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Abstract
Di�usion tensor �elds reveal the underlying anatomical
structures in biological tissues such as neural �bers in the
brain. Most current methods for visualizing the di�usion
tensor �eld can be categorized into two classes: integral
curves and glyphs. Integral curves are continuous and rep-
resent the underlying �ber structures, but are prone to inte-
gration error and loss of local information. Glyphs are useful
for representing local tensor information, but do not convey
the connectivity in the anatomical structures well. We in-
troduce a simple yet e�ective visualization technique that
extends the streamball method in �ow visualization to ten-
sor ellipsoids. Each tensor ellipsoid represents a local tensor,
and either blends with neighboring tensors or breaks away
from them depending on their orientations and anisotropies.
The resulting visualization shows the connectivity informa-
tion in the underlying anatomy while characterizing the local
tenors in detail. By interactively changing an iso-value pa-
rameter, users can examine the di�usion tensor �eld in the
entire spectrum between the continuous integral curves and
the discrete glyphs. Expert evaluation indicates that this
method conveys very useful visual information about local
anisotropy in white matter �bers. Such information was
previously unavailable in tractography models. Our method
provides a visual tool for assessing variability in DTI �ber
tract integrity and its relation to function.

Index Terms: Di�usion Tensor Imaging; Visualization;
Volume Rendering

1 Introduction
Di�usion tensor imaging (DTI) data contains information
about water di�usion in biological tissues. The underlying
anatomical structures can be retrieved from the di�usion
information. Visualizing the di�usion tensor remains chal-
lenging due to the complexities of the tensor �eld and the
underlying tensor �eld.

A majority of the previous work on DTI visualiza-
tion models the di�usion tensor �eld with either integral
curves [2, 21] or glyphs [16, 12, 10, 11]. Integral curves ex-
plicitly show the connectivity in the anatomy by integrat-
ing over the major eigenvector �eld of the di�usion tensor
�eld (see Figure 1 (a)). Integral curve methods, however,
have certain limitations. Speci�cally, considerable informa-
tion is lost in integral curve methods because the tensor is
reduced to a vector. Moreover, integration errors accumu-
lates along the curves. Glyphs show the entire local di�usion
tensor information at each glyph location and represent the
data faithfully without introducing error. However, impor-
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tant connectivity information is either lost or hard to inter-
pret from the glyphs. Moreover, the placement of the glyphs
can be problematic: if too many glyphs are packed into the
visualization volume, visual clutter might prevent users from
understanding the inside structures; if too few glyphs are vi-
sualized, they will not represent the underlying continuous
structures well. Figure 1 (b) shows the ellipsoid glyphs at
the sample grid in a di�usion tensor �eld. Even without the
tensors outside the brain, the visualization becomes clut-
tered by the ellipsoids. Another drawback for glyphs is that
they do not represent the physical appearance of the neural
�bers and thus require explicit interpretations from users.

(a) (b)

Figure 1: (a) DTI integral curves methods show the continuous struc-
tures such as the white matter �ber tracts well. However, there are
integration error hidden in the integral curves and the tensor details
are partially lost. (b) Glyphs methods show individual tensors well.
However, they do not present the continuous structures and connec-
tivity information well. And they su�er from cluttering if placed on
a regular sample grid.

We propose a merging ellipsoid method for DTI visual-
ization. We use ellipsoids as the glyphs for di�usion tensors
and allow these glyphs to merge or disconnect based on the
relative positions of the tensors. Instead of placing the ellip-
soids randomly or on a regular grid, we place these ellipsoids
on the paths of the integral curves. We choose the integral
curves as the sample paths for the ellipsoids because the con-
tinuous structures represented by these curves are important
and useful for the expert users. Also, the methods used to
cull redundant integral curves can be readily transferred to
the merging ellipsoids to avoid visual clutters. The down-
side of the integral curves, namely the lack of detailed tensor
information and the integration error, can be compensated
by the detailed depiction of the tensors by the merging el-
lipsoids.

The resulting visualization allows users to grasp the con-
nectivity information in the underlying structures as well
as examine the local di�usion tensor information in detail.
We provide an iso-value parameter for users to interactively
change the sizes of the ellipsoids. When ellipsoids merge
with neighbors on the integral curves more, a stronger sense
of connectivity information is conveyed without sacri�cing
tensor details. The smaller ellipsoids are more isolated and
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