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ABSTRACT

A recently developed, freely available, application specifically designed for the visualization of multimodal data sets is
presented. The application allows multiple 3D data sets such as CT (x-ray computer tomography), MRI (magnetic
resonance imaging), PET (positron emission tomography), and SPECT (single photon emission tomography) of the same
subject to be viewed simultaneously. This is done by maintaining synchronization of the spatial location viewed within
all modalities, and by providing fused views of the data where multiple data sets are displayed as a single volume.

Different options for the fused views are provided by plug-ins. Plug-ins typically used include color-overlays and
interlacing, but more complex plug-ins such as those based on different color spaces, and component analysis techniques
are also supported.

Corrections for resolution differences and user preference of contrast and brightness are made. Pre-defined and custom
color tables can be used to enhance the viewing experience. In addition to these essential capabilities, multiple options
are provided for mapping 16-bit data sets onto an 8-bit display, including windowing, automatically and dynamically
defined tone transfer functions, and histogram based techniques.

The 3D data sets can be viewed not only as a stack of images, but also as the preferred three orthogonal cross sections
through the volume. More advanced volumetric displays of both individual data sets and fused views are also provided.
This includes the common MIP (maximum intensity projection) both with and without depth correction for both
individual data sets and multimodal data sets created using a fusion plug-in.
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1. INTRODUCTION

It has now become clear to the medical community that in certain situations a multiple image approach has significant
advantages over single image approaches. Often images of the same patient are acquired using the same instrument at
different times, allowing the change that occurs between the times of acquisition to be observed. It is also common for
multiple images to be acquired with a single instrument, but with different acquisition parameters or protocols. For
example, in magnetic resonance imaging, acquiring multiple images using different pulse sequences allows tissues to be
visualized with different contrasts, which may aid in differentiating the tissues. Within the last decade the advantages of
acquiring images from multiple instruments have begun to outweigh the costs. Images from different modalities, such as
x-ray computed tomography (CT), magnetic resonance imaging (MRI), single photon emission computer tomography
(SPECT), positron emission tomography (PET), and ultrasound are used to acquire complimentary information. For
example an MRI or CT image might be acquired to obtain the anatomical information followed by the acquisition of one
or more PET or SPECT images to obtain information on the physiological behavior in the areas of interest.

There has been a significant amount of effort spent registering images from different modalities. Registration is the
process of obtaining the spatial relationships between images, and manipulating the images so that the corresponding
pixels in them represent the same physical locations. There has been significantly less effort however on finding the best
way to utilize the registered information. This includes efforts on image fusion, which is the process of taking multiple
images and combining them into a single image, and work on interfaces for analyzing multiple medical images
simultaneously.
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To the author’s knowledge there is not a readily available tool, for use by the medical research community, which is
designed for studying multimodal or multi-image data sets. The application presented here is designed to address this
need. It is designed to allow easy side-by-side evaluation of multiple data sets, and provides tools for studying fusion
techniques and the volumetric display of fused data sets.

The remainder of this article focuses on the features of the Fusion Viewer software package. The design of the
application will be briefly discussed before focusing on its capabilities. Working with volumetric data sets and different
tools for viewing them will be covered. Options for controlling the viewing experience including spatial scaling,
brightness and contrast settings, dynamic range options, and coloring will be discussed. After a complete coverage of
the tools for viewing a single volume, tools for viewing multiple volumes will be discussed. This will include the
synchronizing of data sets, and tools for fusion. Implementation of fusion plug-ins will be covered in detail with code
examples. The paper will conclude with an overview of the software and information on obtaining it.

2. APPLICATION DESIGN

The application, Fusion Viewer, was designed and implemented with a modular object oriented design. It was decided
that the application should be implemented on the .NET platform, in its language of choice, C#. This insures that the
application can be widely used due to the unique capability of a .NET application to be both operating system, and
machine architecture independent. The growing popularity of the .NET platform ensures that the application will be
supported for the foreseeable future.

Novel fusion techniques, both of the raw image data and of projection data, can be quickly and easily implemented as
plug-ins. The plug-ins simply need to be placed in the program directory and no recompilation of the application source
code is necessary. Due to the language independent nature of the .NET platform implementers of plug-ins can work in
the programming language of their choice [1].

Fusion Viewer is designed to process data on an as needed basis. By only processing the portions of the image volume
that are currently visible to the user the images can be resized, converted to 8-bit, undergo contrast and brightness
adjustments, have color tables applied and get fused with other images in real time. By processing on an as needed basis
a highly interactive environment is available to the user.

Difficult installation of research tools often limits their acceptance by the medical community. The .NET platform
makes the distribution of the Fusion Viewer software trivial. The application only needs to be compiled (to MSIL) once,
after which it can be run on any computer with the .NET framework installed. This means it can simply be downloaded
and run, the user does not need to perform a complicated compilation process.

3. WORKING WITH VOLUMETRIC DATA SETS
3.1 Importing and Exporting Data

The ‘File” menu of Fusion Viewer provides access to the import and export features of the application. While Fusion
Viewer supports two-dimensional images, it is designed specifically for three-dimensional data sets. The read and write
capabilities of the software are provided by the Freelmage library [2, 3]. Freelmage is a cross-platform library designed
to allow popular graphics image formats to be easily used in other applications. This means that with little effort the
Fusion Viewer application can be modified to read and write any of the more than 20 image formats supported by
Freelmage.

Currently only the capability for importing multi-page tiff files is included in the release version of the software, but
work on supporting other formats such as DICOM is underway. When exporting images from Fusion Viewer you have
the choice of exporting the entire volume as you have manipulated it for display, or just the currently visible portion of
the volume (ex. a slice from a stack view, or the current projection from a projection view).

3.2 Displaying a Volumetric Data Set

By default when a volume is first opened it is displayed using a standard three orthogonal cross section view. Figure 1 is
a screenshot that shows volumes being displayed using this method. Each displayed volume is shown as three images,
each representing a cross-section through the volume, axial, sagittal, and coronal. The three images shown are selected
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