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Abstract
Single-sided magnetic particle imaging (MPI) systems have great potential for clinical applications because they
concentrate all hardware on one side, allowing for an unrestricted imaging volume. However, the non-uniform
magnetic field distribution in single-sided MPI devices poses challenges for generating high gradient selection fields.
To address this, we developed a new offset field spatial encoding technique that combines amplitude modulation
technology within a multi-coil structure, enabling 3D imaging without the need for classical selection fields and
mechanical movement scanning. In simulation experiments, we validated the feasibility of this design, and the
results indicate that the single-sided MPI device based on multi-coil amplitude modulation technology has the
potential to achieve high spatial resolution and high temporal resolution.

I. Introduction
Single-sided MPI devices have the potential for direct
clinical application. All its hardware is concentrated on
one side of the system, eliminating scanning size limi-
tations [1,2]. However, this structure has noticeable per-
formance compromises. It faces limitations in detection
depth and challenges in generating high gradients of the
selection field due to the non-uniform field distribution
[1,2]. To address these issues, a novel method of offset
field spatial encoding was introduced in our previous
work [3]. However, previous studies still rely on mechan-
ical movement, which limits their application. To over-
come this challenge, we have innovatively proposed a
new structure that employs a multi-coil configuration to
change the spatial position of the excitation magnetic
field, combined with amplitude modulation technology

to further optimize the control of the magnetic field’s
movement. The proposed method enables rapid 3D re-
construction without the need for a classical selection
field or mechanical movement scanning, and its feasi-
bility for 2D reconstruction has been validated through
simulation experiments.

II. Methods and materials

II.I. MPI system hardware

The single-sided device designed in this study mainly
consists of seven small-diameter excitation coils, an off-
set coil, a receiving coil at the bottom, and a compen-
sating coil at the top. The structure of the device is illus-
trated in Figure 1.
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Figure 1: Schematic diagram of device hardware composition.

Figure 2: Excitation and offset current timing diagram.

II.II. Simulation procedure

The device designed in this paper uses multiple coils
driven by an alternating power supply to achieve the
movement of the magnetic field in space. When perform-
ing permutations and combinations without considering
the order of the excitation coils, there are a total of N =
127 power switchings. The excitation coils operate at an
alternating current frequency of 25 kHz and an ampli-
tude modulation frequency of 10 Hz, with a peak current
of 40 A. A 200 Hz triangular wave current with a peak
of 30 A is introduced into the offset coil to encode spa-
tial positions. At this point, a 3D scan takes at least 6.35
seconds.

The reconstructed FOV is a 3D cylinder with a radius
of r = 50 mm and a height of h = 30 mm. To verify this
method’s feasibility, we conducted a simulation experi-
ment using 2D reconstruction. We created models of the
excitation and offset coils in COMSOL, then imported
the magnetic field data into MATLAB to simulate mag-
netic particle signals. By establishing a system matrix,
we employed the regularized Kaczmarz algorithm [4] for
image reconstruction, with a total of 200 iterations.

Figure 3: a) Two phantoms. b) Result without amplitude mod-
ulation. c) Amplitude-modulated 3r d harmonic reconstruction.
d) Amplitude-modulated multi-harmonic reconstruction.

III. Results and discussion

The simulation experiments were conducted on two dif-
ferent phantoms, as shown in Figure 3a. Initially, a re-
construction experiment was conducted without ampli-
tude modulation, and the results are shown in Figure 3b.
Subsequently, we applied amplitude modulation to each
excitation coil, using the 3r d harmonic for reconstruc-
tion, the results are presented in Figure 3c. Finally, under
the amplitude modulation strategy, we performed joint
reconstruction using multiple harmonics (3r d , 5t h , and
7t h ) [3], and the results are shown in Figure 3d. None
of the simulation experiments considered the effects of
noise. The experimental results indicate that employing
the amplitude modulation strategy with the excitation
coils can significantly enhance the quality of the recon-
structed images. When noise levels are not taken into ac-
count, the use of multi-harmonic signals for reconstruc-
tion further enhances the quality of the reconstructed
images.

IV. Conclusions

This study presents a novel multi-coil single-sided MPI
structure that utilizes amplitude modulation and offset
field spatial encoding technology. It enables 3D recon-
struction of magnetic nanoparticle concentration dis-
tribution without the need for classical selection fields
or mechanical scanning, thereby enhancing spatial res-
olution and reducing scanning time. Simulation ex-
periments have validated the feasibility of this method,
demonstrating its potential value for future clinical ap-
plications in the imaging of superficial tissues within the
human body.
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