VoxelMorph

Balakrishnan et al. IEEE TMI 2019

Input images f, m

Looking for ¢ = arg Ming Lsim(f, M © @) + ALsmooth ()
Learn a network to estimate ¢ = g(f, m)

Lsim is SSD or CC. Lsmooth(¢) = [|[Vul®,  ¢(x) = x +u
Linear interpolation to calculate mo ¢

Very fast and accurate
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Handles small deformations, assumes affine preregistration

http://voxelmorph.csail.mit.edu
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Voxelmorph overview
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Voxelmorph network

UNet Architecture

leaky ReLU, 3D convolutions
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Spatial transformation

For each voxel p. we compute a (subpixel) voxel location
p' = p + u(p) in m. Because image values are only defined
at integer locations, we linearly interpolate the values at the
eight neighboring voxels:

mog(p)=Y_ mla) [[ (1-Ipf—ad) @
Qe Z(p’) d{ry.z}

where Z(p’) are the voxel neighbors of p’, and d iterates over
dimensions of {). Because we can compute gradients or sub-
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Loss function
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Auxiliary loss function

sf N (s 0 )
"f| I |"m qul
A Dice score of 1 indicates that the anatomy matches perfectly,

and a score of 0 indicates that there is no overlap. We define
the segmentation loss L.., over all structures & € [1, K] as:

Dice{.&‘f}', sk o) = (8)

Eﬁr:g('*f! Sm O ‘\ﬁ) = z D](‘E "_f 5 .z o qb} {9}

Only at training time
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Example images




Quantitative results

Method Dice GPUsec  CPU sec sl <0 G of | Ja] <0
Affine only 0.584 (0.157) 0 0 0 0
ANTs SyN (CC) 0,749 (0.136) 9059 (2023) | 9662 (6258) | 0.140 (0.091)
NiftyReg (CC) 0,755 (0.143) 2347 (202) | 41251 (14336) | 0,600 (0.208)
VoxelMorph (CC) 0753 (0.145) | 0.45 (0.01) 57(1) 19077 (3928) | 0.366 (0.114)
VoxelMorph (MSE) 0,752 (0.140) | 0.45 (0.01) 57(1) 9606 (4516) | 0184 (0.087)
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Training size

—6— [Training Set
—&— Test Set
—— Test Set (Instance-Specific Opt.)
08 | — — ANTS (SyN)
2o7st
?
8
o
0.7
0.65 -
0.5 1 2 3 4

Iogm of training set size

instance-specific optimization = gradient descent
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