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Abstract: This article presents a magnetic tracking system using on-chip anisotropic magnetoresistive
(AMR) sensors. The system consists of four air-core coils sequentially generating four dc magnetic
fields. The implemented localization algorithm is quadrilateration, and the accuracy of the system
is dependent on the accuracy of the sensors and the simulated field maps. The performance of the
system was evaluated using an in-house magnetic field camera (MFC), and the results showed that
the system exhibits mean Euclidean errors below 1 mm where the source produces strong gradients.
Given the dimensions of the sensors (0.82 × 0.82 mm2), this system is suitable for tracking minimally
invasive surgical tools.
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1. Introduction

Magnetic tracking systems are of particular interest in biomedical engineering as they
provide a non-ionizing localization modality for surgical tools. Magnetic tracking is a good
candidate to track deep brain stimulation electrodes or cardiac ablation catheters. However,
commercially available magnetic tracking systems often feature micro-coils, which are
sensitive to deformation through mechanical stress. This work demonstrates the perfor-
mance of a magnetic tracking system using robust on-chip anisotropic magnetoresistive
AMR sensors instead of micro-coils.

2. Materials and Methods

The proposed magnetic tracking system consists of four air-core coils sequentially
generating a dc magnetic field, which allows us to track the position of three-axis on-chip
AMR sensors. The number of coils was set to four to reach a trade-off between complexity
and tracking performance. The magnetic fields generated by the coils were simulated
with the Radia module [1] of Mathematica (Wolfram Research, Champaign, IL, USA). This
module approximates the current in a coil’s winding as a uniform current density flowing
through a single conductor that has the full dimensions of the coil (Figure 1A). The coils are
made of 320 turns and have a diameter of 138 mm. They exhibit a resistance of 6.5 ohms.
The four coils are powered sequentially with a regulated dc current of 1 A and do not
require any cooling system. The localization algorithm implements a quadrilateration. The
simulated field maps are interpolated with the tricubic spline interpolation function of
the Python library eqtools to increase the spatial resolution. The algorithm minimizes the
function (1), which finds the best position triplet by comparing the sensor’s measurements
BMesi(Pos) and the theoretical maps Bi(Tri).
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f (Pos) = (B1(Tri)− BMes1(Pos)) + (B2(Tri)− BMes2(Pos))
+(B3(Tri)− BMes3(Pos)) + (B4(Tri)− BMes4(Pos))

An in-house magnetic field camera (MFC) was placed at 20 arbitrary reference locations
to assess the performance of the system. The MFC consisted of an array of eight-by-eight three-
axis AMR sensors (MMC5603NJ, MEMSIC Semiconductor Co., Tianjin, China) (Figure 1B).
The sensors exhibited a resolution of 6.25 nT/LSB (rms noise = 200 nT) and a dynamic
range of ±3.2 mT. The readout of the 64 sensors was sequential, which resulted in an output
data rate of 1.8 Hz for the MFC. Prior to the tracking performance assessment, each sensor
was calibrated within a Helmholtz coil.
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Figure 1. (A) Geometry of the magnetic source simulated with Radia, (B) magnetic field camera 
(MFC) featuring 64 sensors, (C) and Euclidean error of the 64 sensors of the MFC for 20 different 
locations. The figure written on top of each of the 20 color maps represents the mean Euclidean 
error. 

3. Discussion 
For the tracking performance assessment, the MFC served as the object to track. In 

this manner, through a single acquisition we could acquire a dataset of 64 points for each 
position of the MFC and, which provides a robust statistical sample. The MFC was posi-
tioned at 20 different locations. By using Lego®  supports to place the MFC, the reference 
locations are known with an uncertainty below 100 µm. The evaluated volume was 16 × 
16 × 20 cm3. The tracking performance was evaluated within this volume through the 
estimation of the Euclidean error. Figure 1D summarizes the results obtained for the 20 
positions of the MFC. Depending on the MFC location, the mean Euclidean error varied be-
tween 0.393 and 1.372 mm. 

We observed that the magnetic tracking system performs best where the source pro-
duces strong gradients. Given that the AMR sensor dimensions (0.82 × 0.82 mm2) and 
the demonstrated tracking accuracy, the presented system is of particular interest for the 
tracking of minimally invasive surgical tools. 
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Figure 1. (A) Geometry of the magnetic source simulated with Radia, (B) magnetic field camera
(MFC) featuring 64 sensors, (C) and Euclidean error of the 64 sensors of the MFC for 20 different
locations. The figure written on top of each of the 20 color maps represents the mean Euclidean error.

3. Discussion

For the tracking performance assessment, the MFC served as the object to track. In
this manner, through a single acquisition we could acquire a dataset of 64 points for
each position of the MFC and, which provides a robust statistical sample. The MFC was
positioned at 20 different locations. By using Lego® supports to place the MFC, the reference
locations are known with an uncertainty below 100 µm. The evaluated volume was
16 × 16 × 20 cm3. The tracking performance was evaluated within this volume through
the estimation of the Euclidean error. Figure 1D summarizes the results obtained for the
20 positions of the MFC. Depending on the MFC location, the mean Euclidean error varied
between 0.393 and 1.372 mm.

We observed that the magnetic tracking system performs best where the source pro-
duces strong gradients. Given that the AMR sensor dimensions (0.82 × 0.82 mm2) and
the demonstrated tracking accuracy, the presented system is of particular interest for the
tracking of minimally invasive surgical tools.
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