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Abstract. Electromagnetic tracking is currently the only available tech-
nology to track flexible instruments inside the human body without the
use of real time imaging technology such as ultrasound or mobile c-arms.
The limitation of electromagnetic tracking is its accuracy and sensibility
to the environment, especially in the presences of ferromagnetic mate-
rial and electronic devices. Navigation systems based on these technolo-
gies were recently introduced especially flexible endoscopy. One design
goal for setting up such navigation systems is the removal of all mate-
rial from the close environment that can perturb the magnetic field. In
our scenario, within the radiation therapy room, we can not eliminate
the gantry. Thus, existing methods for electromagnetic tracking error
estimation and correction algorithms were reviewed, implemented, and
adopted to the special requirement for navigation during prostate cancer
treatment.

1 Introduction

Electromagnetic tracking systems are the only method to estimate the pose of
flexible instruments inside the patient’s body without the use of imaging data.
Navigation systems based on this tracking technologies were introduced for en-
doscopic procedures [1] and bronchoscopic interventions [2, 3]. One core require-
ment for image-guided medical procedures is high precision in the measured pose
of objects, instruments and imaging devices. The pose estimation of objects with
electromagnetic tracking system is highly dependent on the environment. Their
sensitivity to the ferromagnetic metals and electronic materials that are in a close
neighborhood of the field generator and/or sensors result in distortion of the re-
ported pose. This is often referred to as tracking error. The tracking error could
be reduced either by taking preventive measures or by corrective measures. Us-
ing preventive measures all materials that can perturb the electromagnetic field
are eliminated from the close environment and replaced by equipment that does
not affect the magnetic field. However, in several cases this is not practical e.g.
in the radiation therapy room where it is not possible to remove the gantry. In
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case those objects can not be eliminated from the environment the only solution
is to evaluate the corrective measures in order to correct the tracking errors re-
ported by the electromagnetic tracking system. This has to be done within two
steps. Firstly, estimating the distortion field by sampling measurements with a
more precise pose estimation system or with well known ground truth data grid.
Secondly, applying the estimated error function in real time to the erroneous
measurements. Several methods were introduced in the past for corrective mea-
sures for electromagnetic tracking systems [4, 5, 6]. Kindratenko [7] provides an
overview and extensive summery of existing methods.

2 Methods

The corrective measures are based upon the estimation of electromagnetic field
distortions followed by the compensation of tracking errors [7]. The distortion
field is estimated by a set of correspondences of exact (true sensor pose) and
distorted (measured or reported sensor pose) values. These correspondences are
stored in a lookup table. In this work a sampling lattice (indirect method) is
used for the collection of the lookup table similar to the methods introduced
by Bryson [8] and Zachmann [5]. In a second step the measured tracking pose
is corrected in real time by the means of interpolation using this previously
created displacement field (lookup table). Two different interpolation schemes
have been implemented and evaluated. The first method is a local approach
based on trilinear interpolation [8]. The second method is based on a global
interpolation schemes [9]. The effects of certain parameters on the correction
accuracy by the global interpolation scheme have been assessed and are discussed
in the results.

The electromagnetic tracking system was physically mounted within the ra-
diation therapy room in a close distance to the gantry. It was placed such, that
the tracking volume covered the entire abdominal area of the patient.

3 Results

The lookup table collection procedure using sampling lattice is accurate and sim-
ple both in terms of apparatus and computation, but time consuming for building
larger 3D lookup tables (7-12 minutes for 121 points within 10cm2). Out of the
two position error correction methods for magnetic tracking system, the correc-
tion method based on the global scattered data interpolation has proved to be
better in terms of accuracy (97%)(see figure 1), smoothness of interpolant func-
tion and flexibility of arrangement of lookup table data. The method was tested
in the radiation therapy environment with the gantry as a not removable source
of distortion. The mean error after the application of local and global method
is improved by 89.9% and 97.2% respectively (see figure 2). The correction per-
formed with the global method is independent of the separation distance of the
sensor from the transmitter and the local distortion of the magnetic field. For
the local method, it varies from 4mm-21mm at different positions and for global
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Fig. 1. Error metrics before and after correction. On x-axis, the method applied is
specified. None corresponds to the uncorrected values. On y-axis, error metrics mean
error, maximum error, minimum error and standard deviation are plotted in millime-
ters. Standard deviation is plotted as a bar that shows the limits for deviation from a
measured value

method it is within 4mm at all positions. However, the correction provided by
the global correction method depends on certain parameters. The optimal pa-
rameter selection and preconditioning of the distortion function (in some cases)
is required and has a crucial influence on the error correction.

4 Conclusion and discussion

Global correction method was proved to be better in terms of accuracy, flexibil-
ity in the collection of data for distortion estimation, and ease of operation. The
current work has shown that electromagnetic tracking errors could be corrected
adequately. With the implemented methods we show an improvement of 97%
in the radiation therapy environment with magnetic field generator mounted
close to the gantry. Medical applications especially where flexible instruments
are tracked with electromagnetic tracking systems can benefit from this error
correction. Special evaluation need to be performed before applying the cor-
rection methods in each distingt environments to provide the best and most
accurate available tracking results for each scenario and adjust the parameters
of the correction. Further studies within the correction of electromagnetic field
distortion will be conducted in the direction of a more feasible ground truth
collection using a second, more accurate, tracking system (e.g. optical track-
ing). We discussed only the possibility of corrective measures by means of a not
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Fig. 2. Vector field view of the correction. Ground truth values (blue asterisk), cor-
rected values with trilinear interpolation method (red asterisks) and corrected values
with HMQ method (magenta asterisks) are plotted in the yz plane of the tracking
system coordinate system as shown in the plot of axes

alternating distortion field dynamically. An extension will be to integrate addi-
tionally a system to detect changes in the environment in real time to ensure the
safety and robustness of navigation system based on electromagnetic tracking. A
complete integration of all there error detection and correction approaches will
be the fundamental technology to enable accurate, safe, and reliable navigation,
especially during procedures with flexible instruments.
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