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(57) Abrége/Abstract:

The Invention relates to a device for creating a correction characteristic curve for reducing artefacts in tomography. Said device
comprises a unit (10) for preparing projection data of the object, said projection data comprising irradiation values for the object,
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(57) Abréege(suite)/Abstract(continued):

a device (12) for calculating a representation of the object from the projection data in order to obtain two or three-dimensional
representation data for the object, a device (14A) for determining a measurement for the irradiation length of the object using the
representation data, a device (14B) for determining an irradiation value, which is allocated to the measurement that has been
determined for the Irradiation length and a device (16) for creating the correction characteristic curve from several
measurements that have been determined for irradiation lengths and their allocated irradiation values. According to the
Invention, the correction characteristic curve that has been determined Is used to carry out a preliminary correction of the
projection data, In order to iteratively determine the correction characteristic curve using the previously corrected Irradiation
values. Sald concept for creating a correction characteristic curve does not require any reference object measurements or other
Information concerning the nature of the irradiation source, the object etc.
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Apparatus and Method for Establishing a Correction

Characteristic Cunrve for a Reduction of Artefacts in a
Tomography

Abhstract

An apparatus for establishing a correction characteristic
curve for a reduction of artefacts in a tomography
comprises a means (10) for providing projection data of the
object, wherein the projection data comprise transmission
values for the object, a means (12) for calculating a
representation of the object from the projection data, to
obtain two or three-dimensional representation data for the
object, a means (l4a) for determining a measure for the
transmission length of the object by using the
representation data, a means (14b) for determining a
transmission wvalue, which is associated to the determined
measure for the transmission length, and a means (16) for
generating the correction characteristlic curve of several
determined measures for transmisslon lengths and assoclated
Ltransmission values, wherein a precorrection otf the
projection data can be performed by using the determined
correction characteristic curve, to iteratively determine
the correction characteristic curve by using the

precaorrected transmission values. This concept for
establishing a correction characteristic¢ curve reguires no

reference object measurements or other information about
the condition of the radiation source, the object, etc.
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Apparatus and Method for Establishing a Correction
Characteristic Curve for a Reduction of Artefacts in
Tomography

Description

The present Iinvention relates to tomographic methods and
particularly to the ray hardening correction in the two- ox
three=dimensional computer tomography.

In computer tomography, different physical effects cause
artefacts in the reconstructed tomograms, which partly
significantly decrease the image guality. To be able to
perform measuring tasks with the desired precision and in
an automated way, computer tomography reconstructions (CT
reconstructions) have to be as artefact-free as possible.

Computer tomography methods are known 1in the art., A
radiation source radiates through an object. The radiation
passing through the object is weakened in its intensity
depending on the length and absorption properties of the
object in the optical path. A detector, which detects
transmission values, i.e. the intensity of the radiation,
which has passed through the object, is disposed behind the
object. Typically, the detector is designed as two-
dimensional pixel detector, which  provides a two—
dimensional transmission picture of the object on the
output side, wherein the intensity of the radiation passing
through the object depends both on the absorption
properties of the object, which can vary over the path of
the radiation through the object, and on the transmission

length of the object.

Typically, an ¥X-~ray radiation source 1is used as radiation
source. As it is known, computer tomography works on the
basis of transmission images. A computer tomographic image
consists of a sequence of projections, wherein the object
is radiated through in a certain position, whereupcn the
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transmission direction is altered, for example by 1 degree,
to record another projection, etc. Thus, a computer
tomographic image c¢omprises a sequence of projections,
wherein a rotation angle and general geometry data,
respectively, are associated to every projection, wherefrom
it can be derived how the position of the object has
changed from one projection to the next. Additiconally,
every projection comprises a two-dimensional array of
transmission values, which are typically intensity values.

Depending on the desired application, for example 360
projections can be recorded, when the object 15 always
rotated by 1 degree between two projections. Depending on
the application case, however, significantly more or
significantly less projections are possible. The individual
projection arxe then, as it is known, processed with
reconstruction methods, such as filtered reprojection, to
generate three-dimensional veolume data, which consist of a

- plurality of volume elements or voxels. Typically, in a
- three-dimensicnal computer tomography, = value is

associated to every voxel, from which can be seen which

absorption density the respective element has at this

location.

The three-dimensional computer tomography is not only
applied in the medical field, but particularly 1in the
industrial quality control of devices under tests with
regard to quantitative statements, such as measuring tasks,
One of the most import application cases 1s the production
of cast parts in the automobile industry. The quality
control of cast parts comprises mainly finding of defects
and testing of dimensions. Main tasks in the preseries
development are the fast checking of the dimensional
stability of cast parts with complex geometry as well as
the analysis of deviations of the geometry data fxom

regquired data contained in a part plan.
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Under the aspect ©f industrial applicablility in comparison
to other sources (synchrotron or gamma radiator) X-ray
tubes are preferably used as radiation sources. Instead of
a line detector in the two-dimensional computer tomography,
a flat X-ray detector is used in the three-dimensiocnal
computer tomography. The three-dimensional computer
tomography requires conly one rotation of the object for
reconstruction, whereby measuring times are sgignificantly
reduced compared to two-dimensional computer tomography.

However, the X-ray tubes used in computer tomography emit
polychromatic radiation. The interaction of the
polychromatic X-ray radiation in the fransmission through
the matter is energy-dependent. Real system characteristic
curves, which associate an intensity value to &
transmission length, have thus a nonlinear curve, caused by
effects 1like ray hardening, comptornn scattering and
nonlinearities of the detector. This causes artefacts, such
as stripes, unsharp edges, ton shaped drawings and so-
called cupping effects in the reconstructed object
illustration, which decrease the image quality and Ilmpede
or even prevent measuring tasks.

A simple and commen correction method in computer
tomography is the usage of a prefilter, which operates as
frequency high pass filter. Thereby, the energy spectrum of
the X-ray radiator is 1limited te¢ higher energies. More
costly correction methods determine the nonlinear curve of
the characteristic curve by measurements at reference
objects from the same material as the object under test,
wherein step wedges are preferred. A step wedge consists of
portions of different thickness, wherein the respectivea
thickness of the portions is exactly known. A projection of
rthe step wedge provides a transmission value for every
rnown thickness, 36 that the system characterigtic cuzrve,
which indicates the connection between transmission value
(intensity or weakening reciprocal to intensity with
reference to a reference intensity value) and transmission
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length, can be generated by the\ reference cbiject. In this
system characteristic curve, which is generated by the
reference object, influences of both the radiator and the
detector are taken into consideration.

After a calibraticn method for determining the system
characteristic curve of a radiator/detector system by using
the reference object, the established system characteristic
curve willi then be stored and used in & subseguent
measuring process to subject prejection data generated from
a object under test to a precorrection, to perform a three-
dimensional reconstruction based on tThe projection data
precorrected according to the system characteristic curve,
in order to0 generate volume data, based on which the
density of the cobject under test can pbe read in dependency
cn the position in the object under test.

The reference object method is disadvantageous jin such that
first a referance obiject has to be 1intreduced inte the
system ©of radiator and detector to calibrate the system.
Above that, a defined reference object is required, whose
density is specified. If, however, the material density of
the objects under test deviates from the density o©f the
reference object, the system characteristic curve might no
longer be correct.

In the article for the annual meeting 1898 of the German
society for destruction free testing (Deutsche Gesellschaft
fiir eine zerstérungsfreie Prifung), Bamberg, September 7 to
9, 1998, entitled “Korrektur der Strahlaufhdrtung in derx
Computertomographie unter Verwendung simulierter und realer
Objektdaten”, ©O. Haase et al. a method is sketched, which
utilizes knowledge about geometry and material composition
of the object under test to enable a ray hardening
correction without test body. The geometry data of the
object are either determined by simulation of the real
obiject or from the reconstructed image matrix itself. For a
predetermined material composition, the weakening 1in the
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object dis calculated and thus, the measured weakening
values are corrected. The calculation of the weakening is
performed with a Monte~Carlo method, the EGS4 code, wherein
both the energy spectrum of the utillized X-ray radiator and
the preoperties of the detector are taken into
conasideration. The weakening cceocefficients of the elements
are taken from literature tables.

This concept for ray hardening correction does not reguire
a reference object, but predetermined material
compositions, the spectrum of the utilized X-ray radiator
and the properties of the detector as well as weakening
coefficients of elements from literature tabkles. This leads
tro the fact that the method does not have the required
flexibility in certain applications, namely when not all
recquired information is present.

Tt is the object of the present invention to provide a more
flexible concept for establishing a correction
characteristic curve for a reduction of artefacts in

tomography.

This object is achieved by an apparatus accoxding to claim
1 or by a method acceording to claim 19J.

The present invention is based on the knowledge that the
correction curve can be generated from the object under
test itself, which consists of a material, by generating
first an artefactive volume representation without
providing a certain system characteristic curve or by using
an ideal linear system characteristic curve, f£from which
then transmission lengths and asscciated transmission
values are determined, preferably by binarization of the
typically three-dimensional reconstruction data, from which
a first correction characteristic curve is generated. This
correction characteristic curve generated from Che
artefactive three-dimensional illustration of the object
can then be used to subject the projection data to 2
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precorrection, to obtain precorrected projection data, from
which then a further - as has been found out -
significantly less artefactive three—-dimensional volume
radiation of the object can be obtained.

Tf this three-dimensional volume representation 1s already
significantly artefact free, the inventive concept only has
to be performed once. If, however, 1t is found cut that the
artefacts are not vyet sufficiently eliminated, it 1is
preferred to iteratively improve the correction
characteristic curve by calculating again transmission
lengths and associated transmission values from the
artefact-reduced veolume representation of the object, to
generate -~ so to speak - a corrected <correction
characteristic curve, which is then used again in a next
run for precorrection of the projection data, to obtain a
more artefact-reduced volume representation of the object.

This iteration loop can be repeated up to a certain
termination c¢riterion, so that finally, the c¢orrection
characteristic c¢curve for a detector/radiator system 1is
generated merely based on the object under test itself,

without information about the radiator, the detector or
other things and particularly without reference object,
wherein the correction characteristic curve can then be
used after +this calibration iteration for guantitively
detecting objects under test in a measurement run.

It should be noted that the characteristic curve is used Lo
establish transmission lengths associated to the weakening
values from the projection data of a cut image, which
comprises at first only weakening values and intensity
values, respectively, at geometrical positions. These
transmission lengths, which T detexrxrmined by the
characteristic curve from the weakening wvalues, are then
used in a normal CT reconstruction process to obtain the
representation data.
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The present invention is advantageous in that merely the
raw data, i.e. the projection data i1tself are reguired for
generating the correction characteristic Curve.
Particularly, no reference object is required.

It is another object of the present invention, that the
inventive concept does not require any knowledge about the
geometry or the material composition of the device under
test or information about the energy spectrum of the
utilized X-ray radiation source.

Tn this context, it should be noted that a characteristic
curve 1s based, on the one hand, on the materxial of the
object, and, on the other hand, on the spectrum and
properties, respectively, of the utilized X-ray source. For
a correct reconstruction, a correct characteristic curve is
required, which is also referred t¢ herein as correction

characteristic curve.

While sy far both the radiation source had to be measured

and the material and the absorption coefficient of the
material, respectively, had to be known a priori for the
utilized X-ray spectrum, which both enter the correction
characteristic curve, according to the present dinvention,
the correction can be determined without knowledge of the
material of the object, which consists of a single
material, and without knowledge of the spectrum of the
radiation sQurce. Since both quantities enter the
correction characteristic curve, however, the absorption
coefficient of the material or the spectrum of the
radiation source cannot be inferred ea&sily from the
inventively obtained c¢orrection characteraistic curve.
However, this is not problematic, since for an axtefact
reduced tomodgraphy illustration merely a correction
characteristic curve is required, but not the two above-
mentioned pieces of information separately from one

another.
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Due to the fact that the above named pieces oI information
are not reguired separately from one anothex, the inventive
concept c¢an bhe used flexibly. This flexibpility eliminates
the problems in that the mixing ratio of the alloy varies
slightly in devices under test, which leads to inexact
knowledge o¢f the material composition, s8¢ that system
correction characteristic curves, which are based on the
material composition, can result in artefactive
reconstructions.

Above that, it has shown to be problematic to simnalate a
real energy spectrum. Simulated energy spectrums always
have a certain deviation to the real spectrum, 50 that even
a system characteristic curve ¢generated based on a
simulated energy spectrum is inherently defective. In the
inventive concept, however, this information 1s not
required, so that it can also not lead to error sources in
the correction characteristic curve.

Preferred embodiments of the present invention will be
discussed in more detail below with reference to the

accompanying drawings. They spow:

Fig., 1 an overview diagram for the inventive method and
the inventive apparatus;

Fig. 2 a sketch ©f the radiation source/detector system
with an object:; and

Fig. 3 a comparison of an ideal linear characteristic
curve and an inventively generated real correction
characteristic curve for precorrection purposes.

First, the overview diagram in Fig. 1 c<omprises means 10
for providing projection data of an object under test.
Means 10 for providing projection data c¢an either be a

radiation source/detector system itself shown in Fig. 2,
from which the projection data are measured directly and
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then  output, to generate the inventive correction
characteristic curve, or means 10 for providing projection
data can be a storage medium were previously detected
projection data of an object are stored. Before further
reference is made to Fig. 1, reference is first made fto
Filg. 2. F1g. 2 shows a sketch of a radiation
source/detector system with a radiaticn source and a
detector 52, wherein an object 54 15 disposed between the
detector 52 and the radiation source 50. It should be noted
that the radiaticn source in three-dimensional computer
tomography is a radiation source radiating in a space cone.
The object 54 is a three-dimensional object, which 1s shown
as a triangle in c¢ress section in the  schematic
representation in Fig. 2. In three-dimensional computer
tomography, the detector 52 is a flat detectox with a two-
dimensional array of ©pixels 353, which are merely
schematically indicated in Fig. 2.

The system shown in Fig. 2 operates such that the object 54
in the position shown in Fig. 2 indicated by continuous
lines, is brought between radiation source and detector,
wherein a projection ©of the object 54 is generated at the
detector. Different rays of the point shaped assumed
radiation source 50 have different transmission lengths and
are thus weakened differently strong. Thus, the two rays 956
and 58 have merely a very small transmission length through
the object, while a medium ray 60 has a significantly
larger transmission length through the object 534. The
vrojection of the object 54 in its paosition shown in
crossed—-out lines, is provided together with an information
that the obkject had a rotation of, for example, 0" in thais
projection. Thereupon, the object 1s rotated by a certain
rotation angle, so that & rotated object 54 1s between the
radiation source and the detector. Then, again a projection
of the now rotated object is recorded and provided with
position information, which indicate the rotation angle of
the object 54’ in comparison te its original position
(object 54 in solid lines in Fig. 2). In three-~dimensional
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computer tomography, it 1is sufficient to record several
projections of the object rotated from projection to
projection, until the object is rotated by 360°. Depending
on the desired measurement accuracy, the obhject c¢can be
rotated, for example by 1°, from projection to projection.
However, rotation angles smaller than 1° and larger than
1°, respectively, are also used, depending on desired
requirement.

The projections with associated position information form
together the projection data of an object, which can, for
example, be stored in an appropriate format favorable for
further processing. It should Dbe noted that every
projection in the three-dimensional computer tomography
comprises a two-dimensional array of pixels. The projection
data, which are generated by the system illustrated in Fig.
2, are also referred to as raw data.

In the following, reference will be made again to Fig. 1,
to 1llustrate the inventive determination of the correction
characteristic curve without reference object or additional
information,

The projection data are first fed into means 12 as raw data
for calculating & representation of the c¢biject to obtain
volume data for the object. It is preferred to provide the
volume data in form of voxels, i.e. volume elements. Means
12 can operate according to any known method for
reconstructing an object of computer tomography projection.

From the volume data ¢f the object, which are, of course,
still artefactive, since no artefact correction has been
performed, now, a set of several value pairs is generatad
via means ld4a for determining a transmission length and by
using means 14b for determining the transmission wvalue
assoclated to a determined transmission length, wherein
every value pair comprises both a transmission value, i.e.
an intensity value, and a transmission length.
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Means 1l4a for determining a transmission length determines
the distance between an entry point o©of a ray into the
volume data and an exit point ¢f the ray from the volune
data, wherein this distance can, for example, be estimated
by counting the voxels present between the two points. This
estimation is, however, only exact when the ray passes
diagonally through every voxel. This i1s, however, only the
case for certain ravs. However, more exact methods for
calculating the shortest distance between the two voxels,
i.e. entry voxel and exit voxel, are known in the art.

It should be noted that the above considerations are
exactly applicable for the case where a homogenous filled
body is present, where a single entry point and a single
exit point are present for a ray. IL, however, a hollow
cylinder is considered, the ray has an entry point, an exit
point, another entry point and again an exit point. The
transmission length is then merely the distance from the
first entry point te the first exit point and the distance
from the second entry point to the second exit point. Means
14a is thus formed such that the voxels hit by a ray enter
the measure for the transmission length with different
weightings. One example for the weighting would be that the
pixels between the first entry point and the first exit
point are weighted by the facter ™“1%, while the pixel
between the first exit point and the second entry point are
weighted by the factor ™0”. Furxther weightings are

possible.

Means 14b is formed to continue the ray, whose transmission
length has been determined by the volume through means 1l4a
— vividly spoken—- towards the detectox, to determine a
certain detector pixel, whose intensity value 1s To be
associated to the transmission length determined by means
14a. Since the determined pixel, however, has an individual
intensity wvalue for every projection of the object, means
14b determines also for which projection from the
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projection data the considered ray has the calculated
transmission length. This is performed on the base of
position information, which is associated to the individual
projections, so that means l1l4b obtains position information
from the projection data over branch 1%, so that the
correct transmission value is associated to a ceertain
transmission length, which a ray had through the object,
which has been indicated by the detector when generating
the projection data, as has been discussed in Fig. 2.

Depending on the desired precision for the correction
characteristic curve, means 1lda and 14b are formed to
generate several value pairs (transmission value;
transmission length). These several wvalue pairs are now fed
into means 16 for generating the correction characteristic
curve, Means 16 for generating the correctlion
characteristic curve can be formed in different ways. When
enough wvalue palrs are present, it c¢ould, for example,
perform an interpolation between the wvalue pairs and store
the . value pairs themselves as well as value pairs
calculated by interpolation in a predetermined resolution
in tabular form. Alternatively, means 16 for generating a
correction characteristic curve can be formed to adapt an
analytical function to the vwvalue pairs, for example by
using a fitting algorithm known in the art.

Thus, at the output of means 16, a correction
characteristic curve exists either in form of a table or in
form of an analytical function, which c¢an already be used
as calibration curve for a subsequent measurement run,
depending on artefact strength and condition of the
radiation source/detector system. Although the inventive
concept shows a fast convergence, such that already the
first determined correction characteristic curve 1is an
often useful approximation to© the required c¢orrection
characteristic curve, it 1is preferred to determine the
correction characteristic curve iteratively.
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Thereby, as it is shown 1n Fig. 1, an iteration means 18 is
provided, which performs a precorrection of the projection
data via means 20 for precorrection by using the correction
characteristic c¢curve output by means 16, to generate
precorrected transmission values, which are then fed into
means 12 instead of the original projection data. In the
following iteration run, means 12 as well as means l4a, 1l4b
and 16 perform the same calculations as in the first run,
but now no longer by using the original projection data,
which are provided by the means, but by using the
precorrected projection data and precorrected transmission
values, respectively, which are provided by means <20.

After a first iteration zrun, a corrected correction
characteristic curve results at the output of means 16,
which can be further improved, if desired, wvia a further
iteration or several further iterations controlled by
iteration means 18, or which can already Dbe used as
calibration system characteristic curve.

In a preferred embodiment of the present invention, the
iteration method is repeated until a texmination criterion
for the iteration is fulfilled. A termination criterion
can, for example, be the change of the corrected correction
characteristic curve in comparison to the correction
characteristic curve from the previous i1teration run. A
further termination ¢riterion can be generated by using the
volume data, which are generated by means 12.

Thus, it is preferred for that termination criteriocn, to
compare the volume data of a first run to the volume data
of a second run, and to determine how many voxel, 1.e.
volume elements, have changed from the one run to the next
run. ITf this number of changed voXels is below a
predetermined thresheold, the terminaticn c¢riterion is
considered as fulfilled. If, however, the number 15 above a
predetermined threshold, a further iteraticon rTun 15

performed.
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In Flg. 3, the lecgarithmic weakening of intensity I with
regard to a reference intensity I0 is applied along the
ordinate, which is, in the ideal case, equal to the product
of transmission length d and absorption coefficient p.
However, it should be noted that also the intensity could
be applied over the transmissicon length. In the sense of
the present invention, the expression “transmission wvalue”
comprises, for example, the iIntensity directly (the
characteristic curve would then be falling) or the
weakening, which 1s derived from the intensity or any other
guantity, which can be derived from the intensity.

An ldeal linear system characteristic curve 1is compared to
& real System characteristic curve (correction
characteristic curve). The ideal characteristic curve has a
linear monotonously increasing course, wherein a lower
attenuation value P (corresponds to a high intensity at the
detector) is asscocliated to a short transmission length, and
wherein a high attenuation value is associated to a high
transmission length.

A real correction characteristic curve has a different
course due tTo the physical effects when recording
projection data, wherein the deviation between the
corracticen characteristic curve and the ideal
characteristic curve 1is used to perform a precorrection
(FPig. 1) of the projection data in means 20, as it is known

in the art.

If the correction characteristic curve, which 18
lllustrated in Fig. 3, is, for example, the correction
characteristic curve, which is output from means 16 of Fig.
1 after a first run, means 172 has also used the ideal
characterlistic curve of Fig. 3 in the first run, i.e. has
selected no correction, for calculating a representation of

the object with voélume data.
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In order to improve the c¢onvergence of the inventive
method, 1.e. the quality of the correction characteristic
curve after a first run through blocks 12, 1l4a, 1l4b and 16,
already prior to the first calculation of a representation
of the object with wvolume data, a predetermined correction
characterlstlc curve can be used, which has, for example,
been determined due to experimental values with a radiation
source/detector system. This default can, however, limit
the flexibility of the system and is only useful when
eXxperiences about the system exists, which 1is used under
almost equal conditions, for example for testing similar
cast parts. For the functionality of the method itself,
however, no predetermined correction characteristic curve
is required, but the projection data can be fed directly to
means 12, which means without precorrection, in the Ffirst
run, to generate more or less strongly artefactive volume
data of the object.

When operating according to a known reconstruction
algerithm, means 12 for calculating a representation of the
object provides not only the volume data of the object but
also data about the background of the object. To simplify
the functionality of means l4a, it is preferred to segment
the desired object from the tomograms, wherein a 3D edge
finding operator is used for outline finding.

Now, a Jline tracking algorithm draws the found edges, to
separate the object from the background.

Afterwards, a segmentation, such as a binarization, of the
volume data of the object is performed, which consists of a

single material. A binarization of the volume data can be
taken 1nto consilderation when there are only two states in

the volume, i.e. “Ymaterial” or “no material”.

So far, every volume element had an associated value, which
1ndicates the absorption density. Since, however, means l4a
deces not reguire the density information, but merely the
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information whether a veoxel is within the object or outside
the object, a binarization of the volume data is now
performed. The density information of all voxel data, which
are within the object limits, are, for example, set to a
logic “17, while the density information of all voxel data,
which are outside the outline of the object, are for
example set to T0”. Thus, before it calculatas the
fransmission length, means l4a generates first a binarized
volume representation of the object, where the background
ls, for example, white, while the object itself is black.
For the general case o¢f segmentation, the density
information is always set to one of more than two states.

Preferably, means lda comprises a voxel based ravytracer
(ray tracing algorithm), which determines the way through
the object for a ray from the point shaped assumed X-ray
source to a detector pixel, and, for example, counts the
pixel on the way of the ray through the object, which are
set to Y17, 1.e. “material present”. Means 14b determines
then the detector pixel belonging to that ray, where the
traced ray i1impinges and the intensity wvalue from the
projection associated to this ray determined by the
position information. Thus, at the output of means 14a and
14b, a set of several value palrs results, wherein every
value pair comprises a transmission value and a
transmission length.

Preferably, means le for generating the correction
characteristic curve operates such that 1t puts an
optimized fit algorithm on the value pairs, wherein a
physically plausible function is fitted by the determined
value palrs.

A 3D canny operator is preferred for edge extraction. A so-—
callied Levenberg Marquardt routine 1is preferred for
function fitting in means 16. 0Of c¢ourse, different edge
operators or fitting algorithms can be used.
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As has already been discussed, onhe or several iterations
can be arranged by iteraticn means 18, wherein prior to
every iteration run, a precorrection of the projection data
1s performed wvia means 20 by using the correction
characteristic curve determined by means 16, such that the

volume data at the output of means 12 are ideally less and
less artefactive from i1iteration to iteration.

Both prior to the first reconstruction by means 12 for
calculating and in further reconstructions, 1.e.
iterations, the weakening - values contained in  the
projection data are converted according to a transmission
length according to the procedure described in Fig. 3. In
the first l1teration, however, an arbitrary characteristic
curve, such as the ideal linear characteristic curve

i1llustrated 1n Fig. 32 15 used for converting weakening
values 1into transmission lengths, wherefrom then the
representation data are determined with a common tomography
reconstruction algorithm, From these representation data,
the real correction characteristic curve will be
determined, wherein it merely has to be considered that not

eonly one value pair but several wvalue pairs usefully

distributed across the assumed area of transmission lengths
are determined. In the second iteration, if it is performed
at all, the same projection data are used, which are

obtained 1in means 10. The weakening values of these
projection data are now converted to transmission lengths

by using the determined real correction characteristic
curve, which now lead to strongly artefact-reduced two- or
preferably three-dimensiconal representation data.

Instead of the ldeal linear characteristic curve
illustrated 1in Fig. 3, any other not necessarily linear
characteristic curve can be used, as long as it 1s chosen
such that numerical limits ©f a used calculator are not
hurt. In so far, a vertical or a horizontal characterxristic
curve has to be ruled out. Thus, a characteristic curve 1is
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preferred, which exXxtends through the coordinate system
shown in Fig. 3 in a reasconable way.

Although, a three-dimensional embodiment of the concept for
establishing a correction characteristic curve has been
raferred to above, it should be noted that the concept can
also be applied to two—dimensional data, which means area
data instead of volume data as a form of representation
data for the obiject.

In summary, the described invention 1is based preferably on
an iterative improvement of the reconstructions without the
help of a reference cocbject, wherein further no other a
priori information about the geometry or material
composition of the device under test or information about
the energy spectrum of the utilized X-—-ray source 1s

required.
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Claims

Apparatus for establishing a c¢orrection characteristic
curve for a reduction of artefacts in a tomography,
comprising:

means (10) for providing prejection data of an object
consisting of a single material, wherein the
projection data comprise transmission wvalues for the
object which comprise weakenling values or intensitvy
values;

means (12) for calculating a representation of the
object from the projection data to obtain
representation data for the object, wherein the
representation data are two-dimensicnal or three-
dimensional data, wherein means (12) for calculating
is formed to f£irst convert the weakening values or
intensity wvalues to transmission lengths, by using a
predetermined default characteristic curve to be
corrected, to abtain converted transmisgsion lengths,
and to g¢calculate the representation data from the
converted transmission lengths;

Means (14a) for determining a measure for a
transmission length o¢f the object by using the
representation data:

means (14b) for determining &a transmission value,
which is associated to the determined measure for the

transmission length; and

MEAns (16) for generating the correction
characteristic curve of several determined measures
for transmission lengths and assocliated transmilission
values, wherein the correction characteristic curve
comprises an asscociation of weakening or iIntensity
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values to transmission lengths and thus represents a
corrected version ¢f the default characteristic curve.

Apparatus according to claim 1, further comprising:

iteration means (1B), which is formed to

generate a renewed repregentation of the object by
using the correction characteristic curve to obtain
corrected representation data for the object:;

determine several corrected measures for
transmission lengths for the object and associated
corrected transmission values by using the
corrected representation data; and

generate a corrected correction characteristic
curve 0 several determined corrected measures for
transmission lengths and associated corrected
transmission values;

wherein the iteration means (18) 1is further disposed
to terminate iteration if a predetermined termination
criterion is fulfilled.

Apparatus according to claim 2, wherein the literation
means (18) 1is formed to use A change under a
predetermined changing threshold o¢f the c<corrected
representation data from one 1l1lteration step to a
furthery iteration step as termination criterion.

Apparatus according to claim 3, wherein the
representation data comprise voxel, and wherxein the
predetermined threshold can be determined based on the
change of the total number of voxels in one i1teration
step to a further iteration step.

Aprparatus according to one of the previous claims,
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wherein the means (12) for calculating the
representation of an object is formed to use a linear
system characteristic curve 1in a fLirst calculation of
a representation.

Apparatus according to one of the previous claims,

wherein the means (12) for calculating is disposed to
calculate a volume representation of the object with
its background, and to detect edges of the object,
based on which it can be clearly distinguished between
the object and its backgrecund in the representation.

Apparatus according to one of the previous claims,

- wherein the means (ld4a) for determining a measure for

a transmission length is formed te set representation
data belonging teo the object i1nto at least a Lirst
state, and to set representation data of the
representation of the object, whlich do not belong to
the object but to the background, into a second state,
which differs from the first state, to obtain a
segmented representation data of the reconstruction.

Apparatus according to claim 7, wherein the means
(l4a) for determining is formed to set representation
data, which belong to the object, into a plurality of
states, to obtain a segmentation of the representation
data of the object according to a weakening property
of segments of the object.

Apparatus according to one of the previous claims,

wherein the representation data have volume elements,
and
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wherein the means (14a) for determining a measure fox
a transmission length is formed to determine the
measure for the transmission length based on a
weighting of data elements hit by a ray between an
entry point of the ray from a radiation source (30)
into the representation of the object to an exit point

of the ray from the representation of the object,
wherein +the weighting can be performed based on a
segmentation o©of the representation data for the
oblject.

Apparatus according to claim 9,

wherein the means (1l14a) 1is disposed to use a ray
tracing algorithm, which operates based on a ray
emitted from a first point shaped radiation source
({50}, which extends from the radiation source to the
object (54} to a pixel (53) of a detector (22).

Apparatus according to cone of the previous claims,

wherein the means (16) for generating the correction
characteristic curve is disposed t¢ adapt a function
+0 the several determined measyres for transmission
lengths and assoc¢iated transmission values.

Apparatus accoxding to one of the previcus claims,
wherein the representation data are three—-dimensional
data and c¢comprise voxel elements.

Apparatus according toe one of the previous claims,
wherein the default characteristic curve 18 a linear

characteristic curve with a predetermined slope.

Apparatus according to one of the previous claims,
wherein the default characteristic curve 1s choseén

independent from a material composition ©of the object
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and/or independent of an energy spectrum of a utilized
X-ray source.

15. Method for establishing a correction characteristic
5 curve fTor a reduction of artefacts in tomography,
comprising:

providing {(10) projection data of an object consisting

of a single material, wherein the projection data
10 comprise {ransmission values for the objec¢t, which

comprise weakening values or intensity values;

calculating (12) a representation o©of an object from
the projection data, to obtain representation data for
15 the object, wherein the representation data are two-
dimensional or three~dimensiconal data, wherein in the
step ©f calculating, first, the weakening wvalues or
intensity values are converted to transmission lengths
by using a predetermined default characteristic curxve
20 to be corrected, o obtain converted transmission
lengths, and wherein then the representation data are
calculated from the converted transmission lengths;

determining (l4a) a measure for a transmission length
25 of the obiject by using the representation data;

determining (14b) &a transmission wvalue, which 4is
associated to the determined measure for the
transmission length; and

30
generating (16) the correction characteristic curve of
several determined measures for transmission lengths
and associated Ctransmission values, wherein the
correction characteristic curve comprises arn
35 association of the weakening or intensity wvalues t©o

transmission lengths, and thus represents a corrected
version ¢of the default characteristic curve.
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Method according to claim 15, further comprising:

precorrecting (20) the projection data by using the
correction characteristic curve:; and

iteratively repeating (18) steps of calculating, of
determining a measure for the transmission length, of
determining the associated transmission value and of
generating the correction characteristic curve by
using the precorrected projection data, until a
termination criterion for the iteration is fulfilled.
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