
particularly well suited to use within imaging arrays of
three dimensional voxel data as such images can be sig-
nificantly degraded by the aliasing artefacts between re-
gions as discussed above.

[0009] The morphological dilatation could take a vari-
ety of forms depending upon the particular circumstanc-
es, but preferably has the form of a spherical morpho-
logical dilatation whereby each voxel is projected onto
all the points within a quasi spherical surrounding region.
[0010] The spherical structuring element used in this
morphological dilatation could have a variety of sizes,
but the invention has been found to be particularly effec-
tive when the structuring element has a radius of between
2 and 3 voxel sizes, and more preferably substantially
2.5 voxel sizes.

[0011] It will be appreciated that the image elements
have associated display values that correspond to the
ranges being identified and are used to control the way
in which those image elements are displayed. In pre-
ferred practical systems, the display values do not cor-
respond to what would normally be regarded as visual
properties, such as colour or intensity, but instead relate
to detected signal values from measuring systems such
as CAT scanners, and MRI scanners, ultrasound scan-
ners and PET systems.

[0012] The invention is particularly well suited to the
removal of artefacts from images when attempting to dis-
criminate between blood vessels containing contrast en-
hancing agents, soft tissue and bone within a medical
diagnostic, such as angiogram, image.

[0013] Other aspects of this invention provide appara-
tus for processing image data and a computer program
for controlling a computer to process image data in ac-
cordance with the above described techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Anembodiment of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings in which:
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Figure 1 schematically illustrates an image having
regions corresponding to different display values;

Figure 2 schematically illustrates the image of Figure
1 showing the aliasing artefacts that can arise;

Figure 3 schematically illustrates the selection of a
target range of display values to highlight within an
image;

Figure 4 is a flow diagram illustrating a technique for
removing artefacts from an image such as that
shown in Figure 2;

Figure 5 is a mathematical representation of the
processing of Figure 4;

Figure 6 illustrates an image both before and after
the removal of the artefacts described above; and

Figure 7 schematically illustrates a general purpose
computer of the type that may be used to carry out
processing in accordance with the above tech-
niques.

DETAILED DESCRIPTION

[0015] Image data, such as a collection of say 100 two-
dimensional 512*512 images collected from a CAT scan-
ner, a MRI scanner, an ultrasound scanner or a PET
(Positron emission tomography system), may be subject
to image processing in accordance with known tech-
niques to produce a three-dimensional representation of
the structure imaged (various user selected two-dimen-
sion projections of the three-dimensional representation
are typically displayed on a computer monitor). The tech-
niques for generating such three-dimensional represen-
tations of structures from collections of two-dimensional
images are known in themselves and will not be de-
scribed further herein.

[0016] In ordertoincrease the understandability of the
three-dimensional representations generated it is known
to select ranges of display values for highlighting or se-
lective processing in some other way. As an example,
voxels having a particular range of display value may be
tinted with a vivid colour to stand out within the image or
may be selected for removal from the image to reveal
other more interesting features.

[0017] Figure 3is ahistogramillustrating the frequency
of occurrence of voxels within an image as a function of
the signal value associated with those voxels. As illus-
trated in Figure 3, there is a target range B of interest
that may have its upper B,,,, and lower B, boundaries
selected by the user. The user may select this range to
try to pick out blood vessels containing a contrast en-
hancing agent, such as maybe desired when performing
angiography. This target region is positioned within the
broader full range of signal values that may be generated
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with a lower signal value range A bounding the target
range B on its lower side. Similarly, a higher value range
C bounds the target range B on its higher side. As pre-
viously discussed, a problem can arise when tissue that
returns a signal value within the range A abuts tissue that
returns a signal value within the range C as the spatial
resolution of the system and the consequences of finite
resolution sampling may resultin an image element, vox-
el, being generated at this interface with a signal value
corresponding to the range B even though this is not truly
a blood vessel region that it is desired to highlight.
[0018] Figure 4 is a flow diagram illustrating the arte-
fact removal technique. At step 10, the voxels that are to
form the image are captured with each one having a cor-
responding display value, in this case the display values
are representative of signal strength values from a de-
tection device, and indicate a density value D. At step
12, the set of voxels having a density within the user
specified target range B of density values illustrated in
Figure 3 is identified. At step 14, the set of voxels having
a density corresponding to the range C of Figure 3 is
identified. At step 16, the set of voxels having a density
corresponding to the range A of Figure 3 is identified.
[0019] The sets of voxels identified at steps 14 and 16
are then subject to respective spherical morphological
dilatation to produce dilated sets of voxels. The morpho-
logical dilatation can take a variety of forms, but in this
example uses a quasi-spherical structuring element
based upon a voxel approximation to a sphere having a
radius of between 2 and 3 voxels, but preferably sub-
stantially 2.5 voxels. The morphological dilatation with
such aspherical structure acts to project each voxel value
onto all of the voxels within a region surrounding the start-
ing voxel defined by the spherical structure. This slightly
expands/dilates the region concerned..

[0020] At step 20, the two dilated sets of image ele-
ments are compared to identify image elements appear-
ing within both sets. These image elements correspond
to the interface regions between the two sets. These in-
terface regions are the place where voxels incorrectly
aliased so that they appear to be within the target range
B may appear. Accordingly, the set of target voxels iden-
tified at step 12 is compared with this intersecting set of
voxels identified at step 20 and any voxels that appear
in both sets are removed from the set of voxels identified
atstep 12. This occurs at step 22. At step 24, the resulting
set of target voxels having the interface artefact removed
from them are displayed.

[0021] Figure 5is a mathematical representation of the
processing that occurs in accordance with the flow dia-
gram of Figure 4.

[0022] Figure 6 illustrates a Before image in which the
artefact is present and an After image in which the arte-
factis not present. Each image contains a region of bone
26, blood vessels 28 and a soft tissue region 30. In the
Before image, the interface between the soft tissue re-
gion 30 and the bone 26 aliases to display values similar
to those of the blood vessels 28 and accordingly this in-
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terface region is tinted in the same way as the blood
vessel 28 making the image more difficult to interpret.
The After image shows the effect of applying the above
technique to removing this artefact. This artefact is re-
moved without inappropriately changing the shape of the
regions appearing within the image and without the pos-
sibility of obliterating fine detail that may occur by simply
dilating one region outside of the target range.

[0023] Figure 7 schematically illustrates a general pur-
pose computer 132 of the type that may be used to per-
form processing in accordance with the above described
techniques. The computer 132 includes a central
processing unit 134, a read only memory 136, a random
access memory 138, a hard disk drive 140, a display
driver 142 and display 144 and a user input/output circuit
146 with a keyboard 148 and mouse 150 all connected
via a common bus 152. The central processing unit 134
may execute program instructions stored within the ROM
136, the RAM 138 or the hard disk drive 140 to carry out
processing of data values that may be stored within the
RAM 138 or the hard disk drive 140. Data values may
represent the image data described above and the
processing may carry out the steps illustrated in Figure
4 and as expressed mathematically in Figure 5. The pro-
gram may be written in a wide variety of different pro-
gramming languages. The computer program itself may
be stored and distributed on a recording medium, such
as a compact disc, or may be downloaded over a network
link (not illustrated). The general purpose computer 132
when operating under control of an appropriate computer
program effectively forms an apparatus for processing
image data in accordance with the above described tech-
nique. The general purpose computer 132 also performs
the method as described above and operates using a
computer program product having appropriate code por-
tions (logic) for controlling the processing as described
above.

Claims

1. A computer implemented method of processing im-
age dataformed of an array ofimage elements, each
image element having a display value, said method
comprising the steps of:

identifying a set of targetimage elements having
display values within a target range of display
values from B, t0 Bax

identifying a set of low display value image ele-
ments having display values below B;y;
identifying a set of high display value image el-
ements having display values above B,,,;
applying a morphological dilation to said set of
low display value image elements to generate a
dilated set of low display value image elements;
applying a morphological dilation to said set of
high display value image elements to generate
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a dilated set of high display value image ele-
ments;

identifying an intersection set ofimage elements
that are present in both said dilated set of low
display value image elements and said dilated
set of high display value image elements; and
removing from said set of targetimage elements
any image elements also present within said in-
tersection set of image elements to form a mod-
ified set of target image elements.

A method as claimed in claim 1, wherein said image
elements are voxels and said array is a three dimen-
sional array of voxels.

A method as claimed in claim 2, wherein said mor-
phological dilation applied to said set of low display
value image elements uses a quasi-spherical struc-
turing element.

A method as claimed in any one of claims 2 and 3,
wherein said morphological dilation applied to said
set of high display value image elements uses a qua-
si-spherical structuring element.

A method as claimed in any one of claims 3 and 4,
wherein said quasi-spherical structuring element
has a radius of between 2 and 3 voxels.

A method as claimed in claim 5, wherein said quasi-
spherical structuring element has a radius of 2.5 vox-
els.

A method as claimed in any one of the preceding
claims, wherein said display values represent a
measured signal strength value returned from a por-
tion of a subject being imaged mapped to a corre-
sponding image element.

A method as claimed in claim 7, wherein said meas-
ured signal strength values are detected using one
of:

CAT scanning; and

MRI scanning;
ultrasound scanning; and
PET.

A method as claimed in any one of the preceding
claims, wherein said set of low value image elements
correspond to soft tissue, said set of high value im-
age elements correspond to bone and said target
set of image elements correspond to blood vessels
containing a contrast enhancing agent.

Apparatus for processing image data formed of an
array ofimage elements, each image element having
a display value, said apparatus comprising:
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1.

12,

13.

14,

15.

16.

17.

a target set identifier operable to identify a set
of target image elements having display values
within a target range of display values from B,
t0 Brax;

a low display value set identifier operable to
identify a set of low display value image ele-
ments having display values below B,;,;

a high display value set identifier operable to
identify a set of high display value image ele-
ments having display values above B,

a low set dilator operable to apply a morpholog-
ical dilation to said set of low display value image
elements to generate a dilated set of low display
value image elements;

a high set dilator operable to apply a morpho-
logical dilation to said set of high display value
image elements to generate a dilated set of high
display value image elements;

an intersection identifier operable to identifying
an intersection set of image elements that are
present in both said dilated set of low display
value image elements and said dilated set of
high display value image elements; and

an intersection remover operable to remove
from said set of target image elements any im-
age elements also present within said intersec-
tion set of image elements to form a modified
set of target image elements.

Apparatus as claimed in claim 10, wherein said im-
age elements are voxels and said array is a three
dimensional array of voxels.

Apparatus as claimed in claim 11, wherein said mor-
phological dilation applied to said set of low display
value image elements uses a quasi-spherical struc-
turing element.

Apparatus as claimed in any one of claims 11 and
12, wherein said morphological dilation applied to
said set of high display value image elements uses
a quasi-spherical structuring element.

Apparatus as claimed in any one of claims 12 and
13, wherein said quasi-spherical structuring element
has a radius of between 2 and 3 voxels.

Apparatus as claimed in claim 14, wherein said qua-
si-spherical structuring element has a radius of 2.5
voxels.

Apparatus as claimed in any one of claims 10 to 15,
wherein said display values represent a measured
signal strength value returned from a portion of a
subject being imaged mapped to a corresponding
image element.

Apparatus as claimed in claim 16, wherein said
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measured signal strength values are detected using
one of:

CAT scanning;

MRI scanning;
ultrasound scanning; and
PET.

Apparatus as claimed in any one of claims 10 to 17,
wherein said set of low value image elements cor-
respond to soft tissue, said set of high value image
elements correspond to bone and said target set of
image elements correspond to blood vessels con-
taining a contrast enhancing agent.

A computer program product bearing a computer
program operable to control a computer to process
image data formed of an array of image elements,
each image element having a display value, said
computer program comprising:

target set identifying logic operable to identify a
set of target image elements having display val-
ues within a target range of display values from
Bmin to Bmax;

low display value set identifying logic operable
to identify a set of low display value image ele-
ments having display values below By

high display value set identifying logic operable
to identify a set of high display value image el-
ements having display values above By,,,;

low set dilating logic operable to apply a mor-
phological dilation to said set of low display value
image elements to generate a dilated set of low
display value image elements;

high set dilating logic operable to apply a mor-
phological dilation to said set of high display val-
ue image elements to generate a dilated set of
high display value image elements;
intersection identifying logic operable to identi-
fying an intersection set of image elements that
are present in both said dilated set of low display
value image elements and said dilated set of
high display value image elements; and
intersection removing logic operable to remove
from said set of target image elements any im-
age elements also present within said intersec-
tion set of image elements to form a modified
set of target image elements.

A computer program product as claimed in claim 19,
wherein said image elements are voxels and said
array is a three dimensional array of voxels.

A computer program product as claimed in claim 20,
wherein said morphological dilation applied to said
set of low display value image elements uses a qua-
si-spherical structuring element.
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22,

23.

24,

25,

26.

27.

10

A computer program product as claimed in any one
of claims 20 and 21, wherein said morphological di-
lation applied to said set of high display value image
elements uses a quasi-spherical structuring ele-
ment.

A computer program product as claimed in any one
of claims 21 and 22, wherein said quasi-spherical
structuring element has a radius of between 2 and
3 voxels.

A computer program product as claimed in claim 23,
wherein said quasi-spherical structuring element
has a radius of 2.5 voxels.

A computer program product as claimed in any one
of claims 19 to 24, wherein said display values rep-
resent a measured signal strength value returned
from a portion of a subject being imaged mapped to
a corresponding image element.

A computer program product as claimed in claim 25,
wherein said measured signal strength values are
detected using one of

CAT scanning;

MRI scanning;
ultrasound scanning; and
PET.

A computer program product as claimed in any one
of claims 19 to 26, wherein said set of low value
image elements correspond to soft tissue, said set
of high value image elements correspond to bone
and said target set of image elements correspond to
blood vessels containing a contrast enhancing
agent.

Patentanspriiche

1.

Computerimplementiertes Verfahren zum Verarbei-
ten von Bilddaten, die aus einer Anordnung von Bild-
elementen gebildet werden, wobei jedes Bildele-
ment einen Anzeigewert hat, wobei das Verfahren
die Schritte aufweist:

Identifizieren eines Satzes von Ziel-Bildelemen-
ten mit Anzeigewerten innerhalb eines Zielbe-
reichs von Anzeigewerten von B, bis B,y
Identifizieren eines Satzes von Niedriganzeige-
wert-Bildelementen mit Anzeigewerten unter-
halb von By,

Identifizieren eines Satzes von Hochanzeige-
wert-Bildelementen mit Anzeigewerten ober-
halb von B,

Anwenden einer morphologischen Streckung
an den Satz von Niedriganzeigewert-Bildele-
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menten, um einen gestreckten Satz von Niedri-
ganzeigewert-Bildelementen zu erzeugen,
Anwende einer morphologischen Streckung an
den Satz von Hochanzeigewert-Bildelementen,
um einen gestreckten Satz von Hochanzeige-
wert-Bildelementen zu erzeugen,

Identifizieren eines Uberschneidungssatzes
von Bildelementen, die in sowohl dem gestreck-
ten Satz von Niedriganzeigewert-Bildelementen
als auch dem gestreckten Satz von Hochanzei-
gewert-Bildelementen enthalten sind, und
Entfernen aus dem Satz von Zielbildelementen
von jeglichen Bildelementen, die ebenso in dem
Uberschneidungssatz von Bildelementen ent-
halten sind, um einen maodifizierten Satz von
Zielbildelementen zu bilden.

Verfahren nach Anspruch 1, beidem die Bildelemen-
te Voxel sind und die Anordnung eine dreidimensio-
nale Anordnung aus Voxeln ist.

Verfahren nach Anspruch 2, wobei die morphologi-
sche Streckung, die an den Satz von Niedriganzei-
gewert-Bildelementen angelegt wird, ein quasispha-
risches Strukturelement verwendet.

Verfahren nach einem der Anspriiche 2 oder 3, bei
dem die morphologische Streckung, die an den Satz
von Hochanzeigewert-Bildelementen angelegt wird,
ein quasisphérisches Strukturelement verwendet.

Verfahren nach einem der Anspriiche 3 oder 4, wo-
bei das quasispharische Strukturelement einen Ra-
dius zwischen 2 und 3 Voxeln hat.

Verfahren nach Anspruch 5, bei dem das quasispha-
rische Strukturelement einen Radius von 2,5 Voxeln
hat.

Verfahren nach einem der vorherigen Anspriiche,
bei dem die Anzeigewerte einen gemessenen Si-
gnalstarkewert darstellen, der von einem Abschnitt
eines Subjektes, das abgebildet wird und auf ein ent-
sprechendes Bildelement abgebildet wird, zurtick-
gegeben wird.

Verfahren nach Anspruch 7, bei dem die gemesse-
nen Signalstarkewerte erfal3t werden unter Verwen-
dung von:

CAT-Abtastung,
MRI-Abtastung,
Ultraschall-Abtastung oder
PET.

Verfahren nach einem der vorherigen Anspriiche,
bei dem der Satz von Niedrigwert-Bildelementen
weichem Gewebe entspricht, der Satz von Hoch-
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10.

1.

12,

13.

wert-Bildelementen Knochen entspricht und der
Zielsatz von Bildelementen Blutgefalen entspricht,
die ein Kontrastmittel enthalten.

Vorrichtung fir das Verarbeiten von Bilddaten, die
aus einer Anordnung von Bildelementen gebildet
werden, wobei jedes Bildelement einen Anzeigewert
hat, wobei die Vorrichtung aufweist:

einen Zielsatzidentifizierer, der betreibbar ist,
um einen Satz von Zielbildelementen mit Anzei-
gewerten innerhalb eines Zielbereichs von An-
zeigewerten von B,,;, bis B, zu identifizieren,
einen  Niedriganzeigewert-Satzidentifizierer,
der betreibbar ist, um einen Satz von Niedrig-
anzeigewert-Bildelementen zu identifizieren mit
Anzeigewerten von kleiner als B,

einen Hochanzeigewert-Satzidentifizierer, der
betreibbar ist, um einen Satz von Hochanzeige-
wert-Bildelementen mit Anzeigewerten ober-
halb von B,,,,zu identifizieren,

einen Niedrigsatz-Strecker, der betreibbar ist,
um eine morphologische Streckung an den Satz
von Niedriganzeigewert-Bildelementen anzule-
gen, um einen gestreckten Satz von Niedrigan-
zeigewert-Bildelementen zu erzeugen,

einen Hochsatz-Strecker, der betreibbar ist, um
eine morphologische Streckung an den Satz
von Hochanzeigewert-Bildelementen anzule-
gen, um einen gestreckten Satz von Hochanzei-
gewert-Bildelementen zu erzeugen,

einen Schnittmengenidentifizierer, der betreib-
bar ist, um einen Schnittmengensatz von Bild-
elementen zu identifizieren, die sowohl in dem
gestreckten Satz von Niedriganzeigewert-Bild-
elementen als auch indem gestreckten Satzvon
Hochanzeigewert-Bildelementen enthalten
sind, und

einen Schnittmengenentferner, der betreibbar
ist, um aus dem Satz von Zielbildelementen alle
Bildelemente zu entfernen, die ebenso in dem
Schnittmengensatz von Bildelementen enthal-
ten sind, um einen modifizierten Satz von Ziel-
bildelementen zu bilden.

Vorrichtung nach Anspruch 10, bei dem die Bildele-
mente Voxel sind und die Anordnung eine dreidi-
mensionale Anordnung von Voxeln ist.

Vorrichtung nach Anspruch 11, bei der die morpho-
logische Streckung, die an den Satz von Niedrigan-
zeigewert-Bildelementen angelegt wird, ein quasi-
spharisches Strukturelement verwendet.

Vorrichtung nach einem der Anspriiche 11 oder 12,
wobei die morphologische Strekkung, die an den
Satz von Hochanzeigewert-Bildelementen angelegt
wird, ein quasisphéarisches Strukturelement verwen-
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det.

Vorrichtung nach einem der Anspriiche 12 oder 13,
bei dem das quasispharische Strukturelement einen
Radius zwischen 2 und 3 Voxeln hat.

Vorrichtung nach Anspruch 14, bei der das quasi-
spharische Strukturelement einen Radius von 2,5
Voxeln hat.

Vorrichtung nach einem der Anspriiche 10 bis 15,
bei dem die Anzeigewerte einen gemessenen Si-
gnalstérkenwert darstellen, der von einem aufge-
nommenen Subjekt, welches auf ein entsprechen-
des Bildelement abgebildet wurde, zuriickgegeben
wird.

Vorrichtung nach Anspruch 16, bei der die gemes-
senen Signalstarkenwerte erfallt werden unter Ver-
wendung von:

CAT-Abtastung,
MRI-Abtastung,
Ultraschall-Abtastung oder
PET.

Vorrichtung nach einem der Anspriiche 10 bis 17,
bei dem der Satz von Niedrigwert-Bildelementen
weichem Gewebe entspricht, der Satz von Hoch-
wert-Bildelementen Knochen entspricht und der
Zielsatz von Bildelementen Blutgefalen entspricht,
die ein Kontrastmittel enthalten.

Computerprogrammprodukt, das ein Computerpro-
gramm tragt, das betreibbar ist, um einen Computer
zu steuern, um Bilddaten zu verarbeiten, die aus ei-
ner Anordnung von Bildelementen bestehen, wobei
jedes Bildelement einen Anzeigewert hat, wobei das
Computerprogramm aufweist:

eine zielsatzidentifizierende Logik, die betreib-
barist, um einen Satz von Zielbildelementen mit
Anzeigewerten innerhalb eines Zielbereichs
von Anzeigewerten von By, bis B4, zu iden-
tifizieren,

eine  niedriganzeigewert-satzidentifizierende
Logik, die betreibbar ist, um einen Satz von
Niedriganzeigewert-Bildelementen zu identifi-
zieren mit Anzeigewerten kleiner als By,

eine hochanzeigewert-satzidentifizierende Lo-
gik, die betreibbar ist, um einen Satz von Hoch-
anzeigewert-Bildelementen zu identifizieren mit
Anzeigewerten oberhalb von B, .,

eine Niedrigsatz-Streckungslogik, die betreib-
bar ist, um eine morphologische Streckung an
den Satz von Niedriganzeigewert-Bildelemen-
ten anzulegen, um einen gestreckten Satz von
Niedriganzeigewert-Bildelementen zu erzeu-
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gen,

eine Hochsatz-Streckungslogik, die betreibbar
ist, um eine morphologische Streckung an den
Satz von Hochanzeigewert-Bildelementen an-
zulegen, um einen gestreckten Satz von Hoch-
anzeigewert-Bildelementen zu erzeugen,

eine schnittmengenidentifizierende Logik, die
betreibbar ist, um einen Schnittmengensatz von
Bildelementen zu identifizieren, die sowohl in
den gestreckten Satz von Niedriganzeigewert-
Bildelementen als auch in den gestreckten Satz
der Hochanzeigewert-Bildelementen enthalten
sind, und

eine schnittmengenentfernende Logik, die be-
treibbar ist, um aus dem Satz von Zielbildele-
menten alle Bildelemente zu entfernen, die
ebenso in dem Schnittmengensatz der Bildele-
mente enthalten sind, um einen modifizierten
Satz von Ziel-Bildelementen zu bilden.

Computerprogrammprodukt nach Anspruch 19, wo-
bei die Bildelemente Voxel sind und die Anordnung
eine dreidimensionale Anordnung von Voxeln ist.

Computerprogrammprodukt nach Anspruch 20, wo-
bei die morphologische Streckung, die an den Satz
von Niedriganzeigewert-Bildelementen angelegt
wird, ein quasisphéarisches Strukturelement verwen-
det.

Computerprogrammprodukt nach einem der An-
spriiche 20 oder 21, wobei die morphologische
Streckung, die an den Satz von Hochanzeigewert-
Bildelementen angelegt wird, ein quasisphérisches
Strukturelement verwendet.

Computerprogrammprodukt nach einem der An-
spriche 21 oder 22, wobei das quasisphéarische
Strukturelement einen Radius zwischen 2 und 3 Vo-
xeln hat.

Computerprogrammprodukt nach Anspruch 23, bei
dem das quasispharische Strukturelement einen
Radius von 2,5 Voxeln hat.

Computerprogrammprodukt nach einem der An-
spriche 19 bis 24, bei dem die Anzeigewerte einen
gemessenen Signalstarkenwert reprasentieren, der
von einem Abschnitt eines Subjekts zurlickgegeben
wird, das aufgenommen wird und auf ein entspre-
chendes Bildelement abgebildet wird.

Computerprogrammprodukt nach Anspruch 25, bei
dem die gemessenen Signalstdrkenwerte erfaldt
werden unter Verwendung von:

CAT-Abtastung,
MRI-Abtastung,
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Ultraschall-Abtastung oder
PET.

27. Computerprogrammprodukt nach einem der An-

spriiche 19 bis 26, bei dem der Satz von Niedrigwert-
Bildelementen weichem Gewebe entspricht, der
Satz von Hochwert-Bildelementen Knochen ent-
spricht, und der Zielsatz von Bildelementen Blutge-
falRen entspricht, die ein Kontrastmittel enthalten.

Revendications

Procédé mis en oeuvre sur ordinateur pour traiter
des données d’images formées d’une matrice d’élé-
ments d’'image, chaque élément d'image ayant une
valeur d’affichage, ledit procédé comprenant les éta-
pes consistant a :

identifier un ensemble d’éléments d’image ci-
bles ayant des valeurs d’affichage se situant a
lintérieur d’'une gamme cible de valeurs d’affi-
chage allant de B, @ By

identifier un ensemble d’éléments d'image de
faible valeur d’affichage ayant des valeurs d’af-
fichage inférieures a B,i;

identifier un ensemble d’éléments d'image de
valeur d’affichage élevée ayant des valeurs d’af-
fichage supérieures a B, ,,,;

appliquer une dilatation morphologique audit
ensemble d’éléments d’'image de faible valeur
d’affichage pour produire un ensemble dilaté
d’éléments d'image defaible valeur d’affichage ;
appliquer une dilatation morphologique audit
ensemble d’éléments d'image de valeur d’affi-
chage élevée pour produire un ensemble dilaté
d’éléments d’'image de valeur daffichage
élevee ;

identifier un ensemble d’intersection d’éléments
d’'image qui sont présents a la fois dans ledit
ensemble dilaté d’éléments d’image de faible
valeur d’affichage et dans ledit ensemble dilaté
d’éléments d’image de valeur daffichage
élevée ; et

éliminer dudit ensemble d’éléments d’'image ci-
bles tous les éléments d'image également pré-
sents dans ledit ensemble d’intersection d’élé-
ments d’image pour former un ensemble modifié
d’éléments d’'image cibles.

Procédé selon larevendication 1, dans lequel lesdits
éléments d’image sont des voxels et ladite matrice
est une matrice tridimensionnelle de voxels.

Procédé selon la revendication 2, dans lequel ladite
dilatation morphologique appliquée audit ensemble
d’éléments d’image de faible valeur d’affichage uti-
lise un élément structurant quasi sphérique.
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Procédeé selon I'une quelconque des revendications
2 et 3, dans lequel ladite dilatation morphologique
appliquée auditensemble d’éléments d'image de va-
leur d’affichage élevée utilise un élément structurant
quasi sphérique.

Procédé selon I'une quelconque des revendications
3 et 4, dans lequel ledit élément structurant quasi
sphérique a un rayon compris entre 2 et 3 voxels.

Procédé selon la revendication 5, dans lequel ledit
élément structurant quasi sphérique a un rayon de
2,5 voxels.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel lesdites valeurs d’afficha-
ge représentent une valeur d’intensité de signal me-
suréerenvoyeée par une partie d’'un sujetdontI'image
est formée et projetée vers un élément d’image cor-
respondant.

Procédé selon la revendication 7, dans lequel lesdi-
tes valeurs d’intensité de signal mesurées sont dé-
tectées en utilisant I'une de :

la tomodensitométrie ;

'imagerie par résonance magnétique ;
I'échographie ; et

la tomographie par émission de positons.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel ledit ensemble d’éléments
d’'image de faible valeur correspond a des tissus
mous, ledit ensemble d’éléments d’image de valeur
élevée correspond aux os et ledit ensemble cible
d’éléments d’'image correspond a des vaisseaux
sanguins contenant un agent de contraste.

Appareil pour traiter des données d’images formées
d’une matrice d’éléments d'image, chaque élément
d’image ayant une valeur d’affichage, ledit appareil
comprenant :

un identificateur d’ensemble cible pouvant étre
mis en oeuvre pour identifier un ensemble d’élé-
ments d’'image cibles ayant des valeurs d’affi-
chage se situant a l'intérieur d’'une gamme cible
de valeurs d’affichage allant de B i, @ By
un identificateur d’ensemble de faible valeur
d’'affichage pouvant étre mis en oeuvre pour
identifier un ensemble d’éléments d'image de
faible valeur d’affichage ayant des valeurs d’af-
fichage inférieures a B,;

un identificateur d’ensemble de valeur d’afficha-
ge élevée pouvant étre mis en oeuvre pour iden-
tifier un ensemble d’éléments d'image de valeur
d'affichage élevée ayant des valeurs d’affichage
supérieures a B,y ;
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un dilatateur d’ensemble de faible valeur pou-
vant étre mis en oeuvre pour appliquer une di-
latation morphologique audit ensemble d’élé-
ments d’image de faible valeur d’affichage pour
produire un ensemble dilaté d’éléments d’'image
de faible valeur d’affichage ;

un dilatateur d’ensemble de valeur élevée pou-
vant étre mis en oeuvre pour appliquer une di-
latation morphologique audit ensemble d’élé-
ments d’'image de valeur d'affichage élevée
pour produire un ensemble dilaté d’éléments
d’image de valeur d’affichage élevée ;

un identificateur d’intersection pouvant étre mis
en oeuvre pour identifier un ensemble d’inter-
section d’éléments d’'image qui sont présents a
la fois dans ledit ensemble dilaté d’éléments
d’image de faible valeur d’affichage et dans ledit
ensemble dilaté d’éléments d’image de valeur
d’affichage élevée ; et

un dispositif d’élimination d’intersection pouvant
étre mis en oeuvre pour éliminer duditensemble
d’éléments d’image cibles tous les éléments
d’'image également présents dans ledit ensem-
ble d’intersection d’éléments d’image pour for-
mer un ensemble modifié d’éléments d’image
cibles.

Appareil selon la revendication 10, dans lequel les-
dits éléments d'image sont des voxels et ladite ma-
trice est une matrice tridimensionnelle de voxels.

Appareil selon larevendication 11, dans lequel ladite
dilatation morphologique appliquée audit ensemble
d’éléments d’'image de faible valeur d’affichage uti-
lise un élément structurant quasi sphérique.

Appareil selon I'une quelconque des revendications
11 et 12, dans lequel ladite dilatation morphologique
appliquée auditensemble d’éléments d'image de va-
leur d’affichage élevée utilise un élément structurant
quasi sphérique.

Appareil selon I'une quelconque des revendications
12 et 13, dans lequel ledit élément structurant quasi
sphérique a un rayon compris entre 2 et 3 voxels.

Appareil selon la revendication 14, dans lequel ledit
élément structurant quasi sphérique a un rayon de
2,5 voxels.

Appareil selon I'une quelconque des revendications
10 a 15, dans lequel lesdites valeurs d’affichage re-
présentent une valeur d’intensité de signal mesurée
renvoyée par une partie d'un sujet dont I'image est
formée et projeté vers un élément d’image corres-
pondant.

Appareil selon la revendication 16, dans lequel les-
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dites valeurs d’intensité de signal mesurées sont dé-
tectées en utilisant 'une de :

la tomodensitométrie ;

l'imagerie par résonance magnétique ;
I'échographie ; et

la tomographie par émission de positons.

Procédé selon 'une quelconque des revendications
10 a 17, dans lequel ledit ensemble d’éléments
d’image de faible valeur correspond a un tissu mou,
ledit ensemble d’éléments d'image de valeur élevée
correspond aux os et leditensemble cible d’éléments
d’image correspond a des vaisseaux sanguins con-
tenant un agent de contraste.

Produit a base de programme informatique conte-
nant un programme informatique pouvant étre mis
en oeuvre pour commander un ordinateur afin de
traiter des données d’'images formées d’'une matrice
d’éléments d’'image, chaque élément d'image ayant
une valeur d’'affichage, ledit programme informati-
que comprenant :

un systéme logique d’identification d’ensemble
cible pouvant étre mis en oeuvre pour identifier
un ensemble d’éléments d’'image cibles ayant
des valeurs d’affichage se situant a l'intérieur
d’'une gamme cible de valeurs d’affichage allant
de Bmin a Bmax ;

un systeme logique d’identification d’ensemble
de faible valeur d’affichage pouvant étre mis en
oeuvre pour identifier un ensemble d’éléments
d’'image de faible valeur d’affichage ayant des
valeurs d’affichage inférieures a B,;;

un systéme logique d’identification d’ensemble
de valeur d’affichage élevée pouvant étre mis
en oeuvre pour identifier un ensemble d’élé-
ments d’'image de valeur d’affichage élevée
ayant des valeurs d’affichage supérieures a
Bmax ;

un systeme logique de dilatation d’ensemble de
faible valeur pouvant étre mis en oeuvre pour
appliquer une dilatation morphologique audit
ensemble d’éléments d’'image de faible valeur
d’affichage pour produire un ensemble dilaté
déléments dimages de faible valeur
d’affichage ;

un systéme logique de dilatation d’ensemble de
valeur élevée pouvant étre mis en oeuvre pour
appliquer une dilatation morphologique audit
ensemble d’éléments d'image de valeur d’affi-
chage élevée pour produire un ensemble dilaté
déléments d’image de valeur daffichage
élevee ;

un systeme logique d’identification d'intersec-
tion pouvant étre mis en oeuvre pour identifier
un ensemble d’intersection d’éléments d’image
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qui sont présents a la fois dans ledit ensemble
dilaté d’éléments d’'image de faible valeur d’'af-
fichage et dans leditensemble dilaté d’éléments
d’image de valeur d'affichage élevée ; et

un systéme logique d’élimination d’intersection
pouvant étre mis en oeuvre pour éliminer dudit
ensemble d’éléments d’image cibles tous les
éléments d'image également présents dans le-
dit ensemble d’intersection d’éléments d’'image
pour former un ensemble modifié d’éléments
d’'image cibles.

Produit a base de programme informatique selon la
revendication 19, dans lequel lesdits éléments
d’'image sont des voxels et ladite matrice est une
matrice tridimensionnelle de voxels.

Produit a base de programme informatique selon la
revendication 20, dans lequel ladite dilatation mor-
phologique appliquée audit ensemble d’éléments
d’'image de faible valeur d’affichage utilise un élé-
ment structurant quasi sphérique.

Produit a base de programme informatique selon
I'une quelconque des revendications 20 et 21, dans
lequel ladite dilatation morphologique appliquée
audit ensemble d’éléments d’'image de valeur d’affi-
chage élevée utilise un élément structurant quasi
sphérique.

Produit a base de programme informatique selon
I'une quelconque des revendications 21 et 22, dans
lequel ledit élément structurant quasi sphérique a un
rayon compris entre 2 et 3 voxels.

Produit a base de programme informatique selon la
revendication 23, dans lequel ledit élément structu-
rant quasi sphérique a un rayon de 2,5 voxels.

Produit a base de programme informatique selon
I'une quelconque des revendications 19 a 24, dans
lequel lesdites valeurs d’affichage représentent une
valeur d’intensité de signal mesurée renvoyée par
une partie d’'un sujet dont 'image est formée et pro-
jetée vers un élément d’'image correspondant.

Produit a base de programme informatique selon la
revendication 25, dans lequel lesdites valeurs d’in-
tensité de signal mesurées sont détectées en utili-
sant 'une de :

la tomodensitométrie ;

I'imagerie par résonance magnétique ;
I'échographie ; et

la tomographie par émission de positons.

Produit a base de programme informatique selon
I'une quelconque des revendications 19 a 26, dans
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lequel ledit ensemble d’éléments d’image de faible
valeur correspond a un tissu mou, ledit ensemble
d’éléments d’'image de valeur élevée correspond
aux os et ledit ensemble cible d’éléments d’image
correspond a des vaisseaux sanguins contenant un
agent de contraste.
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Db=T(Bmin,Bmax) - [(T(Bmax +1,°0) @D S) N (T (' 0o, Bmin‘1) &) S)]

where:

T(a,b) indicates the set of points between densities a and b inclusive
x® y is the morphological dilation of domain x by domain y

x Ny is the intersection of domains x and y

x-y s set difference

Fig. 5
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