Astronomical Data Analysis Software and Systems IX ASP Conference Series, Vol. 216, 2000 N. Manset, C. Veillet, and D. Crabtree, eds.

Adding Multiple Exposure Planning and Expert System Technology in the Scientist’s Expert Assistant

K. R. Wolf

AppNet, Inc., 1100 West Street Laurel, MD 20707

Abstract. Over the past year and a half, the Scientist’s Expert Assistant Team from NASA’s Goddard Space Flight Center and the Space Telescope Science Institute has been prototyping visual and expert system tools to support General Observer proposal development for the Hubble Space Telescope and the Next Generation Space Telescope. A year ago at ADASS ’98 (Koratkar & Grosvenor 1999) the SEA team demonstrated SEA’s Java-based visual target tuning and exposure calculation capabilities. At that time, SEA supported only a single exposure. Since then the team has been focusing on visit and orbit planning. We added a graphical orbit planning tool and a rule-based assistant to help determine dithering patterns. This paper describes our approach to multiple exposure planning and expert system use within the SEA. The techniques used (both visual and rule-based) and the lessons learned in the process are also discussed.

1. Introduction

The Scientist’s Expert Assistant (SEA)^1 is a prototype tool designed to investigate automated solutions for reducing the time and effort involved for both scientists and telescope operations staff spent in preparing detailed observatory proposals.

At ADASS ’98 (Koratkar & Grosvenor 1999) we demonstrated SEA’s Javabased visual target tuning and exposure time calculation capabilities, for a single exposure. Since that time, we have continued to improve those features and to extend the SEA to support preparation of an entire proposal. Additionally, we have been experimenting with ways to incorporate Expert System technology into the SEA (Grosvenor 2000). We have tried a few and met with mixed results. We discuss our efforts below.

2. Multiple Exposure Planning

One of the major new features recently added to the SEA is in the area of Multiple Exposure Planning support. The feature consists of two interactive graphic planners, one for the visit and one for the orbit. The main goal of

1http://aaaprod.gsfc.nasa.gov/SEA/ 123 © Copyright 2000 Astronomical Society of the Pacific. All rights reserved.

124 Wolf

the visit and orbit planners is to provide a high level visual way for users to plan the inter-relationships among multiple visits and exposures. The user can interactively explore different layouts for multiple visits and exposures.

2.1. Orbit Planner

The Orbit Planner displays the relationship between exposures laid out in orbits for a given visit. Note: while ground based observatories will not have individual orbits the users (observers or observatory staff) will, in general, still have to their observations in time.

The Orbit Planner provides several tools to create and define constraints for the exposures within visits. Currently only relational timing constraints and exposure duration constraints are supported. The user can visually inspect the timeline representations of each exposure’s individual duration, any observatoryspecific overheads, and any exposure constraints.

Additional capabilities include:

• The ability to validate the constraints between the exposures and detect any impossible constraints, such as cycles in the timing constraints, • The ability to add and remove exposures and orbits in the visit, • The ability to change the exposure’s duration by grabbing an edge in the time line and dragging it, • The ability to move the exposure around on a time line and between orbits, • The ability to launch the Exposure Time Calculator to obtain more information about the exposure’s specifications, • The planner provides the user with a numeric estimate for the schedulability of the proposal based on information provided by SPIKE and TRANS, the HST observation planning programs, • Knowledge of Exposure overheads and how they affect scheduling.

2.2. Visit Planner

The Visit Planner is similar to the Orbit Planner since both use a timeline in their visualizations. The Visit Planner lays all the individual visits in an observing program out across a single observing cycle and allows the user to define constraints among visits within the proposal. The Visit Planner validates the constraints to ensure they are properly defined and consistent with the science requirements and telescope operations.

Additional capabilities include:

• A relational time constraint between visits or between a visit and a specific date, • The ability to add and remove visits in the proposal, • The ability to move the visits around on the time line and to change their order, • The ability to launch the Visual Target Tuner tool to edit a visit’s target, • The ability to launch a visit’s orbit planner to plan individual orbits within the visit.

Multiple Exposure Planning and Expert System Technology 125

3. Expert System Technology

Expert System Technology is a branch of Artificial Intelligence research, which focuses on techniques to incorporate detailed domain expert knowledge into software systems. The knowledge is usually embodied in something called a “rulebase”, which is a collection of rules, and data used by those rules. The rules model the domain logic (aka “Business Logic”) and usually have an IF-THEN- ELSE format. They are intended to be readable (they say) by non-programmers. The data are typically used to maintain context and state information. Expert Systems generally excel at handling situations where the current state of the data is incomplete or unknown, which is perfect for a multi-parameter proposal development effort.

Early in the development of the SEA, we recognized that there was a great deal of knowledge, both astronomical and procedural, required by an observer to create an observer proposal. From the beginning, the SEA’s primary goal was to make it easier to create Phase 1 and 2 observation proposals. We therefore felt it would make the proposal process easier if we could build this expert knowledge into the SEA. The intent was to aid the novice user while acting as a doublecheck for the experienced observer. However, it wasn’t easy to determine the best way to integrate the expert system technology into the SEA. We have made three attempts with varying degrees of success.

3.1. Attempt 1: Interview Mode (Abandoned)

The original idea was to use an Expert System as the underlying foundation of the SEA. The expert system rulebase would monitor what the user did then guide the user by generating prompts for information and provided feedback in the form of comments.

The paradigm was loosely modeled after the tax form interview mode in such familiar programs such as MacInTax or TurboTax. The paradigm didn’t work well and was abandoned because:

• Interview Mode tended to hinder exploration. The user had to follow prescribed paths through the interview process.

• The questions often didn’t fit well with what the user was thinking. The users were generally focused on the science, not forms entry nor the structure of a proposal. It was often difficult to guess what the user might want to do next.

• An interview paradigm was not appropriate for every portion of the proposal development process. For example, the user might want to set an exposure time using the Exposure Time Calculator, not by answering an interview question.

• The underlying expert system engine technology was immature, resulting in a single monolithic and overly complex rulebase. The rules became intertwined with lots of flags and conditionals to control rule execution flow and to maintain processing state.

3.2. Attempt 2: On Demand Assistant (Detector/Filter Selection)

In the second attempt, we dramatically scaled back the scope of the Expert System. It was relegated to a small portion of the SEA, specifically to help with

126 Wolf

Detector and Filter selection. The Expert System was idle most of the time and only became active when the user selected the “Assist” button. The Expert System would wake up and ask two questions: (what passband?, what type of observation?). The Expert System would traverse through its list of available Filters assigning a “goodness” factor, indicating how appropriate the filter was for the specific passband. The Filters, sorted by goodness, would be presented to the user for selection.

The rulebase was very small and algorithmic and it might have been better to have written the rulebase as straight Java code, thereby reducing the runtime overhead for rule processing. Rulebases, at runtime, are loaded and interpreted by a piece of code called a Rule Engine. The Rule Engine is a large and complex piece of code and takes many seconds to load and run.

3.3. Attempt 3: Helpful Observer Dither Selection

The third attempt is somewhere midway between the two previous attempts. Exposure Dither setting is a new feature of the SEA and it has an Expert System passively watching the user’s changes and offering warnings and suggestions as appropriate. The user is free to explore while the Expert System analyzes state changes and makes suggestions in a small text area. Understanding that the users are human with a variety of human temperments, we included a mechanism for the user to completely disable all comments and suggestions.

Like the SEA, the underlying Expert System Technology has also advanced over the past year. Better asynchronous event handling and rulebase modularization were key improvements. These capabilities helped to eliminate the monolithic rulebase problem seen during our first attempt. In addition, since we are not forcing a dialog with the user, we avoid the exploration problems also seen in our first attempt.

3.4. Expert System Conclusions

Expert System Technology still has a place within the SEA. We feel the combination of the third approach along with the “Assist” button technique demonstrate good uses of Expert Systems. The support technology exists so that in the future we will continue to expand the role of the Expert System in to such areas as improved context sensitive help, intelligent automatic optimized exposure layout processing in the Orbit Planner, and efficient and effective orientation and mosaicing techniques in the Visual Target Tuner.

Acknowledgments. We wish to acknowledge the SEA Team: Jeremy Jones, LaMont Ruley (NASA/Goddard Space Flight Center), Anuradha Koratkar, Chris Burkhardt (Space Telescope Science Institute), Mark Fishman, Karl Wolf (AppNet, Inc˙), Sandy Grosvenor (BoozAllen Hamilton)

References

Grosvenor S. 2000, this volume, 697 Koratkar A. , Grosvenor S. 1999, in ASP Conf. Ser., Vol. 172, Astronomical Data Analysis Software and Systems VIII, ed. David M. Mehringer, Raymond L. Plante, & Douglas A. Roberts (San Francisco: ASP), 60