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A Sensing-Fusion Tracking Method for Inversion Endoscope Surgery

Chen Xiaodong Du Chengyang Zhu Xiaotian Wang Yi Yu Daoyin

(Key Laboratory Opto-Electronics Information Technology, Ministry of Education . College of

Precision Instruments and Opto-Electronics Engineering , Tianjin University, Tianjin 300072)

Abstract In inversion endoscope surgery, high-accuracy tracking for medical instruments is demanded. Traditional
electromagnetic tracking (EMT) methods are confined by their low robustness and high complexity, which restrict
EMT from clinical application. To solve the problems, an inertial measurement unit (IMU) is added to EMT system
to realize multi-sensing tracking. The effective fusion techniques provide anti-interference ability for the tracking
system. At the same time, IMU can also help to simplify EMT and improve practicality on system level. The
experimental results show that orientation error is less than 1°, and position error is less than 3 mm. Even under
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disturbances, orientation error can be controlled under 3.5°, which meets the clinical requirements.
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Fig. 1 Fusion-sensing tracking system
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Fig. 2 Evaluating platform for orientation
and position tracking
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Table 1 RMSE for adaptive and none-adaptive

G-N without disturbances

None-adaptive

RMSE Adaptive G-N
G-N

Static pitch angle 0.694° 0.676°
Dynamic pitch angle 0.753° 0.823°
Static roll angle 0.696° 0.701°
Dynamic roll angle 0.723° 0.814°
Static heading angle 1.069° 1.127°
Dynamic heading angle 1.168° 1.563°
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Fig. 3 RMSE for orientation estimate within disturbances. (a) RMSE under magnetic distortion;
(b) RMSE under linear acceleration
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Fig. 4 Results of position determination experiment. (a) Tracking output; (b) error distribution
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