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Subcortical
Structure

AIR Harmonic HAMMER Harmonic
+Intensity

Left Thalamus 0.79 0.68 0.73 0.71
Left Caudate 0.31 0.50 0.58 0.62
Left Putamen 0.61 0.40 0.51 0.47
Left Hippocampus 0.30 0.56 0.67 0.59
Right Thalamus 0.77 0.66 0.87 0.72

Right Caudate 0.32 0.46 0.81 0.54

Right Putamen 0.53 0.52 0.67 0.57
Right Hippocampus 0.33 0.58 0.59 0.69
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Problem Statement

1. Surface matching which computes maps between surface 
pairs – the cortical surfaces and the grey matter/csf surfaces of 
the two brains, with sulcal alignment constraints.

2. Extrapolation of the surface map to the entire cortical volume 
by a harmonic map.

3. Refinement of the harmonic map on the interior volumes to 
improve intensity alignment of subcortical structures. 

Surface Registration

We model the cortical surface as an elastic sheet by solving the
linear elastic equilibrium equation in the geometry of the 
cortical surface by minimizing the energy integral

where             and            denote the coordinates assigned to the 
set of K sulcal landmarks and 

subject to the sulcal matching constraints and the constraint that 
the corpus callosum is mapped to the boundary of the unit 
square. We use 21 sulcal landmarks traced using the sulcal
anatomy protocol defined at LONI 
(http://www.loni.ucla.edu/NCRR/protocols.aspx).
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Volumetric Registration

The surface point correspondence is extended to the entire 
volume using a harmonic map u = (u1,u2,u3) with the 
boundary mapping constraints defined by the surface 
matching.

Harmonic mapping is followed by inverse consistent linear 
elastic intensity registration.
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RMS error in sulcal landmarks is 11mm, 11.5mm and 
2.4mm for AIR, HAMMER and our method respectively.
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The MRI and segmentation data sets are made available at 
(http://www.cma.mgh.harvard.edu).
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