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Typical OR scene
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Problem Statement

Endoscopic surgery implies a precise selection of instruments’ ports to provide:
Full access to the whole operating region
Adequate surgeon dexterity

The limited endoscopic view constrains the surgeon
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Related Work

Chiu et al: 3-d image guidance for minimally
invasive robotic coronary artery bypass [1]

Coste-Maniére, E. et al: Optimized port
placement for the totally endoscopic coronary
artery bypass grafting using the da Vinci robotic
system [2]

Selha, S.D. et al: Dexterity optimization by port
placement in robot-assisted minimally invasive
surgery [3]

Two major disadvantages:

Time-consuming manual or semi-automatic
segmentation

No practical and accurate way to transfer
the planned ports to the operating room
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Our Approach

Off-line

Camera Calibration
Pre-operative

CT/MR/US

Automatic Marker Extraction
Intra-operative

Patient Registration

Patient Fly-Through for Port Placement

Volume Rendering for Improved Visualization and
Navigation
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Off-line Calibration

Goal: Simulation of the real
camera by a virtual camera with
the same projection geometry

Determination of camera
parameters (intrinsics, extrinsics,
and distortion coefficients) of the
endoscope (Bouguet, Heikkila,
Zhang et al [8-10])

Grabbing of endoscope video
images of a checkerboard pattern
with known geometry from varying
endoscope poses

Automatic corner detection and
computation of all camera

parameters

Only needs to be done once in a

while
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Off-line Calibratign

Goal: Determining the missing
constant transformation
between the endoscope and
camera coordinate system

Implemented solutions based on
hand-eye calibration (Tsai/Lenz [5],
Daniilidis [6])

Prerequisite: A corresponding set

of camera poses in the pattern
coordinate system and endoscope 2
poses in the tracking coordinate '
system

Computations based on dual
quaternions and matrix
decomposition

Done simultaneously to camera
calibration
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Hand-eye Calibration_

w
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Pre- operatlve CT & I\/Iarker
Extraction

Placement of CT-visible fiducials (markers)
on the patient’s thorax

CT of the patient using retrospective ECG-
gating and contrast agent

Automatic marker extraction by
thresholding and morphological operators

[11]
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Automatic Patient Registration

Automatic detection of each fiducial in the
endoscope images during endoscope
movements [12]

Automatic reconstruction of its 3D position
based on triangulation [13—-15], using the
current tracking data and previously
computed camera parameters

Automatic computation of point ) ()
correspondences by distance-weighted
graph matching [16] .

Automatic computation of the rigid
transformation between the CT and
tracking coordinate system using a dual
quaternions approach [17]

Novel and fast method to accurately
register patients to their CT data
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Intra-operative Port Placement
and Simulation

Virtual endoscopy prior to the intervention:
Real, augmented, and virtual mode available from any camera pose

Possibility to move a virtual camera with 0°or 30°0 ptics into the patient to
verify the current port (not only applicable to the endoscope, but also to
instruments)

Improved intra-operative navigation by zooming in and out the current view
No segmentation due to GPU based direct volume rendering of the CT

Provision of transfer functions to realistically map image intensities to natural
and more intuitive colors

L — .|
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Summary

Novel port placement method

Without time-consuming prior manual segmentation of
patient data

featuring a fast and accurate method for patient registration
Improvement of the image quality by undistortion
Easy to integrate into the current clinical workflow

Only one tracking system is needed, which may be an optical
tracking system or a robot such as da Vinci

Paper presented at MICCAI 2005 (International Conference on
Medical Image Computing and Computer Assisted Intervention)
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Thank you for your attention!
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