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1.  DESCRIPTION.
a.
Briefly describe the contribution.  In addition, if peer-reviewed publications by contributors have been accepted on this topic in refereed journals or for refereed conference papers, please attach a copy with this form as a supplement.

The Scientist's Expert Assistant (SEA) is a software tool which enables scientists to develop valid observational proposals for using the Hubble Space Telescope (HST).   Historically, the Space Telescope Science Institute (STScI) has provided significant staffing to help general observers develop these “observing proposals.”  This is a manually intensive, and therefore, costly effort. In order to meet the operational cost objectives for the Next Generation Space Telescope (NGST), this process needs to be dramatically less time consuming and less costly.  The goals and philosophies used in developing SEA have attempted to make the user more self-sufficient and hence minimize manual effort and cost for user support.  Further, the SEA was also designed as a reusable system that is easily adaptable to multiple observatories.

The SEA approach has been to use a combination of artificial intelligence and user interface techniques to provide a system that minimizes redundant data entry, and allows users to approach the process visually.  The SEA allows users to express their proposal in terms of the science that they wish to achieve, rather than the technical observatory details required to achieve that science.  The SEA also includes a visual tool that allows the user to retrieve an image of their target area and graphically position their observations on that area.  The SEA is the first proposal preparation tool to provide an interactive visualization capability to observers.  Observations obtained by spacecraft naturally are remote and hence separate the observer from the telescope.  SEA’s visualization strategy brings the “eye back to the sky”.  

b.
In what NASA program, project or mission has this contribution been used or will be utilized and to what extent? (include any non-aerospace commercialization applications)
SEA has been the baseline for HST's new line of proposing tools.  The STScI has released SEA’s Visual Target Tuner (VTT) and Exposure Time Calculator (ETC) for availability to HST observers.  Approximately 100 astronomers are using the tools to prepare HST observations.  HST will release the remainder of the SEA tools on an incremental basis, culminating in a release of the full suite of tools in January 2002.

Because the SEA was designed with multiple observatories in mind, and because NGST user support will be managed by the STScI, the SEA benefits the NGST project by providing the next generation of proposal preparation tools for NGST.  The NGST project will be able to reuse the new HST proposal preparation tools developed with the SEA.  In the same way, other NASA observatories, including SIRTF and SOFIA, have expressed strong interest in adopting the SEA.  Portions of the SEA libraries are also being used in support of other efforts, including the JSky library, the NASA Extragalactic Database (NED), and SIRTF tools.
c.
Provide details describing how the contribution works or operates relative to system, subsystem, components, etc.

The SEA is a set of state-of-the-art software tools that are designed using object-oriented methods that allow tools to be integrated within a high-level framework.  Each SEA tool or “module” may be run as a separate application, or as an integrated member of the SEA proposal browser user interface.  The SEA is written entirely in the Java programming language and is thus available to users on a variety of platforms and operating systems.  XML (eXtensible Markup Language) is used to describe all aspects of the observatory and its related systems.  The SEA is designed to be independent of any specific observatory.  At runtime, it reads the description of the observatory from XML and configures the system to support that observatory.  New classes may be dynamically loaded at runtime to implement observatory-specific behavior.

The SEA is composed of modules that are connected by a common user interface framework and science data model.  The SEA uses a modified Model-View-Controller pattern to separate the data model from the user interface components.  A single science data model contains all proposal data, including information regarding targets, exposures, instruments, etc.  Each module provides a view onto that data model.  This allows multiple modules to [image: image1.png][=5 SEA Browser - Proposal #1 =[olx]
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be used at once, all connected to the same data model, such that a change in one module is automatically propagated to other modules.

The SEA includes several modules such as:

· The Visual Target Tuner (VTT), an interactive field-of-view visualization tool.  The VTT allows the user to retrieve and display FITS (Flexible Image Transport System) images of their target areas, overlay instrument apertures, and interactively move and rotate their apertures.  The VTT includes quite a few interesting and highly useful features, such as the ability to overlay catalog objects, the ability to plot the entire observatory field of view, and the ability to automatically generate mosaic apertures to cover an arbitrary region of the sky (see Figure 1).

· The Exposure Time Calculator (ETC), a graphical tool that generates exposure times for a specified instrument and target configuration.  The SEA ETC is unique in that it provides interactive graphs of relevant attributes, such as Signal-to-Noise Ratio versus time, and Instrument Throughput versus Target Spectrum (spectral energy distribution).  The user can experiment with parameter changes and their effects on signal-to-noise in real time (see Figure 2).

· The Orbit Planner and Visit Planner, which are related tools that allow the user to graphically view/specify constraints between visits and exposures, respectively.  These tools provide the user with an easy, more natural method for specifying constraints, rather than the cumbersome “special requirements” of the current HST systems.  In addition, the Orbit Planner allows the user to easily see the overheads associated with their observations and how they decompose into read noise, filter change, etc. (see Figure 3).

· The Dither Planner, a tool that provides assistance in planning exposure dithers.  This module utilizes an expert system rule base to suggest the best dither pattern given the user’s science requirements.  The user is able to specify abstract science goals that are interpreted by the rule base.  The tool allows the user to graphically see the dither pattern as the various parameters are modified.

2.
SIGNIFICANCE.
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a.
Explain why the contribution is significant: scientifically, technologically, or from a humanitarian viewpoint, to the aeronautics, space community, and non-aerospace commercial activities.

SEA is already demonstrating its significance to the astronomical community in several areas and it has potential for substantially greater impact:

Scientific Significance: SEA is the first proposal preparation tool that helps astronomers primarily focus on the science that they are trying to accomplish.  Until SEA, astronomers have been forced to deal with minute technical operational details of complex observational conditions, instrument capabilities, and scheduling complexities of each observatory through which they plan to perform science.  In the past, these details have meant large user support staff and bulky difficult-to-read manuals.  By providing an integrated graphical front-end many of the detailed parameters setting are now visual, and both technical and scientific documentation are linked through SEA.  For example, with a quick click on an astronomical object in SEA’s Visual Target Tuner, the astronomer can bring up a list from NASA’s Extragalactic Database (NED) of all abstracts published on the object.  With another click, they can see a chart of the efficiency of a specific instrument and filter combination, and a graph showing the varying contributions of noise, etc., to the total number of photons in a given exposure. SEA is useful not just when specifying an observation, but also when exploring the effects of various parameters before an observation is even conceived.  SEA is unique in this aspect – it provides tools for astronomers to experiment with what observations are even possible, and which instrument is the best fit for the science goals.
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Technological Significance:  SEA accomplishes its goals with a user-centered focus that employs technologies that are new to most practicing astronomers.  The SEA is a creative integration of graphical, interactive user interface and visualization techniques that have unleashed a significant new level of capability to the astronomical science community.

SEA is a truly multi-platform, multi-host system.  Astronomers can retrieve information from several Internet sources and observatory archives.  New sources can easily be added.  Furthermore, an astronomer working on an UNIX platform could easily send a partial proposal to a co-investigator working in a Windows environment, or dump a copy to their Macintosh laptop.

This is a significant improvement on the recent past with the Hubble Space Telescope.  Originally HST proposals were submitted using the Remote Proposal Submission System (RPSS). RPSS was a text-based system designed in the mid-1980s to support HST’s “service mode” observations. It provided the bare minimum of user support, for example, checking for syntax or spelling errors and some illegal configurations.  There was still a great deal of staff time needed to determine feasibility and schedulability where most problems were discovered, and manual intervention by operations staff was necessary for nearly all observations.   After 3 years of development, RPS2 was introduced in 1994 to replace RPSS and is still in use today.   RPS2 was implemented using client/server technology that processed a proposal in batch, and then displayed the results of the processing to the observer as a set of user interface forms. RPS2 was considered a success in its time because it reduced the number of errors in proposal submissions.  While based in a “GUI” environment, RPS2 still required substantial (and often redundant) manual data entry and independent research.  Since RPS2 was batch processed and had no interactive capability, its response time was very slow, which often irritated the user.  Further, over thirty staff scientists are still required to assist observers in completing their proposals.  NGST, with its cost-capped budget, requires that this number be reduced by approximately 80 percent.  The SEA is an enabling technology that will help achieve this goal.

Since the time of RPS2, technological advances such as widespread use of the Internet, multi-platform visual development tools, and overall increases in the power of desktop hardware are allowing for significant improvements in user support tools that can be provided by an observatory.  SEA is a pathfinding software application that delivers the next generation of user support tools that would be useful for all observatories, not just HST and NGST.

Significance to Space (Astronomical) Community:  SEA provides an entirely new level of capability to the end user. Astronomers are free to experiment with their various observing parameters graphically and see the results in real time.  They are no longer required to fill out complex forms with technical information and submit the entire request in batch.  Through numerous demonstrations and formal evaluations with users, it is clear that the SEA raises the levels of observers’ expectations of how user support should be provided by an observatory.

Proposal software has previously been observatory-specific; RPSS and RPS2 were unique to HST.  Every other NASA mission or non-NASA observatory required its own unique software.  SEA is designed to be fundamentally multi-observatory capable.  This means that astronomers may soon be able to use the same proposing software to develop proposals on HST, SIRTF (Space Infrared Telescope Facility), Gemini, or VLT (Very Large Telescope).   This will have substantial effects on observatories and astronomers alike:  Proposing astronomers can make a one-time investment in learning a single tool, then use that same tool across several observatories, allowing them to spend an even higher proportion of their effort on their science goals, not the observatory’s software system.  Observatories save substantial software development costs as they need only adapt a common core of software, and they gain the additional benefit of a higher level of end-user expertise in the tools.

b.
Estimate the degree of scientific or technological significance by a mark on the line below:

0___________1_______________2___________________3_________________4_________X________5

         None              Modest
         Average

 
  Major                     Maximum

c.
Estimate the significance of the contribution relative to a specific NASA program or mission by marking the line below:
0___________1_______________2___________________3__________X_______4_________________5


   None
                Modest
         Average                           Major                        Critical
3.
STAGE OF DEVELOPMENT.

Indicate the stage of development of the contribution by a mark on the line below:

0___________1_______________2___________________3_________________4______________X__5


Concept
         Simulated
         Tested                 Fully Developed            Operational
NASA Case Number:  __________              
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4.
ASSESSMENT OF USE.

a.
If the contribution is now in operation, describe its performance and value within both the aerospace field and its application to non-aerospace commercial and government uses. 
The SEA is currently being used by approximately 100 astronomers for planning HST observations.  Twenty percent of those astronomers have provided voluntary feedback on the tools, which has been overwhelmingly positive.  Quotes from the feedback received: “…It is a nice tool (how did HST observers do this before it was available?)…”, “…I’m extremely positive about the VTT. You did a wonderful job.”, “I worked with VTT yesterday and I can provide some feedback. … I should start with congratulations to those responsible for VTT. It will be very useful to me and I like it a lot! The ability to visualize and adjust the slit placement alone is a good reason to use it for phase 2. With all of the other features, it will continue to be a great research tool after phase 2 is over!” 

The STScI has supported the production release of the SEA Visual Target Tuner and Exposure Time Calculator tools since June of 2000.  These tools are currently offered as supplemental tools to the existing legacy RPS2 proposal tools.  However, the STScI plans to replace its entire RPS2 tool suite with tools based on the SEA.  This process will occur incrementally over the next two years until RPS2 is completely phased out.  The STScI will release upgraded versions of the tools every six months.  This new system, dubbed the Astronomer’s Proposal Tools (APT), will also become the foundation for NGST as the STScI begins to support NGST operations.

b.
If the contribution is not now in operational use, describe its most likely or previous applications and the extent of commercial,(includes non-aerospace commercialization)  government and/or NASA-specific uses.

c.
Will the contribution increase in value or in its applications over time and in what manner?
Multi-observatory support has been a major objective of the SEA project and is unique for this type of system.  Through numerous presentations, posters, and discussions, the SEA team has sought to include the entire astronomical support community in a dialogue on how to work towards a common user support tool system.  Several observatories, including SOFIA, SIRTF, Gemini, and VLT, have expressed strong interest in this idea.  The benefits of pursuing this goal are enormous – observatories need not redevelop entire user support systems as they do now, saving large software development costs.  In addition, smaller observatories can adopt the same powerful tools as utilized by the large observatories, even though their software development budgets are equally small or nonexistent.  Observing on multiple observatories becomes easier for the astronomer, too, since the learning curve between different user support systems is minimized.  

The SEA would also be an important foundation technology for the National Virtual Observatory (NVO) initiative that is achieving growing support within the community.  With the ability to provide access to multiple digital data sources and support for multiple observatories, the SEA could support the NVO concept of seamless and transparent access to digital representations of the sky as virtual “observations”.  The SEA is an enabler for transforming science from single-observation, single-observatory programs, to virtual programs that utilize multiple observatories and/or data archives simultaneously.

One can also envision similar uses for the SEA outside of the astronomical domain.  Any domain that uses scientific instruments to collect spatial data for a specified target location could potentially benefit.  The SEA could be adapted to earth observing, for example, allowing real-time earth images to be fed to the Visual Target Tuner, with the ability to plot earth observing instrument apertures directly on the real-time images for the specification of real-time observations.  The same could be applied to other fields such as medical imaging.  Further, the SEA’s graphical exposure time calculation capability would be applicable to these fields as well – only the underlying simulation models would need to change.

5.
CREATIVITY.

What is your assessment of the creativity displayed in the conduct of this contribution, relative to the expected performance of those in similar positions?
None________Low  __________Modest_________Average________High_________Very High_________X__

A primary goal of the SEA project has been to apply innovative solutions to the observing tool domain.  Creative solutions were employed wherever possible that distinguished SEA from the existing tools in the community.  SEA was the first tool to heavily use graphical and interactive techniques to represent the observation.  SEA was the first observing tool to utilize expert systems to provide assistance to the user.  SEA was also the first tool built specifically to support multiple observatories and to define a flexible framework that would support adding additional observatories.

6.
RECOGNITION
What forms of recognition have been received by the contributors for this contribution?  Have 





previous awards been made to the contributor(s) for this accomplishment?  Please describe.

The SEA was chosen for the cover of the proceedings of the 1998 Astronomical Data Analysis Software and Systems conference.

A paper on the SEA entitled “Next Generation Observing Tools” was chosen by the organizing committee of the Astronomical Data Analysis Software and Systems (ADASS) conference as one of the ten most influential ADASS papers in the ten-year history of ADASS.

Jeremy Jones, the technical lead on the SEA, received the Goddard Center of Excellence award for his work on the SEA project (March 2000).

SEA was awarded a grant under the Applied Information Systems Research (AISR) program for “Idea to Observations: User Support Tools for the Next Decade” to continue SEA research.  This grant was extended for FY 2001.


7.
TANGIBLE VALUE.

As a measure of the tangible value of this contribution, estimate the following:


a.
NASA cost savings* to date and in future years.

SEA has the potential for substantial cost savings to NASA over the next several years.  The costs savings are targeted in three main areas:

a) Operational support costs:  Our testing and evaluation of SEA indicates that by adoption of SEA, observatories can save as much half of the labor costs involved in supporting general observer operations.  At STScI alone, this can represent approximately 8 “full-time equivalents” (FTE).


b) Software development and maintenance costs:  Approximately 80% of the development time spent on SEA is on observatory-independent components.  By taking advantage of the observatory-independent capabilities of SEA, another NASA observatory, such as SIRTF, can adapt SEA for only 20% of the original development costs.  This costs savings would be repeated for every NASA observatory to adopt SEA, as well as non-NASA observatories.  Similar savings ratios exist for software maintenance.  

The following example shows a simple conservative estimate in which 3 missions adopt SEA: HST, a hypothetical mission with a total support and development staff of 10, and a smaller hypothetical mission with a total support and development staff of 5 FTE.  Over 5 years, including a core staff to maintain and further develop SEA, this analysis shows a total savings to NASA of over 10 million dollars:



Year




2002
2003
2004
2005
2006
Notes

Total NASA FTE: 3 missions, current s/w model
45
45
45
45
45
1










SEA Operational Model (adopted by sample 3 observatories)





FTE Core S/W Dev/Maint
6
3
3
3
3



FTE Core S/W R&D
2
3
3
3
3











% Savings GO Support 
30%
50%
50%
50%
50%



FTE GO Support
16.1
11.5
11.5
11.5
11.5
2










% Savings S/W Devel & R&D
80%
80%
80%
80%
80%



FTE Mission SW Devel
4.4
4.4
4.4
4.4
4.4
2










Projected Total FTE, SEA model
28.5
21.9
21.9
21.9
21.9











FTE Savings
16.5
23.1
23.1
23.1
23.1











$ Savings
$1,650,000
$2,310,000
$2,310,000
$2,310,000
$2,310,000
3










Total 5 year projected savings 
$10,890,000















Notes:








1
Assumes 30 FTE for HST, 10 for Mission A, 5 for Mission B




2
Assumes slightly more than half existing staff in support, rest in s/w development


3
Assumes 1 FTE is approximately $100,000 full costs






b.
Current market value and potential as a commercial product or process.

SEA addresses needs specific to NASA and other science organizations. It is not envisioned to be a commercially viable product.


c.
Other measurable value: increased efficiency, enabling technology, improved management, etc.
SEA improves observatory efficiency by decreasing the number of errors in proposal submissions and thus the cost of iteration required to correct those errors.  Intelligent observing tools catch errors early in the proposal development process, before the proposal reaches the observatory staff.

SEA represents not only a substantial improvement of the tools for a large mission like HST, but the multi-observatory capability also brings these high-end tools to the much smaller missions that previously could not afford even the current HST toolset.

These savings to NASA will grow with each additional mission that uses SEA.  The above model shows a small example of just two additional observatories using SEA.  The potential savings is much greater.

Finally, a common tool set like SEA allows observing missions to afford a research and development (R&D) effort into software tools. While NASA recognizes the necessity of R&D into hardware systems, too often R&D into operational software is overlooked or cut from the budgets.  With the savings inherent in having a single core multi-observatory tool, NASA observing missions would have more resources for R&D investment, ensuring that their tools remain state-of-the-art and continue to improve their ability to deliver quality science.  Further, since the R&D can be applied to the central core tool suite, all observatories can benefit from a single development effort.

The final element of savings is difficult to quantify, but significant nevertheless: the increase in quality of science obtained when astronomers are able to learn a single tool suite across all the observatories with which they work.
APPLICANT’S SIGNATURE: _______________________________________  DATE:_____________
 *State the rationale for the above cost estimates.

NASA Case Number:  __________              
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SECTION II   COMMENTS AND CONCURRENCE

1.     EVALUATOR


I recommend/do not recommend a Space Act Award for this contribution for the following reasons.
Printed Name and Signature


Title
Date

NASA Installation


Contractor
Other


2.
EVALUATOR'S SUPERVISOR
I support/do not support a Space Act Award for this contribution for the following reasons.

Printed Name and Signature


Title
Date


3.
TECHNICAL MANAGEMENT
I support/do not support a Space Act Award for this contribution for the following reasons.

Printed Name and Signature


Title
Date


4.
COMMERCIALIZATION MANAGEMENT
I support/do not support a Space Act Award for this contribution for the following reasons.
Printed Name and Signature


Title
Date

TO BE COMPLETED BY AWARDS LIAISON OFFICE

5.  IDENTIFICATION OF CONTRIBUTORS

Name, Employer, and Percent Contribution
Social Security Number
Home Address

See Addendum





















NASA Case Number__________              
4

6.  PATENT INFORMATION

Patent Applied for?  Y/N    Granted?  Y/N


Serial Number or Patent Number

Application filed by:  Government?

                                   Non-Government?


Date Filed or Granted 

License Granted    Y/N


Company Name:

7.  EVALUATION NUMBER     1     2     3

8.    BUSINESS ADDRESS OF CONTRIBUTORS IF OTHER THAN NASA EMPLOYEES



9.       AWARD LIAISON OFFICER COMMENTS AND SIGNATURE

Printed Name and Signature


Comments
Date
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Figure 2 SEA's Exposure Time Calculator
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Figure 3 SEA’s Orbit Planner








