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EPDIFF-JF-NET: ADJOINT JACOBI FIELDS FOR
DIFFEOMORPHIC REGISTRATION NETWORKS

Ubaldo Ramon Julvez, Mdénica Hernandez Giménez, Elvira Mayordomo Camara

(1) Large deformations diffeomorphic metric
mapping (LDDMM)

Diffeomorphism that minimizes energy E(v) between images
l, (source) and |, (target):

1 _
F(u) = (Lvo, o)z + — 1o 0 (60) " = T3

s.t. Euler-Poincare differential equation (EPDIff):

Ov; + ad! v, = 0 in Q x (0, 1],

*High computational complexity. Current deep-learning
aproaches are either supervised or non-geodesic.
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(2) Adjoint Jacobi Fields

*Computing V,, E(vg) is costly, but computing V,,, E/(vg)is
straightforward.

*Perform Parallel Transport with Reduced Adjoint Jacobi
Fields:

0.U; + ad! U, =0 in Q x (0, 1],
Oywy — ad,, wy + ad);tvt + U, =0 in € x (0, 1],

*Final gradient expresion:

VUOE(UO) — 2?]() -+ w(O)

(3) Parallel Transport Registration Framework
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‘Registration Network predicts initial velocity field U .

Use geodesic shooting to compute Ut and ¢ use parallel transport to
compute final gradient V., E'(vg).

*Back-propagate gradient through the network as usual to train It.

Multi-resolution CNN architecture, 3 identical levels, each level
takes results from the previous level:

14
L(Iy, Io,v0) = ) Lye(If, Ig, vp),

¢e(1..3]

1
LJF([l,[(),U()) — <LU(),U()>L2 —+ PZNCC([b[w)a

(4) Experiments and Results

*OASIS dataset with 414 T1-weighted brain MRI images, with automatic
segmentations. NIREP16 dataset 16 images, with manual segmentations.

DSC overlap in OASIS
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*\We obtain State-of-the-art results on two independent brain
MRI datasets.

*Our method features low inference times making it a promising
tool for large-scale computational anatomy studies.
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