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1.
Overview

“Common to both Human-Computer Interaction and Scientific Visualization efforts, Virginia Tech proposes to use the CAVEtm as an instrument to coordinate existing research and education-research programs on campus.”

-original NSF-ARI proposal funded 1996:  

Breaking Education and Research Barriers with 3D Visualization CAVE Technology
Demonstrated Success
    In 1995 nine faculty were identified as “building authors” who were associated with the Advanced Communication and Information Technology Center (ACITC).  These original faculty were asked to lead their respective areas as a university wide multidisciplinary activity in not only research, but also education and outreach.  Through a series of NSF grants and cost sharing from 4 colleges, the CAVE was built as part of the University Visualization and Animation Group (UVAG) facility in the ACITC. The UVAG is one of several information technology activities: Digital Libraries, Human Computer Interaction, High Performance computing, Institute for Distance Learning, etc. are all located in the ACITC. The faculty who have actively used the UVAG facility in Torgersen Hall in their research, education, and outreach activities provide one of the best examples of multidisciplinary activity both within the ACITC and also across campus. Table 1 summarizes UVAG’s historical activities.
	
	Between 1996-2004
	Between 2004-2006

	Participation
	· Over 30 faculty, 5 colleges and more than 20 departments


	· Over 15 faculty, 5 colleges and more than 11 departments

	Research
	· $7,044,461* in funded research projects to UVAG ‘residents’ 

· 8 M.S. degrees and 2 Ph.D. degrees

· 19 archival publications and 38 conference proceedings
	· $ 1,402,434 * in funded research projects to UVAG ‘residents’

· 6 M.S. degrees and 3 Ph.D. degrees

· 8 archival publications and 28 conference proceedings

· 4 visiting international researchers and collaborators


	Education
	· 7 new classes, and the modification of 2 existing classes

· 12 workshops and conferences at Virginia Tech

	· 2 new classes, and the modification of 2 existing classes

	Outreach
	· A new VE software API (DIVERSE) now used at several national laboratories

· A new inexpensive CAVE computer system: DIVERSE Adaptable Display System (DADS)

· 30+ projects on campus: five colleges

· 9 significant state, national, and international projects

	· Expanded user base for DIVERSE software tools

· 14+ projects on campus: five colleges

· Significant state, national, and international projects


Table 1: Summary of UVAG multi-disciplinary success

 (* denotes grants to UVAG residents Kriz, Bowman, Hix, Gracanin)

After 10 years of successfully building a valuable multidisciplinary resource, the UVAG is poised to re-define and re-invigorate its mission to the VT community. Our vision for Virginia Tech includes the establishment of University-supported visualization and development facilities to continue the mission of uniting research and educational programs through the development of software resources and hardware facilities such as the CAVE. This includes a dedicated research and administrative staff of visualization and computational experts that support scientists and educators in the development of simulation and visual analysis tools. Enabling domain experts from all across campus with visual computing technology is the primary mission of this group. This will be achieved through the design and development of visual analysis tools - the tools that will drive scientific discovery and pedagogy in this century.
A Vision for Virginia Tech

A top concern for computational scientists and one recognized by the NIH, NSF, and DHS is managing the data explosion through the development of better visualization tools. Across domains, researchers, engineers, and designers are faced with large volumes of data that are heterogeneous in nature. It is imperative that next-generation computing tools leverage the strengths of the human operator to create useful and economical tools for analysis, decision-making, and communication.

In the University community there are many stakeholders in technology investments and how we put knowledge to work. Visualization technologies are widely recognized as a crucial tool for insight, education, and communication. Here at Virginia Tech, we are well-positioned to take advantage of the convergence of High-Performance Computing (HPC) and Visual Analysis tools. From the System X and National Lambda Rail to the VT-CAVE, stereo walls, and the Gigapixel displays, the facilities and expertise are here for cutting-edge research of international stature. By adding more support for application development and applied research to the university infrastructure, more scientists and students will benefit from these powerful technologies.

What’s Missing

In order to realize this vision, 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, members of the university community will have reliable, centralized access to cutting-edge technology that makes them more productive scientists and more competitive for additional grants and other state and national funding.

Well-run facilities are only part of the equation however. 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 (domain experts and GRAs cannot do this). By establishing a focused venue for visualization development, VT can produce industry-grade tools that address the most challenging research problems. From scientific, medical, design, and teaching domains, visual communication is the common denominator for the knowledge economy.

A Proposal

The philosophy of open access and multi-disciplinary collaboration via the UVAG has led to demonstrated successes across many aspects of the University, the Commonwealth, and the nation; Dr. Kriz should be commended for his vision and leadership in creating the CAVE as a world-class facility. In order to continue growth in this area, a new plan and commitment at the University level is required. This proposal seeks to strike a balance between the many stakeholders in VT’s research, education, and outreach activities and further enable the university community access to visual computing. 

Space

The CAVE space in Torgersen will continue to house VT display technologies and serve as an open venue for the university community. The office space will be shared between the Visual Computing Group (under VTIT and Research Computing) and Center for eDesign. These groups will work together to produce software and facilities that serve VT’s dual mission of research and education. 

Equipment

Over the next 3 years, VT’s display, computing, and network infrastructure in Torgersen will need to be modernized. High-bandwidth network drops will be required to connect the CAVE and other display systems to System X. New high-resolution projectors, tracking systems, and commodity graphics workstations will be purchased to replace the aging CAVE computer system. As equipment is replaced in Torgersen, it will be distributed to other sites on campus including labs and classrooms.

Personnel
The facility will be led by a Director of Visual Computing, who will be responsible for education, outreach, and consultation of faculty regarding the value of visualization and HPC for their research. In addition, the Director will manage the projects, staff, and facilities. A technical staff will be established including programmers and system administrators who will provide the systems and tools required for applied research and development. Post-Doctoral positions will be appropriated for individual research problems and projects and new visualization and computational challenges will be addressed through the involvement of the Stakeholders Group, their respective labs and GRAs.   

2.
Background
History

 In 1995 nine faculty were identified as “building authors” who were associated with the Advanced Communication and Information Technology Center (ACITC): 1) Human Computer Interaction, Jack Carroll, 2) Parallel Computing, Cal Ribbens, 3) Visualization, Ron Kriz, 4) Fiber Optics, Rick Claus, 5) Computer Networking, Judy Lilly, 6) Wireless Communication, Ted Rappaport, 7) Multimedia, Gordon Miller, 8) High Technology Classrooms and Learning Resources, John Moore, and 9) Digital Libraries, Ed Fox.  These original “building authors” were asked to lead their respective areas as a university wide multidisciplinary activity in not only research, but also education and outreach.  

For the visualization effort, Ron Kriz (PI) identified over 30 faculty, who coauthored an NSF-Academic Research Infrastructure White Paper: “Breaking Education and Research Barriers with 3D Visualization CAVE Technology”.  Out of 300+ white papers submitted and peer reviewed at a national level, NSF selected 35 white papers for full proposals.  Our group submitted a full proposal, which was funded, August 1996, at $890,000 (no returned overhead) plus $650,000 cost sharing from 4 colleges to build a CAVE as part of the University Visualization and Animation Group (UVAG) facility in the ACITC.  The ACITC is a joint state and private funded building that is a regional resource for research and education- the core of our mission as a Virginia land grant university.  
As “building authors,” VT faculty was also encouraged to work directly with the architect, Phillip Esocoff, who designed a CAVE space that would provide future potential for developing new Virtual Environment (VE) technology.  This included a 12’x12’ opening in the CAVE floor with a second floor projection room and extra ceiling height for a projection screen on the ceiling.  The CAVE was only a small portion of the planned UVAG space, which also included faculty and research staff offices, VE and visualization laboratory, a conference room, and a lobby for hosting the numerous visitors and tour groups that come to see the CAVE. The CAVE itself was temporarily located at the Corporate Research Center until the building was completed in 2000.  

In 1996 an NSF Combined Research and Curriculum Development (CRCD) proposal was funded, $220,000 to use CAVE technology to bridge the length scales (nano, micro, macro) in modeling mechanical behavior. The original NSF ARI grant and the NSF CRCD grant were the first two of many funded proposals that used advanced visualization and VEs associated with the UVAG. These first two funded activities represent the intent, as originally stated in 1996, to support research, education, and outreach activities in the ACITC. 

The respective ACITC groups were also encouraged to collaborate. The UVAG has actively collaborated with IDDL, CHCI, Multimedia Lab, Educational Technologies (FDI), and Digital Libraries. The use of advanced visualization and VEs has proven to be an extremely valuable multidisciplinary resource at Virginia Tech, but also represents a significant component in our future link to high performance computing initiatives such as System X.

Context
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.

List of Faculty Who Have Actively Used the UVAG Facility

Below is summary of faculty who have significantly used the UVAG facility in their research, education, or outreach projects.  Many of these individuals have listed the CAVE or CAVE related projects in their C.V.s.  Contact information is provided and we encourage the reviewers of this document to contact any on the list.  The best evidence of how the UVAG is used as a multi-disciplinary resource is this list.
Name

    Dept./College

    Projects

                email@vt.edu
‘04-‘06 usage

R.D. Kriz
         ESM

    UVAG director, Mechanics
  
  
rkriz

   *

D.A. Bowman
         CS

    3DUI group, VE-HMD Lab

  
bowman
   *

J.T. Kelso
         CS

    CAVE principal contact

   
kelso

   *

L.E. Arsenault
         ESM/CS

    CAVE motion platform
     
   
lanceman
   *

R.P. Schubert
         CAUS

    Assoc. Dean of Research & Outreach
silver

   *

A. Nayfeh
         ESM, UDP
    Nonlinear mechanics


anayfeh
   *

R. Kass
         Art & Art History      iGrid 2002: Matisse flying kites  
   
raykass
   *

C. North
         CS

    HCI & Information Visualization
   
north

   *

K.A. Duca
         VBI

    VE Framework for Systems Biology
kduca

   *
P.J. Radtke
         Forestry

    VEs in forest measurement

pradtke
   *

D. Farkas
         MSE

    Visualization of HPC simulations
   
diana

   *
D.R. Bevan
         Biochemistry
    3D VE biochemical structures, VMD
drbevan
   *

P.M. Sforza
         Plant Pathology
    3D VE pathology process

   
psforza
   *
K. Roberto
        Gerontology
    VR Assessment tools

   
roberto

   * 

C. Sirbu
        Psychology
    Balance & Perception


cirbu

   *
L. McCue
       Aero & Oc Eng
    ONR 




mccue

   *

D. Rawlins
         C. Osteopathic Med. Dean


       dtrawlins@vcom.vt.edu

D.S. Hix
         CS

    HCI, Immersive Work Bench

hix

T.H. Ollendick
         Psychology, UDP
    VEs in the treatment of phobias
tho
J.H. McLain-Kark      Interior Design
    Interior Design Futures Lab

jmkark

B. Van Hook
         Art & Art History
    Dept. Head, Digital Arts

   
vanhook

T. Wilkinson
         IDDL, Director
    CollabVEs in distance learning
  
tom.wilkinson

J. Colbert
         ICSRC

    Director



   
colbertj

J.R. Wenrich
         Teaching Learning    ICSRC: K12 Collaborative VEs
   
wenrich

C.D. Hall
         AOE

    Space Systems and Simulation Lab
cdhall

J.J. Wang
         AOE

    Plasma Physics


   
jowang
D.F. Cox
         ChemE

    VASP Data Viewer


  
dfcox
W. Thabet
         BC - CAUS
    VEs in Building and Construction
   
thabet

M. Setareh
         CAUS

    VEs used in earthquake design
   
setareh

M.S. Gutierrez
         CE-GeoTech
    VEs in geologic mapping

   
magutier

D.B. Jones
         CAUS

    VEs in Architecture

         dsfjones@adelphia.net

B.K. Dennison
         Physics

    Virtual Universe
            dennison@astro.phys.vt.edu

J.R. Lang
         Coll. Business
    VE Entrepreneurship in Academia
  
jrlang 
D.P. Tegarden
         Coll. Business
    3D visualization of data

          david.tegarden

A.A. Sharov
         Entomology
    3D VE Insect Anatomy

   
sharov

D.E. Mullins
         Entomology
    IT in the Life Sciences

   
mullinsd

C. Shifflet
         History

    Virtual Jamestown


   
shifflet

Virginia Tech has demonstrated competencies in research areas such as Engineering, Architecture, Bioinformatics, Human-Computer Interaction, and Geospatial Information Systems. All of these areas could benefit from the application of modern computational and graphics tools. However, researchers in these areas do not have the tools or knowledge needed to take advantage of such methods. In order to leverage the expertise and resources of the University, a coherent approach to High-Performance Computing, Education, and Visualization is needed.

3. Current Status

The basic need for visualization in the scientific and educational enterprise has not diminished since 1996. In fact, it has increased with the massive volume and types of information available to scientists. Indeed, visualization facilities are now considered in the same resource paradigm as number-crunching computing facilities. While new domain-specific tools may be developed through external funding, the hardware and software infrastructure must be accessible to researchers and educators across campus.

The UVAG recently acquired 3 stereo display wall systems similar to that associated with the NSF sponsored Amadeus Project (the DIVERSE-based immersive wall featured in the recent annual report by the Charles E. Via Department of Civil and Environmental Engineering, 2005, No. 19). Faculty in the Department of Engineering Education are interested in applying this technology to facilitate how first year students learn to think in three-dimensions using AutoCAD. The College of Architecture and Urban Studies (ICAUS) is also interested in building several walls in laboratories where students typically develop 3D models using 3DStudio software on their laptops and “fly-thru” these 3D models on large stereo walls distributed in various labs. Similarly, faculty in Biology and the College of Osteopathic Medicine have a continued interest in this technology for both educational and research projects.
4. Recommendations
Strategic Plan

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. Virginia Tech is consistently a leader in innovation and nationally ranked as a research institution; but there is always room for improvement. This document outlines a proposal to unify our fragmented resources and position VT at the forefront of the modern research enterprise.

Through the Offices of Research Computing and Information Technology, this Visual Computing Group will provide the dedicated staff and infrastructure support required to fully realize the potential of visual tools for computational science and education at Virginia Tech. This group will expand the existing federally and university-funded infrastructures and allocate resources as follows: 

· 60 % research application support 

· 30 % education application support

· 10 % outreach support 

The Director of Visual Computing will sit on 2 boards related to the management of visualization resources, which include: 

· The Advisory Board which meets monthly to review data, policies, and procedures. This group, which will be made up of VT personnel, will also recommend hardware and software upgrades, and publicity activities.

· The Stakeholders Group comprised of VTIT/Research Computing, Research Division, and representatives from each active College, Center, Institute, or Department. This board will meet semi-annually for review of data, procedures and policies.

Visual Computing Group Mission:
· Education, outreach, and consulting to faculty and researchers regarding the value of Visualization and HPC for their research (e.g. workshops & colloquia)

· Provide expert staff to :

· Consult with researchers and educators about applications of HPC and visualization technology

· Develop visualization tools and collaborative infrastructure for domain experts / HPC users

· Develop additional grants and funding streams with domain experts to include visualization tools and HPC

· Continue a robust research program in HCI and information architectures
· Provide ‘World-Class’ visualization facilities for university researchers and faculty 

Initially, the group will work with the VT’s user base of computational scientists to devise and deliver solutions for scientific visual analysis. This effort will lead to a number of grant proposals to fund Post-docs who will continue to develop domain-specific applications. The CAVE will continue to serve as the flagship immersive venue on campus. The deployment of stereo walls around campus will increase faculty and student access to these visualization tools and computing resources. The group will collaborate with CS and CHCI to design and evaluate these initial projects. 

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.

Space

The Torgersen CAVE facility will include the fully-immersive CAVE, a stereo wall, as well as meeting room and lab space. For the first 3 years, the existing office space may be divided between: The Director, Software Engineer, and faculty from College of Engineering who may benefit from proximity to and collaboration with the Visual Computing Group (e.g. the eDesign Center & Janis Terpenny (below), Ron Kriz). After the first three years, when additional staff and Post-docs arrive, it may be required to add office carrolls to the window side of 3030D.

Equipment
We propose a budget that will modernize the CAVE facility, VT’s flagship immersive visualization venue. Over the first 4 years, we will add high-resolution projectors, upgrade the graphics engines driving the system, and eventually update the wireless tracking system. These investments will trickle down to participating stakeholders: when the CAVE is upgraded, the machines can be repurposed to run the campus stereo walls. In addition, some commercial software will also be necessary to enable industry-grade productivity for the CAVE; for example, Amira and various add-on packs.

Staff

Director

The Director of Visual Computing will perform research, supervise research projects, development, and support activities involving advanced scientific visualization techniques and technologies. These activities include the design, development, and deployment of software technologies that enable researchers to analyze massive data sets using resources ranging from PCs to immersive visualization environments with multiple platform rendering systems. Particular emphasis for scientific visualization activities on campus include large-scale data analysis and feature detection, advanced visualization hardware technologies, immersive visualization techniques, and grid-enabled visualization.

System Software Engineer
The system software engineer will be responsible for the development of visualization and immersive virtual reality applications. This position will assist with code development for research projects in VT Research Computing. This position will also supervise graduate and undergraduate students and participate in outreach activities (i.e. tours, demos, responding to questions) related to the Visual Computing Group. This position will collaborate with VT researchers and partners to utilize leading-edge visualization techniques and technologies in their computational research and educational activities. Assist in writing the technical elements of funded project proposals. Conduct research and development activities.

Webservices programmer

Bachelor's degree in Computer Science or related field required (Master's degree preferred). An equivalent combination of education and experience will be considered. Experience in C/C++ development in Linux platforms required. C/C++ programming skills required.  Experience with any of the following desired: Java & Tomcat, Apache & Perl, XML RDF.  Experience working with clients to deliver performance-based solutions. Excellent communication and problem solving skills and the ability to find solutions to previously unaddressed questions is essential. The ability to work independently as well as in a team environment is required. 

VR / Vis Programmer

Bachelor's degree in Computer Science or related field required (Master's degree preferred). Four years of experience in computer graphics and computer graphics programming (i.e. OpenGL or DirectX) experience required. An equivalent combination of education and experience will be considered. Experience in C/C++ development in both Windows & Linux platforms required. Publication and presentation experience is required. Knowledge of real-time computer graphics programming API's, including OpenGL and/or DirectX is required. Thorough understanding of computer graphics algorithms. C/C++ programming skills required. Experience with any of the following desired: IRIX, LINUX, DIVERSE, GLUT, Java, 3DS Max, Maya, OpenSceneGraph (or other scenegraphs such as X3D), VRJuggler, CAVELib, high resolution displays, VR hardware including tracking equipment, projectors, and stereographic displays. Experience working with faculty, graduate, and undergraduate students is preferred. 

The Center for e-Design

The Center for e-Design’s mission is to serve as a national center of excellence in IT-enabled design and realization of products and systems by envisioning that information is the life blood of an enterprise and collaboration is the hallmark that seamlessly integrates design, development, testing, manufacturing, and servicing of products around the world.  The main objectives are twofold: 1) to research, develop, and test methods and technologies that enable lower cost, higher quality, faster to market products in a collaborative service-oriented design paradigm, and 2) to nurture and cultivate a new breed of engineers, scientists, and business leaders in this new design paradigm through a closely dovetailed university/industry collaborative educational model.

The Center for e-Design will host a heterogeneous mix of commercially available design tools (CAD, CAM, CAE, PLM, etc).  Prototype systems developed by Virginia Tech researcher faculty and graduate students will be installed and/or accessible from the Center facility, a variety of research labs across campus, and the CAD Lab.  This will provide the basis for testing, benchmarking, and validation.  Over $2 million in software has already been promised by PTC, IBM, Engineous, and Phoenix Integration.  Other commercial systems will be added in the first 1-2 years of the Center.  Researchers and students in the Center will have direct and remote access to resources to support research, educational objectives, and for industry demonstrations as well as student team and faculty presentations and design reviews.  The figure on the next page and list of space needs provide greater details.
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Figure 1. Physical and Virtual Infrastructure




Financial Outlook


See Excel Spreadsheet attatched: 
CAVE_npolys.xls
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