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In biological tissues water is ubiquitous and constanthnisotropic the diffusion is.
in motion. This motion of water within biological tissues is Our algorithm begins by generating many streamtubes
called diffusion. The diffusion of water is constrained byand streamsurfaces and then culls those down to a rep-
and correlated with, micro-structure of the tissues. Volunmesentative subset. Initially, every voxel with a linear or
images of diffusion rate measurements can be acquigdnar anisotropy value greater than a threshold has a rep-
with magnetic resonance imaging [1]. resentative streamtube or a streamsurface. The criteria for
We produce geometric models from diffusion tens@electing the subset to display includes the size of the ge-
volume images. The models illustrate the connectivity amdnetry, the average anisotropy in the region containing the
other micro-structural information in the nervous systergeometry, and the similarity of the geometries. Geome-
We provide the user with interactivity so that he/she cdnes with low scores on these criteria are discarded. A
explore the geometry from different perspectives. We alsgpresentative subset of geometries are kept and displayed
include in the models anatomical landmarks, which haiethe final image.
proven essential for understanding the diffusion informa- Based on feedback from preliminary results, we found
tion. that biologists were able to explore the models more effec-
In the literature, researchers have successfully desigiivély when they could identify familiar landmark struc-
visualization methods for 2D slices of diffusion tensdtres, like the eyes or ventricles. For this reason, we also
fields. These include ellipsoids [1], as well as a noprovide anatomical landmarks in our image. The final
malized version of the ellipsoids and a painting-motivateodels are 2D surface geometries that can be imported
method [2]. Directly extending these methods to volum#3to many interactive environments.
would not only be expensive but would also result in self- Figs. 1 and 2 and the accompanying video illustrate re-
obscuring geometry. Two approaches have been explogedts of our method applied to data acquired from a human
for visualization of 3D second-order tensor fields. Or@ain (data courtesy Dr. Susumu, Johns Hopkins). Many
uses a volume rendering approach [3], the other uses agf@ss features are readily apparent in the results; several
ometric representation [4]. We extend the latter approaghie identified in the figures and video. We are continuing
originally applied to tensors related to fluid flow insteatP investigate the more subtle features that may be visible
of diffusion, to visualize micro-structural information inand the tradeoffs among the several selection criteria we
biological tissues. use to choose streamtubes and streamsurfaces for display.
We distinguish between structures exhibiting linedsarly results show promise for understanding connectivity
anisotropy and those exhibiting planar anisotropy. Streaifi-a volume and suggest that more anatomical context and
tubes and streamsurfaces, respectively, represent theseadgtional interactivity will help make exploration more
types of diffusion. Streamtubes represent linear structurgfective.
where diffusion is much faster in one direction. The tra-
jectory of each tube sweeps along the principal direction
of diffusion, and the cross-section shape is an ellipse réﬁ_ C Pi_erpaoli_ and P.J. Bassé’pward a Quantitative /_L\ssessment of
resenting the diffusion rates in the directions perpendiculargéfg','sl'gg;”'sompy Magnetic Resonance Magazine, pages 893-
to the trajectory. We normalize the maximum radius of thg| pavid H. Laidlaw, Eric T. Ahrens, David Kremers, Matthew J. Ava-
ellipse to a constant value so that the size of the streamios, Russell E. Jacobs, and Carol Readhedsualizing Diffusion
tube is predictable while its aspect ratio is preserved. TheTensor Images of the Mouse Spinal CArdIEEE Visualization 98,
color of the streamtube shows how anisotropic the diffy pages 127-134, 1998.
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Fig. 1. A front view of the human brain image using streamtubes (red), streamsurfaces (green), and anatomical landmarks (blue
and transparent white). Anatomical features, including the corpus callosum and corona radiata are clearly visible in the models.
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Fig. 2. A side view of the human brain image using streamtubes, streamsurfaces, and anatomical landmarks. The internal capsule
and corona radiata are labeled.



