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Description

[0001] The present invention relates to a method of
classification of objects and/or structures in tomographic
images, in particular Computerised Axial Tomography
(CAT) images.

[0002] More specifically, the invention relates to a
method of digital classification of the contents of animage
of a colorectal region, as defined in the preamble of claim
1.

[0003] The article of Summers, Franaszek et al. "Com-
puter-aided Detection of Polyps on Oral Contrast-En-
hanced CT Colonography ", American Journal of Roent-
genology, vol. 184, 2005, p. 105-108 and Document WO
00/55814 disclose similar methods of digital classifica-
tion of the contents of an image of a colorectal region.
[0004] Virtual colonoscopy is atechnique which makes
possible the early detection of pre-neoplastic lesions
present in a colorectal region through analysis of a series
of tomographic images, in particular Computerised Axial
Tomography (CAT) images. Each of these images rep-
resents an axial section of the patient's abdomen and
corresponds to the signal obtained from the sampled vol-
ume, which in turn depends on the absorption of X-rays
by the different tissues. The diagnostic analysis of the
set of images may be performed both via a study of the
images themselves and by carrying out virtual navigation
in the patient’s organ via three-dimensional processing
of the images.

[0005] In computerised axial tomography, datasets of
images are generated, translating the data regarding the
attenuation exerted by the tissue and by the anatomical
structures on the incident X-rays into levels of intensity
of grey. Since the attenuation of the faecal material sub-
jected to X-rays is similar to that of other tissues such as,
in particular, structures protruding from the colon wall
and structures connected thereto, the pre-neoplastic le-
sions submerged in the faecal material may not be cor-
rectly identified.

[0006] In order to solve this problem, methods of clas-
sification of the faecal residues have been introduced
which, by means of prior oral administration to the patient
of a contrast agent, exhibit greater attenuation compared
with that of the surrounding tissues, thus becoming dis-
tinguishable. In the images acquired in this way, howev-
er, the colon wall in contact with the tagged material also
undergoes a spurious increase in intensity.

[0007] Various methods have been proposed for clas-
sifying and digitally removing the faecal residues. How-
ever, such methods propose approaches based on the
analysis of the characteristics of the tagged faeces as a
whole, proving to be not very robust in the case where
the level of tagging varies along the colon, or by carrying
out analyses based on the comparison of the value of
each individual voxel with the values of the neighbouring
voxels, with the consequent need to employ significant
computing resources.

[0008] Itis therefore an object of the presentinvention
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to propose a method of classification which is capable of
classifying in a simple and rapid manner the faecal res-
idues present in the dataset of images of a colorectal
region, even in the presence of variations in the level of
tagging of the faeces.

[0009] These and other objects are achieved by a
method of classification having the characteristics de-
fined in claim 1.

[0010] Particular embodiments are the subject of the
dependent claims.

[0011] A processing system and a program for a proc-
essor as claimed form a further subject of the invention.
[0012] Other features and advantages of the invention
will become clear from the following detailed description
which is given purely by way of non-limiting example with
reference to the appended drawings, in which:

- Figure 1 is a diagrammatic representation of an im-
age of an abdominal section;

- Figure 2 is a first diagrammatic representation of a
colon section;

- Figure 3 is a flow diagram of the method according
to the invention;

- Figure 4 is a second diagrammatic representation of
the colon section of Figure 2;

- Figure 5 is a representation of the course of the in-
tensity between the corrected area and the colon
wall,

- Figure 6 is a representation of a straight line recon-
struction of the values of the voxels of the area of
tissue affected by tagging, and

- Figure 7 is a diagrammatic representation of a
processing system for the implementation of the
method according to the invention.

[0013] In the following description, the method of clas-
sification according to the invention will be illustrated with
reference to the particular and more usual application of
a method of electronic subtraction of faecal residues.
[0014] To be considered is an image of a dataset (set
of images) acquired by means of a system of computer-
ised axial tomography exploiting the different absorption
of X-rays by the tissues. As an alternative, it is possible
to acquire said dataset by other tomographic techniques,
such as, for example, nuclear magnetic resonance.
[0015] Figure 1 shows in a simplified form a binary im-
age of an abdominal section comprising, in a manner
known per se, a plurality of voxels, some of which have
been represented as minuscule squares indicated as a
whole by the reference 2. Such voxels 2 have intensity
values related to the attenuation presented by the corre-
sponding sample of the sampled volume to X-rays. The
different levels of grey of the images displayed therefore
correspond to the attenuation exhibited by the structures
represented. The reference 4 indicates the body of the
patient and the references 6a, 6b, 6¢, 6d indicate a plu-
rality of portions of the colon corresponding to different
intersections of the colon with the section plane corre-
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sponding to the image. The portions of the colon 6a, 6b,
6¢, 6d each comprise an area of air 8 and an area of
tagged material 10 rendered detectable thanks to the
presence of a contrast agent previously administered to
the patient.

[0016] Figure 1 further shows portions of bone 12 cor-
responding for example to the spine.

[0017] Figure 2is an enlarged representation of a por-
tion of the colon 6a, 6b, 6¢, 6d, for example the portion
6d, bounded by a colon wall 13. Figure 2 also shows
tissue 14 surrounding said portion of the colon 6d and
not affected by tagging, the area of air 8 and the area of
tagged material 10.

[0018] The area of tagged material 10 is subdivided
into an area of faecal residue 10a and an area of tissue
affected by tagging 10b; the area of air 8 is subdivided
into an area of pure air 8a, in which the intensity values
of the voxels 2 are not influenced by the presence of the
area of tagged material 10 and are preferably contained
in the interval between -1024HU and - 850HU; and an
area of air affected by tagging 8b, in which the intensity
values of the voxels 2 are altered by the presence of the
area of tagged material 10.

[0019] As may be noted from Figure 2, the area of tis-
sue affected by tagging 10b comprises voxels 2 located
around the colon wall 13 and influenced by the proximity
of the tagged voxels 2 of the area of faecal residue 10a.
[0020] The area of tissue affected by tagging 10b is
constituted by voxels 2 the intensity values of which are
artificially hyperintense because of the partial volume ef-
fect due to the proximity of the voxels 2 of the area of
faecalresidue 10a and/or because of artefacts from hard-
ening of the beam of X-rays.

[0021] The area of faecal residue 10a may comprise
tagged faecal residue and small areas of untagged ma-
terial, such as, for example, air bubbles, untagged fae-
ces, etc.

[0022] In the following description of the method of the
invention, all the operations are carried out with reference
to the entire dataset of images, i.e. they are carried out
three-dimensionally.

[0023] With reference to Figure 3, the method of the
invention comprises, as afirstoperation, the identification
100 of regions of connected voxels 2 having intensity
values incompatible with the intensity values of the voxels
2 of the surrounding tissue 14, for example equal to -
100HU, or of the area of pure air 8a, for example equal
to -900HU, or of areas of air outside the colon, for exam-
ple, outside the patient or inside lungs, not illustrated in
the drawing.

[0024] In this operation all the voxels 2 of the areas of
tagged material 10 and the voxels 2 of the portions of
bone 12 are thus detected, since the bones also have a
coefficient of attenuation comparable to that of the areas
of tagged material 10. Initially, starting voxels 2, herein-
after termed seeds 16, are detected, on the basis of pre-
determined criteria. To groups of adjacent seeds 16 are
annexed voxels 2 which possess specific properties,
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fixed a priori or derived from the properties of the group
of seeds 16 to which they are annexed. Advantageously,
a criterion for detection of the seeds 16 is based on an
intensity threshold. In particular, a first threshold of fixed
value, preferably equal to 200HU, is established, and as
seeds 16 the voxels 2 having an intensity value equal to
or greater than that first threshold are selected. Then,
above-threshold connected regions are generated com-
prising all the voxels 2 having an intensity greater than
a second threshold, preferably of equal value to the first
threshold.

[0025] Still in the identification step 100 described
above, morphological operations are applied (such as,
for example, dilations and erosions) in order to delineate
the shape of said above-threshold connected regions, if
necessary compensating in part the effect of the noise
of acquisition of the image and artefacts due to the image
itself

[0026] These morphological operations further make
it possible to add to the above-threshold connected re-
gions also small isolated groups of below-threshold vox-
els 2 (representing, for example, air, particles, etc.)
present in the areas of tagged material 10.

[0027] In the following step 102, among the above-
threshold connected regions detected in the preceding
step, connected regions of bone comprising the voxels
2 which correspond to the portions of bone 12 are iden-
tified. Step 102 comprises the application of a series of
morphological operations to the above-threshold con-
nected regions in such a way as to separate the connect-
ed regions of bone from connected regions of tagged
material. Sometimes, in fact, because of the effect of par-
tial volume and of acquisition artefacts, an individual
above-threshold connected region may be constituted in
part by an area of tagged material 10, comprising the
voxels 2 which correspond to the tagged material itself,
and by portions of bone 12 adjacent thereto.

[0028] Hereinafter, each of the connected regions is
analysed on the basis of data known a priori regarding
the extent, the shape and the location of the portions of
bone 12. Advantageously, the characteristics of the vox-
els 2 belonging to the same connected regions of bone
are further utilised, exploiting characteristics such as lo-
cal homogeneity, standard deviation, characteristics
linked to the curvature of the surface voxels 2 of the re-
gions.

[0029] Preferably a check is made as to whether the
above-threshold connected region starts in the first im-
age of the colon and has a length along the axis Z greater
than half of the images which cover the entire length of
the colon, identifying itin that case as a connected region
corresponding to a portion of bone 12. The presupposi-
tion is in fact that the bones are a vertically connected
single structure having a sufficient length.

[0030] The connected regions of bone thus identified
are not therefore used in the succeeding steps of the
method described hereinafter.

[0031] Inthefollowingstep 104, classificationis carried
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out for each connected region of tagged material, be-
tween the area of faecal residue 10a and the area of
tissue affected by tagging 10b.

[0032] The area of faecal residue 10a and the area of
tissue affected by tagging 10b have characteristics (in-
tensity, homogeneity, ..) which differentiate them in the
individual connected regions of tagged material, but
which cease to be discriminant as soon as the colon is
considered as a whole. For example, the voxels 2 of the
area of faecal residue 10a have on average an intensity
value greater than that of the voxels 2 of the area of tissue
affected by tagging 10b, but it may occur that areas of
faecal residue 10a of a connected region of tagged ma-
terial having a lesser presence of contrast agent exhibit
a lower intensity value than areas of tissue affected by
tagging 10b of a connected region of tagged material in
which, instead, there is a greater quantity of contrast
agent.

[0033] Making a distinction between voxels 2 of faecal
residue 10a and voxels 2 of tissue affected by tagging
10b in each connected region of tagged material is there-
fore more efficacious than carrying out the classification
with criteria based on the indistinct whole of all the voxels
2 of the colon corresponding to faeces and tissue affected
by tagging.

[0034] Alongside this, carrying out a classification at
the level of the individual connected regions of tagged
material is quicker and more efficient than making a com-
parison between each of the voxels and its neighbours.
[0035] Inorderto carry out the classification 104 of the
voxels of the connected regions of tagged material as
stated above, n-variables are identified which character-
ize the tagged material 10, hereinafter termed "features".
Each voxel 2 belonging to each connected region of
tagged material has associated with it an n-dimensional
vector containing the value of the n features for the voxel
itself. Examples of these features are the intensity of the
voxel, the mean intensity and the variance of the voxel
and of the first neighbouring voxels, for example the first
26 voxels, and local homogeneity, likewise, the features
may be constituted by parameters indicating distance
from known structures/materials.

[0036] Henceforth, said vectors of variables will be
termed "feature vectors". For each voxel 2 of each con-
nected region of tagged material the feature vector as-
sociated therewith is therefore obtained. This feature
vector is inputted into a classifier known per se, which
establishes to which class the corresponding voxel 2 be-
longs, as described hereinafter.

[0037] Advantageously, the classifier provides at the
output a plurality of classes representing the area of fae-
cal residue 10a and the area of tissue affected by tagging
10b.

[0038] In this way, specific classification criteria will be
available for each connected region of tagged material,
inasmuch as they are obtained on the basis of the feature
vectors of the voxels 2 present in the connected region
itself. The classification of a voxel 2 is therefore carried
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out by comparing the feature vector of the voxel 2 with
the data supplied by the classifier on the basis of the
whole of the feature vectors belonging to the individual
connected region of tagged material,

[0039] The classification criteria for each individual
connected region of tagged material are derived, in par-
ticular, by inputting the feature vectors of the connected
region itself into the classifier, as described hereinafter.
As an alternative, such criteria are obtained both via anal-
ysis and/or modelling of the distribution of the n-variables
included in the feature vector for the voxels 2 belonging
to the individual connected region of tagged material, and
via the combination of rules and hypotheses which com-
bine knowledge a priori regarding the materials and the
tissues present with rules drawn from analysis of the fea-
ture vectors of the individual connected region of tagged
material.

[0040] An example of a classifier which operates on
the basis of the feature vectors inputted distinguishes the
voxels 2 belonging to the different connected regions of
tagged material on the basis of a different intensity
threshold for each region. In this case the feature vector
is a scalar, the intensity value, and the classification cri-
terion is an intensity threshold, different for each con-
nected region of tagged material, determined automati-
cally by applying, for example, the Otsu method to each
connected region of tagged material.

[0041] Inanother case, said classifier is constituted by
a neural network having a specific structure and with pa-
rameters obtained for example by "training" said neural
network on each connected region.

[0042] Other examples include classifiers of the k-
means and fuzzy c-means type.

[0043] An example of classification obtained via anal-
ysis and/or modelling of the distribution of the n-variables
is that which is obtained by classifiers of the Bayesian
type, which operate on the basis of the distribution of the
parameters of the feature vectors of the voxels 2 belong-
ing to the individual connected region of tagged material.
[0044] An example of classification obtained via the
integration of a priori data regarding the probability of
having predetermined types of materials, if necessary
linked to the typology of the individual connected region
of tagged material, is that which is obtained from classi-
fiers of the fuzzy type which incorporate specific rules for
carrying out the classification of the voxels 2 of the con-
nected region in question.

[0045] In the following step 106, the recognition of the
voxels 2 of the area of air affected by tagging 8b is per-
formed. In order to perform said recognition 106, starting
from each voxel 2 belonging to a contour 15 of the area
of faecal residue 10a, for each connected region one or
more paths or radii of exploration are traced, for a pre-
determined length of voxels, preferably 4 voxels. When
a voxel 2 is encountered which has an intensity value
below a predetermined value, for example equal to
-700HU, all the voxels 2 encountered previously along
the ray are classified as belonging to the area of air af-
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fected by tagging 8b, interface between the air present
in the lumen of the colon and the area of faecal residue
10a, termed air/liquid interface. The surface voxel 2 from
which the ray has been started is also classified as be-
longing to the air/liquid interface. In the case where the
faeces are substantially liquid, it is sufficient to trace the
ray in a vertical direction, inasmuch as liquids always
have a horizontal surface, so that the air-liquid interface
is certainly traversed in a vertical direction if starting from
the voxels 2 of the contour 15.

[0046] In the following step 108, the re-mapping of the
values of the voxels 2 of the area of tagged material 10
is carried out in order to attribute to the voxels 2 of the
area of faecal residue 10a intensity values compatible
with those of the area of pure air 8a and to correct the
intensity of the voxels 2 of the area of tissue affected by
tagging 10b, eliminating the effect due to the tagging.
[0047] A first method for carrying out this correction is
based on the use of the data relative to the intensity value,
also altered by the tagging, which such voxels 2 of the
area oftissue affected by tagging 10b exhibit. In this case,
the correction can be made both by methods that are
known per se and by a new method described hereinaf-
ter.

[0048] Itis necessary to consider the fact that the tag-
ging influences the intensity value of the voxels 2 of the
tissue affected by tagging 10b in contact with the area of
faecal residue 10a. In fact, since the voxels 2 of the area
of faecal residue 10a have very high intensity values, the
voxels 2 of the tissue affected by tagging 10b in contact
appear artificially hyperintense. By modelling this relation
it is possible to derive the values of corrected intensity
to be substituted for the voxels 2 of the tissue affected
by tagging 10b starting from the original intensity values
of the voxels 2 affected by tagging. Various curves which
specify the intensity corrected in dependence on the orig-
inal intensity of a tagged voxel are known.

[0049] The voxels 2 of the area of faecal residue 10a
are not modelled on the basis of such curves but are set
to values compatible with the area of pure air 8a.
[0050] For example, in Lakare S., Wan M., Sato M.,
Kaufman A., "3D Digital Cleansing Using Segmentation
Rays", IEEE Conf. Visualization 2000, 37-44, 538, the
relation between the original intensity and the corrected
intensity of the voxels 2 of the area of tissue affeded by
tagging 10b is tabulated. In another example, Nappi J.
and Yoshida H., "Fully Automated Three-Dimensional
Detection of Polyps in Faecal-Tagging CT Colonogra-
phy", Acad. Radiol. 2007, 14(3):287-300, the values
compatible with the surrounding tissue 14 are preserved
while the values of the voxels 2 in the area of tissue af-
fected by tagging 10b are obtained by modelling the re-
lation between original voxels and voxels reconstructed
by means of a straight line with negative coefficient.
[0051] Similarly, the relation may be modelled with oth-
er types of curves, such as, for example, the sigmoid
[0052] All the methods described above make it pos-
sible to obtain a reconstruction of the colon wall 13 and

10

15

20

25

30

35

40

45

50

55

a correction of the values of the voxels in the area of
tissue affected by tagging 10b, but have the drawback
that the curves which express the relation between the
original intensity and the corrected intensity of the voxels
2 arefixed and do not take into consideration the variation
that the tagging may exhibit. Variations in the level of
tagging of the faeces in fact cause not only variations in
the level of intensity of the voxels 2 of the area of faecal
residue 10a, but also variations in the level of intensity
of the areas of tissue affected by tagging 10b, so that the
voxels 2 of the area of tissue affected by tagging 10b
have an intensity which depends on the local concentra-
tion of the contrast agent. In cases of not very homoge-
neous tagging, a given intensity encountered in a voxel
2 of the area of tissue affected by tagging 10b may be
interpreted both as caused by a specific proximity to the
area of faecal residue 10a, and as caused by the pres-
ence of a specific concentration of the contrast agent. In
these cases, the determination of the corrected intensity
values to be substituted depends on the level of tagging
found locally.

[0053] The method according to the invention, com-
patible also with the solutions characterized by fixed
modelling of the relation between original and corrected
intensity values of the voxels 2 of the area of tissue af-
fected by tagging 10b, offers in addition the possibility of
having a local evaluation of the intensity value corre-
sponding to the value of the area of faecal residue 10a.
This local evaluation may be made as a result of the
classification carried out as described above.

[0054] In such a case, for each individual connected
region of tagged material identified previously, threshold
values S1.and S2 are calculated, determined locally both
for the area of faecal residue 10a (threshold S1), for ex-
ample by measuring the intensity values of the voxels 2
of the area of faecal residue 10a, and for the surrounding
tissue 14 (threshold S2), for example by measuring the
intensity values of the voxels 2 of the surrounding tissue
14 adjoining the area of tissue affected by tagging 10b.
As an alternative, the intensity values of the voxels 2 of
the surrounding tissue 14 may be fixed at a predeter-
mined value, for example, -100HU. A parametrised curve
is then calculated, for example a straight line or a sigmoid,
passing through the threshold values S1 and S2, and the
original values of the voxels 2 of the area of faecal residue
10a and of the area of tissue affected by tagging 10b are
corrected with values read from said parametrised curve.
[0055] The threshold values S1 and S2 are then cal-
culated as a result of the presence of the connected re-
gions of tagged material.

[0056] Alternatively, in orderto obtain a more rapid pro-
cedure from the computing point of view, a single thresh-
old value is selected for the area of faecal residue 10a,
being based on information provided by a statistical sum-
mary, such as for example the mean, the mode or the
median, of the whole of the intensity values of the areas
of faecal residue 10a belonging to all the connected re-
gions of tagged material.
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[0057] A second method for carrying out the correction
oftheintensity of the voxels 2 of the area of tissue affected
by tagging 10b, eliminating the effect due to the tagging,
comprises, as a first step, attributing to the voxels 2 of
the area of faecal residue 10a a predetermined intensity
value equal to that of the area of pure air 8a. In the fol-
lowing description, the area of faecal residue 10a will be
indicated as corrected area 10a’ (see Figure 4).

[0058] The intensity values of the voxels 2 of the area
of tissue affected by tagging 10b are modified in order to
restore values compatible with the intensity value of the
voxels 2 of the surrounding tissue 14 and of the corrected
area 10a’. In order to carry out this modification correctly
it is however necessary to remember that the intensity
values of the voxels 2 of the area of tissue affected by
tagging 10b, because of the partial volume effect derived
from the proximity of the voxels 2 of the corrected area
10a’, must be rendered hypointensive artificially, since
the voxels 2 of surrounding tissue 14, when they are in
contact with air which has a low attenuation, exhibit hy-
pointense values. This partial volume effect, although still
an artefact, must be replicated in order to reproduce the
normal appearance of the mucosa of the colon.

[0059] Inordertoattribute the intensity values correctly
to the voxels 2 of the area of tissue affected by tagging
10b, incorporating where necessary the alteration of the
values caused by the presence of the voxels 2 of the
corrected area 10a’, in this case the data relating to the
location of the voxels 2 of the area of tissue affected by
tagging 10b are used and the fact that the intensity value
of avoxel 2 is influenced by the value of the neighbouring
voxels 2 is explicitly taken into consideration.

[0060] The voxels 2 of the area of tissue affected by
tagging 10b are sub-divided into a first sub-area 10b’ and
into a second sub-area 10b" (see Figure 4) on the basis
of the distance from the voxels 2 of the corrected area
10a’. In particular, the voxels 2 of the area of tissue af-
fected by tagging 10b located at a distance from the vox-
els 2 of the corrected area 10a’ less than, for example,
4 voxels are assigned to the first sub-area 10b’, and the
other voxels 2 to the second sub-area 10b".

[0061] An intensity value which takes account of the
partial volume effect determined by the proximity of the
voxels 2 of the corrected area 10a’ is assigned to the
voxels 2 of the first sub-area 10b’, as described herein-
after.

[0062] An intensity value compatible with the intensity
value of the voxels 2 of the surrounding tissue 14, for
example -100HU, is assigned to the voxels 2 of the sec-
ond sub-area 10b".

[0063] It is known that in the transition between the
corrected area 10a’ and the colon wall 13 the intensity
follows an increasing course, as shown in the example
in Figure 5.

[0064] Inorderto reconstructthe effect due to the pres-
ence of the corrected area 10a’, the transition between
said corrected area 10a’ and the colon wall 13 is modelled
and the intensity values of the voxels 2 of the first sub-
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area 10b’ are substituted by predetermined values de-
fined by the model, as will now be described.

[0065] A first method of reconstruction consists in sub-
stituting for the voxels 2 of the first sub-area 10b’ prede-
termined values obtained by observation of a predeter-
mined number, for example 50, of transition zones of this
type. Advantageously, the intensity value of the voxels 2
of the first sub-area 10b’ which are located at a distance
of one voxel from the voxels 2 of the corrected area 10a’
is set at -600HU, the intensity value is set at -350HU if
said distance is equal to two voxels, and is set at -200HU
if said distance is three voxels.

[0066] A second method of reconstruction consists in
using curves which represent how the intensity values of
the voxels 2 of the first sub-area 10b’ change as the dis-
tance from the corrected area 10a’ increases. The par-
ametrisation of the curves takes place on the basis of the
intensity values of the voxels 2 of the corrected area 10a’
and of the surrounding tissue 14 in the interface zone
whichis being processed. Preferably, the effect produced
by the presence of the corrected area 10a’ is exerted on
3 neighbouring voxels.

[0067] By usingas abscissa the values for the distance
of the voxels 2 from the corrected area 10a’ and as or-
dinate the intensity values of the voxels 2 detected above,
a straight line 600 is constructed (see Figure 6), which
starts from the point A(0,-900), where 0 is the distance
in voxels from the corrected area 10a’ and -900HU is the
intensity of the corrected area 10a’, and reaches the point
T(4,-100), where 4 is the distance in voxels from the cor-
rected area 10a’ and -100HU is the intensity value of the
surrounding tissue 14.

[0068] Alternatively, in order to define the intensity val-
ue of the surrounding tissue 14, all the voxels 2 close to
the voxels 2 of the second sub-area 10b" are detected,
excluding the voxels 2 which have intensity values com-
patible with the corrected area 10a’, with the area of pure
air 8a or with the first sub-area 10b’, and the mean of the
intensity values is calculated. Advantageously, this ex-
clusion is performed by using preset thresholds, i.e. vox-
els 2 having intensity values below -200HU and above
150HU are excluded.

[0069] At this point, the original values of the voxels 2
of the first sub-area 10b’ are corrected with values read
from said straight line. In Figure 6, the points |, Il and Il
identify which intensity values to attribute to the voxels 2
of the first sub-area 10b’ which are located respectively
at a distance of one, two and three voxels from the cor-
rected area 10a’.

[0070] This same method may-likewise be applied us-
ing other curves which approximate closer to the air-tis-
sue transition, such as, for example, the sigmoid curve.
[0071] Finally, in step 110 the correction of the values
of the voxels 2 of the area of air affected by tagging 8b
is carried out. A value compatible with the value of the
air, preferably equal to - 900HU, is assigned to these
voxels 2.

[0072] The methodaccordingtotheinventionis carried
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out by a system of the type illustrated in Figure 7, which
comprises a computerised work station 500, of known
type, having a processing sub-system 510, adisplay 520,
akeyboard 530, a mouse 540 and a device for connection
to a local network (network bus) 550. Alternatively, the
processing system may be of the distributed type (not
illustrated), having a processing sub-system and input/
output, local or remote peripherals. The work station 500
or the distributed system are arranged for processing
groups or modules of processing and calculating pro-
grams stored on disk 560 or network accessible, suitable
for displaying the method described, and for displaying
the results on the display 520. The solutions referred to
herein are regarded as well known in the art and will not
be described further herein since they are not relevant
per se for the purposes of implementation and under-
standing of the present invention.

[0073] The scope of protection of the presentinvention
is defined by the attached claims.

Claims

1. A method of classification of portions of images cor-
responding to faecal residues from a tomographic
image of a colorectal region, said image comprising
a plurality of voxels (2) each having a predetermined
intensity value, said image showing:

atleast one portion of colon (6a, 6b, 6¢, 6d) com-
prising:

at least one area of tagged material (10) com-
prising at least one area of faecal residue (10a)
corresponding to tagged faecal residues
present in the colon and at least one area of
tissue affected by tagging (10b) corresponding
to tissues of the colon located in contact with the
faecal residues;

at least one area of air (8) corresponding to the
air contained in the colon comprising an area of
pure air (8a) not influenced by the faecal resi-
dues;

the method comprising the operations of:

- identifying (100), on the basis of a prede-
termined criterion of identification based on
the intensity values, first connected regions
comprising connected voxels (2) having an
intensity value exceeding a threshold;

- identifying, within the said first connected
regions, a plurality of connected regions of
tagged material comprising voxels (2) rep-
resenting the area of tagged material (10);
- classifying (104) each voxel (2) of the said
plurality of connected regions of tagged ma-
terial on the basis of classification criteria
specific for each of said plurality of connect-
ed regions of tagged material, in such a way
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as to identify voxels (2) corresponding to
said area of faecal residue (10a) and voxels
(2) corresponding to said area of tissue af-
fected by tagging (10b).

The method of classification according to claim 1,
wherein the operation of identifying (100) the said
first connected regions of connected voxels (2) hav-
ing an intensity value exceeding a threshold com-
prises the steps of:

- selecting starting voxels (16) having an inten-
sity value equal to or greater than a first prede-
termined threshold;

- generating first connected regions comprising
voxels (2) connected to said starting voxels (16)
and having an intensity value greater than a sec-
ond predetermined threshold.

The method of classification according to claim 1 or
2, wherein the operation of classifying (104) each
voxel (2) of the said plurality of connected regions
of tagged material comprises the steps of:

- identifying at least one image parameter which
characterizes the area of tagged material (10);
- associating to each voxel (2) of each of said
plurality of connected regions of tagged material
a feature vector containing the value of said at
least one image parameter for the given voxel
(2);

- processing, for each of said plurality of con-
nected regions of tagged material and by means
of automatic classification means, all the feature
vectors associated to the voxels (2) belonging
to each connected region of tagged material,
thus obtaining a plurality of classification criteria
specific for each of said plurality of connected
regions of tagged material;

- classifying each voxel (2) by comparing the
value of said at least one image parameter of
the feature vector associated to the voxel (2)
with the respective specific classification criteri-
on, in order to identify voxels (2) corresponding
to the area of faecal residue (10a) and voxels
(2) corresponding to the area of tissue affected
by tagging (10b).

The method of classification according to any one of
the preceding claims wherein, in the case where the
image comprises also portions of bone (12), the
method further comprises the operations of:

- applying morphological operations to the first
connected regions so as to obtain a plurality of
connected regions of bone comprising voxels
(2) representing the portions of bone (12);

-identifying said connected regions of bone, dis-
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tinguishing them from the connected regions of
tagged material, on the basis of known data re-
garding the extent, the shape or the location of
the portions of bone (12).

5. The method of classification according to any one of

the preceding claims wherein, in the case where the
image comprises also an area of air affected by tag-
ging (8b) influenced by the faecal residues, the meth-
od further comprises the operation of recognising
(106), starting from each of said first connected re-
gions, voxels (2) representing the area of air affected

by tagging (8b).

The method of classification according to claim 5,
wherein the operation of recognising (106) voxels
(2) representing the area of air affected by tagging
(8b) comprises the steps of:

- defining a contour (15) of the area of faecal
residue (10a);

- tracing, for each voxel (2) belonging to said
contour (15), at least one path of exploration for
a predetermined length until a voxel (2) having
an intensity value below a preset value is
reached.

7. A method of electronic subtraction of faecal residues

from a tomographic image of a colorectal region,
comprising the operations of:

- carrying out the method of classification ac-
cording to any one of the preceding claims;

- attributing, in each of said plurality of connected
regions, to the voxels (2) corresponding to the
area of faecal residue (10a), intensity values
compatible with the intensity values of the voxels
(2) of the area of pure air (8a);

- correcting, in each of said plurality of connected
regions, the intensity of the voxels (2) ofthe area
of tissue affected by tagging (10b) by substitut-
ing for the intensity values of the voxels (2) of
the area of tissue affected by tagging (10b) cor-
rection values obtained from a predetermined
modelling curve representing said correction
value as a function of the intensity values of the
voxels (2) of the area of tissue affected by tag-
ging (10b).

The method of electronic subtraction according to
claim 7, wherein the operation of attributing to voxels
(2) corresponding to the area of faecal residue (10a)
intensity values compatible with the intensity values
of the voxels (2) of the area of pure air (8a) comprises
the step of:

- substituting for the intensity values of the vox-
els (2) of the area of faecal residue (10a) a pre-
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determined value.

The method according to claim 7, wherein the oper-
ations of attributing to the voxels (2) of the area of
faecal residue (10a) intensity values compatible with
the intensity values of the voxels (2) of the area of
pure air (8a) and of correcting the intensity of the
voxels (2) of the area of tissue affected by tagging
(10b) comprise the steps of:

a) calculating a first threshold intensity value
(S1) on the basis of the intensity values of the
voxels (2) of the area of faecal residue (10a);
b) calculating a parametrised curve passing
through said first threshold value (S1), said par-
ametrised curve representing correction values
for the voxels (2) of the area of tissue affected
by tagging (10b) as a function of the intensity
values of said voxels (2);

c) substituting for the intensity values of the vox-
els (2) of the area of faecal residue (10a) and of
the area of tissue affected by tagging (10b) cor-
rection values obtained from said parametrised
curve.

The method of electronic subtraction according to
claim 9, comprising, in the case where the image
also comprises an area of tissue (14) surrounding
said at least one portion of colon (6a, 6b, 6¢), the
operation of:

d) calculating a second threshold intensity value
(S2) by measuring the intensity values of the
voxels (2) of the area of surrounding tissue (14)
adjoining the area of tissue affected by tagging
(10b);

and wherein the step b) is substituted by the
following operation:

- calculating a parametrised curve passing
through said first (S1) and said second (S2)
threshold value, said parametrised curve
representing correction values for the vox-
els (2) of the area of tissue affected by tag-
ging (10b) as a function of the intensity val-
ues of said voxels (2).

The method of electronic subtraction according to
claim 10, wherein the operation d) is substituted by
the following operation:

- substituting for the intensity values of the vox-
els (2) of the area of surrounding tissue (14) a
predetermined value.

The method of electronic subtraction according to
claim 7 or claim 8, wherein the operation of correcting
the intensity of the voxels (2) of the area of tissue
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affected by tagging (10b) comprises the step of sub-
dividing the voxels (2) of the area of tissue affected
by tagging (10b) into a first sub-area (10b’) and a
second sub-area (10b") in dependence on the dis-
tance from the voxels (2) of the area of faecal residue
(10a);

- substituting for the voxels (2) of the first sub-
area (10b’) first predetermined values;

- substituting for the voxels (2) of the second
sub-area (10b") second predetermined values.

The method of electronic subtraction according to
claim 7 or claim 8, wherein the operation of correcting
the intensity of the voxels (2) of the area of tissue
affected by tagging (10b) comprises the step of sub-
dividing the voxels (2) of the area of tissue affected
by tagging (10b) into a first sub-area (10b’) and a
second sub-area (10b") in dependence on the dis-
tance from the voxels (2) of the area of faecal residue
(10a);

- calculating a parametrised curve which repre-
sents the variations in intensity of the voxels (2)
of the first sub-area (10b’) in dependence on the
distance from the voxels (2) of the area of faecal
residue (10a);

- substituting for the intensity values of the vox-
els (2) of the first sub-area (10b’) correction val-
ues obtained from said parametrised curve;

- substituting for the voxels (2) of the second
sub-area (10b") second predetermined values.

A system comprising means adapted to carry outthe
steps of the method as claimed in any one of claims
1to 13.

A program product comprising program code, which
upon execution by a system according to claim 14,
causes said system to perform all the steps of a
method according to any of claims 1 to 13.

Patentanspriiche

1.

Verfahren zum Klassifizieren von Abschnitten von
Bildern, die fakalen Resten entsprechen, aus einem
tomographischen Bild eines kolorektalen Bereichs,
wobei das Bild eine Vielzahl von Voxeln (2) aufweist,
die jeder einen vorbestimmten Intensitatswert ha-
ben, wobei das Bild zeigt:

zumindest einen Abschnitteines Dickdarms (6a,
6b, 6¢, 6d) mit:

zumindest einem Gebiet von markiertem Mate-
rial (10) mit zumindest einem Gebiet von faka-
lem Rest (10a), das in dem Dickdarm vorhan-
denen markierten fakalen Resten entspricht,
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und zumindest einem Gebiet von Gewebe, das
durch eine Markierung (10b) betroffen ist, und
das Geweben des Dickdarms entspricht, die in
Kontakt mit den fakalen Resten angeordnet
sind;

zumindest einem Gebiet von Luft (8), die der
Luft entspricht, die in dem Dickdarm enthalten
ist, mit einem Gebiet von reiner Luft (8a), das
nicht durch die fakalen Reste beeinflusst ist;
wobei das Verfahren die Vorgange aufweist:
Identifizieren (100) von ersten verbundenen Be-
reichen, die verbundene Voxel (2) mit einem In-
tensitatswert aufweisen, der einen Schwellen-
wert Uberschreitet, auf der Basis eines vorbe-
stimmten Identifikationskriterium basierend auf
den Intensitatswerten;

Identifizieren einer Vielzahl von verbundenen
Bereichen von markiertem Material in den er-
sten verbundenen Bereichen, die Voxel (2) auf-
weisen, die das Gebiet von markiertem Material
(10) reprasentieren;

Klassifizieren (104) eines jeden Voxels (2) der
Vielzahl von verbundenen Bereichen von mar-
kiertem Material auf der Basis von Klassifizie-
rungskriterien, die spezifisch fiir jede der Viel-
zahl von verbundenen Bereichen von markier-
tem Material sind, auf solch eine Weise, dass
Voxel (2), die dem Bereich von fékalem Rest
(10a) entsprechen, und Voxel (2), die dem Be-
reich von Gewebe, das durch ein Markieren
(10b) betroffen ist, identifiziert werden.

Verfahren zum Klassifizieren nach Anspruch 1, wo-
bei der Vorgang des Identifizierens (100) der ersten
verbundenen Bereiche von verbundenen Voxeln
(2) mit einem Intensitatswert, der einen Schwellen-
wert Uberschreitet, die Schritte aufweist:

Auswahlen von Startvoxeln (16) mit einer Inten-
sitat groRer oder gleich einem ersten vorbe-
stimmten Schwellenwert;

Erzeugen von ersten verbundenen Bereichen
mit Voxeln (2), die mit den Startvoxeln (16) ver-
bunden sind und einen Intensitatswert haben,
der gréRer als ein zweiter vorbestimmter
Schwellenwert ist.

3. Verfahren zum Klassifizieren nach Anspruch 1 oder

2, wobei der Vorgang des Klassifizierens (104) eines
jeden Voxels (2) der Vielzahl von verbundenen Be-
reichen von markiertem Material die Schritte auf-
weist:

Identifizieren von zumindest einem Bildparame-
ter, der das Gebiet von markiertem Material (10)
kennzeichnet;

Zuordnen eines Merkmalsvektors zu jedem Vo-
xel (2) von jedem der Vielzahl von verbundenen
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Bereichen von markiertem Material, der den
Wert von zumindest einem Bildparameter fir
den gegebenen Voxel (2) enthalt;

Verarbeiten aller Merkmalsvektoren, die den
Voxeln (2) zugeordnet sind, die zu jedem ver-
bundenen Bereich von markiertem Material ge-
hoéren, fiir jeden der Vielzahl von verbundenen
Bereichen von markiertem Material und durch
eine automatische Klassifizierungseinrichtung,
um dadurch eine Vielzahl von Klassifizierungs-
kriterien zu erhalten, die jeweils spezifisch fiir
eine der Vielzahl von verbundenen Regionen
von markiertem Material sind;

Klassifizieren von jedem Voxel (2) durch Ver-
gleichen des Werts von zumindest einem Bild-
parameter des Merkmalsvektors, der dem Voxel
(2) zugeordnet ist, mit dem jeweiligen spezifi-
schen Klassifizierungskriterium, um Voxel (2),
die dem Gebiet von Fakalrest (10a) entspre-
chen, und Voxel (2), die dem Gebiet von Gewe-
be, das durch ein Markieren (10b) betroffen ist,
zu identifizieren.

4. Verfahren zum Klassifizieren nach einem der vor-

hergehenden Anspriiche, wobei in dem Fall, dass
das Bild auch Knochenabschnitte (12) aufweist, das
Verfahren ferner die Vorgange aufweist:

Anwenden morphologischer Vorgange auf die
ersten verbundenen Bereiche, um so eine Viel-
zahl von verbundenen Bereichen von Knochen
zu erhalten, die Voxel (2) aufweisen, die die
Knochenabschnitte (12) reprasentieren;
Identifizieren der verbundenen Knochenberei-
che, und ein Unterscheiden von ihnen auf der
Basis von bekannten Daten bezlglich der Aus-
dehnung, der Form oder des Orts der Knochen-
abschnitte (12) von den verbundenen Bereichen
von markiertem Material.

Verfahren zum Klassifizieren nach einem der vor-
hergehenden Anspriiche, wobei in dem Fall, dass
das Bild auch einen Bereich von Luft aufweist, der
durch eine Markierung (8b) betroffen ist, die durch
die fakalen Reste beeinflusst ist, wobei das Verfah-
ren ferner den Vorgang des Erkennens (106) von
Voxeln (2) aufweist, die das Gebiet von Luft, das
durch eine Markierung (8b) betroffen ist, reprasen-
tieren, wobei von jedem der ersten verbundenen Be-
reiche gestartet wird.

Verfahren zum Klassifizieren von Anspruch 5, wobei
der Vorgang des Erkennens (106) von Voxeln (2),
die das Gebiet von Luft, das durch eine Markierung
(8b) betroffen ist, die Schritte aufweist:

Definieren einer Kontur (15) des Gebiets eines
Fakalrests (10a);
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furjedenVoxel (2), der zu der Kontur (15) gehort,
Nachvollziehen von zumindest einem Untersu-
chungspfad Uber eine vorbestimmte Lange, bis
ein Voxel (2) mit einem Intensitatswert unter ei-
nem voreingestellten Wert erreicht ist.

7. Verfahren einer elektronischen Subtraktion von Fa-

kalresten von einem tomographischen Bild eines ko-
lorektalen Bereichs mit den Vorgangen:

Durchfiihren des Verfahrens einer Klassifizie-
rung nach einem der vorangegangenen Anspru-
che;

Zuordnen von Intensitatswerten, die kompatibel
mit den Intensitatswerten der Voxel (2) des Ge-
biets von reiner Luft (8a) sind, zu den Voxeln
(2), die dem Gebiet eines Fakalrests (10a) ent-
sprechen, in jedem der Vielzahl von verbunde-
nen Bereichen;

Korrigieren der Intensitat der Voxel (2) des Ge-
biets von Gewebe, das durch eine Markierung
(10b) betroffen ist, in jeder der Vielzahl von ver-
bundenen Bereichen durch Ersetzen der Inten-
sitatswerte der Voxel (2) des Gebiets von Ge-
webe, das durch eine Markierung (IOb) betrof-
fen ist durch Korrekturwerte, die aus einer vor-
bestimmten Modellierungskurve erhalten wer-
den, die den Korrekturwert als eine Funktion der
Intensitatswerte der Voxel (2) des Gebiets von
Gewebe reprasentieren, das durch eine Markie-
rung (10b) betroffen ist.

Verfahren einer elektronischen Subtraktion nach An-
spruch 7, wobei der Vorgang des Zuordnens von
Intensitatswerten zu den Voxeln (2), die dem Gebiet
eines Fakalrests (10a) entsprechen, die kompatibel
mit den Intensitatswerten der Voxel (2) des Gebiets
von reiner Luft (8a) sind, den Schritt aufweist:

Ersetzen der Intensitdtswerte des Voxels (2)
des Gebiets eines Fakalrests (10a) durch einen
vorbestimmten Wert.

Verfahren nach Anspruch 7, wobei die Vorgange des
Zuordnens von Intensitatswerten zu den Voxeln (2)
des Gebiets eines Fakalrests (10a), die kompatibel
mit den Intensitatswerten der Voxel (2) des Gebiets
von reiner Luft (8a) sind und des Korrigierens der
Intensitat der Voxel (2) des Gebiets von Gewebe,
das durch eine Markierung (10b) betroffen ist, die
Schritte aufweist:

a) Berechnen eines ersten Schwellenwertinten-
sitatswertes (S1) auf der Basis der Intensitats-
werte derVoxel (2) des Gebiets eines Fakalrests
(10a);

b) Berechnen einer parametrisierten Kurve, die
durch den ersten Schwellenwert (S1) geht, wo-
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bei die parametrisierte Kurve Korrekturwerte fir
die Voxel (2) des Gebiets von Gewebe repra-
sentiert, das durch eine Markierung (10b) be-
troffen ist, als eine Funktion der Intensitatswerte
der Voxel (2);

(c) Ersetzen der Intensitatswerte der Voxel (2)
des Gebiets eines Fakalrests (10a) und des Ge-
biets von Gewebe, das durch eine Markierung
(10b) betroffen ist, durch Korrekturwerte, die
von der parametrisierten Kurve erhalten wer-
den.

Verfahren einer elektronischen Subtraktion nach An-
spruch 9, das in dem Fall, in dem das Bild auch ein
Gebiet von Gewebe (14) aufweist, das zumindest
einen Abschnitt eines Dickdarms (6a, 6b, 6¢) um-
rundet, den Vorgang aufweist:

d) Berechnen eines zweiten Schwellenwertin-
tensitatswerts (S2) durch Messen der Intensi-
tatswerte der Voxel (2) des Gebiets des umrun-
denden Gewebes (14), das an das Gebiet von
Gewebe angrenzt, das durch eine Markierung
(10b) betroffen ist;

und wobei der Schritt b) ersetzt wird durch den
folgenden Vorgang :

Berechnen einer parametrisierten Kurve, die
durch den ersten (S1) und den zweiten (S2)
Schwellenwert geht, wobei die parametrisierte
Kurve Korrekturwerte fiir die Voxel (2) des Ge-
biets von Gewebe als eine Funktion der Inten-
sitatswerte der Voxel (2) reprasentiert, das
durch eine Markierung (10b) betroffen ist.

Verfahren einer elektronischen Subtraktion nach An-
spruch 10, wobei der Vorgang d) durch den folgen-
den Vorgang ersetzt wird:

Ersetzen der Intensitatswerte der Voxel (2) des
Gebiets des umrundenden Gewebes (14) durch
einen vorbestimmten Wert.

Verfahren einer elektronischen Subtraktion nach An-
spruch 7 oder Anspruch 8, wobei der Vorgang des
Korrigierens der Intensitat der Voxel (2) des Gebiets
von Gewebe, das durch eine Markierung (10b) be-
troffen ist, den Schritt des Untereinteilens der Voxel
(2) des Gebiets von Gewebe, das durch eine Mar-
kierung betroffen ist (10b), in ein erstes Untergebiet
(10b’) und ein zweites Untergebiet (10b") in Abhan-
gigkeit des Abstands von den Voxeln (2) des Gebiets
eines fakalen Rests (10a) aufweist;

Ersetzen der Voxel (2) des ersten Untergebiets
(10b’) durch erste vorbestimmte Werte;
Ersetzen derVoxel (2) des zweiten Untergebiets
(10b") durch zweite vorbestimmte Werte.
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Verfahren einer elektronischen Subtraktion nach An-
spruch 7 oder Anspruch 8, wobei der Vorgang des
Korrigierens der Intensitat der Voxel (2) des Gebiets
von Gewebe, das durch eine Markierung (10b) be-
troffen ist, den Schritt des Untereinteilens der Voxel
(2) des Gebiets von Gewebe aufweist, das durch
eine Markierung (10b) betroffen ist, in ein erstes Un-
tergebiet (10b’) und ein zweites Untergebiet (10b")
in Abhangigkeit von dem Abstand von den Voxeln
(2) des Gebiets eines fakalen Rests (10a);

Berechnen einer parametrisierten Kurve, die
Variationen in einer Intensitat der Voxel (2) des
ersten Untergebiets (10b’) in Abhangigkeit von
dem Abstand von den Voxeln (2) des Gebiets
eines fakalen Rests (10a) reprasentiert;
Ersetzen der Intensitatswerte der Voxel (2) des
ersten Untergebiets (10b’) durch Korrekturwer-
te, die von der parametrisierten Kurve erhalten
werden;

Ersetzen derVoxel (2) des zweiten Untergebiets
(10b") durch zweite vorbestimmte Werte.

System mit einer Einrichtung, die angepasst ist, um
die Schritte des nach einem der Anspriiche 1 bis 13
beanspruchten Verfahrens durchzufiihren.

Programmprodukt mit Programmcode, der bei einer
Ausflihrung durch ein System nach Anspruch 14 das
System veranlasst, alle Schritte eines Verfahrens
nach einem der Anspriiche 1 bis 13 durchzufiihren.

Revendications

Procédé de classification de portions d’'images cor-
respondant a des résidus fécaux provenant d’'une
image tomographique d’une région colorectale, la-
dite image comprenant une pluralité de voxels (2)
ayant chacun une valeur d’intensité prédéterminée,
ladite image montrant:

au moins une portion de c6lon (6a, 6b, 6c, 6d)
comprenant :

au moins une zone de matériau marqué (10)
comprenant au moins une zone de résidu fécal
(10a) correspondant aux résidus fécaux mar-
qués présents dans le cdlon et au moins une
zone de tissu affectée par le marquage (10b)
correspondant aux tissus du célon situés en
contact avec les résidus fécaux ;

au moins une zone d’air (8) correspondant a I'air
contenu dans le colon comprenant une zone
d’air pur (8a) non influencée par les résidus
fécaux ;

le procédé comprenant les opérations consistant a :
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- identifier (100), sur la base d’un critére d’'iden-
tification prédéterminé basé sur la valeur d’in-
tensité, des premieres régions connectées com-
prenant des voxels (2) connectés ayant une va-
leur d’intensité dépassant un seuil ;

- identifier, au sein desdites premiéres régions
connectées, une pluralité de régions connec-
tées de matériau marqué comprenant des
voxels (2) représentantlazone de matériau mar-
que (10) ;

- classifier (104) chaque voxel (2) de ladite plu-
ralité de régions connectées de matériau mar-
qué sur la base de critéres de classification spé-
cifiques de chacune de ladite pluralité de régions
connectées de matériau marqué, de telle ma-
niére a identifier les voxels (2) correspondant a
ladite zone de résidu fécal (10a) et les voxels
(2) correspondant a ladite zone de tissu affectée
par le marquage (10b).

Procédé de classification selon la revendication 1,
dans lequel I'opération consistant a identifier (100)
lesdites premiéres régions connectées de voxels (2)
connectés ayant une valeur d’intensité dépassant
un seuil comprend les étapes consistant a :

- sélectionner des voxels de départ (16) ayant
une valeur d’intensité supérieure ou égale a un
premier seuil prédéterminé ;

- générer des premieres régions connectées
comprenant des voxels (2) connectés auxdits
voxels de départ (16) et ayant une valeur d’in-
tensité supérieure a un second seuil prédéter-
miné.

Procédé de classification selon la revendication 1 ou
2,danslequell'opération consistant a classifier (104)
chaque voxel (2) de ladite pluralité de régions con-
nectées de matériau marqué comprend les étapes
consistant a :

- identifier au moins un paramétre d'image qui
caractérise la zone de matériau marqué (10) ;
- associer a chaque voxel (2) de chacune de
ladite pluralité de régions connectées de maté-
riau marqué un vecteur de particularités conte-
nant la valeur dudit au moins un paramétre
d’'image pour le voxel (2) donné ;

- traiter, pour chacune de ladite pluralité de ré-
gions connectées de matériau marqué etal’aide
d’'un moyen de classification automatique, tous
les vecteurs de particularités associés aux
voxels (2) appartenant a chaque région connec-
tée de matériau marqué, obtenant ainsi une plu-
ralité de criteres de classification spécifiques de
chacune de ladite pluralité de régions connec-
tées de matériau marqué ;

- classifier chaque voxel (2) en comparant la va-
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leur dudit au moins un paramétre d’'image du
vecteur de particularités associé au voxel (2)
avec le critere de classification spécifique res-
pectif, afin d’'identifier les voxels (2) correspon-
dant a la zone de résidu fécal (10a) et les voxels
(2) correspondant a la zone de tissu affectée par
le marquage (10b).

Procédé de classification selon 'une quelconque
des revendications précédentes, dans lequel, dans
le cas ou I'image comprend également des portions
d’'os (12), le procédé comprend les opérations con-
sistant a ;

- appliquer des opérations morphologiques aux
premiéres régions connectées de fagon a obte-
nir une pluralité¢ de régions connectées d'os
comprenant des voxels (2) représentant les por-
tions d’'os (12) ;

- identifier lesdites régions connectées d’os, en
les distinguant des régions connectées de ma-
tériau marqué, sur la base de données connues
concernant I'étendue, la forme ou I'emplace-
ment des portions d’os (12).

Procédé de classification selon I'une quelconque
des revendications précédentes, dans lequel, dans
le cas ou 'image comprend également une zone
d’air affectée par le marquage (8b) influencée par
les résidus fécaux, le procédé comprend en outre
I'opération consistant a reconnaitre (106), en com-
mengcant a partir de chacune desdites premieres ré-
gions connectées, des voxels (2) représentant la zo-
ne d’air affectée par le marquage (8b).

Procédé de classification selon la revendication 5,
dans lequel l'opération consistant a reconnaitre
(106) des voxels (2) représentant la zone d’air affec-
tée par le marquage (8b) comprend les étapes con-
sistant a :

- définir un contour (15) de la zone de résidu
fécal (10a) ;

-tracer, pour chaque voxel (2) appartenant audit
contour (15), au moins un trajet d’exploration
sur une longueur prédéterminée jusqu'a ce
qu’un voxel (2) ayant une valeur d’intensité en
dessous d’une valeur prédéfinie soit atteint.

Procédé de soustraction électronique de résidus fe-
caux provenant d’'une image tomographique d’une
région colorectale, comprenant les opérations con-
sistant a :

- réaliser le procédé de classification selon 'une
quelconque des revendications précédentes ;

- attribuer, dans chacune de ladite pluralité de
régions connectées, aux voxels (2) correspon-
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dant a la zone de résidu fécal (10a), des valeurs
d’intensité compatibles avec les valeurs d’inten-
sité des voxels (2) de la zone d’air pur (8a) ;

- corriger, dans chacune de ladite pluralité de
régions connectées, I'intensité des voxels (2) de
la zone de tissu affectée par la zone de marqua-
ge (10b) en remplagant les valeurs d’intensité
des voxels (2) de la zone de tissu affectée par
le marquage (10b) par des valeurs de correction
obtenues a partir d’'une courbe de modélisation
prédéterminée représentant ladite valeur de
correction en fonction des valeurs d’intensité
des voxels (2) de la zone de tissu affectée par
le marquage (10b).

Procédé de soustraction électronique selon lareven-
dication 7, dans lequel I'opération consistant a attri-
buer aux voxels (2) correspondant a la zone de ré-
sidu fécal (10a) des valeurs d’intensité compatibles
avec les valeurs d'intensité des voxels (2) de la zone
d’air pur (8a) comprend I'étape consistant a :

-remplacer les valeurs d’intensité des voxels (2)
de la zone de résidu fécal (10a) par une valeur
prédéterminée.

Procédé selon la revendication 7, dans lequel les
opérations consistant a attribuer aux voxels (2) de
la zone de résidu fécal (10a) des valeurs d’intensité
compatibles avec les valeurs d’intensité des voxels
(2) de la zone dair pur (8a) et a corriger l'intensité
des voxels (2) de la zone de tissu affectée par le
marquage (10b) comprennent les étapes consistant
a:

a) calculer une premiére valeur d’intensité seuil
(S1) sur la base des valeurs d’intensité des
voxels (2) de la zone de résidu fécal (10a) ;

b) calculer une courbe paramétrée passant par
ladite premiere valeur seuil (S1), ladite courbe
paramétré représentant des valeurs de correc-
tion pour les voxels (2) de la zone de tissu af-
fectée par le marquage (10b) en fonction des
valeurs d’intensité desdits voxels (2) ;

c¢) remplacer les valeurs d'intensité des voxels
(2) de la zone de résidu fécal (10a) et de la zone
de tissu affectée par le marquage (10b) par des
valeurs de correction obtenues a partir de ladite
courbe paramétrée.

10. Procédé de soustraction électronique selonlareven-

dication 9, comprenant, dans le cas ou I'image com-
prend également une zone de tissu (14) entourant
ladite au moins une portion de cdlon (6a, 6b, 6c),
I'opération consistant a :

d) calculer une seconde valeur d’intensité seuil
(S2) en mesurant les valeurs d’intensité des
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voxels (2) de la zone de tissu environnant (14)
attenante a la zone de tissu affectée par le mar-
quage (10b) ;

etdanslequel I'étape b) estremplacée par 'opé-
ration suivante consistant a :

- calculer une courbe paramétrée passant
par ladite premiere (S1) et ladite seconde
(S2) valeur seuil, ladite courbe paramétré
représentant des valeurs de correction pour
les voxels (2) de la zone de tissu affectée
par le marquage (10b) en fonction des va-
leurs d’intensité desdits voxels (2).

Procédé de soustraction électronique selon lareven-
dication 10, dans lequel 'opération d) est remplacée
par I'opération suivante consistant a :

-remplacer les valeurs d’intensité des voxels (2)
de la zone de tissu environnant (14) par une
valeur prédéterminée.

Procédé de soustraction électronique selon lareven-
dication 7 ou la revendication 8, dans lequel I'opé-
ration consistant a corriger l'intensité des voxels (2)
de la zone de tissu affectée par le marquage (10b)
comprend I'étape consistant a sous-diviser les
voxels (2) de la zone de tissu affectée par le mar-
quage (10b) en une premiére sous-zone (10b’) et
une seconde sous-zone (10b") en fonction de la dis-
tance aux voxels (2) de lazone de résidufécal (10a) ;

- remplacer les voxels (2) de la premiére sous-
zone (10b’) par des premieres valeurs
prédéterminées ;

- remplacer les voxels (2) de la seconde sous-
zone (10b") par des secondes valeurs prédéter-
minées.

Procédé de soustraction électronique selon lareven-
dication 7 ou la revendication 8, dans lequel I'opé-
ration consistant a corriger l'intensité des voxels (2)
de la zone de tissu affectée par le marquage (10b)
comprend l'étape consistant a sous-diviser les
voxels (2) de la zone de tissu affectée par le mar-
quage (10b) en une premiére sous-zone (10b’) et
une seconde sous-zone (10b") en fonction de la dis-
tance aux voxels (2) de lazone de résidu fécal (10a) ;

- calculer une courbe paramétrée quireprésente
les variations d’intensité des voxels (2) de la pre-
miére sous-zone (10b’) en fonction de la distan-
ce aux voxels (2) de la zone de résidu fécal
(10a) ;

-remplacer les valeurs d’intensité des voxels (2)
de la premiére sous-zone (10b’) par des valeurs
de correction obtenues a partir de ladite courbe
paramétrée ;
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- remplacer les voxels (2) de la seconde sous-
zone (10b") par des secondes valeurs prédéter-
minées.

Systéme comprenant des moyens adaptés pour réa-
liser les étapes du procédé tel que revendiqué dans
I'une quelconque des revendications 1 a 13.

Produit de programme comprenant un code de pro-
gramme qui, lors de I'exécution par un systeme selon
la revendication 14, améne ledit systéme a effectuer
toutes les étapes d’un procédé selon I'une quelcon-
que des revendications 1 a 13.
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Fig.4
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