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The Scientist's Expert Assistant (SEA) is a software tool to enable scientists to develop valid observation proposals for use with the Hubble Space Telescope (HST). SEA utilizes cutting-edge software technologies to provide astronomers with an enormous increase in capability, both for specifying observations and for general science exploration. SEA provides these capabilities within a generic infrastructure that can be easily applied to any observatory. 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 to provide an interactive visualization capability to observers, thereby allowing them to focus on the science they are trying to accomplish. Until SEA, astronomers have been forced to deal with minute technical details of complex observational conditions, instrument capabilities, and schedules for each observatory they planned to use. In the past, this has required a large user-support staff and bulky, difficult-to-read manuals. By providing an integrated graphical front-end, many of the detailed parameter settings are now visual, and 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 of all abstracts published on the object from NASA’s Extragalactic Database. With another click, they can view a chart illustrating the efficiency of a specific instrument and filter combination, and a graph showing the varying contributions of noise to the total number of photons in a given exposure. In addition to specifying an observation, SEA can also be used to explore the effects of various parameters before an observation is even conceived. SEA is unique in this aspect – it provides tools that allow astronomers to perform experiments and thereby decipher which instruments best fit the science goals.





SEA also significantly simplifies planning of some observing programs that were previously difficult and time consuming to do correctly. For example, mosaics, where several overlapping exposures are made to develop an image that spans a large area of the sky, are difficult to plan due to the complexities of properly determining the exposure alignments, particularly for irregular-shaped apertures like HST’s Wide Field Planetary Camera 2 (WFPC2). The SEA allows the user to quickly and easily layout their mosaic visually and precisely position the necessary individual observations. The SEA even allows the user to define their mosaic by simply tracing an area of the sky, and having SEA then automatically calculate the necessary positioning of exposures to cover the defined area.





A second example of where the visual capabilities of the SEA significantly simplify observation planning is when the target of an observation lies close to one or more brighter objects.  Prior to SEA, observers would have to manually calculate the precise alignment and orientation of an observation to include the target area while excluding the bright objects.  Complicating this calculation is the problem that an overly narrow orientation constraint makes scheduling the observation within the context of other observations much more difficult.  The SEA allows the user to quickly and precisely place and rotate the aperture to avoid the bright objects.  The SEA additionally allows the user to flag the bright objects and will then automatically provide an entire range of orientations that will include the desired target while excluding the bright objects.  This greatly eases the challenge of scheduling the observation.





Technological Significance: SEA accomplishes its goals with a user 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 level of capability to the astronomical science community.


	


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


	


This innovation is a significant improvement to the current Hubble Space Telescope proposal process. Originally, HST proposals were submitted using the Remote Proposal Submission System (RPSS), a text-based system designed in the mid-1980s to support HST’s “service mode” observations. It provided the bare minimum of user support, checking for syntax or spelling errors and some illegal configurations. A great deal of staff time was still needed to determine feasibility and scheduling problems, and manual intervention was necessary for nearly all observations. A replacement system, RPS2, was introduced in 1994. Using client/server technology to process proposals in batch, RPS2 displays the results of the processing to the observer as a set of forms. RPS2 was successful in reducing the number of proposal submission errors, but still requires substantial (and often redundant) manual data entry and independent research, and provides no interactive capability. Over thirty staff-scientists are required to assist observers in completing their proposals. The Next Generation Space Telescope (NGST), with its cost-capped budget, requires that this be reduced by approximately 80 percent. The SEA is a pathfinding software application which capitalizes on enabling technologies to help achieve this goal.





Significance to Space (Astronomical) Community: SEA provides an entirely new level of capability to the end user. Astronomers can graphically experiment with observing parameters and view the results in real time. They are no longer required to complete complex forms with technical information and submit the entire request in batch. Through numerous demonstrations, formal evaluations, and operational use by astronomers, it is clear that the SEA raises the observers’ expectations of how user support should be provided by an observatory. By providing a more capable and intelligent proposal preparation tool, the user is made more self-sufficient and less reliant on observatory staff, increasing user satisfaction and reducing the observatory’s support staff requirements, and therefore cost.


	


Proposal software has previously been observatory-specific; RPSS and RPS2 are unique to HST. Every NASA mission or non-NASA observatory mission 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, the Space Infrared Telescope Facility (SIRTF), Gemini, or the Very Large Telescope (VLT). This will have substantial effects on observatories and astronomers alike; proposing astronomers can make a one-time investment in learning a single tool, and use that same tool in conjunction with several observatories, allowing them to spend an even higher proportion of their effort on science goals. Observatories will save substantial software development costs as they need only adapt to a common core software application, and have the additional benefit of improved end-user expertise in the tools.


�
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Science & Technology Significance Part B – Impact on Other Science & Technology�
�



Education: The SEA’s Visual Target Tuner (VTT) could be uniquely useful in education and amateur astronomy. The VTT is a powerful, easy way to access otherwise cryptic astronomical data. It would give students access to the same data as professional astronomers. Linked with the public press releases on popular HST images or new discoveries, students could use the VTT to look up the target or image and explore parameters with the same tools used by professional astronomers. In addition, specific curricula could be designed to work with the HST field of view and apertures, teaching the student how to point the telescope at stars and plan a simple observation, while simultaneously reinforcing basic mathematical and physical concepts. In fact, a new Amazing Space lesson plan is being generated that uses the VTT to teach graph reading and explain how HST locks onto stars.





Amateur Astronomy: Likewise, the VTT would be a useful tool for the amateur astronomer. Not only would the target visualization features be generally useful, but the VTT architecture supports specification of an arbitrary field of view, including the field of view for an amateur’s “backyard” observatory. Amateur astronomers would no doubt be excited by the idea of using the same tools as professional astronomers.

















�
�
Extent of Current and Potential Use�
�



Use in Astronomy: The SEA has already made a significant impact inside and outside of NASA and has the potential for even greater influence. The Space Telescope Science Institute has already adopted SEA technology beginning with HST proposal cycle 9, and has completely altered its user support software strategy as a result of the SEA. Through numerous demonstrations, presentations, and papers, the SEA team generated interest within the larger astronomical community. The SEA team hosted the first Workshop on Observing Tools in 1998 which generated surprising interest and attendance from a large number of institutions, including the European Southern Observatory (ESO), Gemini, the Hobby Eberly Telescope, the National Optical Astronomy Observatories (NOAO), the Smithsonian Astrophysical Observatory (SAO), and the Infrared Processing and Analysis Center (IPAC). The purpose of the workshop was to begin a dialog between institutions on how to develop the next generation of observing tools to accommodate all observatories. As an enabling technology towards that goal, the SEA has received specific interest in possible adoption by several observatories, including Gemini, SIRTF, the Stratospheric Observatory For Infrared Astronomy  (SOFIA), and VLT.  Already, individual astronomers have customized the SEA for their own use on observatories such as the Far Ultraviolet Spectroscopic Explorer (FUSE) and SOFIA.





Approximately 100 astronomers are currently using the SEA for planning HST observations.  These include astronomers from NASA, various academic institutions, and international organizations.  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.





The National Virtual Observatory (NVO): Scientists involved in the formulation of the NVO have stated that tools like the SEA would be an important foundation technology for the National Virtual Observatory. 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 away from single-observation, single-observatory programs, to virtual programs that utilize multiple observatories and/or data archives at once.





Other Science Domains: Similar uses for the SEA outside of the astronomical domain can also be envisioned. 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 by 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 observations. The same concepts 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.


�
�
Usability of the Software�
�



The SEA is the first tool of its kind to be designed with ease of use for the astronomical observer as a primary goal. The SEA is a highly graphical, interactive system that employs modern user interface techniques. One goal was to reduce the end-user learning time by providing capabilities similar to those found in other desktop applications, such as cut/copy/paste, multiple selection, and drag and drop support. 





Graphical Nature: The SEA also utilizes innovative visualization techniques to convey information. The Visual Target Tuner displays an image of the user’s target area, but does so in a highly interactive way so that the user can manipulate items simply by clicking and dragging them. To move the target position, the user simply drags the target symbol to the desired destination, while the position is updated in real time. Similarly, the Exposure Time Calculator (ETC) improves upon the previous static, web-based ETCs by enabling interactive graphs of various parameters for user manipulation in real time. In all cases, the SEA provides a graphical method for manipulating observation data where none has existed before.





Flexibility: Flexibility is another important aspect of the SEA user interface. The main user interface allows the user to order their proposal view in multiple ways, accommodating different methods of working with an observation. Also, while the main user interface is very graphical, in some cases the graphical nature can hinder a task, particularly if the same task is to be performed to many objects at once. The SEA includes editable table views of all information that allow the user to see all observation parameters at a glance and manipulate them in one display. Last, the SEA includes user-definable preferences for aspects such as preferred units of measurement.





Help: Online help is a critical component of SEA usability. The SEA uses JavaHelp, a standard, Hypertext Markup Language (HTML)-based method for delivering integrated help within the application. The help system mirrors those found in other desktop applications, and includes such features as a table of contents, index, and search feature. The SEA also provides “tool tip”-style help for all user interface components to provide quick assistance for any feature. Most important, though, is the use of context-sensitive help to provide additional information. Further, the context-sensitive help is linked with the observatory’s instrument manuals, so that if the user asks for help on, for example, a selected instrument filter, the system will instantly display the filter’s section in the instrument manual. This immediate, specific access to information is a key element of the SEA design.





Technical Support: The Space Telescope Science Institute is currently providing technical support for the Visual Target Tuner and Exposure Time Calculator tools to the HST user community.  The STScI support staff is available via phone or email to answer questions and record suggestions on the SEA tools.  Response from the community so far has been excellent.


�
�
Quality Factors Considered in Software�
�



Architecture: The SEA was designed using a completely object-oriented architecture with the Unified Process as the development methodology. The Unified Modeling Language (UML) was used to capture the design details. The reasons for choosing an object-oriented architecture are the same as those for other systems: modularity, flexibility, reuse, extensibility, and maintainability. The SEA also utilizes a number of standard design patterns. These patterns, which codify standard object-oriented design practices, essentially allow reuse of design, and not only increase maintainability but also the understanding of the code by outside programmers.





Programming Language and Operating Environment: A primary requirement for the SEA was to be deployable on the UNIX and Microsoft Windows environments, and to be deployable directly from the Web. The SEA was written in the Java programming language for this reason, but Java provides many more features. Java includes an enormous number of built-in libraries that provide a wealth of functionality for free. In addition, Java’s ability to dynamically load an arbitrary class allows the SEA to be extended and enhanced with absolutely no changes to the existing code. By modifying Extensible Markup Language (XML) configuration files, a new observatory can specify a new class that implements some standard interface. The new class will then be loaded and used by the SEA through the generic interface.





Performance: Performance requirements dictated that the SEA be an interactive, real-time system. This generally means that every user action should result in a response with five seconds. The SEA has achieved that goal given minimal hardware resources. Although often criticized for performance, Java proved to enhance performance by providing the ability to easily spread computation across multiple threads of execution that run in the background while the user interface remains responsive. Users have generally praised the performance of the SEA as compared to the previous batch systems, which generally worked with an entire observation at once and could take over an hour to generate a result.





Reuse: As a multi-observatory tool, the SEA was designed with reuse in mind. The entire system can be reused across observatories simply by defining new configuration files. Pieces of the system can be reused as well, since each SEA tool can be run as a separate application. Within the SEA design, individual components and libraries are separate, allowing individual items to be reused both within the SEA and for other applications. Several cases of reuse outside of the SEA have already occurred; the world coordinate system package, for example, has been adopted by JSky, a repository of reusable Java objects for astronomy.





Reliability: The SEA is built on a foundation of established Commercial Off-the-Shelf (COTS) libraries and components. These libraries and components have been extensively tested within the general community. Also, the Java programming language increases reliability by providing a simplified language design and removing many of the language constructs that cause reliability problems for other languages, such as memory pointers.  





Maintainability: The object-oriented design of the SEA and the use of standard design patterns make the SEA an extremely easy system to maintain. Coding standards are enforced using the local organization’s Java Style Guide. The Javadoc documentation standard is used to great effect, allowing design documentation to be generated directly from the source code and automatically updated on the design web site every evening. The Space Telescope Science Institute developers are now working with the SEA code and are finding it easy to comprehend.





Testing and Documentation: The SEA adheres to standard NASA software practices on testing and documentation as described in NPD 2820.1(e).  This includes delivery of Design and Requirements documents, as well as a Final Report at the conclusion of development which included results from formal Usability Testing.  Code-level documentation is automatically generated from the SEA source code nightly and posted to the internal web site.
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Advancing the state-of-the-art: The SEA is the first proposal preparation tool that allows the user to specify their observation using graphical visualization techniques. The SEA is also the first proposal preparation tool to fully utilize the power of the Internet to integrate multiple disparate sources of astronomical data into combined visualizations. The Visual Target Tuner provides the ability to retrieve raw images from online databases, plot multiple online object catalogs on the image, and navigate through the catalog data in real time. It is integrated with other web-based sources of data so that the user can request published abstracts that are available for a given object, or what observations have already been taken for their target area. The ability to easily navigate through multiple online databases is a powerful tool for exploration.





Multi-observatory support: Prior to the SEA, proposal preparation tools were each written (and rewritten) for a specific observatory. Not only is this expensive, but observers were frustrated with having to learn an entirely different set of tools for each observatory. The SEA is the first tool designed to support all astronomical observatories, ground or space-based, and to provide a flexible framework that can be customized to support multiple observatories. This opens enormous possibilities for exploration, as the user will be able to compare the capabilities of instruments on multiple observatories at the same time, allowing the user to better select the correct platform for their science. With the assistance of the European Southern Observatory (ESO), this technique has been demonstrated for the Very Large Telescope, allowing the user to compare VLT and HST instruments simultaneously.





Expert Systems: The SEA is unique in its use of expert system technology for user assistance. Rule-based expert systems are employed in two areas of the SEA: the instrument configuration assistant, and the dither module. The instrument configuration assistant is a proactive interface that guides the user through choosing an instrument, detector and filter combination that best fits the user’s science goals. The user specifies the science requirements by answering a few questions posed by the expert system, which then responds with a prioritized list of combinations. The user can think in scientific terms while the expert system insulates the user from the technical details of the devices. 





The dither module takes a more passive approach, allowing the user to work with an interactive user interface, while the expert system monitors the user's choices and recommends actions based on those choices. Each time the user changes a dither specification, the expert system analyzes the current state and offers suggestions and reminders to the user as appropriate. 





Extensible Markup Language (XML): XML is used to describe all aspects of the observatory and its related properties within the SEA. 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. By using XML, the SEA is able to leverage off the enormous work being pursued in the XML community. Users also benefit, since they can use any of the existing XML editing tools to modify the SEA configuration.





Commercial Off-the-Shelf (COTS): The SEA provides unique capabilities in a specific domain. No COTS tools exist that provide these capabilities. Indeed, the lack of any available COTS products for proposal preparation tools has required that each observatory provide its own custom solution.�
�
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