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Multiple-modality Calibration of Video and Magnetic Tracker Data for
3D Appearance and Structure Modeling in Minimally Invasive Surgery

QIN Wenjian, GU Jia
(Key Laboratory for Biomedical Informatics and Health Engineering, Chinese Academy of Sciences, Shenzhen 518067 )

Abstract The paper reports a fully-automated, multiple-modality sensor data registration scheme between video and
magnetic tracker data. This registration scheme is intended for use in computerized imaging systems to model the
appearance, structure, and dimension of human anatomy in three dimensions(3D) from endoscopic videos, particularly for
minimally invasive surgery. The proposed multiple-modality calibration procedure operates this way: before a surgical
procedure, the surgeon inserts a magnetic tracker into a working channel of the endoscope or otherwise fixes the tracker’s
position on the scope. The surgeon then maneuvers the scope-tracker assembly to view a checkerboard calibration pattern
from a few different viewpoints for a few seconds. The calibration procedure is then completed, and the relative pose
(translation and rotation) between the reference frames of the magnetic tracker and the scope is determined. During the
surgical procedure, the readings from the magnetic tracker are used to automatically deduce the pose (' both position and
orientation) of the scope’s reference frame over time, without complicated image analysis. Knowing the scope movement
over time then allows us to infer the 3D appearance and structure of the organs and tissues in the scene. While there are
other well-established mechanisms for inferring the movement of the camera( scope) from images, they are often sensitive to
mistakes in image analysis, error accumulation, and structure deformation. The proposed method using a magnetic tracker
to establish the camera motion parameters thus is acceptable and high-precision from analysis of results. Furthermore, the
calibration procedure does not require special training or usage of expensive calibration equipment.
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Fig. 1  Process and results of 3D reconstruction
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Fig.2 Pose and motion of the tracker are

not the same as those of the scope
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of the inferred 3D depth
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Fig.5 Cross-modality calibration configuration
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Fig.6 Image acquisition and the results of reconstruction in standard calibration mode
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