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Abstract

Over the past decade, various MPI scanner topologies have been demonstrated, which include a single-sided
scanner. Such a scanner features all its hardware located on one side, offering accessibility without limitations due
to the size of the object of interest. The original scanner design utilized a field-free point making it very robust in
the hardware implementation. In our design of a single-sided scanner we utilize a field-free line, which provides
higher sensitivity and robust image reconstruction. In this work we demonstrate first one-dimensional imaging

with a single-sided field-free line MPI scanner.

. Introduction

Recent developments in MPI include scanners with head-
size bore that can potentially accommodate humans [1,
2]. Our single-sided field-free line (FFL) scanner may al-
low imaging of body regions of a large subject including
human. The very first implementation of a single-sided
geometry with field-free point (FFP) was demonstrated
in [3] and the multidimensional imaging was presented
in [4-6]. In our device, the excitation and selection fields
are generated by an elongated drive coil and a pair of
co-planar elongated coils, respectively as described in [7,
8]. However, the typical challenge for imaging associated
with the unilateral geometry of the coils is that the mag-
netic field profiles are inherently inhomogeneous [9] as
well as significantly more noisy background then in the
confined geometries. In this work, we demonstrate one-
dimensional (1D) imaging of specially designed phan-
toms consisting of multiple rods using our single-sided
device. Moreover, such imaging was performed at rela-
tively low field gradients at the height of more than 10
mm above the surface with a spatial resolution of up to
2 mm after the deconvolution with the experimentally
obtained point-spread function (PSF).
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Il. Methods and materials

Il.1. Scanner design and Operation

The hardware implementation of our FFL single-sided
scanner is described in [8]. Two out of three racetrack
coils referred to as selection field (SF) coils create an FFL.
By altering the currents in the SF coils the position of the
FFL can be shifted thus encoding the trajectory. The third
racetrack coil creates an excitation field and is referred to
as the drive field (DF) coil. The DF coils also can be used
to supply bias field allowing for further control of the FFL
trajectory [9]. The excitation waveform at fy =25kHz is
produced by an ultra-low distortion function generator
DS360 (Stanford Research Systems, Sunnyvale, CA, USA),
which is followed by a power amplifier Techron 7548 (AE
Techron, Elkhart, IN, USA) and then passed through a
custom-made high-power resonant low-pass filter. The
signal from tracer is received by a circular receive (Rx)
coil in a gradiometer configuration at the surface of the
scanner and then passed through a custom-made notch
and high-pass filters. The 3"¢ harmonic, 3 f, =75 kHz of
the signal is measured in a Lock-In Amplifier SR830 DPS
(Stanford Research Systems, Sunnyvale, CA, USA) and
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the time series of that harmonic is recorded using a Lab-
View (National Instruments, Austin, TX, USA) acquisition
interface.

For 1D imaging, we designed several phantoms using
a 3D printer Form3 (Formlabs, Somerville, MA, USA).
The phantoms consist of different number of capillaries
20 mm long and 1.2 mm diameter filled with undiluted
Synomag-D (Micromod, Rostock, Germany) superpara-
magnetic nanoparticles (SPIONs). During the imaging
the rods are positioned in parallel to the FFL so that the
single rod is located along the FFL at the isocenter of the
scanner and 17 mm above the scanner’s surface and the
double rods are located in the plane at the height of 15.5
mm symmetrically with respect to the isocenter with a
spacing d =20 mm between them as shown in Fig. 2(b).

Phantom design

In the imaging experiments we use a drive field with a
strength of 1.8 mT at the surface of the scanner. Two dc
power supplies (Delta Elektronika SM3300, Netherlands)
each with a current of 40 A create a magnetic field gra-
dient at a static position 17 mm above the surface with
a strength of 0.42 Tm™!. The position of the FFL can be
shifted in the plane parallel to the surface of the scanner
by varying the current in the two power supplies [8]. The
trajectory of FFL is programmed by LabView interface to
automatically encode the FFL trajectory across the phan-
tom with 2 mm step size within 4 cm field of view (FOV).
To mitigate background effects, including eddy currents
generated in the system, and obtain a large SNR~100 the
signal was sampled for 2 s at each FFL position. Addition-
ally, to further reduce background effects, a second scan
was performed without the phantom to be subtracted
from the total signal.

1D Imaging

I1l. Results and Discussion

To study imaging performance of our scanner we mea-
sured the signal from multiple rod phantoms filled with
SPIONSs. Such signal in 1D imaging mode relates to a
projection imaging made at zero angle. The simplest 1D
image is shown in Fig. 1 as obtained from a single rod
phantom filled with SPIONs and orientated parallel to
the FFL. Due to the system’s spatial resolution less than
the size of the rod we can treat the corresponding image
as a system’s PSF (see the example in Fig. 1(a)). We further
use the experimentally obtained PSF to perform image
deconvolution using the standard Richardson-Lucy de-
convolution algorithm [10].

To study the uniformity of the image across maxi-
mum FOV and demonstrate spatial resolution we used a
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Figure 1: 1D image of central rod phantom at the height of 17
mm: (a) measured projection of central rod phantom (shown by
vertical bar) at G =0.32 Tm™}, fit to a Lorentzian with a FWHM
of 12 mm, (b) rendered pseudo-2D image of the phantom, (c)
3D printed phantom.
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Figure 2: 1D image of double rod phantom at the height of 15.5
mm: (a) the measured projection of the phantom (shown by
vertical bars); (b) 3D printed phantom; (c) rendered pseudo-2D
image of the phantom; (d) deconvolved pseudo-2D image of
the phantom.
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double rod phantom. Fig. 2 shows the results of 1D imag-
ing of the 20 mm separation phantom. It can be seen in
Fig. 2(a) that the signal is uniform across 4 cm FOV at the
operating height of 15.5 mm without distortion and 20
mm separation can be resolved with 100% contrast. In
addition, deconvolving the raw data with an experimen-
tal PSE an SPION distribution that perfectly match the
phantom can be reconstructed with up to 2 mm resolu-
tion as limited by the encoding step (see Fig. 2(d)).

IV. Conclusion

We presented first experimental results on 1D imaging
with a single-sided FFL MPI scanner. The results show
uniform images of rod phantoms located at the height of
17 mm and 15.5 mm above the surface across 4 cm FOV.
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By deconvolving the image with the experimental PSF
an accurate reconstruction of the phantom image with
up to 2 mm resolution can be obtained. In the future we
will extend imaging to 2D by implementing rotation of
the subject.
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