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Introduction

Background

Freehand tracked ultrasound (US)

* |[nexpensive, safe, non-invasive technigue used In several guided
Interventions.

* requires spatial calibration between the tracker and the ultrasound beam.

Ultrasound probe calibration

* Procedure used to relate points in the ultrasound image plane with points
in the global coordinate system, ;T in Fig.1.
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N-wire phantoms

« Calibration devices that use multiple parallel N-wires

« Segmentation of fiducials in the images and the spatial localization of the
middle wires are straightforward.

Methods

The procedures reported In literature consider only the spatial position of
the middle wires.

Spatial intersection of a middle wire
with the image plane Is computed
using

* Phantom geometry (Fig.2a)

* Segmented image points (Fig.2b)
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Calibration can be performed using X, and x,correspondences.

We propose an iterative non-linear optimization

 [nitial value of the optimization is computed with a closed-form strategy
based on the middle wires as in [1].

» Cost function is based on 2D errors and it uses all the wires (see Fig.3).

» Estimated calibration transform = Rigid transform + Scaling transform

* |sotropic and anisotropic scaling Is considered.

Fig.3 Distance between the
intersection of the middle
wires with the computed
Image plane (red points)
and their respective
segmented points In the
iImage (white points) Is
minimized
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Experiments and Results
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« For each method, 15
calibration were performed
using an Incremental
number of frames.
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Tablel. In Fig.4 is shown Number Of Frames
the influence of the number Fig.4 Deviation form the mean center
of frames in the precision. and mean corners of the image
Table 1
Method Precision (mm)
No optimization (NOPT) 1.73
2D error minimization and isotropic scaling (2DI) 0.53
2D error minimization and anisotropic scaling (2DA) 0.96
3D error minimization and isotropic scaling (3DI) 1.22
3D error minimization and anisotropic scaling (3DA) 2.24
Discussion
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In FIg.5 Is shown the scale as  Fig.5 Scale factor in the horizontal
an example direction.

Preliminary results suggest that US calibration using N-wires can be done
more consistently and with a smaller range of probe movement if a 2D cost
function Is used for all the wires instead of a 3D cost function for only the
middle wire to optimize calibration parameters.
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