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Description

[0001] The invention relates to a method of enhancing
the information contents of an image of a moving object.
The invention also relates to a system in which a method
of this kind is carried out as well as to a computer program
enabling a data processing unit to carry out such a meth-
od. This method is used notably in the field of medical
imaging systems.
[0002] A method of this kind is applied wherever im-
ages of a moving object are to be formed, which images
often contain unavoidable motion artifacts. As a result,
the object is usually imaged in a blurred fashion so that
it offers a viewer only inadequate information concerning
the object. Motion artifacts often give rise to unusable
images in particular in the case of slice images or volume
images of a moving object.
[0003] US5690106 discloses a method of digital sub-
traction angiography whereby the contrast and mask se-
quences are registered based on interpolation prior to
subtraction.
[0004] The article by D. Mattes et al. "Nonrigid multi-
modality image registration", Medical imaging 2001: Im-
age Processing, Proceedings of SPIE vol. 4322 (2001),
discloses a method in which an image of a moving object,
acquired and reconstructed by means of the PET method
and containing motion artifacts, is superposed on a fur-
ther image of the moving object, acquired and recon-
structed by means of the CT method, so as to form a
combination image. The combination image is formed by
special registration of the two individual images while uti-
lizing pregnant, bilateral similarity information contained
in both images. Because of the physical circumstances,
the PET image contains pronounced motion artifacts
which are not taken into account in the disclosed method
and give rise to problems during the registration.
[0005] It is an object of the invention to increase the
information content of images containing motion arti-
facts.
[0006] This object is achieved in accordance with the
invention by means of a method of enhancing the infor-
mation contents which can be derived from a first image,
containing motion artifacts, of a moving object, which
method includes the following steps:

a. using two further images which represent the ob-
ject in a respective state of motion with as few motion
artifacts as possible,
b. determining a motion model which characterizes
states of motion assumed by the object while per-
forming the motion between the two states of motion.

[0007] The first image may have to be reconstructed
from projections.
[0008] There is a first image of a moving object which
contains motion artifacts which are due to the motion of
the object. Motion artifacts are the cause, for example,
that the object is imaged less sharply as the object has

moved more during the acquisition time. Such motion
artifacts may occur when the acquisition time of the im-
aging method used for the acquisition is long in compar-
ison with the motion, so that the object moves during the
acquisition. The term "motion" is to be interpreted in a
very broad sense. The object may perform, for example,
a very complex natural motion (human heart) or merely
a linear, uniform motion (a sphere rolling at a constant
speed).
[0009] Furthermore, at least two further images of the
object are involved. Each of these images represents a
respective state of motion of the object and is as free
from motional artifacts as possible, the two states of mo-
tions originating from the motion performed by the object
during the acquisition of the first image. Alternatively, the
two states of motions represented may also originate
from a motion which has been performed by the object
at a different instant and is at least approximately the
same as the motion performed by the object during the
acquisition of the first image. In order to image the states
of motion with as few artifacts as possible, the acquisition
time is generally short in comparison with the duration of
the motion.
[0010] There is also determined a motion model of the
motion of the object which characterizes states of motion
assumed by the object while performing the motion be-
tween the two states of motion. In particular in the case
of a complex natural motion of the object, individual parts
of the object move differently during the execution of the
motion; for example, some parts of the object travel only
a short distance whereas other parts follow a long and
possibly curved path. Starting from of one of the two
states of motion, the motion model describes the behav-
ior for different parts of the object during the motion from
one state of motion to the other.
[0011] The information thus obtained as regards the
motion of the object can be incorporated in various ways
in supplementary image processing or image forming
steps, resulting in a higher quality of the resultant images.
[0012] For example, such supplementary steps in ac-
cordance with the invention as disclosed in claim 1 are:

c. forming an intermediate image of the object from
the motion model and the two further images, the
intermediate image representing the object at least
approximately as if it had performed the motion,
d. forming a combination image from the intermedi-
ate image and the first image.

[0013] The intermediate image formed represents the
object as if it were to perform the motion. To this end,
starting from the two known states of motion, the object
motion is imitated by means of the motion model and the
intermediate image is formed from this information by
superposition. The intermediate image thus reconstruct-
ed represents the object with substantially the same mo-
tion artifacts as the first image.
[0014] A viewer may wish to view the first image with
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as few falsifications as possible, despite the motion arti-
facts contained therein, because information may be lost
in the course of known image processing methods. The
superposition of the intermediate image and the first im-
age so as to form a combination image then offers the
advantage that on the one hand the first image is pre-
sented with as few falsifications as possible whereas on
the other hand the information from the two further im-
ages is prepared in the intermediate image in such a
manner that it can be combined directly with the informa-
tion of the first image.
[0015] The combination can be carried out in a variety
of manners. For example, the two images can be addi-
tively superposed, so that the relevant information of the
individual images is represented in an overall image. The
variable division of the combination image constitutes a
further possibility, a part of the combination image then
being represented by the intermediate image whereas
the other part is represented by the first image. A viewer
can then move the boundary between the two sub-re-
gions, so that an object detail is represented once by the
intermediate image and once by the first image. Alterna-
tively, the sub-regions can also be displayed so as to be
separated by a window, the window being displaceable
across the combination image by means of a control unit.
A simple method of forming the combination image con-
sists in arranging the intermediate image and the first
image adjacent one another so that the two images are
simultaneously presented to the viewer.
[0016] In particular in the case of objects whose parts
move differently the representation by way of motion vec-
tor fields in conformity with claim 2 offers a simple and
adequate location-specific representation of the neces-
sary information for the remainder of the method. A mo-
tion vector field indicates how or along which path the
corresponding part of an object moves while performing
the motion between the two known states of motion.
[0017] When it is known how often the relevant states
of motion are assumed by the object while performing
the motion, or how long the relative stay is of the object
in the relevant state of motion, the generating of the in-
termediate image is particularly simple in conformity with
claim 1. Such information can be based, for example, on
a model of the motion or be determined by means of a
sensor while the motion is performed. Such formation of
the intermediate image offers the advantage that it is not
necessary to describe the entire motion in the motion
model, but only information concerning individual states
of motion as well as their frequency.
[0018] Because of the use of different imaging meth-
ods it may occur that the individual parts of the object in
the intermediate image are differently localized relative
to the first image. Relative differences between the object
parts themselves as well as absolute differences relative
to the image edges or ratio of dimensions of the object
parts may then occur. In other words, the object is rep-
resented in the intermediate image with a co-ordinate
system which differs from that in the first image. The reg-

istration as disclosed in claim 3 enables the relevant parts
of the object to be transformed either from the positions
represented in the intermediate image to the positions
represented in the first image or vice versa. All parts of
the object are then in the same image positions in the
intermediate image as well as in the first image, thus
enabling superposition of the two images.
[0019] The use of different modalities enables the rep-
resentation of different characteristics of the moving ob-
ject in the corresponding images. The method in accord-
ance with the invention is advantageously used in con-
formity with claim 7 when the first imaging method cannot
offer images of a moving object without motion artifacts.
[0020] The object is also achieved by means of the
system as disclosed in claim 5. An image processing
system is to be understood to mean any system capable
of receiving the images or the data formed by the method
in accordance with the invention, of processing these im-
ages or data accordingly, and of either visualizing the
result or applying it to other systems. The image process-
ing system may be completely independent from the de-
vices acquiring the image data by means of the relevant
imaging methods. On the other hand it is also feasible to
construct the image processing system as a component
of a larger system. The data processing unit may option-
ally be constructed so as to be programmable.
[0021] The object is also achieved by means of an ex-
amination system as disclosed in claim 6. The devices
for forming the images are well known from prior art so
that they will not be elaborated herein.
[0022] If the data processing unit of a system as de-
scribed above is constructed so as to be programmable,
a computer program as disclosed in claim 7 enables the
data processing unit to carry out a method in accordance
with the invention. Depending on the configuration, the
computer program can be made available to the data
processing unit by means of a computer program product
such as an external, portable storage medium.
[0023] The following examples and embodiments are
illustrated with reference to the Figs. 1 to 5. Therein

Fig. 1 shows the block diagram of a version of the
method in conformity with claim 1,
Fig. 2 shows the block diagram of a version of the
method in conformity with claim 2,
Fig. 3 shows, by way of example, the states of motion
of human respiration,
Fig. 4 shows the state of motion function of a uniform
motion, and
Fig. 5 shows a PET-CT combination system.

[0024] The Fig. 1 shows the steps of a number of ver-
sions of the method in accordance with the invention.
The rectangular boxes represent results, data, images
etc. Steps of the methods are stated within an ellipse.
[0025] Fig. 1 is a diagrammatic representation of the
steps and results of a first version of the method. It is an
object of the method to acquire images of a moving object
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by means of two different imaging methods, in this case
being methods based on PET and CT. The different im-
aging methods enable different information to be ac-
quired as regards the moving object. Such different in-
formation is to be presented in common to a user.
[0026] Projections P1 which have been made, for ex-
ample, of the thorax of a patient at the area of the dia-
phragm by means of the PET (Positron Emission Tom-
ography) method are available (the method itself is not
shown in Fig. 1). The PET method is known from the field
of nuclear medicine and is intended for the formation of
slice images or volume images. A metabolic preparation,
marked with given, unstable nuclides, is then injected
into a patient, said preparation being taken up in a tissue-
specific or function-specific manner. The radio nuclides
used decay, giving rise to two γ quanta in different suc-
cessive processes in the vicinity of the location of decay,
which quanta take off in exactly opposite directions, leave
the patient and can be detected by suitable sensors which
are arranged in a detector in the form of a ring around
the patient. On their travel from their location of origin to
their point of emergence from the patient the γ quanta
traverse further tissue of the patient which can absorb
the γ quanta more or less as a function of the type of
tissue. Generally speaking, the γ quanta are attenuated
in a tissue-specific manner. The whole of detected γ
quanta forms a set of projections P1 of the object where-
from a slice image or volume image can be reconstructed
in known manner during a subsequent reconstruction.
The PET method yields functional images of the object.
[0027] During the acquisition of the projections P1,
which may last from a few minutes to one hour, the patient
performs a respiratory motion during which the dia-
phragm moves in conformity with the respiration. This
respiratory motion causes motion artefacts in the recon-
structed PET image I0, said artifacts becoming manifest
as an unsharp and blurred image of the object. At least
two causes of such motion artifacts are known:

1) Because of the respiratory motion, a given location
of a tissue occupies different positions relative to the
detector, so that γ quanta arising at this location are
acquired by different sensors of the detector.
2) γ quanta which successively arise in substantially
the same location are attenuated to a different ex-
tent, because the relative position of the surrounding
tissue, which is responsible for the attenuation,
changes relative to the location of origin of the X-ray
quanta due to the respiratory motion.

[0028] Also available are the images I2 and 13 which
have been acquired by means of the CT-based method
which is not shown in Fig. 1. The CT (Computed Tom-
ography) method is known, for example, from the medical
field and serves to form slice images and volume images
of objects or patients, such images containing anatomical
information. A CT-based system will be described in de-
tail hereinafter. As opposed to PET images, CT images

contain substantially fewer or no motion artifacts, be-
cause the image acquisition can take place substantially
faster in relation to the motion. Known systems, combin-
ing PET images with functional information on the object
and CT images with anatomical information on the object,
ignore the motion artifacts of the PET images upon com-
bination of the information, so that the combined infor-
mation includes further artifacts or errors. These artifacts
or errors are significantly reduced by means of the inven-
tion. In the further course of this description it will be dem-
onstrated how artifacts which arise in the PET image due
to the above cause 1) are taken into account in the com-
bined information.
[0029] In order to illustrate the acquisition of such im-
ages, Fig. 5 shows, by way of example, a combination
system which consists of a computed tomography appa-
ratus and a PET system. The computed tomography ap-
paratus and the PET system are both configured in prin-
ciple as independent systems which, however, are geo-
metrically coupled relative to a common axis of reference.
For the image acquisition the systems are usually used
consecutively; for example, first CT images, representing
two striking states of motion, are acquired and subse-
quently the acquisition of the PET data takes place.
[0030] The computed tomography apparatus includes
a gantry 1 which is capable of rotation around an axis of
rotation 14 which extends parallel to the z direction. To
this end, the gantry 1 is driven at a preferably constant
but adjustable angular speed by a motor 2. A radiation
source S, for example, an X-ray tube, is attached to the
gantry 1. The radiation source is provided with a collima-
tor arrangement 3 which forms a conical radiation beam
4 from the radiation produced by the radiation source S.
The radiation beam 4 penetrates a moving object (not
shown) which is present in a cylindrical examination zone
13. After having traversed the examination zone 13, the
X-ray beam 4 is incident on a two-dimensional detector
unit 16 attached to the gantry 1.
[0031] The angle of aperture αmax of the radiation
beam 4 (the angle of aperture is defined as the angle
enclosed by a ray of the beam 4 which is situated at the
edge in the x-y plane relative to a plane defined by the
radiation source S and the axis of rotation 14) then de-
termines the diameter of the examination zone 13 within
which the object to be examined must be present during
the acquisition of the measuring values. In order to gen-
erate volume images of the object, the object which is
arranged, for example, on a table in the examination zone
13, can be displaced parallel to the direction of the axis
of rotation 14 or the z axis by means of a motor 5. The
measuring data acquired by the detector unit 16 is applied
to a reconstruction unit 10 which reconstructs therefrom
the absorption distribution in the part of the examination
zone 13 which is covered by the radiation beam 4. The
two motors 2 and 5, the reconstruction unit 10, the radi-
ation source S and the transfer of the measuring data
from the detector unit 16 to the reconstruction unit 10 are
controlled by means of a suitable control unit 7.
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[0032] The motors 2 and 5 can be controlled in such a
manner that the ratio of the speed of propagation of the
examination zone 13 to the angular velocity of the gantry
1 is constant, so that the radiation source S and the ex-
amination zone 13 move along a helical path, that is, the
so-called trajectory, relative to one another. In this case
it is irrelevant whether the scanning unit, consisting of
the radiation source S and the detector unit 16, or the
examination zone 13 performs the rotary motion or the
propagation motion, because only the relative motion is
of importance. The object is not displaced for the forma-
tion of slice images.
[0033] A motion signal is derived by means of an ac-
quisition unit 12 and a motion sensor 15 which is arranged
on the object in order to detect the object motion. This
signal can be applied, if desired, to the reconstruction
unit 10 in order to facilitate the selection of the measuring
data that is suitable for the reconstruction. Furthermore,
the motion signal is used (as will be described in detail
hereinafter) in accordance with the invention for the de-
termination of the motion model.
[0034] Furthermore, a PET acquisition unit 20 is ar-
ranged so as to be concentric with relative to the axis of
rotation 14; this unit is arranged as a ring around the
object which is present in the examination zone 13. The
acquisition unit 20 comprises individual sensors 21 which
detect the γ quanta emitted by the object. In order to form
slice images, it suffices to configure the PET acquisition
unit so as to be quasi two-dimensional by arranging sen-
sors 21 adjacent one another in a ring-like configuration.
In order to generate volume images, the PET acquisition
unit comprises a plurality of such rings of sensor which
are arranged so as to be parallel to one another and
around the axis of rotation 13. The signals detected by
the sensors 21 are applied to an evaluation unit 22 which
forms one or more PET images therefrom by means of
known algorithms.
[0035] In addition to the above-mentioned functions,
the control unit 7 is also arranged to displace the object
between the acquisition positions of the CT system as
well as those of the PET system. After successful acqui-
sition of the CT data, for example, the object on the table
is displaced, by means of the control unit 7 and the motor
5, to the acquisition position of the PET acquisition unit
20 in which the relevant preparation is injected into the
object and the PET data is acquired.
[0036] The data processing unit 23 is arranged to com-
bine, using the method in accordance with the invention
as well as the motion signal, the information contents of
the CT images and the PET images, to reduce motion
artifacts, if any, and to visualize the results accordingly
by means of a display apparatus 11. If the data process-
ing unit is constructed so as to be programmable, it is
enabled by a computer program to carry out the method
in accordance with the invention. The computer program
may be stored in an internal memory such as, for exam-
ple, a ROM or an EPROM, or in a computer program
product such as a disc or CD-ROM provided with the

computer program.
[0037] The computed tomography apparatus shown
as well as the PET acquisition unit may be configured in
such a manner that slice as well as volume images can
be acquired.
[0038] The images I2 and I3 of Fig. 1 represent two
different states of motion of the motion performed by the
object during the acquisition of the projections P1. Be-
cause it is inherent of the method of CT-based acquisition
that significantly less time is required than for acquisition
on the basis of PET, instantaneous images can be formed
of the respiratory motion of the patient, notably the image
I2 of the inhaled state and the image I3 of the exhaled
state. The inhaled as well as the exhaled state of motion
of the patient represents a particularly characteristic state
of the respiratory motion. Alternatively, a sequence of CT
images IS of the respiratory motion can be acquired dur-
ing which the object performs the same motion as during
the acquisition of the projections P1. Subsequently, using
known methods, the two images I2 and I3 are extracted
from the sequence IS. This offers the advantage that the
motion more accurately corresponds to the motion per-
formed by the object during the acquisition of the projec-
tions P1. When the images I2 and I3 are acquired directly,
often unnatural or cramped states of motion occur in the
patient; such states are not the same as those occurring
during the natural respiratory motion.
[0039] From these state of motion images I2 and I3 an
object motion model M2 is formed in the step C1 in com-
bination with a state of motion function F1. A state of
motion function F1 of this kind is shown in Fig. 3, by way
of example, as a frequency function f(r) for the human
respiratory motion. The y axis of the frequency function
f(r) describes how often the relevant states of motion are
assumed by the object while it performs the motion. The
x axis represents successive states of motion r assumed
while the motion is performed. In other words, the fre-
quency function describes how long on average the ob-
ject stays in a given state of motion in relation to the other
states of motion while the object performs the motion. If
the representation is normalized, the integral over this
curve produces exactly 1. It is a particularly significant
aspect that during the respiratory motion the organs or
tissue involved in the respiratory motion remain particu-
larly frequently or long in the exhaled state (exhalation).
If merely the frequency is of interest for the further steps
of the method, the order of the states of motion assumed
while the object performs the motion can be ignored and
the states of motion which are plotted on the x axis need
not necessarily succeed one another during the execu-
tion of the motion.
[0040] Alternatively it is also feasible to utilize a motion
state function F1 which not only provides information as
regards the frequency of the assumed states of motion,
but also describes the overall motion process (states of
motion as well as their frequency and completion in time).
Because such a state of motion function is redundant for
the use in the next steps of this version, however, it suf-
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fices to utilize a frequency function as described above.
[0041] For known motion processes the state of motion
function F1 can be derived from a function model M1
without taking into account the actual motion. This is pos-
sible notably when in most objects a motion process is
very similar or the same. For example, when in the case
of a human respiratory motion the model M1 is formed
by the frequency function f(r) of Fig. 1, it can be consid-
ered directly as the state of motion function F1 and be
used for determining the motion model M2. Alternatively,
the actual motion process can be determined by means
of an appropriate sensor S1. In the case of the respiratory
motion, for example, the respiratory motion is determined
during the acquisition of the PET projections P1 by means
of a respiratory motion sensor provided on the patient
and therefrom the frequency function f(r) or, more gen-
erally, a state of motion function F1 is derived for the
construction of the motion model M2.
[0042] In the step C1 a motion model M2 is derived
from the images I2 and I3 and the state of motion function
F1. Each of the images I2 and I3 represents a respective
known state of motion of the object, said states of motion
also being present in the state of motion function F1.
Assuming that all components of the object move locally
linearly during the motion process, that is, along straight
paths of different direction and length, between the states
of motion shown in the images I2 and I3, for each pixel
represented in one of the images I2 or I3 or for each
object component the execution of the motion can be
determined by means of the state of motion function F1.
This location-specific motion process can be retained in
a motion vector field and constitutes, in conjunction with
the state of motion function F1, the motion model M2. A
motion vector thus indicates the direction in which and
the speed at which or the distance over which a pixel or
an object component moves during the execution of the
motion between each time two states of motion.
[0043] Mathematically speaking, a vector field of this
kind can be described as x2 = x3 + m(x3). A point x3 moves

towards the point x2 during the execution of the motion;

the motion is characterized by the motion vector field
m(x3) and each state of motion can be approximated by

x(r) = x3 + rm(x3). The parameter r ∈ [0,1] represents for

r = 0 the state of motion represented in the image I3,
where x(r = 0) = x3 and for r = 1 the state of motion x(r =

1) = x2 shown in the image I2. For the human respiratory

motion, for example, x3 describes the exhaled state and

x2 describes the inhaled state. Generally speaking, such

a mathematical description can also be applied to a va-
riety of other motions. The motion need not be inherently
periodic and be repeated. Fig. 4 shows the frequency
function of a motion of an object in which all states of
motion are equally frequently assumed during the exe-
cution of the motion. This is the case, for example, for
the motion where all parts of the object move in the same
direction at a constant speed (for example, a bicycle rid-

er).
[0044] The next step C2 aims to form from the images
I2 and I3 an image I4 which exhibits substantially the
same motion artifacts as the image I0. This is achieved
in that, starting from one of the images I2 or I3, first arti-
ficial images of the remaining states of motion are formed
by means of the motion model M2, said artificial images
then being superposed so as to form the image I4: 

[0045] The image I4 is formed from the integral over
all states of motion r of the product of the image I3 and
the motion vector field (x3 + m(x3)) weighted by the fre-

quency function f(r), the motion vector field (x3 + m(x3))

and the frequency function f(r) constituting the motion
model M2. As a result, the image I4 represents a super-
position of all states of motion weighted by the relevant
duration of stay.
[0046] Analogously, a theoretical consideration of the
formation of the PET image 10 leads to the result that
the PET image I0 also constitutes a superposition of all
states of motion weighted by the relevant duration of stay;
this means that it is also formed from the integral over all
states of motion r of the product of an image I0a (not
shown in this case) of an initial state of motion, the fre-
quency function f (r) and the motion model (xa + m(xa)) : 

[0047] In the ideal case the image 10a represents the
same state of motion as the image I3 and the vectors xa

and x3 as well as the relevant frequency function and the

motion model correspond. This consideration of the for-
mation of the image I0 is used in the focusing step de-
scribed hereinafter, because the appearance of the mo-
tion artifacts in the image I0 is thus substantiated.
[0048] As an alternative for a combination apparatus
as shown in Fig. 5, the images I0 as well as the images
I2 and I3 can be acquired by means of two independent
systems. The object is then positioned in the first appa-
ratus, for example, the PET system, and the PET image
is acquired. Subsequently, the object is positioned in the
second system and the CT images are acquired. Be-
cause of the local separation of the two systems, the
object components in the PET image I0 usually are lo-
calized differently from those in the CT images I2, I3 and
I4, so that only an inadequate direct superposition or di-
rect comparison of the images I4 and I0 can be per-
formed. Therefore, in a step R2 a so-called registration
operation is performed. The step R2 is optional and is
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not necessary when the co-ordinate system of the imag-
es I0 suitably accurately corresponds to that of the im-
ages I2 and I3 (as is the case in the system shown in Fig.
5). I0 can then be equalized with I5 and the method can
be continued as described hereinafter.
[0049] Registration is a generally known method of
equalizing co-ordinate systems between two or more im-
ages with corresponding structures; a physical corre-
spondence of two identical objects of different contents
may then also occur. This is the case, for example, for a
functional PET image and an anatomical CT image of
the same object. After successful registration, the object
parts represented in one image can be associated with
the corresponding object parts in the other image by the
co-ordinate transformation determined. As a result, for
example, the object parts shown in one image can be
shifted in such a manner that they occupy the corre-
sponding positions of the identical object parts represent-
ed in the other image.
[0050] The article by D. Mattes et al. "Nonrigid multi-
modality image registration" , Medical Imaging 2001: Im-
age Processing, Proceedings of SPIE Vol. 4322 (2001)
describes how such a registration of a CT image and a
PET image can be carried out. Because the registration
is generally known, it will not be further elaborated herein.
It is to be noted, however, that in order to facilitate the
registration in known PET systems, a transmission image
is acquired in addition to the actual PET image as is also
mentioned in the cited article. Prior to the injection of the
metabolic preparation marked with nuclides, a radioac-
tive source is displaced along a trajectory around the
patient for this purpose, said source emitting rays in the
direction of the patient which penetrate the patient and
are detected by sensors of the PET detector which are
situated opposite the radiation source. The transmission
image subsequently reconstructed is in principle similar
to a CT image and, because of the anatomical information
contained therein, is better suitable for registration with
the CT image, notably in the case of a poor image quality
of the actual PET image. When the co-ordinate transfor-
mation between the transmission image and the CT im-
age has been determined, the co-ordinates of the actual
PET image and the CT image can be made to corre-
spond, because the co-ordinate systems of the transmis-
sion image and the PET image are substantially identical.
This method is not shown in Fig. 1, but can nevertheless
be used herein.
[0051] After successful registration R2, the pixels or
the object components of the image I0 can be trans-
formed in the co-ordinate system of the image I4. This
produces the PET image I5. A possible alternative, that
is, transforming the image I4 into the co-ordinate system
of the image I0, will not be elaborated herein. A compar-
ison or a combination of the images I4 and I5 can now
be performed, because both images exhibit substantially
the same motion artifacts of the object motion and both
images represent the object in relation to the same co-
ordinate system. A viewer, for example, a physician, may

desire the presentation of the image I0 without falsifica-
tions (a co-ordinate transformation in this sense does not
represent a falsification) for given applications so as to
enable comparison or combination of information there-
from with information from other images. Prior art merely
offers the possibility of comparing or combining only one
of the two images I2 or I3 directly with the image I0. As
opposed to the image I0, the images I2 or I3 do not exhibit
motion artifacts, so that on the one hand the searching
of a suitable co-ordinate transformation is more difficult
and on the other hand the combination or comparison
itself is possible only with difficulty.
[0052] Such comparisons or combinations as shown
as the step R3 in Fig. 1 are known in principle and can
be realized, for example, by superposition, by adjacently
arranged images, by partial superposition with manually
selectable boundaries or by partial imaging of one image
in the other image with manually selectable boundaries.
The result of the step R3 constitutes the image I6.
[0053] In dependence on the relevant application, it
may be useful for a user of the system to limit the image
I6 to given information or to highlight given information
in particular. To this end, an optional step B1 can be
performed for focusing the image I6 which contains arti-
facts and in which only one state of motion of the motion
is represented. A known algorithm for focusing which is
suitable for linear motions is described in the article by
A.K. Katsaggelos "Iterative image restoration algo-
rithms", OPTICAL ENGINEERING, July 1989, Vol. 28,
No. 7, p. 735 ff. Notably the equation (1) shows how mo-
tional unsharpness can in general be expressed by mod-
eling the motion to a linear motion and be compensated
in the further course of the method.
[0054] Fig. 2 shows a further possibility, not part of the
invention, for enhancing the information contents of an
image by means of the motion model. In known PET sys-
tems a transmission image is acquired by means of the
above method, that is, in addition to the actual PET im-
age. This transmission image represents the location-
specific attenuation of the radioactive radiation. This at-
tenuation information is used for the reconstruction R1
of the projections P1 in order to correct the absorption of
γ quanta by surrounding tissue (attenuation correction).
In the article by I.T. Hsiao et al. "Noise Propagation from
Attenuation Correction into PET Reconstructions" (pub-
lished in "Nuclear Science & Medical Imaging including
Nuclear Power Systems, 2000 Symposium", IEEE, ISBN
0-7803-6503-8) various methods are disclosed, for ex-
ample, in Table 1, for the correction of the location-spe-
cific attenuation. Equation (4) reveals a possibility for
multiplying the reconstruction, expressed as a linear re-
construction operator, by the location-specific attenua-
tion information while taking into account distribution ef-
fects.
[0055] These methods, however, have the drawback
that the transmission image, as opposed to the actual
PET image, often contains only few or even no motion
artifacts, because the acquisition time is short in com-
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parison with the duration of the motion. As a result, the
attenuation information is not appropriately used and the
motion artifacts in the PET image, due to the above-men-
tioned cause 2, are not taken into account.
[0056] Therefore, in accordance with the invention the
reconstruction R5 of the PET image I10 utilizes a trans-
mission image I4 which is formed, as in Fig. 1, from the
CT images I2 and I3 as well as the motion model M2.
The image I4 contains substantially the same motion ar-
tifacts as a PET image which is reconstructed without
any attenuation information. As a result, the motion arti-
facts in the PET image are taken into account and the
reconstruction R5 using the attenuation information from
the image I4 produces a qualitatively enhanced image
I10 in comparison with a reconstruction utilizing a con-
ventional transmission image.
[0057] Generally speaking, the methods of the figs. 1,
and 2 can also be simultaneously used in a system so
as to enable presentation of the various results of the
methods to a viewer. The method of Fig. 2 can be com-
bined at will with the method of Fig. 1, that is, for as long
as the system used is a combination system, because
the co-ordinate systems of the PET system correspond
substantially to those of the CT system only in the case
of a combination system.
[0058] It is to be noted again, in a variation, not part of
the invention, that the methods shown in Fig. 1 and Fig.
2 are not limited to CT and PET. For example, it is pos-
sible to acquire the image 10 by means of magnetic res-
onance tomography instead of a PET-based method or,
alternatively, to acquire the images I2 and I3 by means
of ultrasound or fast magnetic resonance tomography
instead of by means of a CT-based method. Because
the method in accordance with the invention in general
offers a possibility for comparing images containing dif-
ferent information on a moving object, while taking into
account motion artifacts present in an image, applica-
tions outside the medical field are also feasible. For ex-
ample, an image of a traveling car which contains motion
artifacts can be acquired by means of a thermal-sensitive
camera and further images can be acquired by means
of customary photographic methods. The image of the
thermal-sensitive camera shows location-specific func-
tional processes, whereas the photographic images rep-
resent structural features of the object. The superposition
of such different types of information so as to form a com-
bination image while taking into account the motion arti-
facts advantageously enables the presentation of all in-
formation simultaneously to a viewer.

Claims

1. A method of enhancing the information contents
which can be derived from a first image, containing
motion artifacts, of a moving object, whereby the first
image is a reconstructed PET image, which method
includes the following steps:

a. using two further images which represent the
object in a respective state of motion with as few
motion artifacts as possible, whereby the two
further images are CT images and are formed
as instantaneous images of the exhaled state
and the inhaled state of the respiratory motion
of the patient respectively, or alternatively, the
two further images are extracted from a se-
quence of CT images of the respiratory motion,
during which the object performs the same mo-
tion as during the acquisition of the PET projec-
tions;
b. determining a motion model which character-
izes states of motion assumed by the object
while performing the motion between the two
states of motion,
c. forming an intermediate image of the object
representing the object at least approximately
as if it had performed the motion and exhibiting
substantially the same motion artifacts as the
first image, whereby, images of other states of
motion of the object are formed by means of the
two further images and the motion model, the
images thus formed being weighted and subse-
quently superposed together with the two further
images and in conformity with the frequency at
which the respective state of motion represent-
ed in the images occurs while the motion is per-
formed.
d. forming a combination image from the inter-
mediate image and the first image.

2. A method as claimed in one of the claims 1, char-
acterized in that a respective motion vector field is
determined for parts of the object in order to deter-
mine the motion model.

3. A method as claimed in claim 1, characterized in
that the intermediate image and the first image are
registered, notably elastically registered, prior to the
formation of the combination image.

4. A method as claimed in claim 1, characterized in
that the combination image is focused in a further
step.

5. An image processing system which includes a data
processing unit for carrying out a method as claimed
in the claim 1.

6. An examination apparatus, notably a medical exam-
ination apparatus, which includes:

- a device for forming images and/or projections
by means of a first imaging method,
- a device for forming images and/or projections
by means of a second imaging method,
- an image processing system which includes a
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data processing unit for carrying out a method
as claimed in the claim 1.

7. A computer program or a computer program product
which is arranged to cooperate with a data process-
ing unit in such a manner that the data processing
unit can carry out a method as claimed in the claim 1.

Patentansprüche

1. Verfahren zur Hervorhebung von Informationsinhal-
ten, die von einem ersten, Bewegungsartefakte ent-
haltenden Bild eines sich bewegenden Objekts ab-
geleitet werden können, wobei das erste Bild ein re-
konstruiertes PET-Bild ist, wobei das Verfahren die
folgenden Schritte umfasst:

a. Verwenden von zwei weiteren Bildern, die das
Objekt in einem jeweiligen Bewegungszustand
mit so wenig Bewegungsartefakten wie möglich
darstellen, wobei die beiden weiteren Bilder CT-
Bilder sind und als Momentanbilder des ausge-
atmeten bzw. des eingeatmeten Zustands der
Atmungsbewegung des Patienten erzeugt wer-
den, oder wobei die beiden weiteren Bilder al-
ternativ aus einer Sequenz von CT-Bildern der
Atmungsbewegung extrahiert werden, während
der das Objekt die gleiche Bewegung ausführt
wie während der Erfassung der PET-Projektio-
nen;
b. Ermitteln eines Bewegungsmodells, das Be-
wegungszustände charakterisiert, die durch das
Objekt während des Durchführens der Bewe-
gung zwischen den beiden Bewegungszustän-
den angenommen werden;
c. Erzeugen eines Zwischenbildes des Objekts,
welches das Objekt zumindest annähernd dar-
stellt, als ob es die Bewegung durchgeführt hätte
und im Wesentlichen die gleichen Bewegungs-
artefakte aufweist wie das erste Bild, wobei Bil-
der der anderen Bewegungszustände des Ob-
jekts mithilfe der zwei weiteren Bilder und des
Bewegungsmodells erzeugt werden, wobei die
derartig erzeugten Bilder gewichtet werden und
anschließend mit den zwei weiteren Bildern ge-
meinsam und in Konformität mit der Häufigkeit
überlagert werden, mit der der jeweilige, in den
Bildern dargestellte Bewegungszustand auftritt,
während die Bewegung durchgeführt wird;
d. Erzeugen eines Kombinationsbildes aus dem
Zwischenbild und dem ersten Bild.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass ein jeweiliges Bewegungsvektorfeld
für Teile des Objekts ermittelt wird, um das Bewe-
gungsmodell zu ermitteln.

3. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Zwischenbild und das erste Bild
vor der Erzeugung des Kombinationsbilds registriert
werden, insbesondere elastisch registriert werden.

4. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Kombinationsbild in einem wei-
teren Schritt fokussiert wird.

5. Bildverarbeitungssystem, das eine Datenverarbei-
tungseinheit zum Durchführen eines Verfahrens
nach Anspruch 1 umfasst.

6. Untersuchungsgerät, insbesondere medizinisches
Untersuchungsgerät, das Folgendes umfasst:

- eine Vorrichtung zum Erzeugen von Bildern
und/oder Projektionen mithilfe eines ersten Bild-
gebungsverfahrens;
- eine Vorrichtung zum Erzeugen von Bildern
und/oder Projektionen mithilfe eines zweiten
Bildgebungsverfahrens;
- ein Bildverarbeitungssystem, das eine Daten-
verarbeitungseinheit zum Durchführen eines
Verfahrens nach Anspruch 1 umfasst.

7. Computerprogramm oder Computerprogrammpro-
dukt, das dafür ausgelegt ist, mit einer Datenverar-
beitungseinheit auf derartige Weise zusammenzu-
arbeiten, dass die Datenverarbeitungseinheit ein
Verfahren nach Anspruch 1 durchführen kann.

Revendications

1. Procédé d’amélioration des contenus d’information
qui peuvent être dérivés d’une première image, con-
tenant des artefacts de mouvement, d’un objet en
mouvement, moyennant quoi la première image est
une image TEP (EN : PET) reconstruite, ledit procé-
dé comprenant les étapes suivantes :

a. l’utilisation de deux images supplémentaires
qui représentent l’objet dans un état respectif de
mouvement avec aussi peu d’artefacts de mou-
vement que possible, moyennant quoi les deux
images supplémentaires sont des images TDM
(EN : CT) et sont formées respectivement sous
la forme d’images instantanées de l’état exhalé
et de l’état inhalé du mouvement respiratoire du
patient ou, en variante, les deux images supplé-
mentaires sont extraites d’une séquence d’ima-
ges TDM (EN : CT) du mouvement respiratoire,
pendant lequel l’objet effectue le même mouve-
ment que pendant l’acquisition des projections
TEP (EN : PET);
b. la détermination d’un modèle de mouvement
qui caractérise les états de mouvement suppo-
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sés par l’objet pendant qu’il effectue le mouve-
ment entre les deux états de mouvement,
c. la formation d’une image intermédiaire de l’ob-
jet représentant l’objet au moins approximative-
ment comme s’il avait effectué le mouvement et
présentant sensiblement les mêmes artefacts
de mouvement que la première image, moyen-
nant quoi des images d’autres états de mouve-
ment de l’objet sont formées au moyen des deux
images supplémentaires et du modèle de mou-
vement, les images ainsi formées étant pondé-
rées puis superposées conjointement avec les
deux images supplémentaires et en conformité
avec la fréquence à laquelle l’état respectif de
mouvement représenté sur les images se pro-
duit tandis que le mouvement est effectué,
d. la formation d’une image de combinaison à
partir de l’image intermédiaire et de la première
image.

2. Procédé selon la revendication 1, caractérisée en
ce qu’un champ de vecteurs de mouvement respec-
tif est déterminé pour des parties de l’objet afin de
déterminer le modèle de mouvement.

3. Procédé selon la revendication 1, caractérisée en
ce que l’image intermédiaire et la première image
sont alignées, en particulier alignées de manière
élastique, avant la formation de l’image de combi-
naison.

4. Procédé selon la revendication 1, caractérisée en
ce que l’image de combinaison est focalisée dans
une étape supplémentaire.

5. Système de traitement d’image, comprenant une
unité de traitement de données permettant de mettre
en oeuvre un procédé selon la revendication 1.

6. Appareil d’examen, en particulier un appareil d’exa-
men médical, comprenant :

- un dispositif permettant de former des images
et/ou des projections au moyen d’un premier
procédé d’imagerie,
- un dispositif permettant de former des images
et/ou des projections au moyen d’un second pro-
cédé d’imagerie,
- un système de traitement d’image qui com-
prend une unité de traitement de données per-
mettant de mettre en oeuvre un procédé selon
la revendication 1.

7. Programme informatique ou produit de programme
informatique, qui est conçu pour coopérer avec une
unité de traitement de données de façon que l’unité
de traitement de données puisse mettre en oeuvre
un procédé selon la revendication 1.
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