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Medical Background: 
Totally Endoscopic Coronary Artery Bypass Graft

 CAB surgery is the most often performed cardiac 
procedure

 Usually performed on arrested heart using cardio-
pulmonary bypass (CPB) by open surgery

Severe complications associated with CPB → 
Avoiding CPB & sternotomy with telemanipulation
systems for MIS: Totally endoscopic coronary 
artery bypass graft on the beating heart 
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Coronary artery disease:  Obstructed coronary arteries 
→ Limited blood supply to heart muscle → Heart attack

Coronary artery bypass (CAB) surgery: Arteries or veins 
are grafted from aorta to coronary arteries to bypass 
obstructed area

 Limited space 
 Lack of tactile feedback 
Motion of the heart

Difficulties for the 
surgeon: 

Video provided by Dr. U. Kappert, Cardiovascular Institute at the University Hospital Dresden, Germany 2/7



Motion Compensation – Problem Description

Computer vision part:
Assessing the 3D 
deformation of the 
heart surface from 
a sequence of stereo 
images 

Subtasks:
 Recovery of the surface‘s  

3D shape
 Tracking of non-rigid 

motion
 Virtual image stabilization
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www.intuitivesurgical.com

Virtual image 
stabilization

Visual motion 
estimation

Motion 
prediction

Control

http://hsc.uwe.ac.uk

Optical 
stereo images



3D Reconstruction of the Heart Surface
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Input data:
 2 synchronous sequences of optical images
 50 frames per second, size of 288x720 pixels

Objective:
 Reconstructing the 3D surface

from sequence of image pairs
 Tracking the surface in      

subsequent images



Finding Image Point Correspondences: Deformable Matching 

Matching task: Finding a mapping for each pixel position in the left image the 
corresponding position in the right image

MRF-based non-rigid image matching algorithm [Shekhovtsov et al., 2007]:
 MRF-based model for deformable image matching applied
 Pixels are grouped in blocks 
 Continuity constraints on neighboring pixel blocks → preserve 2D continuity
 Optimal deformation is maximal a posteriori probability configuration of the      

corresponding MRF
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Left image Right  image and (ideally) 
transformed left image



Deformable Image Matching Example
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Left input image Right input image

Back-transformed result: 
Pixels from the left image are mapped to 
the corresponding ones in the right image

Computing the mapping from the left to the right image 
(only the reddish region is considered here)



Reconstruction Example
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Left and right image with a subset of 
corresponding image points marked:

Subset of reconstructed world points 
w.r.t. the left camera frame:

Distorted reconstructed surface because of small errors in matching 
→ Upgrading the reconstruction using constraints ...ongoing work    



Thank you for your attention.


