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Task Description:

	Visual communication systems, including advanced displays, display formats, compression technologies, visual information formatting algorithms, remote viewing systems, multimedia systems, pictorial information databases, and graphical user interfaces are at the heart of many advances in human-machine interfaces. Optimal design of these systems requires an understanding of the relevant elements of human vision. We propose to incorporate relevant knowledge of human vision in computational metrics and models, and to apply these to optimization of visual communication systems. 

The research program will consist of (1) basic research on human vision, with a special emphasis on spatial and temporal sensitivity, pattern recognition, visual masking, and visual memory, (2) development of models and metrics that encapsulate the basic research results, and (3) development of specific optimization tools to be used in design of visual communication systems. 

Basic experimental research on human vision will consist primarily of experiments in which human observers detect or classify targets superimposed upon various backgrounds. The theoretical work will design computational models that attempt to simulate the underlying processes of human vision and to yield comparable performance. 

Applied research will convert computational models into visual quality metrics. In general, quality is based upon visibility of differences from an ideal image. Quality metrics will also be used in subsequent research to perceptually optimize advanced image and video compression standards. 

	The primary focus of work on this task during the past year has been the development, calibration, and validation of an algorithm for objective measurement of perceptual quality of digital video. An initial implementation of this algorithm (called DVQ, for Digital Video Quality) was produced in November 1997, and outlined in an invited presentation at the annual meeting of the Society of Motion Picture and Television Engineers (SMPTE), and in a presentation at the Electronic Imaging conference in January of 1998. A provisional patent application was filed by Ames patent counsel in January 1998. Subsequent invited presentations on DVQ were made at the European Conference on Visual Perception (August, 1998, Oxford, UK), and the European Conference on Signal Processing (September, 1998, Rhodes, Greece). 

Following initial implementation of DVQ in a high-level language (Mathematica), Dr. Watson supervised a more compact, faster, and multi-platform implementation in ANSII C. 

Calibration of the DVQ algorithm relies upon measurements of human visual sensitivity to elementary distortion signals, which we call “dynamic DCT quantization noise.” These measurements were a second major focus of our efforts. Extensive data were collected from four observers. Data were fit with mathematical models, and the model parameters are entered as part of the DVQ metric. Reports of these data and models have been included in the presentations described above. In the course of collecting this data, several advances were made in the technology of psychophysical data collection, which we expect to form part of a future report. 

Validation of the DVQ metric involves comparison of DVQ quality measurements for a set of video sequences with human estimates of quality for those same sequences. We have acquired a set of video sequences as well as corresponding human data. Preliminary comparisons of DVQ predictions and human data have produced promising results. 

In preparation for future work on this project, Dr. Watson has constructed a new state-of-the-art facility for research on digital video quality. Consisting of a high performance workstation, Serial Digital I/O interface, and disk array system with a Fiber Channel Interface, the facility is capable of real-time presentation of extended clips of uncompressed CCIR-601 digital video under ITU Rec.500 viewing conditions. Previously, such research required the use of antiquated, expensive, and inflexible D1 videotape systems. This facility will be used to collect data to validate and refine DVQ and subsequent digital video quality metrics. 

As part of his work on development of video quality metrics, Dr. Watson has participated in the activities of two standards organizations. The first is the IEEE G-2.1.6 Committee, which is currently charged with development of standard quality metrics for the U.S. market. The second group is the Video Quality Experts Group (VQEG) formed from various standing committees of the International Telecommunications Union (ITU). This group is charged with proposing international standards for video quality measurement. They have arranged an open competition among proponents of different video quality metrics, to determine the most accurate and reliable metric. The winning entry (or entries) may form the basis for an international standard. In August 1998, we submitted DVQ as an entry in this competition. Dr. Watson has also become a member of VQEG, attended the VQEG meetings, corresponded extensively with the membership, and has played a major role in the design of the competition. 

Another effort on this task was development and distribution of a demonstration version of the DCTune technology. DCTune is a method for optimizing the perceptual quality of JPEG compressed still images, and for measuring their perceptual quality. Development was completed in February of 1998, and the product was made available through a web site at http://vision.arc.nasa.gov/dctune/dctune2.0.html. Dr. Watson has worked extensively with the Commercial Technology Office of NASA Ames Research Center in efforts to license patented DCTune technology. 

In addition to the applied research described above, we have carried out a program of basic research on human vision designed to provide a scientific foundation for our video quality metrics. We have focused on the general problem of what limits the detectability or discriminability of visual signals. Dr. Ahumada has shown that the relative effects of fixed and random noise can be understood in the context of a template model in which the observer constructs a mental copy of the target to be detected. We have also explored methods for uncovering the actual templates used by observers in basic detection and discrimination tasks. We have also continued our efforts to apply our basic discrimination models to important applied situations, such as detecting tumors in medical images, or detecting runway intrusions during aircraft landings in conditions of low visibility. 

Other PI Activities During the past year Dr. Watson served as chair of the Vision Technical Group of the Optical Society of America, responsible for planning and execution of Vision component of OSA Annual Meeting. He has also served on the Editorial boards of the journals Journal of Mathematical Psychology, Displays: Technology and Applications, and Journal of Intelligent Systems. He has also provided high-level briefings to committees and visitors, including the National Imaging & Mapping Agency (NIMA), Aeronautics and Space Engineering Board, Advanced Technology for Human Support in Space. 

	The Earth benefits of this research will be manifest in any enterprise that relies on digital communication of visual information. Significant examples are medical imaging, Earth resource imaging, space imaging, science imaging, and internet imaging. In each case, there is a need for efficient archiving and distribution of digital images, and high quality display of those images. Advances in medical imaging in particular may be expected to enhance diagnostic capabilities and to reduce costs of medical care. Earth resource imaging may be expected to reduce environmental damage and reduce costs of detection and repair of such damage. 

A significant specific contribution of this work will be to the overall efficiency of the nation’s telecommunications infrastructure. Technology to reliably measure the perceptual quality of digital visual communications will enable a significant reduction in bandwidth requirements. 

In a more general sense, visual displays are at the heart of the modern technology revolution, from laptop computers and the world-wide-web to high-definition television, virtual reality, and telepresence. Improvements in the efficiency and quality of visual imaging and displays will have ramifications throughout our technological infrastructure and economy. 

Beyond its technological payoff, the basic component of this research promises new understanding of the fundamental mechanisms of human vision, especially in the areas of visual detection and motion perception. This understanding will assist in analyzing visual diseases and injuries, and in developing appropriate therapies. 

	FY98 Publications, Presentations, and Other Accomplishments:

	Ahumada, A.J., Jr. and Beard, B.L. “Image discrimination models predict detection in fixed but not random noise.” J. Opt. Soc. Am., A 14, 2470-2475 (1997). 

Ahumada, A.J., Jr., Beard, B.L., and Eriksson, R. “Spatio-temporal discrimination model predicts temporal masking functions.” Proceedings, Human Vision and Electronic Imaging III, 3299, pp. 120-127 (1998). 

Ahumada, A.J., Jr., Beard, B.L., and Eriksson, R. (abstract) “Masking by compound gratings predicted by an image-sequence-discrimination model.” Perception, 27 (suppl.), 82 (1998). 

Barth, E. and Watson, A.B. (abstract) “Nonlinear spatio-temporal model based on the geometry of the visual input.” Inv. Ophth. Vis. Sci., 39(4), S2110 (1998). 

Beard, B.L. and Ahumada, A.J., Jr. “A technique to extract relevant image features for visual tasks.” Proceedings, Human Vision and Electronic Imaging III, 3299, pp. 79-85 (1998). 

Beard, B.L. and Ahumada, A.J., Jr. (abstract) “Template learning model predicts effects of fixed and random noise in visual signal detection.” Perception, 27 (suppl.), 82 (1998). 

Eckstein, M.P., Ahumada, A.J., Jr., and Watson, A.B. “Visual signal detection in structured backgrounds. II. Effects of contrast gain control, background variations and white noise.” J. Optical Society, 14(9), 2406-2419 (1997). 

Eckstein, M.P., Ahumada, A.J., Jr., and Watson, A.B. “Image discrimination models predict human detection in medical images.” Proceedings, Human Vision, Visual Processing, and Digital Display VIII, San Jose, CA, SPIE, Bellingham, WA (1997). 

Eckstein, M.P., Ahumada, A.J., Jr., Watson, A.B., and Whiting, J.S. “What is degrading human visual detection performance in natural medical image backgrounds?” Proceedings, Medical Imaging, Newport Beach, CA, SPIE, Bellingham, WA (1997). 

Rohaly, A.M., Ahumada, A.J., Jr. and Watson, A.B. “Object detection in natural backgrounds predicted by discrimination performance and models.” Vision Res., 37 (23), 3225-3235 (1997). 

Watson, A.B. Compressing image data with minimal perceptual errors. NASA Tech Briefs 21(1), 73-74, (1997). 

Watson, A.B. “The search for optimal visual stimuli.” Vision Res., 38(11), 1619-1621 (1998). 

Watson, A.B. “Automated assessment of visual quality of digital video.” Society of Motion Picture and Television Engineers Conference, New York, NY (November 1997). 

Watson, A.B. “DVQ: A digital video quality metric.” Report to IEEE G-2.1.6 Committee, Boulder, CO (March 1998). 

Watson, A.B. “Toward a perceptual video quality metric.” Proceedings, Human Vision, Visual Processing, and Digital Display VIII, San Jose, CA, SPIE, Bellingham, WA, 3299, pp. 139-147 (1998). 

Watson, A.B. “Towards a visual quality metric for digital video.” Proceedings, European Conference on Signal Processing, Rhodes, Greece (1998). 

Watson, A.B. (abstract) “Estimating video quality with a vision model.” Perception, 27 Supplement, 40 (1998). 

Watson, A.B. (abstract) “Multi-category classification: Template models and classification images.” Inv. Ophth. Vis. Sci., 39(4) (1998). 

Watson, A.B. and Solomon, J.A. “A model of visual contrast gain control and pattern masking.” J. Opt. Soc. Am., A 14, 2378-2390 (1997). 

Watson, A.B. Special Act or Service Award (NASA) (August 24, 1998). 

Patent In Process. Watson, A.B. U.S. Patent provisional application. Case # ARC-14236-1GE “System for objective measurement of visual quality of digital video.” 


Year:

1999

	Visual communication systems, including advanced displays, display formats, compression technologies, visual information formatting algorithms, remote viewing systems, multimedia systems, pictorial information databases, and graphical user interfaces are at the heart of many advances in human-machine interfaces. Optimal design of these systems requires an understanding of the relevant elements of human vision. We propose to incorporate relevant knowledge of human vision in computational metrics and models, and to apply these to optimization of visual communication systems. 

The research program will consist of (1) basic research on human vision, with a special emphasis on spatial and temporal sensitivity, pattern recognition, visual masking, and visual memory, (2) development of models and metrics that encapsulate the basic research results, and (3) development of specific optimization tools to be used in design of visual communication systems. 

Basic experimental research on human vision will consist primarily of experiments in which human observers detect or classify targets superimposed upon various backgrounds. The theoretical work will design computational models that attempt to simulate the underlying processes of human vision and to yield comparable performance. 

Applied research will convert computational models into visual quality metrics. In general, quality is based upon visibility of differences from an ideal image. Quality metrics will also be used in subsequent research to perceptually optimize advanced image and video compression standards. 

	The primary focus of work on this task during the past year has been on DVQ (for Digital Video Quality), of an algorithm for objective measurement of perceptual quality of digital video. In FY98 we completed design of the algorithm, converted the prototype to fast c-code, and submitted the algorithm to an international competition conducted by the Video Quality Experts Group (VQEG - http://www.crc.ca/vqeg/) under the auspices of the International Telecommunications Union (ITU - http://www.itu.int/). In FY99, we improved the performance of the algorithm, submitted a patent application for DVQ, and took part in extensive validation experiments as part of the VQEG competition. 

The results of the VQEG competition, described in a reference below, showed that DVQ performed as well as the best competing methods. Under certain conditions, it was the best performing algorithm. Since DVQ was designed to be fast and simple, at some possible cost in accuracy, this was a highly successful outcome. We are participating in further studies within the VQEG group to determine which algorithm(s) should be recommended for adoption as an international standard, or whether several methods should be combined to form a grand unified method for standardization. 

A patent application for DVQ was filed by Ames patent counsel in March 1999. A report on testing of DVQ was presented at the Electronic Imaging Conference in San Jose, CA in January 1999. 

To support research on digital video quality, Dr. Watson has continued development of a new state-of-the-art facility for research on digital video quality. Consisting of a high performance workstation, Serial Digital I/O interface, and disk array system with a Fiber Channel Interface, the facility is capable of real-time presentation of extended clips of uncompressed CCIR-601 digital video under ITU Rec.500 viewing conditions. In FY99, user input controls were added to the system, and software was developed for real-time adaptive measurement of quality estimates. 

As part of his work on development of video quality metrics, Dr. Watson has participated actively in two standards organizations. The first is the VQEG/ITU group mentioned above. This group is charged with proposing international standards for video quality measurement. The second is the IEEE G-2.1.6 Committee, which is currently charged with development of standard quality metrics for the US market. 

A second focus of research during FY99 has been the development of a standardized database of human visual thresholds that can be used to test and calibrate models of early human vision. In collaboration with eight other laboratories, Dr. Watson negotiated the design of the test battery, and collected the initial set of forty-three detection thresholds for grayscale test patterns. A report on the goals and experimental design of this so-called ModelFest effort (http://vision.arc.nasa.gov) was presented at Electronic Imaging meeting in January 1999. Dr. Watson has subsequently evaluated the fit of five computational models to the threshold database. Reports on this project were presented and at the meeting of the Association for Research in Vision and Ophthalmology in May 1999, and a paper has been submitted to the journal Optics Express. 

In addition to the applied research described above, we have carried out a program of basic research on human vision designed to provide a scientific foundation for our image and video quality metrics. We have focused on the general problem of what limits the detectability or discriminability of visual signals. Dr. Ahumada has shown that the relative effects of fixed and random noise can be understood in the context of a template model, in which the observer constructs a mental copy of the target to be detected. 

A final project completed during FY99 was the design and implementation of ShowTime, software architecture for visual displays and vision testing (http://vision.arc.nasa.gov/showtime/). The ShowTime system, which is based on the QuickTime multimedia architecture created by Apple Computer, is designed to allow sophisticated, calibrated visual displays, using only COTS hardware, and requiring only simple, high-level programming. We expect ShowTime to be deployable on both Shuttle and Space Station missions, for simple low cost testing of visual performance and visual interfaces during space missions. 

	The Earth benefits of this research will be manifest in any enterprise that relies on digital communication of visual information. Significant examples are medical imaging, Earth resource imaging, space imaging, science imaging, and internet imaging. In each case, there is a need for efficient archiving and distribution of digital images, and high quality display of those images. Advances in medical imaging in particular may be expected to enhance diagnostic capabilities and to reduce costs of medical care. Earth resource imaging may be expected to reduce environmental damage and reduce costs of detection and repair of such damage. 

A significant specific contribution of this work will be to the overall efficiency of the nation’s telecommunications infrastructure. Technology to reliably measure the perceptual quality of digital visual communications will enable a significant reduction in bandwidth requirements. 

In a more general sense, visual displays are at the heart of the modern technology revolution, from laptop computers and the world-wide-web to high-definition television, virtual reality, and telepresence. Improvements in the efficiency and quality of visual imaging and displays will have ramifications throughout our technological infrastructure and economy. 

Beyond its technological payoff, the basic component of this research promises new understanding of the fundamental mechanisms of human vision, especially in the areas of visual detection and motion perception. This understanding will assist in analyzing visual diseases and injuries, and in developing appropriate therapies. 
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2000

	Task Description:

	Visual communication systems, including advanced displays, display formats, compression technologies, visual information formatting algorithms, remote viewing systems, multimedia systems, pictorial information databases, and graphical user interfaces are at the heart of many advances in human-machine interfaces. Optimal design of these systems requires an understanding of the relevant elements of human vision. We propose to incorporate relevant knowledge of human vision in computational metrics and models, and to apply these to optimization of visual communication systems. The research program will consist of (1) basic research on human vision, with a special emphasis on spatial and temporal sensitivity, pattern recognition, visual masking, and visual memory, (2) development of models and metrics that encapsulate the basic research results, and (3) development of specific optimization tools to be used in design of visual communication systems. 

Basic experimental research on human vision will consist primarily of experiments in which human observers detect or classify targets superimposed upon various backgrounds. The theoretical work will design computational models that attempt to simulate the underlying processes of human vision and to yield comparable performance. Applied research will convert computational models into visual quality metrics. In general, quality is based upon visibility of differences from an ideal image. Quality metrics will also be used in subsequent research to perceptually optimize advanced image and video compression standards. 

	DVQ The first focus of work on this task during FY00 has been DVQ (for Digital Video Quality), an algorithm we created for objective measurement of perceptual quality of digital video. In FY98-99 we completed design of the algorithm, converted the prototype to fast c-code, and submitted the algorithm to an international competition conducted by VQEG (see below) submitted a patent application for DVQ, and took part in extensive validation experiments as part of the VQEG competition. In FY00 we enhanced the algorithm and took part in design of experiments to further validate the method. We also evaluated commercial partners for development of DVQ. We also collected JND measurements (see below) for further refinement and validation of DVQ. We have prepared an extensive journal article describing this project. 

EASE A second focus of FY00 efforts has been on the development of a new method for estimation of quality scales. This method, called EASE (Efficient Adaptive Scale Estimation) was designed to provide an efficient means of measuring objective, absolute sensory scales. We have applied the method to measurement of video quality with great success. The data of over 150 human observers will be reported upon at the forthcoming SPIE Human Vision and Electronic Imaging conference in January 2001. We are preparing a NASA Disclosure of Invention to obtain a patent on the EASE method. 

JND By means of the EASE method we have obtained measurements of visual impairment for 25 segments of digital video from over 150 human observers at three viewing distances. These measurements are in units of just-noticeable-differences (JNDs) that are an absolute measure of visual intensity (unlike previous measurements). We are now using these JND data to validate the DVQ method, as well as to develop new methods of automatically estimating video quality. 

SSO In FY99 Dr. Watson played a leading role, in collaboration with eight other laboratories, in the development of a standardized database of human visual thresholds to test and calibrate models of early human vision. He subsequently evaluated the fit of five computational models to the threshold database. Based on those results, we have developed a Spatial Standard Observer. This is a formula that, much like the standard CIE formulas for computing color differences, computes the visibility of any spatial image. We hope this will become a standard tool in design of visual displays and interfaces. We have applied for a patent on this technology. 

ITU As part of his work on development of video quality metrics, Dr. Watson has participated actively in two standards organizations. The first is the Video Quality Experts Group (VQEG - http://www.crc.ca/vqeg/) under the auspices of the International Telecommunications Union (ITU - http://www.itu.int/). This group is charged with proposing international standards for video quality measurement. During FY00 Dr. Watson attended the meeting of this group in Ottawa, Canada, and took an active part in planning the future work of the committee. 

IEEE A second standards activity during FY00 was the IEEE G-2.1.6 Committee on Measurement of Video Compression, which is currently charged with development of standard quality metrics for the US market. Dr. Watson participated in several meetings of this group. 

	The Earth benefits of this research will be manifest in any enterprise that relies on digital communication of visual information. Significant examples are medical imaging, Earth resource imaging, space imaging, science imaging, and internet imaging. In each case, there is a need for efficient archiving and distribution of digital images, and high quality display of those images. Advances in medical imaging in particular may be expected to enhance diagnostic capabilities and to reduce costs of medical care. Earth resource imaging may be expected to reduce environmental damage and reduce costs of detection and repair of such damage. 

A significant specific contribution of this work will be to the overall efficiency of the nations telecommunications infrastructure. Technology to reliably measure the perceptual quality of digital visual communications will enable a significant reduction in bandwidth requirements. 

In a more general sense, visual displays are at the heart of the modern technology revolution, from laptop computers and the world-wide-web to high- definition television, virtual reality, and telepresence. Improvements in the efficiency and quality of visual imaging and displays will have ramifications throughout our technological infrastructure and economy. 

Beyond its technological payoff, the basic component of this research promises new understanding of the fundamental mechanisms of human vision, especially in the areas of visual detection and motion perception. This understanding will assist in analyzing visual diseases and injuries, and in developing appropriate therapies. 
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