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Abstract
Magnetic particle imaging (MPI) is an emerging non-invasive medical imaging method that can determine the
concentration and location of superparamagnetic iron oxide (SPIO) nanoparticles. However, the scalability of
magnetic particle imaging (MPI) is, currently, the major barrier to its clinical use. For a human bore size MPI, it is
important to achieve a high magnetic gradient to obtain high image resolution with a sufficiently large field-of-view
(FOV). In this paper, we present a human brain-scale amplitude modulation (AM) MPI system with a bore size of
200 mm. By using superconductor coils, the proposed MPI system can reach a high magnetic field gradient up to
2.5 T/m/µ0 and a 1D-FOV of 97.6 mm (a feasible 3D FOV of 148.8 × 137.6 × 97.6 mm3). These promising results
show that the scalability of MPI for human application is not far away.

I. Introduction

MPI is a new medical imaging method that can deter-
mine the concentration and position of superparamag-
netic iron oxide (SPIO) nanoparticles [1]. MPI enables
high-resolution, high-sensitivity, and real-time imaging
without non-ionizing radiation that is suitable for most
medical applications. Therefore, MPI has been deployed
for several applications such as vascular and perfusion
imaging, oncology imaging, cell tracking, inflammation
imaging, trauma imaging [2, 3], navigation for magnetic
drug delivery [4-9], and magnetic hyperthermia [10-12].
Because of the challenges in its scalability, there are very
few human-scale MPI systems [13-16] at the moment.
The concept of a whole-body MPI system for human
application was first presented by Philips [13]. In 2015,
Philips withdrew from MPI development due to eco-

nomic reasons. In 2017, Mason et al. [14] designed a
functional brain scanner and demonstrated the feasibil-
ity of MPI for human brain application. In 2019, a real
MPI scanner for human brain application was presented
[15]. In 2022, Vogel et al. [16] proposed a human-sized
MPI scanner based on the Traveling Wave approach [17].
However, almost all current human-scale MPI systems
have relatively small gradients (up to ∼0.7 T/m/µ0) with
a low spatial resolution that is not sufficient for most
human applications. Due to the limitations of existing
nanoparticle tracers and reconstruction methods, a hu-
man MPI scanner would need a gradient field with an
high field gradient of 2 T/m/µ0 to provide an acceptable
spatial resolution [18], while retaining a FOV with a min-
imum space of 200 mm to position the patient [13, 19].
Although using softcore is a feasible approach to design a
human scanner with magnetic field gradients up to 2.5-3
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Figure 1: Coil topologies of the proposed MPI system.

T/m/µ0 [8, 19], the size, weight, and power consump-
tion of the system will increase significantly due to the
limitations related to the magnetization characteristic
of the softcore and its space occupation. A supercon-
ductor coil is one of the best solution to reduce the size
and the power requirement for the system with the ca-
pacity of magnetic field gradients up to 6 T/m/µ0 in a
human-scale MPI scanner [20].

In this paper, we developed a human-scale AM MPI
system with superconductor selection coils, which can
achieve high field gradient up to 2.5 T/m/µ0, 1D FOV
of 100 mm at 2.5 T/m/µ0 with possible 3D FOV of 148.8
×137.6× 97.6 mm3, and a bore size of 200 mm. However,
its total size and maximum power requirement (about
70 kW) is similar to the rabbit-scale AM MPI system [21].

II. Coil concept
The coil setup for the proposed MPI system using super-
conductor coils is shown in Figure 1. The system has
eight parts (superconductor selection, drive [drive coils
x, y, and z], focus [focus coils x, y], excitation, receiver,
copy of drive-z, copy of the excitation, and cancellation
coils).

The superconductor selection coils in Maxwell config-
uration were used to produce a movable field-free point
(FFP) along the x-axis. To minimizing the size of the
system, the superconductor part was arranged inside
the focus coil x. The drive fields along the x-, y-, and z-
axes, with high-amplitudes and low-frequencies (≤ 400
Hz), were used to scan FFP for creating a partial FOV
(pFOV). To generate the drive fields in the x, y, and z-
axes, cylinder-shaped coils (drive coil z) and coils with
Helmholtz configurations (drive coils x and y) were used.
Although the AM method can use a high magnetic field
to generate a whole FOV (wFOV) with human-scale size,

Figure 2: Final system of the human brain-scale AM MPI sys-
tem.

focus field should be used to reduce the amplitude of the
drive fields. This can avoid the effect of AC fields of drive
fields coupling into the superconductor coils. The su-
perconductor coils were cooled by using cryo-chambers
filled by liquid Helium. The cryo-chamber outer was
used as a shielding that also help reducing the effect of
other fields coupling into the superconductor coils.

To create the focus fields in the x, y-axes, coils with
Helmholtz configurations (focus coils x and y) were used.
In this system, the patient can be moved in z-axis to
change the pFOV or wFOV, focus coils on z-direction
were not added to minimize the complexity of the sys-
tem. The excitation field of the excitation coil along the
z-axis (collinear with the bore) was used to excite the
magnetization of the particles and generate the signal.
To measure the particles’ signal, a cylindrical receiver
coil collinear with the bore was used. To prevent the
drive field z and excitation field feed-through signals and
match the range of particles’ signal with the analog digi-
tal converter (ADC), copy of the drive coil z, copy of the
excitation coil, and the cancellation coil collinear with
the bore were used for the cancellation method [7, 21]
(Since the FFP trajectory was along the z-direction, the
feed-through from the drive x and y were small and can
be ignored). In this system, the water-cooling system
was used for all coils except for the superconductor part,
excitation, receiver, and cancellation coils.

III. Results

A photograph of the proposed MPI system is shown in
Figure 2. Coil parameters and system parameters of the
MPI scanner are provided in Table 1 and Table 2, respec-
tively.

Figure 3 shows the detail connection diagram of the
human-scale MPI scanner.

The system can achieve a high gradient field up to 2.5
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Figure 3: Connection diagram for the human brain-scale MPI
scanner.

Figure 4: 1D MPI results with Gx = 2.5 T/m/µ0, Gz = 1.25
T/m/µ0. The phantoms were positioned along the z-axis. The
phantom size is 80 mm and wFOV = 97.6 mm.

T/m/µ0 with a bore size of 200 mm and possible wFOV
148.8 ×137.6 × 97.6 mm3 at 2.5 T/m/µ0, while maintain-
ing a similar total size and power requirement (about 70
kW) to the rabbit-scale AM MPI [21].

As shown in Figure 4, 1D MPI results were obtained to
demonstrate the proposed system’s performance. Here,
the AM reconstruction method [21]was used to acquire
MPI images. The phantom used in the experiments con-
sisted of one, two, and three SPIOs spots. Each spot con-
sisted of 50 µL Resovist particles (Meito Sangyo Co. Ltd.,
Nagoya, Japan). The system was able to achieve a 1D
wFOV of 97.6 mm at Gx = 2.5 T/m/µ0. Therefore, com-
bining MPI with a superconductor technology can lead
to a high magnetic field gradient that might facilitate
human application of MPI soon.

IV. Conclusions

Using AM MPI, we could overcome the scalability issues
of the general MPI systems and for the first time enabling
the utilization of superconductor technology in human-
scale MPI systems. The proposed MPI system reached a
1D wFOV of 97.6 mm at 2.5 T/m/µ0. 3D MPI imaging tests
of SPIOs should be performed to verify the performance
of the proposed design in future works.

Table 1: Coil parameters

Names Turns
Size information

(mm)
Wire information

Selection
coils

2220 0.78 (mm2)

Focus x 864 22.57 (mm2)

Focus y 414 16.36 (mm2)

Drive x 104 22.57 (mm2)

Drive y 46 16.36 (mm2)

Drive z or
copy

160 29.69 (mm2)

Excitation or
copy

72
Litz wire 1500/36

AWG

Receiver or
cancellation

244
Litz wire 140/46

AWG
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