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Engineering the invisible pushes visualization into the future

z5ylan Curington

Floating weightless inside a hail of mirrors, amid bundles of ribbons expanding from a central ring, a
researcher moves carefully down between the ribbons to examine small variations in lines surrounding a
transparent disk. This is not a scene from the latest sci-fi movie, but a practical engineering design session
reviewing a normally invisible magnetic field. Researchers review complex 3-D data from a focus magnet in
an accelerator, evaluating the shape of normally invisible magnetic flux lines as bundles of thin, colored
ribbons. Getting the shape of the flux lines right is critical to the operation of ISIS, a powerful neutron and
muon source, where the magnet is used to steer the beam on its' way.

The Rutherford Appleton Laboratories (RAL) near Oxford (U.K.) hosts a number of world-class scientific
instruments used by staff and visiting scientists throughout the world. To support such advanced instruments,
software systems are employed to design and analyze the instruments themselves, such as the focus magnet
in the accelerator, and also to visualize the vast quantities of data produced by these instruments.
Researchers at RAL use AVS/Express software to visualize the magnetic flux field produced by the focus
magnet to optimize the beam path and, ultimately, the quality of the neutron and muon particles. The ISIS
pulsed-neutron source is used to make technical innovations in a variety of areas such as chemistry, physics,
biochemistry, engineering, medical and material science.

AVS has worked with the RAL staff for many years, developing and enhancing visualization software tools
for fundamental scientific research undertaken by RAL and visiting scientists. This research and RAL'srole in
the higher education community's use of visualization software has led to a number of advancements in 3-D
visualization software.

The symmetric mirroring user-interface for the magnetic flux visualization, a direct result of a 10-year
collaborative development effort between RAL and AVS, is an example. To reduce the computational time
needed to analyze the magnet, only one eighth of the whole field is subjected to detailed analysis, while the
other 7/8 of the model is visualized using a graphical "hall of mirrors." In this way, researchers can view and
navigate through the whole magnetic field, looking at the field's strength and shape, and then follow the path
of magnetic flux lines visualized as complex ribbon structures. The mirroring technique is now used by many
AVS/Express users around the world, directly enhancing the software's technology evolution.
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To visualize 3-D magnetic flux data, both scalar and vector field techniques are required. Where a single
number exists at every point on a 3-D grid, such as the strength of the magnetic field; then scalar-value
techniques, such as transparent color and 3-D contour lines, are used to create visualizations. Where several
numbers are present at each grid point, such as the X-Y-Z magnetic flux direction, then vector-value
visualization techniques are required. The technique used at RAL for magnetic flux field visualization is to
inject ribbons into the space, and let the ribbon path, including twist, be directed by the magnetic field.
Although the field itself remains invisible, the curve of the ribbons indicates the over-all shape and structure
of the field. Applying the "hall of mirrors" technique to both the contour lines and the ribbon paths glves a full
3-D field visualization that researchers can use to show effects normally invisible.

The visualization techniques in AVS/Express are selected from an object-oriented library and assembled
using a visual programming network editor. By using the point-and-click interface, modules are selected from
a library palette and joined together by visible links to create a visualization application. The result can be
directly linked to simulation or acquired data, with views presented for high-quality publication or used in full
immersive visualization environments.

Rather than presenting a visualization result through a one-way software path, the AVS/Express graphics
pipeline is coupled directly with data for interactive exploration. By selecting and manipulating objects directly
in view, the data can be explored without the distraction of a complex user interface. Once assembled, the
visual module network can be e-mailed to other users, or used to create a custom application embedded into
another software system.

"At RAL, we are interested in the visualization of scientific and engineering data and related problems of
data modeling, multimedia, computer graphics, virtual reality and cooperative working," said Julian Gallop,
leading team member of the VR and Multimedia Group at RAL.

"We have taken the technical lead in European projects to develop cooperative visualization and to make
use of virtual reality to offer better 3-D visualization. These developments support applications such as
geophysics, biological microstructures and CFD. Starting from scratch would need excessive time and effort.
Building on an existing system is attractive, but relies on that system being flexible with well-defined
interfaces. Using a modular and flexible tool such as AVS/Express enables new visualization techniques and
new ways of working to be integrated with existing software."

Visualization technology is on an innovative path right along with the scientific instruments. In March 2000,
the U.K. and French governments announced a major new investment to build a new Synchrotron source at
RAL. Synchrotrons are the highest power sources of X-rays in the world. The X-rays are produced when a
beam of electrons is bent by magnets as it travels at very high speed.

The X-ray beam produced is expected to be about a million-million times brighter than a standard doctor's
office X-ray. The new system will provide scientists with a unique instrument to investigate complex atomic
and molecular structures of all types of physical and biological materials, from proteins to ceramics. The new
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source will open the way for new magnetic storage media that will find widespread applications throughout
computing and data storage industries.

It will be possible to investigate environmentally important materials using new microfocus X-ray beams to
reveal such information as just how bacteria interact with minerals in areas such as the "black smoker" vents
on the sea floor. Systems such as AVS/Express are effective tools for analyzing the predicted performance
and actual data from complex instruments.

Once inside the details of the advanced magnet designs, researchers can ensure the success of today's or
future scientific instruments. Similar techniques are employed to visualize microwave antenna patterns at
Agilent Technologies and design new stealth aircraft at BAE Systems. Using modular visualization software
helps discover meaning and insight from data more readily than ever before.

lanJ. Curingtonis director oftechnical marketing at Advanced Visual SystemsInc. He canbe contactedat

anc(o)avs.com.
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