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	● Vision is the dominant input channel to the human brain, and the human brain is a critical component of every NASA mission. Visual information is thus central to the success of NASA missions. This information may be employed for operational, scientific, biomedical, psychosocial, administrative, historical, or public relations purposes. The quality of this information can determine whether docking maneuvers are hazardous, whether scientific discoveries are made, and whether missions return safely to earth. We propose to develop a new method for evaluating the quality of visual information, and with aid of these results, to provide tools for automatic evaluation of visual quality and principled design of human-centered visual displays. We propose to measure visual quality using new techniques that will provide an absolute, rather than relative measure, in units of JND (just-noticeable-difference). These units should be portable across contexts, labs , types of visual material, and applications. It should be possible to produce calibrated samples of specific quality ratings for test, specification, and demonstration purposes. Our initial research will be on digital video, since this emerging as the preeminent medium of visual communication in advanced networks and application. Digital video is also an important application for quality evaluation, since it is usually compressed, and the degree of compression, and hence quality, has enormous impact on costs, bandwidth, safety, and ease of use. This work will be conducted in cooperation with national and international standards bodies that are eager to establish standards for subjective and objective evaluation of quality in digital video. Results of this research will be used to evaluate and improve our patent-pending technology for automatic evaluation of digital video (DVQ). 


	● Task Progress:
EASE A primary focus of FY01 efforts has been on the continued 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 was reported on at the SPIE Human Vision and Electronic Imaging conference in January, 2001. We have submitted a NASA Disclosure of Invention to obtain a patent on the EASE method. Draft Standard for the Subjective Measurement A second activity during FY01 was participation in 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 has written a new standard, “Draft Standard for the Subjective Measurement of Visual Impairments in Digital Video Using a JND Scale (P1486)” which will shortly be approved by the full organization. At that time, this method, employing the EASE method, will be the US standard for measurement of video quality in JND units. 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) which are an absolute measure of visual intensity (unlike previous measurements). We are now using these JND data to validate automatic methods of video quality estimation, as well as to develop new methods. 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, much like the standard CIE formulas for computing color differences, which 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. In FY01, Dr. Watson in collaboration with Dr. Jose Lopez-Malo has applied the SSO to video quality data collected using the EASE method, as well as data collected earlier by the Video Quality Experts Group. Color SSO In a further development of the Standard observer, Dr. Watson in collaboration with Dr. Sophie Wuerger, has extended the Spatial Standard Observer to operation with color images. This was achieved through collection of standardized data on spatio-chromatic patterns. This work will be reported on at the SPIE Human Vision and Electronic Imaging conference in January, 2002. 


	● Research impact on American/Earth Benefits:
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. 
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	● Task Abstract/Description:
Vision is the dominant input channel to the human brain, and the human brain is a critical component of every NASA mission. Visual information is thus central to the success of NASA missions. This information may be employed for operational, scientific, biomedical, psychosocial, administrative, historical, or public relations purposes. The quality of this information can determine whether docking maneuvers are hazardous, whether scientific discoveries are made, and whether missions return safely to earth. We propose to develop a new method for evaluating the quality of visual information, and with aid of these results, to provide tools for automatic evaluation of visual quality and principled design of human-centered visual displays. We propose to measure visual quality using new techniques that will provide an absolute, rather than relative measure, in units of JND (just-noticeable-difference). These units should be portable across contexts, labs , types of visual material, and applications. It should be possible to produce calibrated samples of specific quality ratings for test, specification, and demonstration purposes. Our initial research will be on digital video, since this emerging as the preeminent medium of visual communication in advanced networks and application. Digital video is also an important application for quality evaluation, since it is usually compressed, and the degree of compression, and hence quality, has enormous impact on costs, bandwidth, safety, and ease of use. This work will be conducted in cooperation with national and international standards bodies that are eager to establish standards for subjective and objective evaluation of quality in digital video. Results of this research will be used to evaluate and improve our patent-pending technology for automatic evaluation of digital video (DVQ). 


	● Task Progress:
Efficient Adaptive Scale Estimation (EASE). 

In FY01 Dr. Watson developed a new method for estimation of quality scales, called EASE (Efficient Adaptive Scale Estimation). We have submitted a NASA Disclosure of Invention to obtain a patent on the EASE method. In FY02, we have used the method to collect data on human observers evaluating real-world samples of compressed video. These data are being used to evaluate our models of video quality (see Video Standard Observer below). We also expect these data to serve as the basis for calibration of ours and other models, and may form the basis for a set of IEEE standard video samples with known artifact levels. 

Draft Standard for the Subjective Measurement. 

During FY02 Dr. Watson participated extensively in the activities of 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 has written a new standard, “Draft Standard for the Subjective Measurement of Visual Impairments in Digital Video Using a Just Noticeable Difference Scale - Draft Standard IEEE P1486/D07” which will shortly be approved by the full organization. At that time, this method, employing the EASE method, will be the US standard for measurement of video quality in JND units. 

Video Quality Experts Group. 

In FY02, Dr. Watson participated extensively in the activities of the Video Quality Experts Group, an international group charged with providing information on which to base international standards for digital video quality. A primary activity of the group has been to design a set of tests of proposed video quality metrics. Dr. Watson has helped to formulate the test plan, and also intends to submit the Video Standard Observer as a proposed metric for the test. 

Temporal 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, he developed a Spatial Standard Observer. This is a formula, much like the standard CIE formulas for computing color differences, which computes the visibility of any spatial image. In FY02, in collaboration with the same group, Dr. Watson has begun extension of the database to temporal (time-varying) visual signals. These results will enable extension of the SSO to measurement of the visibility of time-varying patterns. This work was reported at the SPIE Human Vision and Electronic Imaging conference in January, 2002. 

Video Standard Observer (VSO). 

In FY02, Dr. Watson and Dr. Jose Lopez-Malo of Madrid, Spain, developed an extension of the SSO that allows measurement of the visibility of artifacts in compressed digital video. They have applied this VSO (Video Standard Observer) to video quality data collected using the EASE method, as well as to data collected earlier by the Video Quality Experts Group. This work will be reported at the International Conference on Image Processing, in Rochester NY, September, 2002. The VSO will be submitted as a proposed method to the VQEG Phase II test of objective methods. 

Color SSO. 

In a further development of the Standard observer, Dr. Watson in collaboration with Dr. Sophie Wuerger of Keele university, UK, and Dr. Albert Ahumada of NASA Ames Research Center, has extended the Spatial Standard Observer to operation with color images. This was achieved through collection of standardized data on spatio-chromatic patterns. This work was reported at the SPIE Human Vision and Electronic Imaging conference in January 2002. 


	● Earth Benefits:
The 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. 
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