The Associate Principal Astronomer Telescope Operations Model

Mark Drummond^∗ John Bresina^∗ Keith Swanson^† Will Edgington^∗ Greg Henry^‡

∗Recom Technologies^‡Center of Excellence in Information Systems †AI Research Branch, Mail Stop: 269-2 Tennessee State University NASA Ames Research Center 330 Tenth Avenue North Moffett Field, CA 94035-1000 Nashville, TN 37203-3401 Phone: 415.604.4710, Fax: 415.604.3594 Phone: 615.251.1225, Fax: 615.251.1117 E-mail: xfr@ptolemy.arc.nasa.gov E-mail: henry@schwab.tnstate.edu

To appear in Proceedings of i-SAIRAS 94.

KEYWORDS AND PHRASES

Associate principal astronomer, automatic telescope, automatic telescope instruction set, principal astronomer, telescope operations.

ABSTRACT

This paper outlines a new telescope operations model that is intended to achieve low operating costs with high operating efficiency and high scientific productivity. The model is based on the existing Principal Astronomer approach used in conjunction with atis, a language for commanding remotely located automatic telescopes. This paper introduces the notion of an Associate Principal Astronomer, or apa. At the heart of the apa is automatic observation loading and scheduling software, and it is this software that is expected to help achieve efficient and productive telescope operations. The purpose of the apa system is to make it possible for astronomers to submit observation requests to and obtain resulting data from remote automatic telescopes, via the Internet, in a highly-automated way that minimizes human interaction with the system and maximizes the scientific return from observing time.

BACKGROUND

Research quality telescopes located at prime observing sites have always been a scarce resource, and astronomers have had to work with limited access to these telescopes. Typically, observing time is allocated to an individual astronomer a few times per year in short contiguous blocks of a few nights each. Furthermore, the astronomer has needed to be physically present at the telescope in order to operate his instrumentation for data acquisition. Limited access, block allocation, and local operation have restricted both the amount of data that can be gathered and the type of observational campaigns that can be accomplished.

More recently, sophisticated network and communication technologies have enabled a number of new approaches where astronomers may participate in an observation program from a remote location. These approaches range from remote verbal communications with the on-site telescope operations staff to actual remote control of a telescope with real time video feedback [4]. Such remote observations provide flexibility by allowing the observer to be physically distant from the telescope yet remain in direct control. However, even in this remote observing paradigm, the astronomer must still be involved during the execution of the observing program, and human presence at the observatory is often still required.

Fully automatic telescopes represent an extension to the remote observing paradigm, allowing an astronomer to be removed from the telescope both temporally as well as spatially. For example, Fairborn Observatory (Mt. Hopkins, Arizona) and AutoScope Corporation (Fort Collins, Colorado) have designed and built software and hardware systems for the control of modest-aperture telescopes equipped with photoelectric photometers to measure stellar brightness. These systems make it possible for a remotely located telescope to operate unattended for significant periods (up to a number of months). These telescopes execute commands provided by an astronomer in such a way that the astronomer is not required to participate in the execution of the observing program. It is in this sense that these telescopes are fully automatic.

While the majority of existing ground-based automatic telescopes are used for aperture photometry, automation support for spectroscopy and imaging has been increasing (primarily due to the efforts of R. Kent Honeycutt and Don Epand [3]). Genet and Hayes [6] describe automatic photoelectric telescopes in some detail.

For the sort of telescope we are considering, the language used to define observation requests is the Automatic Telescope Instruction Set, or atis [3]. In atis, a group is the primitive unit to be scheduled and executed. A group is a sequence of telescope commands and instrument commands defined by an astronomer to accomplish the observation of an object of interest. A group contains commands to move the telescope, to control the filters, and to gather data in a defined sequence. In the initial version, atis89, the only instruments accommodated were photometers, but the most recent version, atis93, also includes commands to obtain ccd camera images.

In addition to specifying the syntax and semantics for observation requests and results, the atis standard provides a set of group selection rules that are used to determine the execution order of groups during the night. The group selection rules provided by atis essentially implement a first-to-set-in-the-west policy: at any given point in time the telescope observes the star that will set next. It is possible to improve upon this default group selection policy by using more sophisticated scheduling techniques. Specifically, it is possible to improve the quality of the data by more precisely scheduling groups so that observations are taken at lower airmass (on average), and so that observations are obtained at astrophysically interesting times. Additionally, for a multi-user telescope, better scheduling can result in a fairer allocation of telescope time to requesting astronomers.

We were invited to be part of the International Astronomical Union atis93 standardization committee to assist with atis extensions in support of advanced scheduling. Along with other committee members, we designed a new group selection advice statement. This new statement is used to override the default atis group selection rules. The committee also agreed on a mechanism for communication with a telescope controller in terms of incremental atis93 partial input and partial output files. Together, these new features make it possible to implement a non-native (i.e., external) scheduler that can effectively drive a telescope’s controller to better serve the scientific objectives of participating astronomers.

Our new approach to the automatic management of remotely located telescopes is based on atis93. At the heart of our approach is automatic observation loading and scheduling software, and it is this software that is expected to help increase science quality and telescope productivity. Our goals are to provide software tools to assist managers of multi-user automatic telescopes and to make it possible for participating astronomers to have their observation requests scheduled on and their resulting data returned from remotely located telescopes, via the Internet, without the necessity of daily human intervention.

THE CURRENT APPROACH

Before we explain how we intend to improve telescope management and use, we need to briefly explain the current manner in which automatic atis-compatible telescopes are managed. This is illustrated in the left half of Figure 1 and briefly described by the following scenario.

First, an astronomer forms a set of groups consistent with the scientific goals of his or her observation campaign. For any given automatic telescope, there is a single Principal Astronomer or pa. The pa manages the set of requests that are loaded onto the telescope. Thus, once an astronomer has assembled a set of atis groups, these are sent to the appropriate pa, typically via e-mail, Internet ftp, or on floppy discs in the postal service.

The pa collects together the sets of requests from participating astronomers and attempts to ensure that the total set of groups is desirable – that the telescope load makes good utilization of observing time and is fair to all participating astronomers, that there are appropriate groups for quality control and data reduction, etc. Then the complete set of groups is sent to the computer controlling the telescope. Communication between the pa and the telescope controller is typically carried out using personal computers connected via the Internet or modems and phone lines. The important aspect of the communication is that the pa can be located anywhere on the planet (in principle) and need only have access to an appropriate communication link.

The telescope controller uses its built-in atis group selection rules to implement a form of heuristic dispatch scheduling. At any point in time, the rules recommend a single group to execute next. The groups are executed by the telescope controller for some number of nights (often months); eventually, the pa requests from the controller the results that have been collected thus far. The collected data are returned to the pa as a results file specified within the atis language. The results include the raw data obtained from the observations, as well as a chronological record of the groups that were executed and relevant observing parameters to help with data reduction. The pa edits the results file and sends each astronomer the pieces corresponding to his or her requested observations (again typically via e-mail, Internet ftp, or on floppy discs). In some cases the pa provides a data-reduction service, returning reduced results, not simply raw data.

THE APA MODEL

The goal of our project is to provide automation support for all aspects of atis-compatible telescope management. Our focus is on providing software tools to help a pa who represents a community of participating astronomers; however, the increased automation also improves the way in which the astronomers interact with a pa. The right half of Figure 1 and the following scenario illustrate a new way of doing business with atis-based automatic telescopes that we are in the process of making possible. More details on the apa operations model are available in Bresina et al. [1].

From an Astronomer’s Perspective

An astronomer creates an atis93 observation request file and sends it via electronic mail to the pa’s computer. Let us refer to this computer as the Associate Principal Astronomer, or apa. The mailed file is automatically received and parsed to check for syntax errors. If the file adheres to the atis93 specification, then the apa e-mails a message back to

Figure 1: Operation of ATIS-compatible telescopes without (left) and with (right) the APA.

the astronomer acknowledging successful receipt of the request file; otherwise, a message is e-mailed back identifying the syntactic errors in the astronomer’s file. At the end of each observing night, the apa e-mails the astronomer the results of those observation requests that were serviced that night, along with the results necessary for data reduction and data quality assessment.

From the PA’s Perspective

The apa divides the overall problem of group scheduling into two subproblems: first, it assigns a group to execute on a given set of nights; second, for any group that has been selected for execution tonight, it assigns that group specific times through the night at which to execute. The first process is called loading, and its temporal scope covers many months. The second process is called night scheduling, and it is concerned with the seconds, minutes, and hours within a given night. After loading and night scheduling, a new combined atis93 file is automatically assembled by the apa. The pa can check how the controller will handle this new request file by displaying a prediction of telescope behavior for the night based on the best schedule found by the night scheduler (i.e., what observations are likely to be made if the weather is ideal). If the pa is not satisfied with the prediction, then the manner in which the apa loads and schedules the observations can be modified. The next morning, the results of the night’s observations are already stored at the apa. If the pa wants to assess the quality of the night’s observation schedule and results, the actual telescope behavior can be displayed. Once the pa has tuned the apa to consistently produce high quality schedules, the apa takes care of routine observation loading and scheduling with only occasional supervision. A more complete description of the loader is given by Bresina [2], and a description of one of the techniques used in the night scheduler is given by Swanson, Bresina, & Drummond [9].

From the Telescope Controller’s Perspective Just before nightfall, the atis93 input file is automatically transferred to the telescope controller along with the observation schedule. The controller executes the schedule and, at the end of the night, transfers the atis93 output file back to the apa. This is the minimum amount of interaction between the telescope controller and the apa; however, the atis93 specification also allows for partial input and partial output files to be transmitted during the night. The partial output files enable the telescope behavior and status to be monitored during the night – either by a person (for example, to check the status of the telescope mechanics and optics) or automatically by the apa. The partial input files enable the apa to transmit new schedules and new groups during the night when necessary. For example, the apa can dynamically reschedule due to a change in the quality of observing conditions or due to an urgent observation request received during the night.

DISCUSSION

The overall goal of our project is to provide automation support for the management and use of remotely located, automatic telescopes. So far, we have focused on building the core of an Associate Principal Astronomer, or apa. This core consists of an automatic group loading and scheduling mechanism, together with a means for automatic schedule execution and dynamic rescheduling. While this core provides important functionality, there are many aspects of the pa’s job that it does not address. In collaboration with other astronomers, we are currently expanding the set of functions offered by the apa to include automatic handling of atis request files, preliminary quick-look data reduction, and quality control measures. Experience gained with simulation tests and preliminary tests on an automatic telescope have been encouraging.

It is clear that the atis model is not the only one for automatic telescope management. Others have built apa-like systems [8]. The primary advantage of the apa is that it uses advanced scheduling techniques and operates with any telescope that adheres to the atis93 standard. Of course, nasa has a number of orbital telescopes that are operated remotely. The Hubble Space Telescope (hst), for instance, is operated in a way that is somewhat similar to our apa model. However, there is a significant amount of human infrastructure associated with the management of hst. Such infrastructure is expensive, and it cannot be replicated for every single telescope that is to be run automatically. Clearly, the human infrastructure surrounding hst performs useful tasks that our apa model ignores: for instance, helping users formulate their telescope requests and helping users make sense of the data they obtain. Our apa model leaves all such tasks firmly in the hands of telescope users (and their scientific community).

Our apa operations model requires one workstation (or a high-end personal computer), one experienced astronomer to act as the telescope pa, and one Principal Engineer / technician (pe) to fix the telescope and observatory control systems when things go wrong. A number of telescopes can be managed by a single apa, pa, and pe team.

One of us (gwh) has been working as a pa for a number of years with automatic telescopes. Together with Lou Boyd (of Fairborn Observatory) acting as pe, several telescopes have been operated automatically on Mt. Hopkins in southern Arizona to accomplish various scientific programs. The efficiency of operations for these telescopes has been estimated to achieve a dollar-cost-per-observation that is 30 to 40 times cheaper than previously possible using traditional manual telescope operations [7]. There has also been an enormous increase in observational throughput: the combined yearly output of the automatic telescopes managed by gwh would require a lifetime of effort to obtain by previous manual methods of operation.

To date, each of these automatic telescopes has been dedicated to a specific, long-term observing program. Thus, the operating schedule for each telescope has been extensively tuned by the pa (and sole user) to achieve acceptable performance. However, even small changes to the observing program make it very difficult to optimize the loading and scheduling. For multi-user telescopes, such extensive manual tuning is infeasible. In this context, our goal is to simplify and optimize the operation of single-user automatic telescopes and then to extend this simplified management structure to multi-user telescopes.

ACKNOWLEDGMENTS

Thanks to Bill Borucki, Lou Boyd, David Genet, Russell Genet, Butler Hine, George McCook, Ann Patterson-Hine, and Boris Rabin. Thanks especially to Ellen Drascher, who designed and implemented the apa’s graphical user interface.

REFERENCES

[1] Bresina, J., Drummond, M., Swanson, K., and Edgington, W. 1994. Automated Management and Scheduling of Remote Automatic Telescopes. In Astronomy from the Earth and Moon, the proceedings of the 103rd Annual Meeting of the Astronomical Society of the Pacific, D.P. Smith (ed).

[2] Bresina, J. 1994. Telescope loading: a problem reduction approach. In Proceedings of the Third International Symposium on Artificial Intelligence, Robotics, and Automation for Space. Jet Propulsion Labs. Pasadena, CA.

[3] Boyd, L., D. Epand, D., Bresina, J., Drummond, M., Swanson, K., Crawford,D. Genet, D., Genet, R., Henry, G., McCook, G., Neely, W., Schmidtke, P., Smith, D., and Trublood, M. 1993. Automatic Telescope Instruction Set 1993. International Amateur Professional Photoelectric Photometry (IAPPP) Communications, No. 52, T. Oswalt (ed).

[4] Emerson, D.T., and Clowes, R.G. (eds.) 1993.

Observing at a Distance (Proceedings of a Workshop on Remote Observing). World Scientific Publishing, River Edge, NJ.

[5] Genet, D. 1994. AutoScope Control System Reference Manual (Software Version 2.0). AutoScope Corporation, Ft. Collins, CO.

[6] Genet, R.M., and Hayes, D.S. 1989. Robotic Observatories: A Handbook of Remote-Access Personal-Computer Astronomy. AutoScope Corporation, Ft. Collins, CO.

[7] Henry, G.W. forthcoming. The Fairborn/TSU automatic telescope operations model. In Proceedings of the symposium on Robotic Telescopes, part of the 106th meeting of the Astronomical Society of the Pacific. Flagstaff, AZ. [8] Richmond, M., Treffers, R., & Filippenko, A.

1993. The Berkeley Automatic Imaging Telescope. Publications of the Astronomical Society of the Pacific. No. 105 (October).

[9] Swanson, K., Bresina, J. and Drummond, M.

1994. Robust Telescope Scheduling. In Proceedings of the Third International Symposium on Artificial Intelligence, Robotics, and Automation for Space. Jet Propulsion Labs. Pasadena, CA.