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Abstract
A number of MPI scanner configurations have recently emerged in pursuit of clinical imaging capabilities. A
single-sided scanner stands out as one of the promising designs, featuring hardware located exclusively on one side
of the device. This approach grants the scanner access to an unhindered imaging volume. Our research group has
suggested and developed a variant of the single-sided scanner employing Field-Free Line (FFL) for spatial encoding.
In this work, we present the complete small-scale prototype of an FFL MPI scanner by demonstrating imaging
phantoms in two orthogonal planes using two different imaging methods.

I. Introduction

Magnetic Particle Imaging (MPI) is an emerging medical
imaging modality with great potential for diagnostics and
biopsy of cancer [1] and interventional procedures [2].
Conventional MPI scanners employ a closed bore topol-
ogy [3] or narrow opening [4], that may result in high cost
and complexity of scaling this design to achieve whole-
body imaging. As a result, there is a need for a specialized
body-part or specific application scanner that can effi-
ciently provide a clinically viable solution. In this regard
the single-sided scanner topology [5], which consolidates
all hardware components on a single side of the device,
could serve the clinical needs for local exams.

Compared to the other available single-sided scanner
that relies on a field-free point (FFP) approach [6, 7] our
design [8, 9] harnesses the potential of a field-free line
(FFL) [10] that has several advantages, including higher
sensitivity [11] and access to robust reconstruction tech-
niques [12]. Previous research has showcased the device’s
capability to perform 1D imaging [13] and initial 2D imag-

ing [14] achieved through manual rotation of rod phan-
toms. This study, presents a significant advancement
by demonstrating experimental imaging of phantoms in
two orthogonal planes utilizing different imaging tech-
niques. The new capabilities are made possible by the in-
tegration of a custom-designed electronic rotation table,
which facilitates automatic subject rotation and allows
for height adjustments during imaging thus demonstrat-
ing the proof of principal of our MPI scanner.

II. Methods and materials

II.I. Single-Sided Scanner

The coil system of our FFL single-sided scanner is de-
scribed in details in [9]. The setup consists of a water
cooled enclosure with three elongated electromagnetic
coils. Two of the embedded coils are responsible for cre-
ating the FFL and used for spatial encoding. Applying
variable DC currents to these selection coils creates the
FFL above the surface of the scanner and moves it across
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Figure 1: Single-sided FFL scanner setup with a rotational
subject’s table.

the short axis of our scanner. The third embedded coil
located below the selection coils in the center of the scan-
ner is used for the excitation of the superparamagnetic
iron oxide (SPIO) sample. In addition to the enclosed
coils there are two circular coils located at the surface of
the scanner that are used as the receive coils in a surface
gradiometer arrangement [11].

To implement tomographic imaging we designed and
built a custom electronic rotation subject table with the
electronic height adjustment as shown in Fig.1. The sub-
ject table is capable of automatic rotation of the subject
with a maximum angular resolution of 1.8◦, and of height
adjustment with a step size of 1/100 mm. Rotation and
height are controlled by two separate stepper motors,
allowing for simultaneous adjustment of the subject in
both angle and vertical positions.

II.II. Phantoms
To demonstrate the scanner’s imaging capability in the
horizontal xy plane, we used an "OU" phantom (see Fig.
2 (a,c)), with each letter filled with undiluted Synomag-D
SPIO. For 2D projection imaging in the vertical xz plane,
we employed phantoms consisting of glass rods measur-
ing 30 mm in length and 1 mm in diameter, filled with
undiluted Synomag-D SPIO. These rods were oriented
in the horizontal plane and inserted into holes of a 3D
printed holder, ensuring their placement at different po-
sitions and heights in the xz plane (see Fig. 3).

II.III. Imaging
For imaging in the horizontal xy plane, the letter phan-
toms were positioned on a rotating subject table capable
of automatic rotation from 0° to 180°, providing a total
field of view (FOV) of 4 cm × 4 cm at a fixed height. The
FFL was scanned across the x direction of the phantom
with a step size of 1 mm, ranging from -2 cm to 2 cm,
to capture a projection and the background signal was
subtracted from the average. Subsequently, the subject

Figure 2: a), c) 3D printed "O" and "U" phantoms and b),
d) the corresponding experimentally obtained images in the
horizontal plane.

table was rotated, and the process was repeated to ob-
tain projections at various angles. This procedure was
conducted for 20 angles spanning from 0◦ to 180◦. Each
projection takes 8 s to complete and the total imaging
time for the horizontal plane image is 10 min. It has been
optimized for maximum background reduction rather
than speed. All stepper motors are switched off during
signal acquisition step to remove any interference.

The recorded projections were processed using
filtered-backprojection (FBP) image reconstruction and
were deconvolved using a simulated point spread func-
tion. This reconstruction technique and imaging mode,
in general, required a homogeneous magnetic field gradi-
ent, meaning all positions of the FFL must have a similar
magnetic field gradient. Consequently, the magnitude
of the gradient magnetic field in the center of the FOV
was limited to 0.58 T/m.

For imaging in the vertical plane the FFL is scanned
across subject in xz plane to obtain a 2D projection image.
The FFL trajectory is following an arc along x direction,
and then the subject is mechanically raised in the z di-
rection by the automatic height adjustment of 0.5 mm in
order to image the phantom at different heights. Imaging
in this mode allows us to use an inhomogeneous mag-
netic field gradient, which varies with the position of the
FFL so that the magnetic field gradient is maximum at
the center of the FOV with a magnitude of 0.84 T/m.

III. Results and Discussion
The experimental results of imaging "O" and "U" phan-
toms in the horizontal plane are shown in Fig. 2 (b,d).
Here, we utilized the conventional FBP technique for im-
age reconstruction [12]. However, due to field inhomoge-
niety the effective imaging volume is currently limited
by 2 cm × 2 cm.

The experimental study of imaging in the vertical
plane is presented in Fig. 3, where 2D projection images
of rods appear as dots in xz plane. In this study we varied
the number of rods and their respective position along
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Figure 3: Experimental images in the vertical plane of a single,
double, and triple rod phantoms and the corresponding rod
positions in a 3D printed holder. Here the red lines shows the z
coordinate of the rods with respect to the surface of the scanner.

the horizontal and the vertical axes as shown on the top
schematic picture of each respective image. The top row
images show a single and two rods shifted vertically by
3 mm and horizontally by 2.5 mm, where the crossed
red lines indicate the height of the rods. The bottom
row images show three rods arranged horizontally in two
different heights or vertically. The smallest separation
between the two adjacent rods is 7.5 mm. The results of
the imaging in the vertical plane demonstrate the FOV
of 0.6 mm along z axis and spatial resolutions of 3 mm
and 7.5 mm, in the z and x directions, respectively. By
employing this imaging method we demonstrated an al-
ternative technique using the FFL to project phantoms
into a 2D plane at fixed angular position. Obtaining such
projections at multiple angles would in principle allow
to implement 3D FBP imaging of a subject. Imaging of a
subject through different heights, however, results in neg-
ative lobe artifacts, which manifest themselves as dark
spots and may result in negative interference. We plan
to address the artifacts in future studies by updating the
reconstruction technique.

IV. Conclusion

In this work we presented imaging in two orthogonal
planes of phantoms with our single-sided FFL MPI scan-
ner. We have demonstrated FBP imaging in the horizon-
tal plane and 2D projection imaging in the vertical plane
by imaging "OU" and rods phantoms. We demonstrated
the spatial resolution of 3 mm and 7.5 mm in the z and

x directions, respectively. This results provide proof of
principle for our single-sided FFL MPI scanner.
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