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Abstract.  New surgical navigation techniques incorporate the use of live sur-
gical endoscope video with 3D reconstructed MRI or CT images of a patient�s
anatomy.  This image-enhanced endoscopy requires calibration of the endo-
scope to accurately the register the real endoscope video to the virtual image.
The calibration and accuracy testing of such a system and a simple yet effective
linear method for lens-distortion compensation are described.

1 Background and Theory

Today lightweight endoscopes are used in small body cavities, but they display only
visible surfaces and are unable to view the interior of opaque tissue.  Combining en-
doscopic video with overlaid volumetrically-reconstructed CT or MRI patient images
permits surgeons to look beyond visible surfaces and provides �on-the-fly� 2D and
3D information for planning and navigation [1].  Precise endoscope calibration and
exhaustive accuracy testing are necessary to ensure surgical quality.

Following calibration, tracking the position and rotation of the endoscope enables
the rendering of virtual images to match the endoscope video.  A ray from the center
of projection (the optical origin) to a point in physical space passes through the image
projection plane (the CCD).  Errors such as residual lens distortion or tracking error
cause this intersection to be some distance e from the image point, as in Fig. 1(a).

Adding full non-linear radial lens-distortion compensation to the rendering engine
causes a drop in performance; an alternative method, here named �constant-radius
linear compensation�, is to linearly scale the virtual image such that the radii of the
predefined region of interest in each image are made equal.

2 Method

A STORZ Tricam endoscope with a 50200A telescope, Traxtal universal passive
trackers, and an NDI Polaris hybrid optical tracking system were used.

Tsai�s calibration algorithm [2] was used.  The calibration target was a planar grid
pattern of black dots 1 and 2 mm in diameter, with the grid rows and columns spaced
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3 mm apart.  This was mounted in a jig with an attached tracker such that the tele-
scope of the endoscope in calibration is positioned 15 mm away from the center of the
target and angled 30° from the normal of the target plane.

The physical target for accuracy testing was a version of the calibration target large
enough to fill the field of view (FOV) of the endoscope at a distance of 65 mm, and
mounted on a tracked moveable plate.  The grid position was localized relative to the
tracker.  The grid was stepped through a set of distances from 5 to 65 mm from the tip
of the endoscope's telescope.  At each position the image error e was found for each
dot in the endoscope video image.  This was repeated for 20 separate calibrations.

3 Results

Fig. 1(b) shows the mean error between the rendered location of the dots in the virtual
image and the corresponding dots in the endoscope video image, normalized to the
diameter of the FOV, as a function of distance from the center of the image.  Fig. 1(c)
shows the normalized error as a function of distance of the target plane from the en-
doscope tip.  It can be seen that constant-radius linear compensation is an effective
scheme for overcoming lens distortion without a rendering performance loss.
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Fig. 1.  (a) Image space error: a point in the video image (gray dot) and the projection ray
intersection with the image plane (white dot).  (b) Mean image error versus image radius and
(c) mean image error versus target plane distance, normalized to the FOV diameter.
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