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Abstract. Due to the long imaging times in SPECT, patient motion is
inevitable and constitutes a serious problem for any reconstruction algo-
rithm. The measured inconsistent projection data lead to reconstruction
artifacts which can significantly affect the diagnostic accuracy of SPECT
if not corrected. Among the most promising attempts for addressing this
cause of artifacts is the so-called data-driven motion correction methodol-
ogy. But even this algorithm is restricted to the correction of abrupt rigid
patient motion and exclusive correction of gradual motion, which may
lead to unsatisfactory results. In this note we present for the first time
a motion correction approach which overcomes the mentioned restric-
tions. The new approach is based on the super-resolution methodology.
To demonstrate the performance of the proposed scheme, corrections of
abrupt and gradual motion are presented.

1 Introduction

In Single Photon Emission Computed Tomography (SPECT), the imaging time
is typically in the range of 5-30 minutes. Here, patient movement, which has
frequently been reported in clinical applications [1], constitutes a serious prob-
lem for any reconstruction scheme. The movements cause misalignment of the
projection frames, which degrades the reconstructed image and may introduce
artefacts. These motion artefacts may significantly affect the diagnostic accu-
racy [2, 3, 4]. Different methods have been proposed for the correction of motion
in SPECT studies. These methods may be divided into three categories. The
first two approaches do produce motion corrected projections and thus may be
used in conjunction with any reconstruction method. The first approach is purely
hardware based, like, for example the triple scan [5] or dual scan [6] protocol.
The second approach corrects for the patient motion by using a computational
method applied within the projection-space [7, 8]. It should be noted, that due
to the projection geometry the latter method is not able to compensate for ro-
tational movement. In this paper, we are concerned with the third methodology.
Here the correction is performed in the image space. A widely used member out
of this class is the so-called data driven motion correction (DDMC) approach
[9, 10]. It can handle full rigid-body motion. To start the scheme, it is assumed
that the point in time of the rigid-body motion of the patient during the SPECT
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imaging is known. Once the point in time of the motion is known it needs to be
corrected. The idea is to subdivide the projection data into subsets or motion-
sets where no motion has been detected and to estimate the motion in between
these subsets accordingly by using a partial reconstruction of the subset contain-
ing the largest number of projections and calculate a suitable transformation in
order to fit it to the other subsets. To this end the rigid-body parameters after
the ith movement of the patient are stored in the vector Ti. Furthermore, all
projections that were measured between the ith and the i + 1st movement are
collected in the projection set Pi. The image, which has been in the course of
the algorithm reconstructed up to the ith step, is denoted by f (i). This image
has to be corrected with respect to the next object position Ti+1. The result is
denoted by f (i)(Ti+1). Next the partial reconstruction f (i)(Ti+1) is updated with
the help of measured projections Pi+1 via

f (i+1) = R[Pi+1, f (i)(Ti+1)] (1)

where R denotes a reconstruction algorithm. Ideally, the resulting image f (m)

should contain less motion artefacts. But this approach has two main disadvan-
tages. The first is the needed information about the point in time of the patient
motion during the SPECT imaging, and the second is the motion estimation
using partial reconstructions. Due to this the quality of the motion estimation
depends on the quality of the partial reconstruction, which is only of good qual-
ity if 1

3 of all projections are in one subset. To overcome these disadvantages we
present a new approach for motion correction in SPECT imaging that combines
reconstruction and motion correction.

2 State of the art and new contribution

The data-driven approach, as outlined in the introduction, constitutes the state
of the art in motion correction approaches. Nevertheless, it does produce non-
satisfactory results if the time of movement is not correctly estimated and if
there are too many movements such that the set projections without movement
does not contain enough information to produce a meaningful partial recon-
struction. Here, we present a motion correction approach which does combine
reconstruction and motion correction in using the super-resolution methodol-
ogy to advantage. To our best knowledge, this has not been conducted before.
Moreover, the novel approach does overcome the just mentioned shortcomings
of schemes working solely on the raw data.

3 Methods

Let us now describe the main idea of combining reconstruction and motion cor-
rection within SPECT imaging. Given SPECT raw data g, we are searching for a
reconstructed image f and for possible motion parameters γ. The whole problem
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may be formulated as an optimization problem

J
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γ

)
=

1
2

K∑

i=1

‖Aif(γi)− gi‖22 + R(f) → min s.t. f ≥ 0 (2)

Some comments are in order. Here, K denotes the number of motion-sets. As it
will be shown in the result section, the actual value of K is not critical and may
be overestimated. Note, that K just denotes the number and not the precise
time of motion. Furthermore, Ai denotes the i-th part of projection operator A,
simulating a SPECT imaging. At least γi denotes the motion parameters and
gi the measured data of motion-set i. It is well-known that the optimization
problem is illposed and does need some regularization. Here, we have chosen
as regularizer R the TV functional, which is widely used in image processing
[11]. Furthermore, the image f has only non-negative values, which is explicitly
formulated in the constraint. To find a minimum of equation (2), we first resolve
the constrain f ≥ 0, following [12], by the substitution f = ez. Afterwards we
use a Newton method [13] to minimise iterative equation (2) by solving
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in every iteration to update the actual solution (z, γ)T with (zu, γu)T

4 Results

To clarify the power of our new approach we are choosing in a first step γ as
a rigid motion model and compare it to the DDMC approach. Therefor three
2D academic examples were created (Fig. 1). Every image is of size 64 × 64
pixels and perturbed with noise. For every image we simulate a SPECT imaging
with 60 projections and two abrupt rigid movements, one after projection 20,
the other after projection 40. Due to the fact that the DDMC approach need
to know when motion occur we also use this information in our approach, so
we can set K = 3 in equation (2). Fig. 1 presents the results for all three tests.
It shows that the results of our new approach are comparable to the quality of
DDMC. To demonstrate that our approach is more powerful than DDMC we
are calculating the same tests with K = #projections = 60. This means we use
no information after which projection motion occurs. The DDMC approach can
not be started without this information but our approach handle this situation
(Fig. 2) only with the restriction that the method has no information about
the original position of the object, resulting in a rotated or shifted position.
Additionally we present a test for gradual motion in Fig. 3, simulating a SPECT
imaging with a translation of the object after every projection. So each projection
belongs to a different object position. Due to this the DDMC approach has not
enough information for the needed partial reconstruction and can not calculate
a motion corrected reconstruction. From the presented results one can see that
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Original Motion DDMC New approach

Fig. 1. The SPECT imaging of three academic examples (Original) are perturbed with
abrupt rigid motion and reconstructed (Motion). Using the DDMC or the new approach
the motion can be corrected

Fig. 2. Motion correction with the new approach of the examples known from Fig. 1
with K = 60

Fig. 3. A SPECT imaging of an academic example (left) is perturbed with gradual mo-
tion and reconstructed (middle). Using the new approach this motion can be corrected
(right)
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our approach can not only correct abrupt motion without any information after
which projection motion occurs, it can also correct gradual motion. Due to this
it overcomes all restrictions of all other motion correction approaches working
only with the raw data of a SPECT imaging.

5 Discussion

We presented a new approach for motion correction in SPECT imaging, which
can correct abrupt and gradual rigid object motion. The power of this approach
was clarified with some academic 2D examples. Our next step will be a 3D
implementation and further tests with academic examples. Afterwards tests with
real patient data are planed.
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