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Purpose

Freehand tracked ultrasound imaging is an inexpensafe and non-invasive
technique for guided interventions, such as need&ertions, biopsies and

ablations.This technique requires spatial calibration betwdentracker and the

ultrasound image plane, usually achieved with tee of a precision-machined
structure called a phantom which contains preddfgp@ometrical motifs that are
imaged with ultrasound. The motifs are segmentetlragistered with the known

object, yielding the transformation between thekiag sensor and ultrasound.
Several phantoms use N-wires that are convenieruitmmatic processing, as the
segmentation of fiducials in the images and thallpation of the middle wires in

space are straightforward and can be performeeahtime [1]. The calibration

procedures reported in the literature consider dhby spatial position of the

middle wires. We investigated whether more accuaaig consistent calibration
results can be achieved when information from atesvis equally taken into

account. We compared the precision and accuratlyeoproposed computational
optimization with other methods published in therhture.

Methods

The probe calibration problem using an N-wire pbant[l] is expressed

mathematically as

PTYX=FX (1)

where the columns of the matrixX are the homogeneous coordinates of all the
segmented middle wires in the ultrasound imageeate frame (z coordinate is
considered as zero in the image plane) and therewf® X are the coordinates
of the corresponding computed middle wires pointthe probe reference frame.
Chen [1] resolved this problem using a straightBEmdvimplementation of least
mean squares.

We propose to compute the solution as describedhan [1] and then perform an
additional optimization step to minimize an appraf@ cost function while

ensuring orthogonality QfT .
We consider an in-plane-error (IPE) cost functionthe minimization:

N N, 3
PE = zuxuk Vvljk” (2)

i=1 l k=1
where X;jc is the intersection between tk¢h wire of thej-th N-wire with thei-
th US image andvjc is the intersection of thieth wire of thej-th N-wire with
the computed image plane (see Fig\t)andN,, are the number of images taken
and the number of N-wires in the phantom respéegtivEhe cost function was
minimized by using Levenberg Marquard iterative +iaear optimization
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algorithm, using the closed form solution proposgdChen [1] as an initial value.
Results
Mean calibration precision achieved with the N-wpleantom was about 0.7 mm
using a shallow probe and mean accuracy was ar@uhanm. Precision was
about 2.0 mm using a deep probe. Improvements m dbmputational
methodology of N-wire based US calibration improwstturacy by 10% and
precision by 8%. Based on our experiments the pedace of N-wire based
method is comparable to previously reported altereazalibration methods [2].
Conclusions
The favorable performance and simplicity of fabtileg and using the calibration
phantom makes the N-wire based method a prefemaibration option. The
implementation of the proposed computational metivad made freely available
as part of the Public Library for Ultrasound (PLURsearchoolkit [3]. The
PLUS toolkit contains all components necessary dalibration, such as data
acquisition software and printing-ready CAD modihe PLUS toolkit is open-
source and usable without any restriction under B&hse.
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Fig. 1. The distance between the intersection of the wiids the computed
image plane (red dots) and their respective segdantints in the image (white
dots) is minimized

Acknowledgements: This work was supported in pgrAgencia Nacional de Investigacion e
Innovacion (ANII, Uruguay) under grant BE POS 2@R36 and by Comision Sectorial de
Investigacion Cientifica (CSIC, Universidad de kepRblica, Uruguay).



