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Marker-free Augmented Reality System for Image-gnided Neurosurgery

Takeo ASANO, Takashi SUZUKI, Y oshihiro MURAGAKI and Hiroshi ISEKI

Faculty of Advanced Techno Surgery, Institute of Advanced Biomedical Engineering and Science,
Tokyo Women's Medical University

In image-guided neurosurgery, augmented reality technology is adopted to overlay three-dimensionally re-

constructed computer models of a target lesion onto a video image of the surgical field. Optical, electromagnetic,

and mechanical tracking systems are usually used for registration between the reconstructed model and a view

of the surgical field, but they are both expensive and not without technical problems. In this study, we propose a

marker-free registration and tracking method. Initial registration is completed by manually selecting several

pairs of anatomically-corresponding points on a reconstructed model and video image. Points are automatically

detected (Harris corner detection algorithm) within a predefined region of interest, and a tracking algorithm for

machine vision (KLT tracker) is applied for real-time target tracking. A feasibility study using a brain model

showed that image overlay was achieved with refresh rate of 8 frames per second. Initial registration error was

less than 0.5 mm when more than three pairs of anatomically-corresponding points were selected. This method is

feasible and economically advantageous because it does not require an expensive tracking system. In a future

study, we will evaluate feasibility and overlaying accuracy in the clinical setting.
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Fig. 1

(2) Example of three-dimensionally reconstructed computer model, (b) schema of video im-
age of the surgical field through a surgical microscope or neuroendoscope {brain model).
Computer models are overlaid on the brain to provide additional information to the operat-
ing surgeon.
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Fig. 2 Experimental setup for feasibility study using
a brain model, camera, and three-dimensionally re-
constructed computer model.
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Fig. 3 Point detection and tracking
a: a region of interest is set to detect points using the Harris corner detection algorithm.
b: detected points are shown as dots. c: detected motion of points using the KLT tracking
algorithm is shown as lines. Lines and dots are displayed here for demonstration, and are
not shown in the actual video image of the surgical field. Six circular markers around the
square region of interest are not used in this study.

Fig. 4 Example of marker-free tracking and overlay
a: a three-dimensionally reconstructed computer model (dark color) is overlaid on the left
hemisphere. b: the position of the overlaid model changes in accordance with the position
of the camera. Dots on the right hemisphere show are detected points using the KLT
tracking algorithm.
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Fig. 5 Evaluation of initial registration error
a: a checkered pattern was the target object. b: each corner was numbered sequentially,
and positioning accuracy of the overlay was evaluated at the circled corner. c: the relation-
ship between the number of corresponding points and overlay positioning error.
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