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Avants et al: Symmetric Diffeomorphic Image Registration with
Cross-Correlation... MIA 2008
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Symmetric image normalization (SyN)

▶ Dense deformation field
▶ Large deformation
▶ Symmetric formulation
▶ Diffeomorphic = invertible and differentiable with differentiable

inverse
▶ Computationally expensive
▶ Implementation available
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Deformation field and velocity

▶ Deformation

▶ Velocity

▶ Distance

▶ Kernel
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Geodesic path between images
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Symmetric formulation
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Minimization problem
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Cross correlation

▶ I1 = I(φ1(x ,0.5)),J2 = J(φ2(x ,0.5)),

▶ Minimize
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Euler-Langrange equations

with Jacobian determinant |Dφi |
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Deformation from speed

▶ Gradients give us update of v1,v2
▶ Diffeomorphism φ is generated by

▶ Discretize as
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Inversion method

▶ Enforce φφ−1 = Id
▶ Start with ϕ(x) = y , ψ−1(̃y) = x ,ỹ ̸= x
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Symmetric normalization algorithm
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Implementation details and performance

▶ uses multiresolution, 100 iterations per level
▶ 5×slower than demons, 30%slower than ITK elastic registration
▶ robust and accurate
▶ can handle both large and small deformations
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Experiments

▶ 20 T1MRI from 10 normal elderly and 10 frontotemporal dementia
patients

▶ register normal and patients to atlas to find volumetric differences
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MRI Bias example

15 / 20



Atlas registration
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Atlas registration (controls)

images should look similar to first column
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Atlas registration (patients)
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Dice coefficient

19 / 20



Volume measurements
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