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Generic Problem
Surface Structure Registration
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Our Example Application

Endoscopic sinus surgery is a
procedure used to remove blockages
In the sinuses (the spaces filled with
air in some of the bones of the skull).
These blockages cause sinusitis, a
condition in which the sinuses swell
and become clogged, causing pain and
impaired breathing.

The sinuses are physically close to the
brain, the eye, and major arteries, always
areas of concern when a fiber optic tube
Is inserted into the sinus region ®
accurate navigation is important!
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Goal: Vision-Based Endoscope
Navigation

Limited information from
the endoscop_e

Goal: simplification of the navigation

I1GS system from GE VTK-based 3D-

visualization v
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Experimental Setup
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What do we try to solve?

How to estimate the relative
_— translation T and the rotation R
- between two camera positions
“’'p Camera Ego-Motion

Problem: monocular camera projection reduces
the space by one dimension, therefore,
external reference (a model) is

necessary for 6DoF pose estimation
® SLAM
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VSLAM System

Monocular VSLAM system

Feature Extraction 3D reconstruction Fused 3D map

(corners,blobs.etc.) of the ff?e
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Initialization Method |

Essential Matrix
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Using rigid body
assumptions we are
able to recover the
rotation R and a
scaled version of
translation T

P Essential Matrix
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Initialization 1|
Known Reference Pattern

Using known reference structures,
we can calculate the initial distances
to the observed points
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Scale Preserving Handoff-Process
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Recursive Ego-Motion Estimation
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A solution to the following least-squares problem
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Convergence Visualization

IROS 2004 Johns Hopkins University 14 of 24




Tracking Primitives In Real
Sinus (preliminary results)
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3D Reconstruction

o View direction
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System Structure
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Generic Problem
Surface Structure Recovery
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Scale Recovery (PCA)

Smallest Eigenvalues (E.E;,)
describe the depth variation. We .,
use them for estimation of m
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Patches are aligned up to an unknown rotation in

the plane of the surface and translation within it
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Fine alignment within the surface

We consider the depth variation as
pseudo-images and use standard image
processing techniques (SSD) to find the
rotation within the plane and the shift
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Reconstruction Result after
ICP
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T
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Conclusions

e The presented system allows an accurate reconstruction of 3D
surface points and their registration to 3D surface data from
CT scans or laser-range finder reconstructions.

« After ICP alignment, the average distance error for the
sample points is around 0.65mm. This compares favorably to
the fiducial-based registration, whose residual error is around

0.40mm for four fiducials that are attached to the surface of

the skull., because the target residual error (TRE) calculated
from fiducial residual error (FRE) is around 1.25mm.
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Future Work

e We are currently investigating the feature type that
can be used for a robust estimation and tracking of our
point features in real endonasal images obtained in a
preliminary experiment from a pig’'s head.

e Automatic Feature Selection in real endonasal images is
another important future work
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