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A New Electromagnetic Positioning Model with Single Coil Receiver for Virtual
Interventional Surgery

Abstract

Abstract: To meet the needs of 3D positioning of guide wire catheter in interventional surgery and the
requirements of smaller size sensor for narrow cerebral vessels, a new electromagnetic positioning
model is proposed with single coil receiver. Based on the electromagnetic theory and geometry principle,
the electromagnetic field transmitter with groups of three orthogonal coils and the single coil receiver
with smaller size than existing sensors are designed. Based on Biot-Savart Law, the distance between
receiving end and geometric center of orthogonal coils is calculated, and spatial coordinate of receiving
end is computed based on the spherical intersection formula. To further reduce the positioning error, a
two-round accuracy improvement algorithm is designed for selecting the optimal topology of coil groups
at the transmitter end and fitting correction of the calculated distance. Through experiments on
multiphysical simulation platform of COMSOL Multiphysics and the example of cerebrovascular
intervention, our new model is verified with positioning accuracy of 0.05 cm and frequency of 29 Hz,
which provides a theoretical basis for the manufacture of small and precise electromagnetic positioning
sensors.
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Table 3 Magnetic field information at target point 1 in the

simulation scenario in scene T

IERR 2k el 21 x5 Yo zor
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Table 6 Positioning results after the first round of accuracy

geometric center of coil group cm

=X RS - - el - -

1+ 27 3% 4+
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Table 5 Comparison between calculated coordinates and

improvement algorithm cm
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R -0.2315 -0.2358 -0.002 3
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LA 8.660 3 5.000 0 10.000 0
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known coordinates of target point cm
X ivE/ Res x y z
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Table 7 Positioning results after two rounds of accuracy
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Fig. 9 Target points location in 3D cerebrovascular
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Table 8 Localization results of cerebrovascular intervention
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Table 9 Electromagnetic positioning accuracy comparison

Jiik x y z Bz
1.0058 09874 09428  0.0589
19798 19746 19557  0.0549
3.0051 29732 29811  0.0332
3.9849 39854 39759  0.0320
ACHLLE 50131 49926 49646  0.0385
Bl ik 59926 59588 59907  0.0429
70101 69853 69998  0.0178
8.0034 79809 79939  0.0203
89830 89797 9.0138  0.0299
99813 99863 10.0178 0.0292
09524 09805 1.0021 0.0515
19882 19355 1.9971  0.0656
3.0220  2.8903  3.0626  0.1282
39796 39360 4.0349  0.0757
WA=LZE 50342 49934 49380  0.0711
Bl ik 6.0239 59621 59699  0.0540
7.0238 69811 69079  0.0970
79792  7.8991 79230  0.1286
8.8734 88616 88628 02324
97585 97330  9.7478  0.4396

.57 —a— A B2 BB R WAL 7 125
—e— P =Lk B Tr ik

I 2 3 4 5 6 7 8 9 10
S TR

BI10  PIdfsE A 7 38 7 iR 225 b

Fig. 10 Comparison of mean square errors between two

positioning methods
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