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Motion detection 1n helical CT using data
consistency conditions

Mélanie Mouchet, Simon Rit and Jean Michel Létang

Abstract—In computed tomography (CT), unexpected motion
can result in poor image quality after reconstruction. One way
to detect this motion is to verify data consistency conditions
(DCC). DCC are mathematical relationships that characterize the
redundancy of the data and must be verified by the projections.
Necessary conditions for cone-beam projections with a linear
source trajectory state that the integral of the cosine weighted
projections along each row of the detector must be equal. In
this work, we apply these conditions to pairs of source positions
along a helical trajectory by rebinning the projections to a virtual
detector parallel to the line connecting the two source positions.
Then, we construct a graph connecting source positions between
which we can calculate DCC and we use the Dijkstra algorithm to
compute the shortest path between the first source position and all
the other ones. This method was tested on simulated projections
of the dynamic version of the Forbild thorax phantom, mostly
static at end-inhale except for one breathing cycle during the
acquisition. The proposed method allows a clear identification of
when motion occurs during the acquisition.

Index Terms—Computed tomography, data consistency condi-
tions, motion detection

I. INTRODUCTION

OMPUTED tomography (CT) assumes that the patient

remains static during the acquisition. Breath-hold acqui-
sitions, in particular, require that patients hold their breath at a
given position of their respiratory cycle but they might not
manage breath-hold for the entire acquisition, thus creating
inconsistencies in the acquired projections and artefacts in
reconstructed images.

One way to check for the presence of motion is to use
Data Consistency Conditions (DCC). They are mathematical
relationships that must be verified by the measured data [1]. If
unexpected motion occurs, DCC will generally not be verified
by the projections. DCC have proven able to detect motion and
to calibrate the geometry of the scanner but have mostly been
used with circular source trajectories [1] [2] [3].

The main goal of this work is the use of pairwise cone-beam
DCC to detect unexpected motion in helical CT.

1I. METHODS
A. Cone-beam pairwise DCC

Let 5, and 5, be two source positions on a linear trajectory
parallel to the detector plane. The distance between the X-ray
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sources and the detector plane is D and a detector pixel is
defined by its coordinates (u,v) in the detector’s frame, where
the u axis is parallel to the linear trajectory of the source. For

each row v, of the detector, we define:
1/v + D2

/g(al,u )
,/v +D? \Ju? +v +D?

with g(4;,.,vg) the fan-beam projection at angle A; and
detector height vi. The cone-beam pairwise DCC proposed by
Levine et al [4] states that for each row vy, if the projections
are not laterally truncated (in the u direction) and the trajectory
and the object do not intersect, then

M; k(Ai) = M; x(2;). )

Those DCC are mathematically equivalent to the zero-order
fan-beam DCC proposed by Clackdoyle [5]. Indeed, the weight
inside the integral is exactly the cosine of the angle between a
ray and the central ray of the fan in the plane defined by the
two source positions and the detector line vy.

Mj i () = ———du. ()

B. Cone-beam pairwise DCC in helical CT

In diagnostic helical CT, the detector is cylindrical and is not
parallel to the trajectory line defined by two source positions.
As a result, a pre-processing step of the measured data is
necessary to apply the DCC. For a pair of projections, one
can rebin the projections into a virtual detector with rows
parallel to the line connecting the two corresponding source
positions, as illustrated in Fig. 1. Such a process has already
been described for a circular trajectory and flat detectors [2],
we simply adapted it to the helical trajectory with a cylindrical
detector.

DCC for a pair of projections can only be computed if a
number of conditions is satisfied. The first one, mentioned
above, imposes that the scanned object and the line connecting
the two source positions do not intersect. Here, we impose
that the line connecting the two source positions and the field-
of-view (FOV) does not intersect as we do not assume prior
knowledge but that the scanned object fits in the FOV. The
second condition is the overlapping of the resampled projec-
tions on the virtual detector. For a circular trajectory, resampled
projections overlap for any pair of sources. For the helical
trajectory, as the detector, the source and the scanned object
are also moving axially, resampled projections do not overlap
for most pairs of projections. In addition, projections are not
laterally truncated but may be axially truncated. Therefore, the
DCC can only be computed for a pair of projections if there
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Fig. 1. Illustration of the rebinning of two projections for a helical trajectory.
The virtual detector (red), is parallel to the line connecting the two source
positions.

—— Possible pairs
FOV

Fig. 2. Possible pairs computed for six source positions. The black lines
illustrate pairs of source positions between which DCC can be computed. For
example, one cannot compute a DCC between 5 and Sg but one can verify
that C45+C56= 0.

is a plane that contains the two source positions and crosses
the lateral borders of the two projections.

C. Motion detection in helical CT using a graph approach

These conditions prevent the computation of DCC between
many pairs of projections but one can always connect two
source positions with intermediate positions and verify that
DCC are satisfied. To this end, we propose to construct a
graph with the source positions as vertices and an edge between
pairs fulfilling the conditions, weighted by the following cost
ci,j to compare two cone-beam measurements g(4;,.,.) and

g(ﬂj, . )

ci,j = i (M. (A) = Mi(4)))°

X 3)
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where K is the number of rows of the virtual detector. If the
data are consistent, then

¢;,j=0 “4)

and it is strictly positive otherwise. The graph is helpful to
identify inconsistent projections. If two source positions i and

J are directly connected, then the vertex cost ¢; ; is 0 if the
projections are consistent, see Equation 4. In addition, if all
projections are consistent along any path, then the sum of the
vertex costs along the path is also zero.

To identify inconsistent projections, we therefore propose to
use the shortest path between two source positions as a measure
of the consistency between two source positions measured with
Dijkstra’s algorithm [6]. If the shortest path is not zero, there is
no path between the two source positions with all projections
consistent along the path.

D. Experiment

We simulated an acquisition of the 4D Forbild thorax phan-
tom [7], Fig. 3, using the geometry of the Somatom Definition
Flash Siemens CT scanner, with 100 projections per gantry
rotation using the reconstruction toolkit (RTK [8]). Poisson
noise was added to the projections. The number of photons
received by a detector pixel after attenuation is between 107
and 107 in air. The acquisition takes 9 s and is divided in three
parts. Between fop = 0 s and #; = 3 s, the phantom is static
at end inhale. Between #; and 73 = 7 s, the phantom breathes
for one respiratory cycle, reaching end-exhale at 1, = 5.5 s. It
is back to its static position from end-inhale #3 to 74 = 9.0 s.
Two reference projections are considered and the shortest path
is computed with all the other source positions: #y and #,.

Q

(a) Axial view of the phantom. (b) Coronal view of the phantom.

t=0.0 t=30 =55 =170 t=9.0
Time (s)

(c) Breathing signal of the phantom.

Fig. 3. Characteristics of the 4D Forbild thorax phantom.

III. RESULTS

Fig. 4a shows the shortest path from the first projection #¢ at
end-inhale to all the other ones. It is immediately possible to
identify where motion occurs but we cannot identify that the
phantom is back to end-inhale at #3. This is because all paths
pass by inconsistent intermediate positions between 7 and 73.

Fig. 4b shows the shortest path from the projection 7;,
corresponding to end-exhale, to all the other ones. The pattern
suggests a breathing period of 73 — #; = 4 s since the
inconsistency is constant from #y to #; and from #3 to #4. Fig.
4b strongly suggests that position , = 5.5 s is inconsistent
with all other projections.
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(b) Shortest path computed using reference time #, = 5.5 s.

Fig. 4. Shortest paths calculated from 7y = 0 s (Fig. 4a) and #; = 5.5 s (Fig. 4b). The x-axis corresponds to the source positions. The y-axis corresponds to the
sum of the cost ¢;,j (DCC measurement) along the shortest path with respect to the projection of reference (circled on the curve and in bold on the horizontal

axis).

IV. DISCUSSION AND CONCLUSIONS

We have proposed a graph approach to connect all source
positions in helical CT using DCC.

Noise prevents the DCC to be exactly met but motion had
a much stronger impact in this example. Cumulating the noise
effect along the shortest path was deemed negligible compared
to the level of inconsistency due to motion.

This proof-of-concept demonstrates the use of DCC in
helical CT to detect motion during the acquisition. The graph
approach is promising to select a group of consistent projec-
tions and, eventually, correct for motion artifacts in CT images.
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