Education

To help migrate recent results from computer graphics research and applications research (turbulence) into the visualization community, it is appropriate to bring together researchers whose interests span computer graphics, fluid dynamics, and scientific visualization. This pro​ject involves investigators from Florida State University (FSU). Together with collaborators, Erlebacher has developed subgrid-scale models for compressible tur​bulent flows and has participated in research in the area of control and optimization of transitional boundary layers. Techniques from these fields will help develop advanced interpolation and compression tech​niques to handle very large-scale vector fields.  Banks (FSU) has performed research in both graphics and visualization of vector fields, in particular in the areas of enhanced illumination techniques in 3 and higher dimensional spaces and streamline placement. 

This collaboration offers a unique opportunity for the participating students from Florida State University and FAMU  (a historic black university whose engineering students take our classes) under the auspices of the School of Computational Science & Information Technology to exchange ideas between themselves, the PI, CoPI and other senior personnel. In fall 1999, Erlebacher gave a course on high performance visualization that was project-driven. Students were exposed to the latest visualization techniques in vector field visualization. Starting from existing code, they worked on level of detail and parallelization techniques. This paradigm is continued in the visualization course given by Banks in Spring 2000. Students interact with researchers in several departments to enhance their current visualization projects. Students are the ideal means of investigating the many facets of this proposal. The parameter space to explore is huge, and many avenues will be pursued. Generation of ideas and their implementations will be conducted through class research projects in addition to the dedicated research of the postdoctoral associate and the principal investigators.  

Add information about distance learning at FSU, use of wireless in our classes, experience of Turner and Fox in these areas. Have them write something.

Impact

The proposed research will lead to the development of a new class of interfaces between humans and computers. Rather than use keyboards, mice, 

Easier for individual researchers to interact with the data. More time spent on analyzing the data instead of moving back and forth between the display and a keyboard. It becomes possible to go help a student without bringing the student to the keyboard or taking the keyboard to the student. Reduces the need to buy expensive input devices ($5000-$12,000). Estimated cost per student: $300-800 at current cost. Without changing the performance, this price will go down substantial in the next 3 years.  This will be fueled by the continued trend to make an increasing fraction of the national infrastructure wireless and the merging of technologies between PDAs, mobile phones, PIMs, etc.

Decreases obstructions on the screen.

Expands on the successful research done at CMU (that is proving very popular).

Sets the stage for more sophisticated interactions: between users and running simulations. This makes possible checking ongoing simulations visually while at a remote location. For example, if a coffee shop has a wireless connection to the Internet via Bluetooth technology, I might use the PDA to plot subsets of my data (along lines or planes) to check my simulation. Similarly, inputting ideas into my computer from an arbitrary location becomes possible (although that is already being done via remote messaging).

We believe that it is too early to tell whether PalmsOS, the PocketPC, or some as yet unannounced system will prevail in the future. However, what is certain is that memory, computational power, graphic hardware capabilities, and auxiliary storage will all increase in handheld devices in the years to come.

Finally, the technology we propose to investigate will have a large impact not only on education in the classes, but in distance learning classes as well. Rather than interface with data on static PCs, a student will be able to continue taking lessons while on travel, perform simple (for now) graphic manipulations with the remote data, in addition to the functionality under investigation by other research groups [].

Research Assessment

Classes provide the ideal medium to test the effectiveness of the new interaction mechanisms described in this report. We will conduct controlled experiments comparing the old and new approaches. The best tests are those that minimize the number of possible degrees of freedom. In one scenario, we will display an isosurface of a variable v1 on the Powerwall, and ask two users to determine the region where a second variable is maximal. In the first test, both users will consider the same variable v2. In the second test, the variable v2 will be different for both users. The timing will be contrasted to the time that it takes for these users to accomplish the task using 1) a simple mouse, 2) a keyboard. Note that in these cases, the students will have to take turns. 

Until we can afford to place trackers on every HHD, the tests will not involve tracking. However, simple user interfaces will be written to center the cutting planes with respect to the object in a controlled fashion,  and let the users slice the data along the three coordinate axes. Navigation sliders will enable rotation of these planes. Students will be asked to analyze the pictures both qualitatively and quantitatively. We will compare the time and accuracy of these evaluations both with our new devices, and using existing interfaces, one at a time.

We will make the software available for use as it is developed. The number of downloads and the written feedback will serve as a measure of how interested people are and how effective the system is.

Milestones

In Year 1, we will duplicate some of the capabilities offered by the Pebble system at Carnegie-Mellon University, based on C++ and JAVA. This development effort is necessary since source code is not available to leverage the work. We will simultaneously investigate the potential use of two other technologies that are standard-conforming, such as CORBA and XML. By end of year 1, we expect students in our visualization and graphic classes (given by Banks and Erlebacher) to begin using these new interfaces. 

The software and hardware infrastructure developed in year 1 will be interfaced to our 15’x 8’ Powerwall to enable new forms of interaction between students/faculty/researchers and the display. Investigations will include 2-D slicing of 3-D data, 3-D annotation, 3-D navigation, (current work is mostly 2-D), multimodal interaction (sight, stereo, pen input). Load balancing the work between one or more servers and several handheld devices will also be considered.

Extensions to the work to the interaction of multiple people with multiple devices will begin in year 3. The data represented in the Powerwall will be replaced (or augmented) by data displayed on remote devices and stored in arrays in an ongoing computer simulation, or stored in files on a remote computer. 
In Year 3, we will package the software infrastructure for dissemination over the World Wide Web. And provide an interface to the program to allow users to interact with the data remotely. We will investigate algorithms to produce an appropriate visualization technique to match a requested feature: this is an inverse problem. We will organize a workshop on unsteady vector field visualization. 

Dissemination

The Web is the ideal means of dissemination of source code, tutorials, and examples that emerge from this research. Source code of working prototypes will be made available to encourage their use and to foster collaborations with other institutions, industry, and National Laboratories. Dissemination through conference and journal papers will also be pursued. 

Need  blurb on Fox: courses, Java Grande seminars, Tango interactive, distance learning.

Need blurb on Turner: his work with education.
