
The approximation formulation consists in an 
energy minimization:

H linear interpolation matrix in tetrahedra,           
S matching stiffness: 

U is given by:

+ smooth displacement field.
- accuracy.

• Model based registration method: patient-
specific biomechanical model:

• Sparse displacement field D, estimated with the 
block matching algorithm:

correlation coefficient

+ Highly parallelizable
- Noisy matches
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1st intraoperative
image

2nd intraoperative
image

Registered 
image

Brain shifts during neurosurgery � preoperative 
planning and images need to be updated.

The 0.5 T open magnet scanner of the Brigham and 
Women’s Hospital

Intraoperative MR scanner can be used to image 
the brain deformation during surgery.

The algorithm must satisfy different constraints: 
• Speed. Typically: (registration time) < 1 min.
• Robustness; to bias, artifacts in the images. 
• Accuracy, error of the order of the voxel size.
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SegmentationInitial image Meshing

Block selection
(feature detector)
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Structure tensor
T computation
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ftp://ftp-sop.inria.fr/epidaure/Publications/ 
Clatz/TMI_intraoperative_clatz.pdf

��	�����������	���������

SDHSHHKU TT 1][ -+=

�	�
��
���	
��������������	���������	�
��
���	
��������������	��������
Mechanical energy minimization under the 
constraint of minimum matching error �
Formalized through the Lagrange Multipliers 
stored in    :F
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Noisy matches �
noisy displacement field

19Mean relative error (%)
2.50Max. error (mm)

0.75±0.6Mean error ± std. dev. (mm)
3.77±3.3Mean displacement ± std. dev. (mm)

13.18Max. displacement (mm)
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Iterative approach from the approximation to the 
interpolation, through an external force Fi
updated at each iteration i:

Å Outlier matches rejection step, based on a Lest 
Trimmed Squared estimator and using the error 
criterion xk:
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Segmentation

Rigid registration

Biomechanical model 
construction

Block selections

Sparse displacement
field estimate

Structure tensor
computation

Iterative hybrid
algorithm

Mesh construction Block matching
algorithm

Dense displacement
field computation

Computed before the acquisition of the image to be registered
Computed after the acquisition of the image to be registered
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Outliers rejection algorithm. (Left) 1st iteration. 
(Middle) after 5 iterations. (Right) after 10 iterations


