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Abstract
Magnetic particle imaging (MPI) is an emerging molecular imaging technique, and one of the focus of current
research is the imaging devices for human applications. Both closed and open systems face limitations in terms of
spatial and power constraints, affecting the detection of large volume. Hand-held MPI device is the representative
of low power consumption in MPI devices. It can provide flexibility in human imaging due to the compact size.
Current hand-held device consist of signal detection component and mechanical movement component, lacking
a gradient field within the device itself. This limitation significantly impacts the resolution and scanning time of
hand-held device. Here, we propose a new hand-held device design for field free point generation and movement.
The feasibility of the device is verified by simulation. It can scan a 20 mm × 20 mm area at a depth of 8 mm without
the movement. Furthermore, due to the small impedance of coils, triangular wave scanning can be employed to
enhance trajectory uniformity during the process.

I. Introduction

Magnetic particle imaging (MPI) is a medical imaging
technology with clinical prospect [1]. The design and
development of various MPI devices has always been a
key content in this field. Currently, imaging devices for
small animals have achieved high performance, prompt-
ing a shift in focus toward the design of devices suitable
for human-scale imaging. However, one of the key is-
sues currently preventing MPI from being used in hu-

mans is the lack of low-power devices suitable for use in
humans [2]. Whether in a closed or open device struc-
ture, the power required to expand the imaging area to
the human body scale increases exponentially. Besides,
high gradients are required in order to ensure high imag-
ing resolution for human-scale devices, which inevitably
leads further to high power for the selection coil and drive
coil. The high gradients and associated high power have
a significant impact on the stability of the device. Heat
generation becomes a more pronounced concern when
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Figure 1: Schematic diagram of permanent magnets and coils
for the hand-held MPI device.

the device operates for extended periods. In summary,
expanding current common MPI device types to human
body scale poses significant challenges [3].

Hand-held MPI device is the representative of low
power consumption in MPI devices [4]. Because of its
lightweight structure, doctors can use mobile device
methods to scan most areas of the body. Hand-held
devices typically feature a single-sided structure. single-
sided MPI, as a category within MPI devices, is named for
its placement of all coils or permanent magnets on the
same side of the field of view (FOV) [5]. Existing single-
sided MPI devices include FFP and FFL types [6, 7]. If
the dimensions of single-sided MPI are designed to be
smaller, it can be developed into a hand-held MPI device.
However, ensuring imaging depth and imaging quality
while reducing the size is a crucial challenge in the devel-
opment of hand-held MPI.

In this paper, a hand-held MPI device containing per-
manent magnets and coils is introduced. The magnetic
field in the space generated by the device was simulated.
In addition, the original location and movement of the
FFP validated the feasibility of the device. Most of the
existing MPI devices use sine wave excitation. However,
a triangular waveform excitation used to shift the FFP
is more uniform in the scanning trajectory than sine
wave [8]. Due to the small impedance of coils, the tri-
angular wave scanning can be employed in this device.

II. Material and methods

Four permanent magnets of the same polarity are placed
in parallel to generate a selection field and FFP. The gen-
erated magnetic field is symmetric, using the position of
the unilateral FFP as the center of the FOV. The height of
the FFP and the gradient of the selection field are deter-
mined by the size and spacing of the permanent magnets.
Four fan-shaped drive coils are located on the outside of
the four permanent magnets. The circular receive coil

Figure 2: X direction distribution of magnetic field strength
when different currents are applied.

is used to receive the magnetization response signal of
magnetic nanoparticles (MNPs). The direct feed-through
effect in this device is relatively small, so compensation
coils are not considered necessary. Positions of the per-
manent magnets and coils of the hand-held device are
shown in Figure 1. Each of the two drive coils is a group. A
group of drive coils are fed with opposite currents, which
can cause the FFP to move in one direction. Two groups
of drive coils pass current with different frequencies to
make the FFP scan in accordance with a specified trajec-
tory, such as a Cartesian trajectory or a Lissajous trajec-
tory.

When frequencies in drive coils reach the kHz level,
there is no need to use an additional high frequency ex-
citation coil to make the MNPs produce high frequency
signals [1]. In order to ensure the uniformity of the scan-
ning trajectory, Lissajous trajectory was chosen. In order
to further improve the uniformity of the central and edge
regions of the FOV, the current waveforms within the
drive coils are selected as triangular waves. Since the
impedance of the coils is small, impedance matching
can be not required, and the device can be driven using
high-frequency triangular waves [9].

III. Results and discussion

Four drive coils have outer and inner radii of 50 mm and
42 mm in simulation. The material of the permanent
magnets is N42, and the size of each permanent magnet
is 15 mm × 15 mm × 5 mm. The receive coil, positioned
along the negative Z-axis relative to drive coils, features
inner and outer diameters of 20 mm and 40 mm, respec-
tively. The FOV is located 8 mm along the negative Z-axis
of the drive coils, with a magnetic field gradient of 0.75
T/m. At the beginning of the scan, there is no current in
four drive coils, and the FFP is located in the center of the
FOV. When the currents in the first group of drive coils
reach 16 A and -16 A, respectively, the FFP can be moved
10 mm away from the center position. The selected drive
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frequency is 5 KHz and peak current is 16 A, and the corre-
sponding maximum power is 1340 W. Taking X direction
scanning as an example, when the instantaneous current
is 16 A, 0 A and -16 A, the magnetic field distribution of
the FOV is shown in Figure 2.

In this hand-held device, the distance between the
permanent magnets, the radius of the drive coils, and the
current required to pass through the drive coils are all
related. As the distance between permanent magnets de-
creases, the gradient of the selection field increases, but
the distance of the FFP from the coils decreases, which
limits the depth of the scan. In addition, as the gradient
increases, the current conversion efficiency of the drive
coils needs to increase, that is, turns of the coils needs
to be increased. Therefore, this work mainly introduces
the structure that can generate and move the FFP. When
it is necessary to determine the specific scanning depth
and resolution, the size of permanent magnets and coils
need to be more detailed design.

IV. Conclusions
This paper presents a new hand-held MPI design. In the
simulation, two-dimensional scanning of the 20 mm× 20
mm area can be achieved by the proper arrangement of
the permanent magnets and coils. For specific scanning
needs, the size of permanent magnets and coils can be
changed to improve scanning resolution or depth. The
device enables fast imaging of the distribution of MNPs.
Therefore, it is better suited for applications requiring
higher resolution and imaging speed. Regarding its hand-
held capability, we believe this device could be employed
for rapid tumor screening and intraoperative guidance
for tumor resection.
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