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Ditfeomorphic Mapping § Euler- Lagrange Equations

Essential to the construction of anatomical image databases is the ability

to develop tast and etficient tools that manipulate large datasets. As a

part of the NPACI Strategic Applications Collaboration (SAC), we have A
developed a parallel 3D decomposition algorithm that takes advantage ot

the IBM RS6000/SP architecture to speed up computations of the

Fuler-Lagrange equations that describe the diffeomorphic

mapping between anatomical images and yield a geodesic.
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The Storage Resource Broker (SRB) 1s used to retrieve large datasets from remote servers at high speeds

—  of 45Mbps via the vBNS on the Internet. We have begun manipulating large brain MRI datasets between

Washington / Washington University St. Louis (WUSTL) and The Johns Hopkins University (JHU). The goal is to
UCL | University ﬂi‘;iﬂ s integrate the Fuler-lagrange solver to compute geodesics without downloading data. The table shows
Caltegh e how long 1t took to determine the size of two MRI data tiles on the SRB server at WUSTTL.
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ptag 74 Sah0dd52 22175 seconds 2823 671 seconds 118.31 kbfsec| 205,756 seconds
pta 72y Sah0dd52 28,077 seconds 220 1249 seconds 132,27 kbfsec| 203,706 seconds

Geodesics computed from the Fuler-Lagrange equations can be used to
compare several anatomical images in a database. As an example, we
have generated geodesics from a set ot 19 digitized, graylevel images ot
mitochondria. The table shows that mitochondria of similar shape

have similar geodesic distance.

Mitochondria 1 2 3 5 10
Geodesic 620945 654400 769242 1011530 1235860 1292750 1344910 1554120 1569150 1679300

Mitochondria 11 12 13 14 15 16 17 18 19
Geodesic 1685990 1725360 1816720 1877660 2079330 2402260 2784990 3115030 3356220

The design of a federated neuroscience image database involves analysis of multi-modal images. For
example, a neuroscientist would like to compare a histological section with a cryosection. This 1s achieved
in two steps. First, the histological section (top left) is histogram-matched and then co-registered with the
cryosection (bottom right) using landmark matching to generate the source image (top right). Then the
Fuler-Lagrange solver is used to generate the deformed source image (bottom left) which 1s similar to the
target image (bottom right). Work 1s in progress to merge landmark matching with the Euler-Lagrange
solver as well as developing a time-stepping algorithm to generate accurate diffeomorphic mappings.
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