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Visualization and Real-time Tracking Technologies of the Probe Used in Surgical
Navigation Based on Electromagnetic Positioning

TIAN Hegiang, WU Dongmei, WANG Jihu, DU Zhijiang, SUN Lining
(State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150080, China)

Abstract: The visualization and real-time tracking technologies of the probe in surgical navigation system are studied. The
electromagnetic positioning method is introduced, and the probe with data acquisition function is designed based on elec-
tromagnetic positioning. Firstly, the probe model is constructed by means of three-dimensional solid modeling technology,
and the transformation from the solid geometry model to the three-dimensional surface models is completed. Secondly, the
probe tip is registered using the pivot calibration method and the registration accuracy is also tested. Then, the registration
between the CT model and the patients site is realized intraoperatively by means of iterative closest point (ICP) algorithm,
and simulation analysis and accuracy verification are carried out. Finally, according to the preoperatively registered position
and orientation, the spatial location of the probe is tracked in real-time and accurately, and is displayed in the system. The
results show that the data acquisition function and registration accuracy of the probe, as well as the effect of registration
algorithms can meet the needs for surgical navigation.

Keywords: electromagnetic positioning; probe; surgical navigation; visualization; real-time tracking
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Fig.1 3D Guidance electromagnetic positioning system
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Fig.4 CAD model of the probe

K5 IREFRR R
Fig.5 Surface model of the probe

Fig.6 Principle of the probe measuring reference point

coordinates
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probe and accuracy test)
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Fig.7 Calibration of the probe
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Fig.9 Deviation between registration data and the average

5 AHEMEREZEFIIIE (Intraopera-
tive registration, algorithm simulation and
verification)
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Tab.1 Registration experiment data

i 5

i 1 2 3 4 5 6 7 8 9 10
Xoffset /mm —18.41 | —18.34 | —18.28 | —18.19 | —18.24 | —18.25 | —18.31 | —18.09 | —18.32 | —18.16
Yoftser /mm 8.26 8.36 8.01 8.28 8.06 8.73 8.34 8.13 8.36 7.90
Zoffser /Mm —15.15 | =15.14 | —14.77 | —14.66 | —14.63 | —14.17 | —14.32 | —14.70 | —14.57 | —14.28
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Fig.10 Transition relationship in intraoperative registration
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Fig.12 The spine model with steel balls (a) and its

three-dimensional reconstruction model (b)

K2 AR ANER A bR

Tab.2 The steel ball coordinates in virtual space

e 2w X /mm Y /mm Z /mm
1 76.8993 | 140.8920 | 138.8932
2 69.1139 | 115.5791 | 169.3231
3 65.7132 | 143.7895 | 163.1458
4 92.5283 | 152.1550 | 171.9651

K3 AP N AR AR

Tab.3 The steel ball coordinates in real space

ARET:
o Ak X /mm Y /mm Z /mm
T
1 193.2501 | —101.4144 | 168.3306
2 178.7833 | —129.1563 | 196.6132
3 200.5357 | —127.7536 | 177.3650
4 187.1305 | —137.2476 | 152.5746
3.2
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Fig.13 Registration error
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Fig.14 Real-time tracking transition relationship of the surgical

TG

instrument

6 IRETAIR S5 KATIRER (Probe visualiza-
tion and real-time tracking)
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Fig.15 Navigation system based on electromagnetic

positioning
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Fig.16 Real-time tracking and display of the probe

7 %52 (Conclusion)
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