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Abstract

Transfer functions are an essential part of volume visualization. In multimodal visualization at least two values
exist at every sample point. Additionally, other parameters, such as gradient magnitude, are often retrieved for
each sample point. To find a good transfer function for this high number of parameters is challenging because of
the complexity of this task. In this paper we present a general information-based approach for transfer function
design in multimodal visualization which is independent of the used modality types. Based on information theory,
the complex multi-dimensional transfer function space is fused to allow utilization of a well-known 2D transfer
Sfunction with a single value and gradient magnitude as parameters. Additionally, a quantity is introduced which
enables better separation of regions with complementary information. The benefit of the new method in contrast to
other techniques is a transfer function space which is easy to understand and which provides a better separation
of different tissues. The usability of the new approach is shown on examples of different modalities.

Categories and Subject Descriptors (according to ACM CCS): 1.4.10 [Image Processing and Computer Vision]:

Volumetric, Multidimensional

1. Introduction

Volume visualization is a technique which enables physi-
cians and scientists to gain insight into complex volumetric
structures. Currently, the trend towards information acquisi-
tion using data sets from multiple modalities is increasing
in order to facilitate better medical diagnosis. As different
modalities frequently carry complementary information, our
goal is to combine their strengths providing the user with a
consistent interface.

Normally a side-by-side view is provided in medical ap-
plications for the inspection of the different modalities. A
physician can simultaneously scroll through both registered
modalities. This practice has two main drawbacks. One is
the missing direct visual combination of the data. A physi-
cian has to mentally overlap the two images to get the cor-
responding points of one modality in the other one. A sec-
ond drawback is the restriction to a 2D visualization. These
drawbacks can be eliminated by the fused display of both
data sets together in a 3D multimodal visualization. The
challenge for such a visualization is the density of infor-
mation in space. For each sample point at least two values
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from the different modalities are present. To reduce the den-
sity a transfer function can be used which defines optical
properties, such as color and opacity, for certain values. The
transfer function can be controlled by the user to change the
appearance of the result image. The more input values are
taken to classify a sample point and assign optical properties
to it, the harder it is for the user to find a good transfer func-
tion. This is the main problem of multimodal visualization
because there are at least two values involved.

In this paper, we introduce a novel concept for defining
transfer functions in multimodal volume visualization. Our
method aims to reduce the complexity of finding a good
transfer function. A new transfer function space is provided
which can be controlled by the user in an intuitive and famil-
iar way. This is done by using the information contained in
the distribution of values in both modalities. Based on this
information, the values of both modalities are fused. This
results in a fused transfer function space with a single value
and a single gradient magnitude as parameters. A measure
for the complimentary information of both modalities is used
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Figure 5: The images show single volume visualizations of CT data (a) and MRI data (b) in contrast to multimodal visualizations
by using the dual transfer function space (c) and the fused transfer function space (d). Histograms (e)-(h) with the colored 2D
regions for the assignment of optical properties correspond with the above visualizations.

applications, such as the finding of a tissue which only shows
up in one modality. Due to the properties of 3 as described
in Section 3.3 regions with opposite information in both data
sets have a high d value. Figure 7 shows the response of the
§ value for the combination of two example data sets. In Fig-
ure 7(a) and Figure 7(b) two data sets are shown which only
differ at one region where in modality 1 a sphere exists and
in modality 2 not. Figure 7(c) shows the corresponding dis-
tribution of & values for the two modalities. In the region
where the sphere is represented in only one modality the §
value is the highest due to complementary information.

(a) Modality 1 (b) Modality 2 (c) d distribution

Figure 7: The image in (c) shows the distribution of 8 in vol-
ume space. It is highest in regions with the largest difference.
In this case the largest difference occurs where in modality

1 (a) a sphere exists and in modality 2 (b) not.

Figure 8 shows a result of a multimodal visualization for
the combination of a CT scan and a PET scan generated by
the new approach. The regions of high acitivity inside the
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brain and in the tumor on the neck are shown more opaque.
This example proves that the method also works with the
combination of anatomical and functional modalities and,
furthermore, with different spatial resolutions.

Figure 8: Multimodal visualization of a CT and PET scan.
The more opaque regions symbolizes regions of high activity
such as in the brain and in the tumor on the neck.

6. Conclusion and Future Work

In this paper we introduced a novel approach for the defini-
tion of transfer functions for multimodal visualization. The
initial idea was to define a user-friendly transfer function
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space, which makes it easy to find an expressive transfer
function in order to visualize certain tissues of both modali-
ties. Through the fusion of the data values, based on the in-
formation content, a 2D transfer function space is defined
which is similar to the well-known 2D transfer function
space of single volume visualization with value and gradient
magnitude as the two dimensions. Therefore, the distribu-
tion of points in this transfer function space is easier to un-
derstand by the user. An additional § value, which describes
the complementary information contained in a pair of val-
ues, is used for a better separation of different tissues. In the
result section we have shown how the new transfer function
space can be used to show relevant parts of both modalities
together.

In comparison to other approaches, which are used for
multimodal visualization, the benefit of the new approach
is the conversion of the classification problem to a problem
which is already known from classification in single volume
rendering. A penalty of the new method is that more infor-
mation does not always mean more importance. So it can
happen that, e.g., artifacts can have high information content
while other, more important parts have lower information
content. But anyway, the user can control this by defining a
transfer function which has low opacity for such unimpor-
tant parts.

An idea for future work is the extension of the method
to more than two modalities. For this reason the approach
can be modified to generate a single fused value and fused
gradient as a combination of all values and gradients from
all modalities. The same modification can be done with the
calculation of the opposite information as well. With these
modifications we still get a transfer function space with the
same dimensionality as for two modalities. The question is
if different tissues are still separable in this transfer function
space. The answer to that question will be part of the new
research.
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