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Abstract In computer—assisted surgery (CAS), the surgical instruments in patient need to locate. To avoid the
line of sight (LOS) problem in the optical tracking (OPT), magnetic tracking (MT) technology is usually adopted.
A new multi—dipole model of cylindrical magnets, which can avoid limited tracking range and lower tracking
accuracy problems that appear in signal magnetic dipole model of cylindrical permanent magnet, is proposed. This
model approximates cylindrical magnetic dipole as multiple dipoles ranging along the magnet’'s axis, and tracking
results are obtained through adaptive particle swarm optimization (APSO). Compared with classical method, the
proposed model can ensure its validity in near magnets region. Experiments show that, the solution can decrease
positioning error by 15.5%~31.6%, and decrease orientation error by 10.5%~24.4%.
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Fig.1 Cylindrical magnet in the earth frame refernece coordinate
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Fig.2 Magnetic tracking system and standard positioning board. (a) Magnetic tracking system; (b) standard positioning board
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Table 1 Comparision of position error in the proposed method and traditional method

Distance between the two plates /mm 70 90 110 130 150
Position error of the proposed method /mm 3.249 3.099 2.638 2.459 2.196
Position error of traditional method /mm 4.750 4.115 3.352 2.898 2.536
Orientation error of the proposed method 3.017° 2.612° 2.238° 1.983° 1.722°
Orientation error of traditional method 3.988° 3.360° 2.623° 2.178° 1.924¢
4 45 B

el X T 52 AN P R AP R A TR ST 3 5 VKGR AR ) 0, 48 1 T — B I A AR, XSO
P om T R S X R RS B e T RS ARG R . 25 G A IS I R RO A B, 2 R A AR Y
Al EHEH TR R . 500 MX T 2 U e L5, X AR R B A% SRR R 5 5B B, RT 9/ N 31.6% (1)
7B IR 25N 24 4% I B VR 2E o MR B AL BB IS AT T8/ 15.5% 0 B 1R 25 5 10.5% M B AR 2%

£ Z XMk
1 C Jenssen. Diagnostic endosonography—state of the art 2009[J]. Endoskopie Heute, 2009, 22(2): 89-104.
2 Wang Sen, Chen Xiaodong, Du Chengyang, et al.. Multi—sensor attitude computation for endoscope in magnetic interference environment
[J]. Chinese Journal of Sensors and Actuators, 2013, 26(8): 1110-1115.
TR BRIEA, MORER, % 8T IRPRE TS B T 2R IR AR I N BB A5 E LB ()], AR I R 24, 2013, 26(8): 1110-1115.
3 Zou Yuanyuan, Zhao Mingyang, Zhang Lei. Direct calibration method of laser stripe vision sensor based on gauge block[J]. Chinese
J Lasers, 2014, 41(11): 1108002.
ARl W, ok W BRI LA S R A R B AR U A (D). O, 2014, 41(11): 1108002.
4 Wang Mengjun, Yang Lu, Wang Xia, et al.. Color images feature extracting based on visual perception and parameters setting[J].
Chinese J Lasers, 2014, 41(%1) $109005.
TEE,H M, T 8, 5% R ORGSR IE R O 058 BRI 0S5 S 80k U] TR EEOE, 2014, 41(s1): s109005.
5 W Yang, C Hu, M Li, et al.. A new tracking system for three magnetic objectives[]J]. IEEE Transtractions on Magnetics, 2010, 46(12):
4023-4029.
6 H T Sen, P Kazanzides. Particle filtering to improve the dynamic accuracy of electromagnetic tracking[J]. Sensors, 2013 IEEE,
2013: 1-4.
7 X Guo, C Song, R Yan. Optimization of multilayer cylindrical coils in a wireless localizationsystem to track a capsule=shaped micro—
device[]]. Measurement, 2013, 46(1): 117-124.
8 Chen Xiaodong, Du Chengyang, Zhu Xiaotian, et al.. A sensing—fusion tracking method for inversion endoscope surgery[J]. Chinese
J Lasers, 2014, 41(12): 1204001.
Wi 24, AL BH, AR BE L 4% — B T A A SR8 A B9 2244 B3G5 52 (207 5 (0], H 0L, 2014, 41(12): 1204001.
9 P Swain, A Toor, I Volke, et al.. Remote magnetic manipulation of a wireless capsule endoscope in the esophagus and stomach of
humans (with videos)[J]. Gastrointestinal Endoscopy, 2010, 71(7): 1290-1293.
10 X Wang, Meng M Q H, C Hu. A localization method using 3—axis magnetoresistive sensors for tracking of capsule endoscopelJ].
28th Annual International Conference of the IEEE, 2006: 2522-2525.
11 X Guo, C Wang, R Yan. An electromagnetic localization method for medical micro— devices based on adaptive particle swarm
optimization with neighborhood search[J]. Measurement, 2011, 44(5): 852-858.
12 7 Zhan, J Zhang, Y Li, et al.. Adaptive particle swarm optimization[J]. Systems, Man, and Cybernetics, Part B: Cybernetics, IEEE
Transactions on, 2009, 39(6): 1362-1381.
EE&E: » &

0804001-5



