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Task Description:

	Human factors engineering is required to improve the quality of visual displays in space systems. Advanced computer generated imagery (CGI) systems are used to create compelling visual displays for navigation/control systems, vehicle/system simulation, telerobotics, and scientific visualization applications. The quality of these displays can impact the safety and productivity of space and ground-based operations. Inevitably, the realism of these displays is constrained by limitations in CGI hardware and software, especially if images need to be generated in real-time. Despite rapid advances in image generation technology, human operators desire more realistic, higher-fidelity displays; it is likely that such a demand for improved fidelity will continue for the foreseeable future. 

We propose a program of research examining techniques aimed at reducing the computation cost required to achieve a desired level of image quality and frame rate. All of these techniques exploit principles of visual processing to reduce computational load. The first technique exploits properties of visual fusion to create images having more apparent resolution than is actually rendered. The second technique will automate the ongoing trade-off between image quality and frame-rate via a system that degrades aspects of the scene based upon what is known to be most important to the visual system. Finally, the third set of techniques will develop more efficient algorithms for rendering motions in 3-dimensions based upon principles of visual motion processing. This research requires a multidisciplinary approach and will involve collaboration among research scientists at the NASA Ames Research Center, professors in Computer Science and Psychology/Biomedical Engineering at the University of Virginia, and designers and engineers at Silicon Graphics, Inc. and other industry sites. 

	During the first eight months of the task, we have made a number of significant accomplishments, most notably the patent application for variable resolution rendering. In addition, we have pursued research on the most effective techniques for level of detail modulation, and evaluated the efficacy of billboarding techniques for database simplification. Two graduate students working on the project have completed their dissertations on programmatic research; one is staying on the project as a National Research Council Postdoc, the other has taken a position on the technical staff of Silicon Graphics, Inc. SGI continues to be one of our more promising industry liaisons, although we have also had useful meetings with Sun Microsystems, Hewlett-Packard, Interval Research, Division Inc., and Amtech. 

Results in our laboratories at Ames and University of Virginia and feedback from industry experts indicate two new issues our research needs to address: 1) a method to create generalized 3-D object meshes to permit polygon phase-shifts; and 2) a technique to avoid color aliasing when certain colors are overlapped in the phase-shift. 

We are also working to develop a general method to extend the most promising level of detail transition technique, morphing, to three-dimensional objects. User evaluation studies are ongoing to refine hi-low stereo displays and examine their efficacy (and test for any undesirable artifacts or after-effects). 

	Virtually all of the rendering techniques developed in this program will benefit earth-based simulation and visualization systems in addition to those systems mounted onboard manned missions. All computer graphics systems are mounted with some constraints, be they cost, space, power, and/or reliability. Our techniques, which reduce the required computational complexity for a desired level of visual fidelity, can be exploited to reduce the hardware and/or software necessary for a system to perform at a given, required level of realism. 

	Bibliographic Citations for FY 1995:

	Kaiser, M. K. “Supercomputers and visual simulation.” 25th Annual Meeting of the Society for Computers in Psychology, November 1995. 

Kaiser, M. K., Montegut, M. J., & Proffitt, D. R. “Rotational and translational components of motion parallax: Observers’ sensitivity and implications for 3-D computer graphics.” Journal of Experimental Psychology: Applied, 1, 321-331 (1995). 

Kaiser, M. K., Sweet, B. T., & Shafto, M. “Depth cue integration in an active control paradigm.” 36th Annual Meeting of the Psychonomic Society, November, 1995. 

Proffitt, D.R. “Human Factors in Virtual Reality Development.” Annual meeting of SIGGRAPH, August, 1995. 

Patent In Process, U. S. Patent #: Undetermined, Proffitt, D.R. and M.K. Kaiser. “Spatial-Temporal Resolution Process for Computationally Efficient Displays.”


Year:

1996

	Task Description:

	Human factors engineering is required to improve the quality of visual displays in space systems. Advanced computer generated imagery (CGI) systems are used to create compelling visual displays for navigation/control systems, vehicle/system simulation, telerobotics, and scientific visualization applications. The quality of these displays can impact the safety and productivity of space and ground-based operations. Inevitably, the realism of these displays is constrained by limitations in CGI hardware and software, especially if images need to be generated in real-time. Despite rapid advances in image generation technology, human operators desire more realistic, higher-fidelity displays; it is likely that such a demand for improved fidelity will continue for the foreseeable future. 

We propose a program of research examining techniques aimed at reducing the computation cost required to achieve a desired level of image quality and frame rate. All of these techniques exploit principles of visual processing to reduce computational load. The first technique exploits properties of visual fusion to create images having more apparent resolution than is actually rendered. The second technique will automate the ongoing trade-off between image quality and frame-rate via a system that degrades aspects of the scene based upon what is known to be most important to the visual system. Finally, the third set of techniques will develop more efficient algorithms for rendering motions in three-dimensions based upon principles of visual motion processing. This research requires a multidisciplinary approach and will involve collaboration among research scientists at the NASA Ames Research Center, professors in Computer Science and Psychology/Biomedical Engineering at the University of Virginia, and designers and engineers at Silicon Graphics, Inc. and other industry sites. 

	During FY96, we made a number of significant accomplishments and developments. User evaluation studies were conducted to examine the efficacy of high-low stereo displays (and test for any undesirable artifacts or aftereffects). The findings of these studies are quite promising: participants ability to extract stereo-specified depth information from high-low display was almost equivalent to that with conventional (high-high) displays; there was no discernible impact on the participants stereo vision, as assessed by pre- and post- stereoacuity tests. These findings were presented at SIGGRAPH96. 

Several of the researchers supported by this grant supported the Mars Virtual Exploration Control Center Exhibit, mounted at the National Air and Space Museum as part of the Viking 20th Anniversary Celebration. This exhibit permitted real-time interaction with the Mars Digital Terrain Database on a mid-size graphics workstation (a major advancement over earlier visualization efforts for this data set). Issues associated with such real-time visualizations, including how they can be aided by perceptually tuned rendering techniques, are detailed in an article currently in press in the journal, Behavior Research Methods, Instruments, & Computers (and will be included in next year’s update). 

The dissemination of these techniques was facilitated by paper presentations at SIGGRAPH, American Psychological Society, and the Society for Computers in Psychology, as well as symposia and discussions at several organizations including Interval, Silicon Graphics, and Atlantis Corporation. The patent for the variable resolution rendering techniques is still pending; NASA is initiating an Interference Process with the U.S. Patent office to resolve the issue of a competing patent. 

	Virtually all of the rendering techniques developed in this program will benefit earth-based simulation and visualization systems in addition to those systems mounted onboard manned missions. All computer graphics systems are mounted with some constraints, be they cost, space, power, and/or reliability. Our techniques, which reduce the required computational complexity for a desired level of visual fidelity, can be exploited to reduce the hardware and/or software necessary for a system to perform at a given, required level of realism. 

	FY96 Publications, Presentations, and Other Accomplishments:

	Hecht, H., Kaiser, M.K., and Banks, M.S. Gravitational acceleration as a cue for absolute size and distance. Perception & Psychophysics, 58, 1066-1875 (1996). 

Kaiser, M.K. High power graphic computers for visual simulation: A real-time rendering revolution. Behavior Res Methods, Instruments & Computers, 28, 233-238 (1996). 

Kaiser, M.K. Downsizing visualization platforms: From Crays to Indigos and beyond. Symposium on High-Performance Computer Applications in the Behavioral Sciences, (May 1996). 

Kaiser, M.K. Perceptually tuned visual stimuli. American Psychological Society 8th Annual Convention (June 1996). 

Proffitt, D.R. and Kaiser, M.K. “Perception of space and motion in -Handbook of perception and cognition.” Academic Press/Orlando, FL, 5, pp 227-261, 1995. 

Proffitt, D.R. and Kaiser, M.K. Hi-Lo stereo fusion. SIGGRAPH 96 (August 1996).


Year:

1997

	Task Description:

	Human factors engineering is required to improve the quality of visual displays in space systems. Advanced computer generated imagery (CGI) systems are used to create compelling visual displays for navigation/control systems, vehicle/system simulation, telerobotics, and scientific visualization applications. The quality of these displays can impact the safety and productivity of space and ground-based operations. Inevitably, the realism of these displays is constrained by limitations in CGI hardware and software, especially if images need to be generated in real-time. Despite rapid advances in image generation technology, human operators desire more realistic, higher-fidelity displays; it is likely that such a demand for improved fidelity will continue for the foreseeable future. 

We have conducted a program of research examining techniques aimed at reducing the computation cost required to achieve a desired level of image quality and frame rate. All of these techniques exploit principles of visual processing to reduce computational load. The first technique exploits properties of visual fusion to create images having more apparent resolution than is actually rendered. The second technique automates the ongoing trade-off between image quality and frame-rate via a system that degrades aspects of the scene based upon what is known to be most important to the visual system. Finally, the third set of techniques will develop more efficient algorithms for rendering motions in three-dimensions based upon principles of visual motion processing. This research requires a multidisciplinary approach and will involve collaboration among research scientists at the NASA Ames Research Center, professors in Computer Science and Psychology/Biomedical Engineering at the University of Virginia, and designers and engineers at Silicon Graphics, Inc. and other industry sites. 

	Several techniques for graphical rendering have been developed and validated. The most promising of these is the differential resolution stereo technique, which exploits the fact that the visual system is able to recover disparity-specified depth from the low spatial frequency components of a stereo pair, and fuse the high resolution features present in only one of the images over the resulting percept. We have also validated techniques for modulating level of detail transformation, and evaluated observer sensitivity to “billboarded” objects. 

New question domains have asserted themselves, notably the need to develop a reasonable taxonomy of levels of immersion in spatial displays (and map these levels into task requirements), and how immersive displays can be computationally simplified with minimal impact on the user. These emergent questions form the basis of our new research proposal (submitted for FY98-00 support). 

	Virtually all of the rendering techniques developed in this program will benefit Earth-based simulation and visualization systems in addition to those systems mounted onboard manned missions. All computer graphics systems are mounted with some constraints, be they cost, space, power, and/or reliability. Our techniques, which reduce the required computational complexity for a desired level of visual fidelity, can be exploited to reduce the hardware and/or software necessary for a system to perform at a given, required level of realism. 

	FY97 Publications, Presentations, and Other Accomplishments:

	Bhalla, M. and Proffitt, D.R. “Geographical slant perception: Dissociation and coordination between explicit awareness and visually guided actions” in “Dissociation but Interaction between Nonconscious and Conscious Processing.” Edited by: Rossetti, Y. and Revonsuo, A. Amsterdam: John Benjamins (In Press). 

Creem, S.H. and Proffitt, D.R. “Separate memories for visual guidance and explicit awareness: The roles of time and place” in “Stratification of Consciousness and Cognition.” Edited by: Challis, B.H, and Velichkovsky, B.M. Amsterdam: John Benjamins (In Press). 

Creem, S.H. and Proffitt, D.R. “Two memories for geographical slant: Separation and interdependence of action and awareness.” Psychonomic Bull. & Rev. (In Press). 

Creem, S.H., Wade, M.M., and Proffitt, D.R. “Visual perception of egocentric distance.” (Poster) Presented at the 38th Annual Meeting of the Association for Research in Vision and Ophthalmology (May, 1997). 

Creem, S.H., Wraga, M., and Proffitt, D.R. “The significance of imagined viewer rotations” in “Studies in Perception and Action IV.” Edited by: Schmuckler, M.A and Kennedy, J.M. Hillsdale, NJ: Lawrence Erlbaum Associates, pp 35-38 (1997). 

Domini, F., Caudek, C., and Proffitt, D.R. “Misperceptions of angular velocities influence the perception of rigidity in the kinetic depth effect.” J. Exp. Psych.: Human Perception and Performance, 23, 1111-1129. 

Durgin, F.H. and Proffitt, D.R. “Visual learning in the perception of texture: Simple and contingent aftereffects of texture density.” Spatial Vision, 9, 423-474 (1996). 

Hecht, H., Kaiser, M.K., and Banks, M.S. “Gravitational acceleration as a cue for absolute size and distance.” Perception & Psychophysics, 58, 1066-1075 (1996). 

Hecht, H., Kaiser, M.K., Savelsbergh, G.J.P., and van der Kamp, J. “The effect of time-sampling on temporal range judgments in real and simulated environments.” Presented at the 37th Annual Meeting of the Psychonomic Society (November, 1996). 

Kaiser, M.K. “The perception of dynamical constancies” in “Perceptual Constancy.” Edited by: Walsh, V. and Kulikowski, J. Cambridge: Cambridge University Press (In Press). 

Kaiser, M.K. “High power graphic computers for visual simulation: A real-time rendering revolution.” Behav. Res. Meth., Instr., & Comp., 28, 233-238 (1996). 

Kaiser, M.K. “Moving through time: The utility of a temporal metric for vehicle control.” Presented at the Ninth International Conference on Perception and Action (July, 1997). 

Kaiser, M.K. and Montegut, M.J. “Of red planets and Indigo computers: Mars database visualization as an example of platform downsizing.” Behav. Res. Meth., Instr., & Comp., 29, 48-53 (1997). 

Pausch, R., Proffitt, D.R., and Williams, G. “Quantifying immersion in virtual reality.” Presented at the ACM SIGGRAPH Convention (August, 1997). 

Pausch, R., Proffitt, D.R., and Williams, G. “Quantifying immersion in virtual reality.” ACM SIGGRAPH Conference Proceedings: Computer Graphics (1997). 

Proffitt, D.R. “Naive physics” in “MIT Encyclopedia of Cognitive Science.” Cambridge, MA: MIT Press (In Press). 

Proffitt, D.R. “Perception: Ecological versus inferential approaches” in “The Concept of Cognition.” Edited by: Sternberg, R.J. Cambridge: MIT Press (In Press). 

Proffitt, D.R. and Kaiser, M.K. “The internalization of perceptual processing constraints” in “Handbook of Perception and Cognition, 2nd Edition: Perception and Cognition at Century’s End.” Edited by: Hochberg, J. San Diego: Academic Press (In Press). 

Proffitt, D.R. and Kaiser, M.K. “Hi-Lo stereo fusion.” Visual Proceedings of SIGGRAPH’96, pp. 146 (1996). 

Wade, M.M., Wraga, M., Williams, G., and Proffitt, D.R. “Eye height-scaling of virtual scenes.” Presented at the 38th Annual Meeting of the Association for Research in Vision and Opthalmology (May, 1997). 

Wraga, M., Creem, S.H., and Proffitt, D.R. “Spatial frames of reference in perceiving and acting” in “Spatial Navigation in People, Animals, and Machines.” Edited by: McBeath, M. NY: Sage (In Press). 

Yang, T.L., Wade, M.M., and Proffitt, D.R. “Overestimation of heights is greater for real objects than for objects in pictures.” (Poster) Presented at the 38th Meeting of the Association for Research in Vision and Ophthalmology (May, 1997). 


Year:

1998

	Task Description:

	Human factors engineering is required to improve the quality of visual displays in space systems. Advanced computer generated imagery (CGI) systems are used to create compelling visual displays for navigation/control systems, vehicle/system simulation, telerobotics, and scientific visualization applications. The quality of these displays can impact the safety and productivity of space and ground-based operations. Inevitably, the realism of these displays is constrained by limitations in CGI hardware and software, especially if images need to be generated in real-time. Despite rapid advances in image generation technology, human operators desire more realistic, higher-fidelity displays; it is likely that such a demand for improved fidelity will continue for the foreseeable future. 

We have conducted a program of research examining techniques aimed at reducing the computation cost required to achieve a desired level of image quality and frame rate. All of these techniques exploit principles of visual processing to reduce computational load. The first technique exploits properties of visual fusion to create images having more apparent resolution than is actually rendered. The second technique automates the ongoing trade-off between image quality and frame-rate via a system that degrades aspects of the scene based upon what is known to be most important to the visual system. Finally, the third set of techniques will develop more efficient algorithms for rendering motions in three-dimensions based upon principles of visual motion processing. This research requires a multidisciplinary approach and will involve collaboration among research scientists at the NASA Ames Research Center, professors in Computer Science and Psychology/Biomedical Engineering at the University of Virginia, and designers and engineers at Silicon Graphics, Inc. and other industry sites. 

	Dr. Proffitt requested a no-cost extension for the grant on which he serves as P.I. Thus, all work on this project in FY98 was conducted at the University of Virginia. 

	Virtually all of the rendering techniques developed in this program will benefit Earth-based simulation and visualization systems in addition to those systems mounted onboard manned missions. All computer graphics systems are mounted with some constraints, be they cost, space, power, and/or reliability. Our techniques, which reduce the required computational complexity for a desired level of visual fidelity, can be exploited to reduce the hardware and/or software necessary for a system to perform at a given, required level of realism. 

	FY98 Publications, Presentations, and Other Accomplishments:

	Bertamini, M., Yang, T.L., and Proffitt, D.R. “Relative size perception at a distance is best at eye level.” Perception & Psychophysics, 60, 673-682 (1998). 

Bhalla, M. and Proffitt, D.R. “Geographical slant perception: Dissociation and coordination between explicit awareness and visually guided actions” in “Dissociation but Interaction Between Nonconscious and Conscious Processing.” Edited by: Rossetti, Y. and Revonsuo, A. John Benjamins, Amsterdam (in press). 

Bhalla, M. and Proffitt, D.R. “Visual-motor recalibration in geographical slant perception.” J. Exp. Psychol.: Human Perception and Performance (in press). 

Creem, S.H. and Proffitt, D.R. “Separate memories for visual guidance and explicit awareness: The roles of time and place” in “Stratification of Consciousness and Cognition.” Edited by: Challis, B.H. and Velichkovsky, B.M. John Benjamins, Amsterdam (in press). 

Creem, S.H. and Proffitt, D.R. “Two memories for geographical slant: Separation and interdependence of action and awareness.” Psychonomic Bull. & Rev., 5, 22-36 (1998). 

Hinckley, K., Pausch, R., Proffitt, D.R., and Kassell, N. “Two-handed virtual manipulation.” ACM Transactions on Computer-Human Interaction (in press). 

Proffitt, D.R. “Naive physics” in “The MIT Encyclopedia of the Cognitive Sciences.” Edited by: Wilson, R. and Keil, F. M.I.T. Press, Cambridge (in press). 

Proffitt, D.R. “Perception: Ecological versus inferential approaches” in “The Concept of Cognition.” Edited by: Sternberg, R.J. MIT Press, Cambridge (in press). 

Proffitt, D.R. “Comparing immersive and desktop displays.” Paper presented in the Course, Virtual Reality: Research, Application, and Magic, SIGGRAPH 1998 (July 1998). 

Proffitt, D.R. “‘Only immersive displays evoke body-scaled perceptions.” Paper presented in the Panel, Are You There? Presence in Virtual Reality: What is it About and Why Care?” SIGGRAPH 1998 (July 1998). 

Proffitt, D.R. and Kaiser, M.K. “The internalization of perceptual processing constraints” in “Perception and Cognition at Century’s End: Handbook of Perception and Cognition.” Edited by: Hochberg, J. Academic Press, San Diego, 2nd edition (1998). 

Wraga, M., Creem, S.H., and Proffitt, D.R. “Spatial frames of reference in perceiving and acting” in “Navigation Principles of Humans, Animals, and Machines.” Edited by: McBeath, M. Sage, New York (in press). 

Yang, T.L., Wade, M.M., and Proffitt, D.R. “Overestimation of heights is greater for objects in immersive compared to non-immersive displays.” Paper presented at the Annual Meeting of the Psychonomic Society (November 1997). 


