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Insight, Innovation, and Communication

Through Visual Computing at Virginia Tech

ICTAS Proposal 2006

ABSTRACT

This proposal describes a strategic plan to integrate and support now fragmented visualization activities across campus through a robust research program on applied information systems and cognition. A top concern for researchers, the one recognized by the NIH, NSF, and DHS, is managing the data explosion through the development of better tools for integrated visual information spaces. Visual Computing supports the end user by delivering powerful and intuitive technologies for analysis and insight. Visual computing is a rich area of research in its own right, combining informatics and multimedia tools to cross the ‘last mile’ between machine and mind. However, its value becomes manifest when it is applied to the models, terminology, and resources of specific domains. 

This proposal describes a multi-disciplinary scholarly research program that leverages existing strengths of Virginia Tech in Human-Computer Interaction (HCI), High-Performance Computing (HPC), and the NSF I/UCRC Center for e-Design. Through ICTAS support, the Visual Computing Group will initiate its five-year plan though equipment upgrades and Graduate Research Assistant (GRA) positions. The initial phase includes visualization components and web-services middleware to connect multiple distributed platforms to HPC resources and CAD systems. We plan to build out Visual Computing as a core competency for Virginia Tech where its impact will benefit researchers, designers, teachers, and students.

INTRODUCTION

Background

The 21st Century has opened up a new paradigm for science and research. With the increase in affordable technology, the Computational Sciences are contributing more and more to our understanding of the world around us. 

A top concern for computational scientists, the one recognized by the NIH, NSF, DHS, DoD, and DARPA, is managing the data explosion through the development of better visualization tools. Across domains, researchers, engineers, and designers are faced with large volumes of heterogeneous data. While computers can provide excellent memory and computational prostheses for solving complex problems, they are unable to match the human’s abilities for pattern-recognition, creative reasoning, and insight. It is imperative that next-generation user interfaces leverage the strengths of the human operator to create useful and economical tools for analysis and decision-making.

The trend towards visualization investments can be seen in a number of prominent National Labs and Research Universities that have made significant commitments in visualization infrastructure and support. These investments include visualization facilities, equipment, and operational costs including maintenance and administration of the technology. For example, Purdue’s Envision Center (http://www.envision.purdue.edu/) is the result of a modest initial investment ($2 mil) but sustained support. Iowa State’s Virtual Reality Applications Center (http://www.vrac.iastate.edu/)  ($10 mil+), the University of Louisiana’s Immersive Technology Enterprise (http://www.lite3d.com) ($27 mil), and the UNC Charlotte Visualization Center (http://www.viscenter.uncc.edu) are other examples where institutional commitment has resulted in attracting and retaining the best scientists, faculty, and students.

Many of the National Labs and Research Centers such as Los Alamos, Oak Ridge, and NIST also operate cutting-edge visualization facilities with a staff of visualization technology experts who support the domain experts in building tools for their research. These visualization experts essentially facilitate the process of discovery through the development of digital tools. They learn the scientists’ language, the details of their problem, and devise useful solutions. These experts are crucial to the success of next-generation research applications.

Visual Computing

Visual Computing tools facilitate analytical reasoning on large heterogeneous data sets through interactive visual interfaces. Visual Computing tools include graphical user interfaces, virtual environments, information visualization, and augmented reality. Such tools are also known as ‘visual analytics’ tools and complement data-mining, statistics and High-Performance Computing systems such as simulation and numeric computation.

Visual computing research activities include visualization, computer graphics, image processing, medical imaging, virtual reality, user interfaces, computer-supported collaborative work, computer-aided design, multimedia, and computational geometry, as well as numerous applications of these areas. Figure 1 shows a conceptual model of the role of Visual Computing as a transformational technology. The Visual Computing Group of Virginia Tech will provide the dedicated staff and infrastructure support required to fully realize the potential of visual computing for computational science and education at Virginia Tech.

The group represents an important element of advancing VT leadership in research and education through visual communication. Through faculty and graduate education and development support, VT will help scientist and researchers to be more productive and more competitive. In addition, the proposed plan will proliferate visual computing solutions around university and classrooms. The Visual Computing Group will anchor VT’s efforts in establishing visual computing as a core competency and world-class resource.  
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Figure 1: Concept Map for Visual Computing as a

Critical, Transformational Technology
RESEARCH THEMES

In many complex systems, dynamic properties are best modeled with their spatial and structural aspects - spatial relationships are important when structure, location, and function are related. Indeed, this is the case in many domains where physical systems are designed, simulated, or analyzed. Visual Analytics refers to this science of facilitating analytical reasoning through interactive visual interfaces (C. R. Johnson, 2006; Thomas, 2006) and next-generation tools for insight, analysis, and communication with appropriate combinations of informatics, visualization, and domain-specific technologies.

There are 3 main themes in this proposed research for Visual Computing that leverage the unique capabilities of the Virginia Tech community: 

1. Informatics - Infrastructures for data management, query, and delivery

2. Multimedia – Interfaces, displays, and frameworks for transformation, rendering and delivery of integrated information spaces

3. Perception & Cognition - Basic research into psychological components of workflow, cognitive load, visual representations & working memory

Informatics

The first research theme focuses on the supporting infrastructures for data management, query, and delivery for Visual Computing. Successful design and deployment of integrated information spaces requires mastery of back-end Database, Data mining, Server, and Standards technologies. This theme targets the issues regarding the unified access to heterogeneous data sources such as High-Performance Computing and Grid simulations, biological, mechanical and statistical models, and other digital library resources.

For example, this theme extends Virginia Tech’s expertise in informatics and digital libraries research (Ioannidis, 2005). Such research technologies have enabled powerful software for integrated information spaces in field such as Bioinformatics (e.g. PathPort/Toolbus and PathSim (Eckart, 2003; Polys, 2004d)) and chemistry (Polys, 2003)). By continuing to use and develop standards for networked information storage and retrieval, benefits will percolate to other domains. For example, VT is a world leader in X3D publishing and its integration with other data such as XML, DICOM, CAD (Polys, 2005b). International standards provide durability and interoperability for a broad range of informatics applications.

Multimedia 

The second research theme focuses on the application of HCI research to real world problem-solving environments. This work applies and improves usability engineering methodology for modern displays and tools. Successful achievement of this theme will result in the deployment of software and interface design techniques from the labs of Computer Science and the Center for Human Computer Interaction to a range of domain-specific problems. Advanced display technologies and their application to big research problems will put VT on comparable footing as leading national labs. In fact, recent research has shown the effectiveness of immersive technologies (such as the VT CAVE) for virtual environments and visualization (Bowman, 2004).

Indeed, Virginia Tech has seen the demonstrated advantages of domain-specific, user-centered application design in such diverse areas as Building and Construction (Setareh, 2005), Civil Engineering (Ray, 2006), Materials Science (Kriz, 2003), Chemistry (Terriberry, 2002), and Biomedicine (Polys, 2005a).  In addition, Virginia Tech has a unique position in field of advanced display systems research. The VT CAVE and Gigapixel projects reflect the demonstrated advantages of visualization and display combinations in a broad range of fields (e.g. Biochemistry (Polys et al., to appear), Geospatial Information Systems (Ball, 2005), Art and Architecture (Ni, 2006)). 

Perception and Cognition

Because integrated visualization capabilities are necessary for users to gain a full understanding of complex relationships in their heterogeneous data application designers must take account of how humans build their cognitive models and what perceptual predispositions and biases are in play.  With such knowledge, designers can take steps to minimize or leverage their effect and create advantageous research, design, and decision-support applications. This line of inquiry has been termed the ‘inverse problem of design’ by Joseph Goguen (Goguen, 2000) and ‘Information Psychophysics’ by Colin Ware (Ware, 2000). 

Regardless of the formulation, it is clearly an open challenge to understand what constitutes a ‘good’ or effective design in interactive, information-rich applications. The challenge is to provide a set of organized, multi-dimensional representations that aid users to quickly form accurate concepts about and mental models of the system they are studying. This research thrust follows demonstrated success regarding display techniques for Information-Rich Virtual Environments (Polys, 2006). This theme constitutes basic research into psychological components of workflow, cognitive load, visual representations & working memory – areas identified as crucial by the NIH / NSF Visualization Research Challenges Report (Munzner, 2006).

RESEARCH TEAM

Dr. Polys of the Visual Computing Group will lead this research program and provide the support for the application areas of HPC modeling and simulation and virtual prototyping. Dr. Herdman of Research Computing and Director of ICAM will represent the application of Visual Computing to simulation and numeric computation problems. Dr. Terpenny of the Center for e-Design (http://www.e-designcenter.info/) and the Department of Engineering Education will represent the application of Visual Computing to virtual prototyping and engineering design.

We will also engage the existing expertise within the University community through the planned establishment of the Visual Computing Advisory Board and the Stakeholder Group. Through these mechanisms, faculty with complementary research agendas will participate in the review and strategic planning of Visual Computing activities (e.g. Drs. Bowman, North, Gracanin, Kriz, Ribbens, Bevan, Farkas, Marathe). 

RESEARCH METHOD

Approach

As we have noted, there is great potential for VT to offer world-class visualization capabilities to its scientists and educators. Many of the elements already exist here for cutting-edge research of international stature. What is missing however is a strong bridge for visual communication. By upgrading equipment and bringing in additional research staff such as Post-Docs and GRAs, more scientists and researchers will benefit from these powerful technologies.

A strategic investment by ICTAS now will enable the Visual Computing Group to initiate its multi-disciplinary research program and position it well for additional grants over the next five years. Our method is three-fold, covering equipment, software development, and deployment:
· Upgrade and Proliferate Visual computing display platforms
· The CAVE

Over the next 2 years, VT’s display, computing, and network infrastructure in Torgersen needs to be modernized. New high-resolution projectors, tracking systems, and graphics workstations will be purchased to replace the aging CAVE computer system. High-bandwidth network connections will be required to connect the CAVE and other display systems to System X. As equipment is replaced in Torgersen, it will be distributed to other sites on campus including labs and classrooms.
· The Gigapixel 

In recent CHCI research, large-format high-resolution visualization displays have demonstrated an analytic workforce multiplier of up to 10x. This purchase will make Gigapixel technology accessible to more researchers and students. 
· Stereo walls 
With modern commodity projectors, large-format stereo walls may be proliferated to labs, departments, and instructional venues
· Software Infrastructure
· Cross-cutting technology foundations for content pipelines 

We will target informatics issues to enable storage and retrieval of large heterogeneous data sets including macro, micro, and nano objects, their structures, properties and relationships.
· Visualization and analysis components 

We will develop front-end interface components for integrated information spaces on desktop and immersive systems. In addition. we will purchase Amira, a long-requested industry-grade analytic tool with support for molecular, medical, CAD, and GIS data.
· Domain-Specific Solutions & Evaluations

· Small things and big machines
We will develop applications of Visual Computing systems to Biochemical and Nanoscale systems simulated or analyzed on High-Performance Computing systems.
· Virtual Prototyping 
We will develop applications of Visual Computing to virtual prototyping, project management, and engineering e-Design. 
Budget

	 
	Year 1
	 
	$

	Equipment
	
	
	 

	
	New Hi-Res CAVE Projectors (4)
	x 40000 
	160,000

	Hardware
	Wireless Tracking system
	
	35,000

	 
	New CAVE computers (6)
	4,000
	24,000

	 
	Gigapixel station
	
	25,000

	 
	Hardware (maintenance)
	
	10,000

	Software
	Amira licenses
	
	35,000

	 
	other software
	
	5,000

	Research Personnel
	GRA x 2
	
	60,000

	TOTAL
	
	
	354,000


RESEARCH IMPACT

Visual Computing seeks to reduce the cognitive distance between the user and the system and increase the information throughput between the user and the system. Through interactive graphical representations, Visual Computing tools can provide user control of overview and detail views, heterogeneous datasets, and simulation parameters. A collection of faculty testimonials is included as Appendix A and demonstrates the broad applications of Visual Computing and its related facilities and tools. 
We believe that having such revitalized visual computing facilities will assist many VT researchers in seeking external support for their research programs; we will work with them to prepare additional equipment and research proposals to external funding agencies.  As mentioned in Appendix A, visualization is one of the key research thrust areas for the NSF Center for e-Design.  Improving the infrastructure for visualization is very likely to dramatically improve our ability to expand our industry membership in the Center for e-Design, distinguishing Virginia Tech as a national resource in the country for the use of visualization in the design of products and systems.
Facilities & Hardware

In order to realize the opportunities in Visual Computing, commitment and support for visualization infrastructure and services is required at the University level. Currently visualization initiatives are piecemeal and support is fragmented across a number of departments and grants.  By subsidizing hardware, software, and development resources through the Visual Computing Group, members of the university community will have reliable access to cutting-edge technology that makes them more productive scientists and more competitive for additional grants and other state and national funding. 

The monies received through this proposal will fund new projectors, trackers and hardware for the CAVE facility as well as the installation of a Gigapixel workstation. Current hardware will be distributed around campus for research or instructional purposes. These upgraded facilities in Torgersen will be open to the University community.

Development & Support

Well-run facilities are only part of the equation however. From scientific, medical, design, and teaching domains, visual communication is the common denominator for the knowledge economy. To lower the barrier of entry to high-end computation and visualization tools, support services and software infrastructure are required, specifically technical expertise for application development services. By establishing a focused venue for visualization development, VT can produce industry-grade tools that address the most challenging research problems.

In the interest of connecting the CAVE, satellite sites, and HPC resources, the group will continue to the development of open-source solutions for information management, delivery, and visualization. This includes informatics gateways and lab management software as well as visualization components and web services for individual or collaborative use. The group will actively participate in International Standards (e.g. ISO, Web3D, W3C) development for networked 3D graphics and visualization systems, further establishing VT as a leader in visual computing technology. As the hardware and software technology infrastructure is established, the staff will be expanded to serve more researchers, departments, and projects.

The Graduate Research Assistants (GRAs) will assist in the development of the visualization software infrastructure and deployment for initial projects in: a) HPC micro-nano integrated information spaces and b) CAD integrated information spaces.

Northern Capitol Region

A crucial component in the success of VT’s Northern Capitol Region (NCR) presence is visual computing and communication. The top national agencies, labs, and universities recognize the importance of visualization support for scientists through their hardware and software infrastructure and application development. In order to be competitive in this space, VT must make a commitment to build this program and enable the community with cutting-edge capabilities and expertise.

By building up the Visual Computing program at the main campus, VT will be well-positioned to present its best and brightest to the NRC. For example with infrastructure, staff, and tools in place on the main campus, VT scientists and educators will be enabled with visual tools for analysis, insight and communication. This will be especially beneficial for visual presentations of their research results on big science problems to funding agencies and industry. In addition, these tools can be the basis for workshops and training sessions held for local industry.

The Commonwealth and the Nation 

Through Usability and Software Engineering, computer scientists are enabling powerful new tools to manage the information explosion. As a leader in building the future of research and engineering, Virginia Tech has a distinct opportunity to put its knowledge and land-grant charter into practice. Through technology development and support, VT can innovate and deliver robust Visual Computing solutions. The Visual Computing technologies described here can be applied to any number of additional remote collaboration and distance learning applications, including K-12, other universities, local and state institutions.
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Appendix A: Testimonials for Visual Computing as a critical University Resource

“As a scientist and educator in Computer Science and Human Computer Interaction, I am especially familiar with the value of visual computing tools for analysis, insight, and communication. Much of my research is in this area and it is an important concern for funding agencies such as NSF, NIH, DHS. By supporting improved visualization facilities and software infrastructure, we will have more opportunities for research funding and more members of the VT community will benefit from these modern technologies. 

For example, our recent $0.5M grant from DTO/NGA is a direct result of NSF and VT investments in new visual display technologies at our university such as the GigaPixel Display ($200k GigaPixel, $400k CRI).  Our research has shown that such advanced displays and visualizations can provide an analytic workforce multiplier of up to 10x.  As a result, federal intelligence agencies have begun to install advanced display equipment for their own analysts and are seeking our help in design.  Given our initial successes, VT has a unique opportunity to *invent the future* of visual computing and guide such agencies for many years to come.  Through strategic investments in advanced equipment, research, and applications that augment our existing strengths in this area, VT can be a world leader in advanced visual computing.”

- Chris North, Associate Professor

   Computer Science & Center for HCI

“As a scientist and educator in Computer Science and Human Computer Interaction, I am entirely convinced of with value of visual computing tools for domain-specific problems. Much of our success in the development of Virtual Environment and 3D interface tools comes from ‘user-centered’ design where the requirements are the result of extensive user interview and analysis. I support the university initiative to expand visualization activities through the improvement of the CAVE facilities and the addition of staff to enable new tools through development and consultation. In this way, we can realize the benefits of visual computing for many groups on campus. “

- Doug Bowman, Associate Professor

   
Computer Science & Center for HCI

“In many complex systems, dynamic properties are best modeled with their spatial and structural aspects - spatial relationships are important when structure, location, and function are related. Indeed, this is the case in many domains where complex systems are designed, simulated, or analyzed. Complex systems such as epidemiology, social networks, and transportation may be clearly apprehended when visual analysis tools are developed through user-centered methods. I support the university initiative to expand visualization activities through the improvement of the CAVE facilities and the addition of staff to enable new tools through development and consultation. Open access to modern facilities such as large-format and high-pixel displays will improve our success as researchers.”

- Madhav Vishnu Marathe, Deputy Director for Simulation and Computer Sc.
  
Virginia Bioinformatics Institute

“In the domain of Materials Science and Engineering, we study the relationships between structure and properties of materials. In particular, my research involves these relationships at the nano and atomistic scales.  Our work typically involves the simulation, and analysis of complex crystal structures with features at the nanoscale, atom by atom.  Three dimensional visual analyses are essential to provide insight into the structure property relationships that are the main issues in materials design. The CAVE and improved visual computing tools are essential to my research.  The CAVE provides the unique three dimensional environment for this purpose. Specific software for doing this research both in the CAVE and my desktop is of great importance.  For example, AMIRA software is in use in my laboratory as well as in the new Materials Characterization Facility. The same software running on the CAVE will greatly enhance our research capabilities.  “

- Diana Farkas, Professor
   
Materials Science & Engineering

“In the domain of Biochemistry, we are concerned with the structure and dynamics of molecules as well as their interactions with one another, with an ultimate goal of gaining new insights into function. Our work typically involves the design, simulation, and analysis of complex compounds and visual computing tools are important to my success as a scientist and educator.  Many commercial and open-source tools exist for visual communication and analysis, but fall short in providing the features needed for insight into my specific research problems. I support the university initiative to expand visualization activities through the improvement of the CAVE facilities and the addition of staff to enable new tools through development and consultation. Open access to modern facilities such as large-format and large-pixel displays will improve my success as a researcher and teacher.”

- David R. Bevan, Associate Professor
Biochemistry

“As a scientist and educator in the field of Engineering, I have observed the continued development and value of visual digital tools for prototyping, analysis, and communication. I support the university initiative to expand visualization activities through the improvement of the CAVE facilities and the addition of staff to enable new tools through development and consultation. Open access to modern facilities such as large-format and large-pixel displays will improve my success as  a researcher and as an educator.  

Further, these technologies would allow those of us devoted to reversing trends of under representation to develop initiatives that build on the well documented studies of the positive impacts that visualization has on engaging girls and women in science and engineering at all levels (K-12, undergraduate and graduate students).  Finally, visualization is one of the key research thrust areas for the NSF Center for e-Design.  Improving the infrastructure at Virginia Tech for visualization is very likely to dramatically improve our ability to expand our industry membership in the Center, distinguishing Virginia Tech as a national resource in the country for the use of visualization in the design of products and systems.”

- Janis Terpenny, Associate Professor

Dept. of Engineering Education 

“As a scientist and educator in Gerontology, I have been involved in visual computing and the CAVE in a variety of exciting ways. For example, through support from the VT-UVA-Carilion Biomedical Institute initiative, VT researchers affiliated with the Center for Geronotlogy have collaborated with colleagues from UVA Neurorehabilitation to construct a virtual tool to assess older adults' memory skills for everyday tasks. This work would not have been possible without open access and support for the CAVE facility.  As

we continue to think about innovated ways to study and address issues facing our aging nation, open access to modern facilities such as large-format and high-pixel displays will enhance both gerontology research and practice.”


- Karen Roberto, Professor/Director

Center for Gerontology

“The VT CAVE facility provides a unique and immeasurable benefit to the University community.  In my research, the ability to implement and test software algorithms on the 6DOF motion platform prior to costly sea trials allows me to develop robust, effective, and affordable deliverables for my sponsors.”


- Leigh McCue, Asst Professor

   Aerospace and Ocean Engineering

“In the artistic enterprise, we are constantly looking for new avenues of expression and design. Venues such as the CAVE and stereo walls provide exciting opportunities for artists to experiment with rich media in immersive forms. By supporting improved visualization facilities and software infrastructure, more members of the VT community will be able to benefit from these modern technologies. Open access to modern facilities such as large-format and high-pixel displays will continue to drive VT’s innovation and creativity in the digital arts.” 

- Truman Capone Head, Art and Art History
College of Architecture and Urban Studies
“As a practitioner and educator in Architecture, we make extensive use of visual computing tools for design and communication. Through modern databases and graphics, architects are empowered to envision new spaces and guide them into reality. In the future, we look forward to connecting our desktop tools, stereo walls, Gigapixels, and the CAVE into a seamless workspace for innovation and insight. Open access to modern facilities such as large-format and high-pixel displays will improve our success as both researchers and teachers.”
- Robert Schubert, Professor/Assc.Dean of Research

College of Architecture and Urban Studies
“The VT CAVE facility provides an important service to University and its research, educational, and outreach goals. For two years I had my office in the VT CAVE space and can testify first hand how important that facility is for many of my colleagues. The accessibility of the CAVE and other equipment helped me tremendously to do research in tangible user interfaces and visual analytics, as well as to support NIH and DARPA funded research. The proposed upgrade and expansion of VT CAVE is long overdue. I will be happy to help that expansion and I am looking forward to use the new capabilities once they become available.“

- Denis Gracanin, Associate Professor

   
Computer Science & Center for HCI
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