
Intra-patient non-rigid registration  
of 3D vascular images 
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s • Experiments on synthetic images show both faster 
convergence and higher precision than state-of-the-art 
intensity-based registration 
 
• Preliminary experiments on clinical data show 
improvements in both precision and speed. 
 
• The algorithm is robust for non-exactly matching 
reference points (errors up to 8mm give are tolerated). 
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Apply a B-spline transformation on one image and move the control points until the image matches the other. 
How to measure if the images match? 

Isometry of vessels 
When blood vessels deform, they will bend, but hardly 
change in length. Thus, given some reference point in 
both images, corresponding pieces of vessel in both 
images will have the same distances to those 
reference points. 

Algorithm: 
Given images A and B, two sets of reference points Ra and Rb, find transformation 

1. Construct for every voxel a feature vector: 

 

2. Maximize the objective function:  

 

Find the geometric transformation of a 3D vascular image of an organ 
such that it is optimally spatially aligned with another 3D vascular image of the same organ. 

Or equivalently 
Infer the underwent deformation of an organ based on 3D vascular images, one before and after the deformation. P

ro
b

le
m

 

Brain-shift mitigation: 
During neurosurgery, the brain deforms, rendering pre-
operative scans imprecise. By registering an intra-
operative CTA, the brain-shift can be quantified and the 
pre-operative scans can be updated, allowing accurate 
image-guided neurosurgery. 

Lung tumor radiation: 
Due to breathing, the position of a lung tumor is 
time-dependent. Multiple 3D scans are made of 
lungs during one breathing cycle. Registration of 
these scans shows the movement of the tumor, 
allowing more accurate radiation. 

Equality of intensity: 
Intensities of corresponding voxels will be equal. 

Corresponding voxels have identical feature vectors. 
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Brain registration 

Cfr. Intensity-based registration: 
Average error:  0,4 - 0,6 mm 
Max error:  2,2 - 4,5 mm  


