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Abstract
This study investigates the design of an optimized single-channel head coil to maximize drive field (DF) amplitudes
while minimizing the risk of peripheral nerve stimulation (PNS) in the human head. Using an optimization algorithm,
we select the optimal winding positions on a fixed-length coil and achieve up to 25% increase in DF amplitude for
superior portions of the head. Future work will analyze coil parameters and the choice of optimization constraints
to increase DF amplitudes within the safety limits, across the entire human head.

I. Introduction

Magnetic Particle Imaging (MPI) utilizes time-varying
magnetic fields called drive fields (DFs) to excite the mag-
netic nanoparticles (MNPs) for imaging. Time-varying
magnetic fields induce electric fields (E-fields) within
the human body, which can result in peripheral nerve
stimulation (PNS) above a certain threshold [1–3].

Previously, we presented a simulation study on op-
timizing current amplitudes for a head-size drive array
coil [4]. While that approach effectively reduced the in-
duced E-fields to safer levels when compared to those
from a standard solenoid coil, it came with the draw-
back of increased hardware complexity. In this study,
we propose a practical single-channel head coil design
to reduce the induced E-fields. The proposed approach
determines the optimal winding positions for a single-
channel head coil design to maximize the DF amplitude
and maintain the DF homogeneity for a region of interest
(ROI), while remaining within the safety limits.

II. Materials and Methods

The proposed coil design builds upon our earlier mag-
netostimulation coil featuring a 28 cm coil length, 30 cm
diameter, and 13 turns [5]. Assuming a 1 cm rectangular-
cross section for each winding, we first fix 28 potential po-
sitions and aim to determine the winding positions that
provide the optimal magnetic field distribution while
minimizing the induced E-fields to prevent PNS.

Here, the target DF amplitude was set to 5 mT along
the z-direction based on previous human-subject experi-
ments [6, 7]. We chose 0.5 T m−1 for selection field gradi-
ent strength, corresponding to a DF field-of-view (FOV)
of about 2 cm along the z-direction. Across this ROI, a
minimum DF homogeneity of 90% was set as target.

The objective was to identify the optimal positions
for 13 windings to maximize the DF amplitude within
the ROI, constrained by:

1. DF Homogeneity; Ensuring at least 90% homogene-
ity across the ROI.
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Figure 1: Comparison of [Left] conventional vs. [Right] opti-
mized head coil winding configurations and the corresponding
DF amplitudes. In this case, a 2-cm thick ROI in the superior
portion of the head was chosen, for which the DF amplitude
was increased by more than 25% with the optimized design,
while remaining within the safety limits.

2. E-Field Minimization; Keeping the induced E-field
safely below the PNS thresholds for the head [4].

To identify the optimal winding positions, we utilized the
built-in genetic algorithm of MATLAB. This algorithm is
particularly suitable for binary decision problems, en-
abling each of the 28 positions to be selected/unselected
as winding positions.

Human-subject experiments on our conventional
head-size DF coil had resulted in a PNS threshold of
4.2 mT DF amplitude at 24 kHz DF frequency [6]. For
induced E-field minimization, we performed electromag-
netic simulations considering the design of this coil to-
gether with a body model. This body model, simplified by
neglecting sharp changes in the human anatomy, served
as a practical representation for simulation purposes [8].
We calculated the corresponding maximum E-field am-
plitude as 36.5 V/m for the experimental PNS threshold.
We set this value as the E-field PNS threshold for the
abovementioned algorithm.

III. Results and Discussion
In ROIs near the superior regions of the head or the neck,
the proposed algorithm achieves up to 25% increase in
DF amplitude (from 4.2 mT up to 5.3 mT) (see Fig. 1)
while remaining within the E-field PNS thresholds.

As seen in Fig. 1, the optimal winding positions con-
centrated towards the edges of the coil. This configura-
tion maintained DF homogeneity within the ROI, while
minimizing the E-field in regions with larger anatomic

radius, which in turn reduced the risk of PNS. While the
DF amplitude could be increased without causing PNS
for ROIs near the superior regions of the head or around
the neck, no significant increase could be achieved in the
central regions around the nose area, where the radius of
the head model was the largest. For these regions, the coil
parameters may need to be changed or the constraints
of optimization (e.g., the homogeneity constraint) may
need to be relaxed.

IV. Conclusions

This study presents the preliminary findings in single-
channel head coil optimization to maximize the DF am-
plitude for safe human head-size MPI. The proposed
optimization approach shows promising results for in-
creasing the DF amplitude in specific regions within the
head, such as the superior region and the neck, without
exceeding the safety limits.
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