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Task Description:

	NASA’s ambitious plans for scientific observation of the heavens and Earth will generate vast quantities of image information, much of which will be compressed for storage or distribution to remote sites. Lossy compression techniques offer high compression ratios, but must be optimized for the relevant application. We have developed a novel and powerful technology for perceptual optimization of lossy compression. 

We propose a program of research to extend and enhance this technology (with university collaboration), and to apply it to several key applications in NASA and medical imaging (with NIH collaboration). In particular we will extend our technology to video compression (via the MPEG standard) and to wavelet compression. We will apply the technology to EOSDIS compression requirements, and to requirements of the National Library of Medicine. 

At the heart of our technology is a general model of human visual sensitivity. We also propose to continue enhancement of this model and to apply this model to the problem of optimizing the visual quality of displays. 

	The major accomplishment during FY95 has been the completion of psychophysical experiments to determine human visual sensitivity to wavelet basis functions and quantization error. These data, and the mathematical model derived to explain them, provide a new principled basis for perceptual tuning of wavelet compression schemes. This work has been reported in a journal article and three conference presentations. In the next phase of this work we will insert the perceptual model into a wavelet compression standard and evaluate performance. This work will be undertaken in collaboration with Los Alamos National Lab. We will also commence work on perceptual compression of moving images (video) in the context of the MPEG algorithm. 

In related work in perceptual image compression, we collaborated with authors from the Institute for Perception Research, Netherlands and Cedars Sinai Medical Center, received a US Patent for a perceptual compression technique, and published a report on a DCT smoothing technique. 

In applied work on developing vision models of display optimization, we have been able to show the utility of simple discrimination models in predicting detection of objects in natural scenes. These models will form the foundation for further development of tools for optimization of compression and displays. During the coming year, we will be particularly interested in whether simple efficient variants of these models can achieve comparable results. 

Our applied research is built upon a foundation of basic research. During the past year we have made progress on models of spatial vision, motion perception, and eye movements. In spatial vision, we have developed and validated a general computational model of contrast gain control in human vision. This is the system that adapts the eye to ambient levels of contrast, thus preserving its limited dynamic range, but thereby producing various powerful masking effects whose understanding is essential to optimization of compression and displays. Research on autonomous calibration of the visual system was also reported. In the area of motion perception, we published measurements characterizing the fundamental human visual motion sensor, and collected and modeled data characterizing the spatial and temporal pooling of motion signals. In the area of eye movements, which are themselves crucial to motion perception and to the perception of artifacts in compressed video, we completed work on a new system for video recording of fundus image motion, and experiments characterizing the relation between eye movements and motion perception. 

In support of our psychophysical work, we have developed software tools for easy generation of calibrated displays on personal computers. In a small but intriguing consultation, Dr. Watson advised a NASA astronomer on how to predict the apparent color of Saturn’s rings from radiometric data. As a service to the vision, human factors, and imaging communities, we have developed and continue to maintain a world-wide-web page of resources in Vision Science (http://vision.arc.nasa.gov/VisionScience), which receives over 10,000 hits per week. 

	The Earth benefits of this research will be manifest in any enterprise that relies on visual communication of 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. 

In a more general sense, visual displays are at the heart of the modern technology revolution, from laptop computers, to the world-wide-web, to high-definition television, to virtual reality, to 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. 

	Bibliographic Citations for FY 1995:

	A. B. Watson and J. A. Solomon “Contrast gain control model fits masking data.” Investigative Ophthalmology & Visual Science, vol. 36, S438 (1995). 

A. B. Watson and K. A. Turano “The optimal motion stimulus.” Vision Research, vol. 35, 325-336 (1995). 

A. J. Ahumada, Jr., A. B. Watson, and A. M. Rohaly “Models of human image discrimination predict object detection in natural backgrounds.” Human Vision, Visual Processing, and Digital Display VI (IS&T/SPIE), San Jose, CA, 1995. 

A. J. Ahumada, Jr., A. B. Watson, and A. M. Rohaly “Object detection in natural backgrounds predicted by discrimination performance and models.” Perception, vol. 24, 7 (1995). 

A. J. Ahumada, Jr., A. M. Rohaly, and A. B. Watson “(Abstract) Image discrimination models predict object detection in natural backgrounds.” Investigative Ophthalmology & Visual Science, vol. 36, S439 (1995). 

A. J. Ahumada, Jr. and B. Beard “(Abstract) Image discrimination models with stochastic channel selection.” Optics and Photonics News, vol. 6, 138 (1995). 

A. J. Ahumada, Jr. and C. H. Null “Image discrimination predictions of a single channel model with contrast gain control.” Psychonomic Society, Austin, TX, 1995. 

A. J. Ahumada, Jr. and K. Turano “Exploratory Vision: The Active Eye (contribution: Calibration of a visual system with receptor drop-out).” Edited by: L.T.M. Michael Landy and Misha Pavel Springer-Verlag, New York, pp 157-168, 1995. 

A. M. Rohaly, A. J. Ahumada, Jr., and A. B. Watson “A Comparison of Image Quality Models and Metrics Predicting Object Detection.” Society for Information Display International Symposium Digest of Technical Papers, vol. 26, J. Morreale, Ed. Santa Ana, CA: Society for Information Display, pp. 45-48, 1995. 

B. R. Beutter, J. B. Mulligan, and L. S. Stone “Analysis of the trial-by-trial correlation between eye movement and perceptual responses to moving plaids.” Society for Neuroscience Abstracts, vol. 21, 141 (1995). 

J. A. Solomon and A. B. Watson “(Abstract) Spatial and spatial frequency spreads of masking: measurements and a contrast gain-control model.” Perception, vol. 24, 37 (1995). 

J. B. Mulligan “Temporal MTF of motion perception.” Optical Society of America, vol. 1995 Annual Meeting, 148, 1995. 

J. B. Mulligan and B. R. Beutter “Eye-movement tracking using compressed video images.” Vision Science and its Applications, 1995 OSA Technical Digest Series, vol. 1, 1163-1166 (1995). 

J. B. Mulligan, B. R. Beutter, and S. B. “Stevenson Reflexive OKN is biased like perception.” Inv. Ophth. Vis. Sci. (suppl.), vol. 36, 205 (1995). 

M. Eckstein, C. A. Morioka, J. S. Whiting, and N. Eigler “Psychophysical evaluation of the effect of JPEG, Full-frame DCT and Wavelet image compression on signal detection in medical image noise.” International Society of Optical Engineering Annual Meeting, Medical Image Perception, 1995. 

M. Pavel, R. Sharma, and A. J. Ahumada, Jr. “(Abstract) Masking by fixed and random noise.” Optics and Photonics News, vol. 6, 64 (1995). 

R. Horng and A. J. Ahumada, Jr. “A Fast DCT Block Smoothing Algorithm.” Visual Communication and Image Processing ‘95, Proceedings Volume 2501, L. T. Wu, Ed., Bellingham, WA, SPIE, pp. Paper 5, 1995. 

T. van Dijk, J.-B. Martens, and A. B. Watson “Quality assessment of JPEG-coded images using numerical category scaling.” European Symposium on Advanced Networks and Services, Amsterdam, The Netherlands, 1995. 

Watson, A.B. “Image data compression having minimum perceptual error.” US: The United States of America, 1995.


Year:

1996

	Task Description:

	NASA’s ambitious plans for scientific observation of the heavens and Earth will generate vast quantities of image information, much of which will be compressed for storage or distribution to remote sites. Lossy compression techniques offer high compression ratios, but must be optimized for the relevant application. We have developed a novel and powerful technology for perceptual optimization of lossy compression. We propose a program of research to extend and enhance this technology (with university collaboration), and to apply it to several key applications in NASA and medical imaging (with NIH collaboration). In particular we will extend our technology to video compression (via the MPEG standard) and to wavelet compression. We will apply the technology to EOSDIS compression requirements, and to requirements of the National Library of Medicine. At the heart of our technology is a general model of human visual sensitivity. We also propose to continue enhancement of this model and to apply this model to the problem of optimizing the visual quality of displays. 

	The major accomplishment during FY96 has been the completion of a study applying the DCTune perceptual optimization technology to x-ray medical images. These experiments were designed to answer three questions: 1) Does the DCTune image quality metric provide meaningful estimates of image quality? 2) Does the DCTune optimization technique provide better image quality the prior art? and 3) Is it possible to design quantization parameters that are optimized for a class of images, rather than a single image? All three questions were answered in the affirmative. 

We have extended the DCTune perceptual optimization technique to the case of spatially adaptive quantization. We have shown that DCTune can produce considerable increments in the quality of adaptively coded still images, such as in the JPEG extension. This is an important precursor to perceptual optimization of MPEG, which uses adaptive quantization. 

We have continued our psychophysical experiments to determine human visual sensitivity to wavelet basis functions and quantization error. These data, and the mathematical model derived to explain them, provide a new principled basis for perceptual tuning of wavelet compression schemes. In the next phase of this work we will insert the perceptual model into a wavelet compression standard and evaluate performance. This work will be undertaken in collaboration with Dartmouth College. We will also commence work on perceptual compression of moving images (video) in the context of the MPEG algorithm. 

Another important focus of the work in FY96 has been to understand better the process of visual masking, particularly as it applies to the problem of perceptual optimization of image compression. In this context we have developed the method of classification images, which directly reveal the observers weighting of image features in the detection process. We have also conducted experiments that reveal a phenomenon we call entropy masking. This is the masking induced by an unknown background, and arises from the inability of the observer to discount or ignore the background. 

In applied work on developing vision models of display optimization, we have been able to show the utility of simple discrimination models in predicting detection of objects in natural scenes. These models will form the foundation for further development of tools for optimization of compression and displays. During the coming year, we will be particularly interested in whether simple efficient variants of these models can achieve comparable results. 

In support of our psychophysical work, we have continued to develop software tools for easy generation of calibrated displays and experimental protocols on personal computers. Two papers describing these contributions have been published. 

During the past year, the PI has served on several program committees for major research organizations, has chaired several conference sessions, and delivered three invited or keynote talks. He was elected chair of the Vision Section of the Optical Society of America. His compression technology has received inquiries from at least fifteen companies to date. 

	The Earth benefits of this research will be manifest in any enterprise that relies on visual communication of 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. 

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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Year:

1997

	Task Description:

	NASA’s ambitious plans for scientific observation of the heavens and Earth will generate vast quantities of image information, much of which will be compressed for storage or distribution to remote sites. Lossy compression techniques offer high compression ratios, but must be optimized for the relevant application. We have developed a novel and powerful technology for perceptual optimization of lossy compression. We propose a program of research to extend and enhance this technology (with university collaboration), and to apply it to several key applications in NASA and medical imaging (with NIH collaboration). In particular we will extend our technology to video compression (via the MPEG standard) and to wavelet compression. We will apply the technology to EOSDIS compression requirements, and to requirements of the National Library of Medicine. At the heart of our technology is a general model of human visual sensitivity. We also propose to continue enhancement of this model and to apply this model to the problem of optimizing the visual quality of displays. 

	Research Accomplishments The first principal research contributions during the past year consisted of perceptual optimization of “wavelet” compression techniques. In collaboration with UCLA, a model for visibility of quantization error and optimal compression techniques has been developed. This research has been the subject of three conference proceedings papers and one journal article. 

The second principal research accomplishment during the past year was further development and validation of a new model of visual masking and contrast gain-control. This is the first explicit computable model capable of predicting masking in arbitrary digital images. An effort has also been made to apply the model to predicting target visibility in applied situations, such as runway obstacles. This research was the subject of three conference presentations, three proceedings papers, and one journal manuscript. 

The third research accomplishment was a new theory of visual masking (entropy masking). This highly novel theory provides answers to some outstanding problems in understanding the visibility of targets on complex backgrounds. It has important applications in display design, visual communications, and predicting human visual performance in aerospace systems. It has resulted in two conference papers and six presentations. 

A fourth research accomplishment was the continued development of new technology for perceptual optimization of Discrete Cosine Transform image compression algorithms. During the past year, Dr. Watson has extended this technology to the case of adaptive quantization, resulting in one proceedings paper. A second patent (5,629,780.) was received this year for this technology. This area has also received considerable technology transfer effort (see below). 

A fifth accomplishment consists of successful application of temporal error diffusion algorithm to video sequence compression. This research answers an important technical question regarding bandwidth reduction for digital video. In the course of this research, we also successfully configured a real-time uncompressed videodisk system. This allows leading edge research on digital video. 

Technology Transfer Dr. Watson has engaged in a number of collaborative technology transfer activities during the past year. With the ARC Commercial Technology Office and the Far West Regional Technology Transfer Center, he has prepared a Technology Opportunity Sheet for Watson’s patented compression technology. He has also undertaken collaboration with Tau Corporation to explore use of his patented technology for digital radiography. Most recently, he has initiated a collaborative project with the Desktop Video Group of Code II at ARC to apply his patented compression technology to NASA digital video applications. This has resulted in development of a portable demonstration software package that will be seeded to industry to encourage transfer. Finally, Dr. Watson has consulted with and advised twelve commercial entities on possible application of his patented compression technology. 

Other PI Activities During the past year, Dr. Watson was elected chair of the Vision Technical Group of the Optical Society of America, responsible for planning and execution of the Vision component of OSA Annual Meeting. He was also appointed to the organizing committee of the IEEE International Conference on Image Processing. He was asked to chair a Special Session of ICIP on “Image quality evaluation,” and to chair a session on “Vision and Image Coding” of the SPIE/IS&T Human Vision and Electronic Imaging Conference. He also served on conference panels discussing “Perceptual Models” and “Quality and evaluation of imaging systems” (both at SPIE/IS&T). 

During the past year the PI has also served on the Editorial boards of the journals Journal of Mathematical Psychology, Displays: Technology and Applications, and Journal of Intelligent Systems. Dr. Watson also authored or co-authored fifteen publications, including one US patent, six journal articles, and eight conference proceedings papers. He has given eleven scientific presentations, including five talks at major international conferences, three invited university lectures or colloquia, and three invited conference keynote speeches. The latter includes the keynote speech at the annual meeting of the Applied Vision Association in Dundee Scotland, and the opening talk of the Symposium on Imaging at Optical Society of America Annual Meeting, Rochester, NY. He has also provided high-level briefings to committees and visitors, including the NRC Commission on Engineering and Technical Systems, the Aeronautics and Space Engineering Board, the Advanced Technology for Human Support in Space, and the US Public Health Services, Office on Women’s Health, on Advanced Technologies for detection, diagnosis, and treatment of breast cancer. 

	The Earth benefits of this research will be manifest in any enterprise that relies on visual communication of 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. 

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. 

	FY97 Publications, Presentations, and Other Accomplishments:

	Ahumada, A.J., Jr. “Perceptual classification images from Vernier acuity masked by noise.” (Abstract) Perception, 26(ECVP Supplement), 18 (1996). 

Ahumada, A.J., Jr. “Simplified vision models for image quality assessment.” Society for Information Display International Symposium Digest of Technical Papers, Morreale, J. (Ed.), pp. 397-400. Santa Ana, CA: Society for Information Display (1996). 

Ahumada, A.J., Jr. and Beard, B.L. “Calibration of a spatiotemporal discrimination model from forward, simultaneous, and backward masking.” (Abstract) Perception, 26 (ECVP Supplement), 34 (1997). 

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

Ahumada, A.J., Jr. and Beard, B.L. “Parafoveal target detectability predicted by local luminance and contrast gain control.” (Abstract) Invest. Ophthalmol. & Visual Sci., 8(4 (ARVO Suppl.)), S380 (1997). 

Ahumada, A.J., Jr. and Beard, B.L. “Image discrimination models: Detection in fixed and random noise.” Proceedings, Human Vision, Visual Processing, and Digital Display VIII, San Jose, CA, SPIE, Bellingham, WA, 3016 (1997). 

Ahumada, A.J., Jr., Beard, B.L., and Watson, A.B. “Image discrimination models with contrast gain control predict target detection in fixed and random noise.” (Abstract) Invest. Ophthalmol. & Visual Sci., 37(3 (ARVO Suppl.)), S233 (1996). 

Beard, B.L., Ahumada, A.J., Jr. Klein, S.A., and Slotnick, S.D. “Training on a vernier acuity task does transfer to untrained retinal locations.” (Abstract) Invest. Ophthalmol. & Visual Sci., 37(3 (ARVO Suppl.)), S696 (1996). 

Beard, B.L. and Ahumada, A.J., Jr. “Orientation tuning unchanged by vernier acuity practice.” (Abstract) Invest. Ophthalmol. & Visual Sci., 38(4 (ARVO Suppl.)), S962 (1997). 

Beard, B.L. and Ahumada, A.J., Jr. “Relevant image features for Vernier acuity.” (Abstract) Perception, 26 (ECVP Supplement), 118 (1997). 

Beard, B.L. and Ahumada, A.J., Jr. “Tuning function changes after practice on a parafoveal Vernier acuity task.” (Abstract) Perception, 26(ECVP Supplement), 38 (1996). 

Beutter, B., Mulligan, J.B., and Stone, L.S. “The barberplaid illusion: Plaid motion is biased by elongated apertures.” Vision Res., 36(19), 3061-3075 (1996). 

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 Soc. Am., 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, 3016 (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, 3031 (1997). 

Mulligan, J.B. “Application of M-JPEG hardware to dynamic stimulus production.” Spatial Vision (In Press). 

Mulligan, J.B. “Eye movements reveal hierarchical motion processing.” Invest. Ophthalmol. and Visual Sci., 38 (suppl.), S937 (1997). 

Mulligan, J.B. “Eye-movement tracking using fundus images.” (Abstract) Optics & Photonics News, 7(8 (Supplement)), 82 (1996). 

Mulligan, J.B. “Image processing for improved eye tracking accuracy.” Behav. Res. Meth., Instr. & Comp., 29, 54-65 (1997). 

Mulligan, J.B. “Application of temporal error diffusion to motion.” JPEG Proceedings, Human Vision and Electronic Imaging II, San Jose, CA, SPIE, 3016 (In Press). 

Rohaly, A.M., Ahumada, A.J., Jr., and Watson, A.B. “Object detection in natural backgrounds predicted by discrimination performance and models.” Vision Res. (In Press). 

Solomon, J.A. and Watson, A.B. “Cinematica: A system for calibrated, Macintosh-driven displays from within Mathematica.” Behav. Res. Meth., Instr., & Comp., 28(4), 607-610 (1996). 

Watson, A.B. “Image quality and vision models.” (Abstract) Optics & Photonics News, 7(8 (Supplement)), 134 (1996). 

Watson, A.B. “The search for optimal visual stimuli.” Vision Res. (In Press). 

Watson, A.B. “Tutorial on image quality and vision models.” (Abstract) Optics & Photonics News, 7(8 (Supplement)) (1996). 

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

Patent Approved, U.S. Patent #: 5,629,780 Watson, A.B. “Image data compression having minimum perceptual error.” 

Watson, A.B. SPIE Invited speaker in panel on “Quality and evaluation of imaging systems” (February 11, 1997). 

Watson, A.B. SPIE Invited speaker in panel on “Perceptual models: What’s next.” (February 10, 1997). 

Watson, A.B. Applied Vision Association, Annual Meeting, Keynote talk on “Image Quality,” Dundee, Scotland (1997). 

Watson, A.B. Colloquium on “Visual Masking” at Cambridge University, England (1997). 

Watson, A.B. Colloquium on “Image Quality” at Keele University, England (1997). 

Watson, A.B. “Digital images and human vision.” SPIE Invited speaker in session on “Perceptual models for image processing” (February 10, 1997). 

Watson, A.B. “Perceptual image compression in telemedicine.” Proceedings, Advanced Medical Image Compression, Storage and Transmission Technologies Workshop, Anaheim, CA, NASA (1996). 

Watson, A.B. “Perceptual modeling of image quality.” Proceedings, National Science Foundation Symposium on “High Fidelity Media Processing,” USC National Science Foundation Engineering Research Center, Integrated Media Systems Center (1996). 

Watson, A.B. and Rosenholtz, R. “A Rorschach test for visual classification strategies.” Invest. Ophthalmol. & Visual Sci., 38(4 (ARVO Supplement)) (1997). 

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

Watson, A.B. and Solomon, J.A. “Psychophysica: Mathematica notebooks for psychophysical experiments.” Spatial Vision, 10(4), 447-466 (1997). 

Watson, A.B., Borthwick, R., and Taylor, M. “DCTune perceptual optimization of compressed dental X-Rays.” Proceedings, Medical Imaging, Newport Beach, CA, SPIE, 3031, pp. 358-371 (1997). 

Watson, A.B., Taylor, M., and Borthwick, R. “Image quality and entropy masking.” Proceedings, Human Vision, Visual Processing, and Digital Display VIII, San Jose, CA, SPIE, Bellingham, WA, 3016, pp. 2-12 (1997). 

Watson, A.B., Yang, G.Y., Solomon, J.A., and Villasenor, J. “Visibility of wavelet quantization noise.” IEEE Transactions on Image Processing, 6(8), 1164-1175 (1997). 


