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Simulation Pipeline

Arbitrary Tool Design

. & 1 Simulator Software

Coordinate Reference e T =l 4 —
Frame (CRF) i S
s = — Relative Tracking
Instrument - Error Computation
(Tool)
Electromagnetic Field Characterization ;

Visualization and
Analysis

Error Modeling using

Distortion Data 4 .
Bernstein polynomials

Collection

Fig. Simulation pipeline for relative tracking error of arbitrary tool configurations in
various environments.
Source: AEl ectromagnetic Tracker Measurement Error Simul at
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Electromagnetic and Optical Tracking Systems
(EMTS & OTS)

guide wire interface unit

45 ;

6DOF

.

field = E.G.l.ls
generator | it i
S ST tracking data 5DOF 6 DOF
sent to host sensor sensor
Fig. A typical configuration for electromagnetic tracking systems in a clinical setting. (inset)
Optically tracked calibration tool is shown with EM sensors attached.
Sour ce: AFreehand Cocalibration of Optical and El ectromagr
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EMTS & OTS

Fig. (left) Experimental configuration for EMTS and OTS in a lab setting. (right top) NDI
Optotrak OTS. (right bottom) NDI Aurora EMTS

Source: (left) AFreehand Cocalibration of Optical and EI ec
(right) NDI Homepage:
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Data collection

G purpose: characterize an electromagnetic environment
G different environments:
G ideal
G disturbed environment: lab, OR
ground truthr measurements => error field
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Data collection

G ground truth

~

G OTS

G accuracy: about one order of
magnitude better than EMTS

G measurements
G EMTS

Fig. Hybrid OTS/EMTS calibration tools

Source: Freehand Cocalibration of Optical and El ectromagne

ﬁEIectromagnetic Tracker Measur ement Error Simul ati on and_
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Measurement error modeling

G definition:

JE— —

B R o
€ pos P meastured P ideal

éorz' — @9@
T

¥ 1 axis of rotation (R3)

di magnitude Sensor measurement configuration

Source: AA Direction Space Interpolation Technique for Cal
R. Taylor
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Measurement error modeling

G Position error field: Lab with minimal distortion

x 61 ¥ v B 1 ¥
Fig. Position error field for two different orientations.ab environment

Source: AEl ectromagnetic Tracker Measurement Error Simul at
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Measurement error modeling

G Position error field: Operating Room

B 1
Fig. Position error field for two different orientation®R environment

Source: fAEl ectromagnetic Tracker Measurement Error Simul at

L
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Measurement error modeling

G Bernstein polynomials

B 5l

|
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G 1D case (scalar value):
n
e(x) = Z c.B'(x)
i=0

Sour ce: Eric W. We i Waslt feri aam  Wevbs it Rigddoo ddrde e
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http://mathworld.wolfram.com/BernsteinPolynomial.html
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Measurement error modeling

G Matrix form for the extension to m-dimension error and
I-dimensional space R!, given i data sets

€1(:':15---a:':;) em(‘}:ln---jx;)
i.m
n, n, n, n, €o....0
By(x,)...B,(x;) --- B (x)...B (x;) :

i.(n+1)!
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Measurement error modeling

G Considering only position related error:

G Interpolate 6DOF value (position + orientation) from 3DOF
measurement (position):

Gm=6;1=3

G #(data points) ... = (n+1)3, (n-order of the polynomial)
G Straight forward extension to orientation related error:

G (3+3)DOF measurements

Gm=6;1=6

G #(data points) ... = (n+1)¢, (n-order of the polynomial)
G i.e.:39order: 64 Y 4096

—
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Measurement error modeling 1 orientation
related error

GBetter approach: interpolate the
set of base orientation and generate 3D Polynomials for each of
these.

G b base orientations; #(data points) ... = b*(n+1)3
G e.g.: 14 base orientations

G 3dorder: 64 Y 4096 Y 896

G 5" order: 216 Y 46656 Y 3024

- — T
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Measurement error modeling - Algorithm

~

G Choose b base orientations

G foreach data point
G determine enclosing spherical triangles
G determine t, t,, t, triangle areas
G normalize (t, t,, t,)

G construct matrix (w;) the weight of i" data
point on the | base orientation
G scale data points to fit in a unit cube
G foreach base orientation
G build the 6 sets of equations

G solve for the 6*b*(n+1)3 in LS sense

Fig. (top) Base Orientations; (bottom) Spherical triangles

Source: fAEl ectromagnetic Tracker Measurement Error Simulation and Tool

.
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