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ABSTRACT

Astronomers now communicate over Internet with robotic astronomical telescopes using a
specially designed instruction set. ATIS, Automatic Telescope Instruction Set, is designed
to communicate specific, technical instructions to a robotic telescope, facilitate data
retrieval and analysis, support a wide range of data formats, and also convey preference
information that describe the astronomers general needs for data acquisition. Over a dozen
telescopes now use ATIS and more are under construction.
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Introduction

The acquisition of astronomical measurements at a telescope is often repetitive and boring,
at a time when humans are most error prone. In addition, some kinds of astronomical
research require long sequences of data spanning an entire night, many nights, or in some
cases years. To reduce error and to provide long, uniform sequences of observations
astronomers are turning to robotic telescopes [6] that can observe specified objects night
after night without human assistance. To communicate instructions to such telescopes and
to retrieve data, the astronomers at Fairborn Observatory have developed ATIS, Automatic
Telescope Instruction Set [2]. ATIS commands can convey specific instructions to the
automated telescope and can also convey general preferences on behalf of the astronomer.

ATIS Commands

Most professional telescopes are automated in that they are operated real time from a
control room. ATIS commands are designed to control a truly robotic telescope. An
astronomer sends an ATIS input file to the computer that operates the telescope, and that



telescope computer uses that input file at a later time to run the telescope for a night or for
many nights returning data to the astronomer in an ATIS output file. Both input and output
files are simple ASCII text files. They can be edited with any normal word processor, and
they can be generated or analyzed by programs written in any programming language
running on any kind of computer. Both input and output files use ATIS command formats.
Because they are simple text files, ATIS files can be sent to the telescope and received
from the telescope in any convenient way. Files are now usually sent and received via
Internet.

Individual ATIS commands serve four functions. Some commands tell the telescope how
to move and point at the correct star. Some ATIS commands tell the instrument on the
telescope how to make a measurement, and some define astronomer preferences and goals.
Finally, some ATIS commands report the results of the measurements back to the
astronomer.

The basic function is pointing, and that is simplified by a celestial coordinate system. This
resembles the familiar geographic coordinates with the east-west coordinate called right
ascension (R. A.) instead of longitude and the north-south coordinate called declination
(DEC) instead of latitude. Because of limitations in the accuracy of the pointing
mechanism, flexure in the telescope, and similar factors, the target star does not usually fall
precisely at the center of the field of view, so the telescope must be able to search for a
star in or near its field of view, and move the image of that star onto the entrance aperture
of the instrument be it photometer, camera, or spectrograph. Thus the pointing function
includes the tasks of slewing to the target, locating, centering, and locking that target in the
instrument input aperture. ATIS makes no assumptions about how these tasks are
performed by a given telescope. Because most ATIS telescopes now in operation carry
photometers, the discussion that follows will assume that the instrument is a photometer.

An ATIS command is usually two lines of ASCII text. The first line is a three-digit number
that identifies the instruction and its associated record type. The second line, an argument
line, contains information presented in the proper record type. For example, command 105
is a move command, and it might appear in an ATIS file as follows:

105
14  34  13.4  0  -4  -20

This causes the telescope to move to the celestial coordinates R. A. 14 hours 34 minutes
13.4 seconds, and DEC -0°4'20". Some ATIS commands have longer argument lines, and
a few, such as 111 Sky observation flag, have no argument. This format is not as compact
as it could be, but ATIS files are typically no bigger than 200K, and this format is easy for
humans to read and edit when necessary.



Instructions to observe the brightness of single a star would begin with a 105 command
followed by a 106 command which causes the telescope to use a specified filter to search
for and center a star of specified brightness. A 107 command would tell the instrument on
the telescope to measure the brightness through a specified filter by counting photons for a
specified integration time. Of course, the 105, 106 and 107 commands would occur in an
input file, but they would also be passed through into the output file to provide information
for data reduction. In the output file, the 105, 106, and 107 commands would be followed
by a 109 command, which would report the number of counts recorded by the
photomultiplier during an integration. Both input and output ATIS files follow the standard
ATIS commands and record types.

The operation of that telescope computer is not specified by ATIS. It is not reasonable for
a telescope computer to execute the instruction file item by item because of unpredictable
events such as clouds. Consequently, the telescope computer must treat the input file as a
database of objects which should be observed but must then consider various factors such
as the position of the objects in the sky, the history of observations already made on those
objects, the importance the astronomer has attached to different objects, and such variables
as the position of the moon. The eastward rotation of the earth causes stars to move
westward in the sky with the western most stars eventually setting and new stars rising in
the east. A hierarchical scheme selects the next object from the database by choosing the
western most target that has not yet been observed. New scheduling procedures are being
developed to make better use of telescope time and to accommodate astronomer's
preferences and goals [3].

Human Interaction with a Robotic Telescope

Robotic telescopes are expensive, so they are often used by a number of astronomers who
need different kinds of observations. Experience shows that an efficient form of interaction
is to assign a single astronomer as the principal astronomer (PA) for the telescope and then
other telescope users funnel their requests through the PA. The PA must check requests
from users, create ATIS input files to send to the telescope, retrieve ATIS output files from
the telescope, reduce the data, monitor telescope efficiency, check data quality, and
distribute data to the users.

Most ATIS telescopes are owned by single institutions and thus serve a limited number of
users, but the Phoenix-10 telescope is operated as a Rent-A-Star telescope open to any
astronomer for a small fee per observation. The telescope has operated since 1983, and the
author of this article has been PA since 1987. The telescope serves about 20 users around
the world. Thus the management of the Phoenix-10 is slightly more complex than for a
telescope owned by single institution.



To increase the efficiency of a robotic telescope, input files must contain more than just
commands for pointing, instrument control, and data retrieval. We must also communicate
the astronomer's preferences and goals to the telescope control computer. How a telescope
computer deals with these preferences and goals will vary from telescope to telescope, but
these human parameters can give the astronomer subtle influence over the operation of the
telescope. For a simple example, each target star is assigned a priority, and telescope
control computers are expected to observe high priority objects before lower priority
objects. This allows a PA to force the telescope to observe certain calibration stars at
critical positions. Also, each star is assigned a probability between 0 and 100 percent.
When the telescope control computer selects that star for observation, it generates a
random number between 0 and 100 and only observes the star if its probability exceeds the
random number. This allows a user to influence the frequency with which a star is
observed and thus control the amount of telescope time (and money) expended in
observing a given object. At 100 percent on a telescope that is not over or under loaded, a
star should be observed about 1.2 times per night.

It is also possible to force the telescope to make specific observations by defining a
window in the sky within which a star should be observed. A user might want three
observations spread through each night, so it is possible to create a window in the eastern
sky, another along the local meridian overhead, and a third in the western sky. Even if the
telescope control computer uses an hierarchical scheme to select objects for study, the star
would be observed early in the evening as it rises through the eastern window, near the
middle of the night as it passes through the meridian window, and again before dawn as it
descends through the western window. It is even possible for a user to use priority,
probability, and windows to obtain repeated observations of a single target for hours to
record a specific event such as an eclipse in an eclipsing binary star system. Of course,
requests for these specific observations detract from observations made for other users,
and the PA must balance the needs of different users.

Additions to ATIS, published as ATIS93 [1], permit an astronomer to communicate
conditional preferences and goals to a telescope. When the earth's atmosphere is turbulent
above an observatory, the star images are blurry and precise measurements are impossible.
This is referred to as bad seeing. ATIS93 allows commands which tell the telescope to
observe the star only if the seeing is better than a given limit. An astronomer might request
complete observations of a star only if its brightness falls within a certain range; this would
avoid wasting telescope time on a star in a quiescent state. How a telescope computer
deals with these user preference commands is not defined by ATIS, but they give users the
potential to maximize their benefit from robotic observations.



Management Modes

The first ATIS telescopes were exclusively photometric, which is a relatively simple mode
of operation. Imaging and spectrographic observations are also common in astronomy, and
they require slightly different modes of operation. The first robotic telescopes were
managed by active PAs who interposed themselves between the users and the telescopes,
and that is a safe mode of operation, but it is not necessarily efficient. Thus we must
consider two kinds of choices when designing a management scheme -- type of
observation and type of human interaction.

Photometric observations are relatively simple because the telescope generates
observations in the form of single numbers, usually the photon count through a given filter.
Imaging and spectroscopic observations generate observations in the form of large arrays
of numbers, the CCD image, and those are not easily communicated inside an ATIS output
file. ATIS93 provides for file pointers in output files. Thus the ATIS output file does not
contain the big CCD frames, but only contains supporting data such as object, filter, and
time, plus file names that point toward the actual CCD frames. New telescopes obtaining
images or spectra are being built and are expected to begin operation using ATIS93 in the
next few years.

The second choice in management mode concerns the role of the PA. Interposing the PA
between the users and the telescope helps assure that no user requests observations that
will seriously reduce access for other users or waste telescope time on unreasonable
attempts to observe stars out of range and so on. But this mode of operation is not
necessarily efficient. Because an ATIS input file is treated as a database, it makes sense to
allow users to interact with that database directly. This means the computer that maintains
the database must be capable of accepting requests from users, screening the requests for
syntax and semantics, and uploading the data base to the telescope control computer in a
timely manner. Data reduction and distribution can also be automated through the
database. The PA is then required only to resolve conflicts and monitor telescope
operation and data quality. This mode of operation, implemented as an Associate Principal
Astronomer (APA), requires a much more sophisticated scheduler [4].

The Future of ATIS

ATIS is now used at Fairborn Observatory in southern Arizona, where 8 ATIS telescopes
are in operation. All of these perform photometric photometry through various systems of
filters. The smallest is 10 inches in diameter and the largest is 30 inches. Weather sensors
monitor conditions and the observatory roofs open automatically at dark and close at
dawn. PAs communicate with the telescopes via Internet.



Fairborn Observatory is building 5 more telescopes in cooperation with Tennessee State
University. One is the Automatic Imaging Telescope (AIT). It is a 24-inch telescope with
Southwest Cryostatics CCD camera. It will utilize ATIS93 and the APA operations model
[5]. Another new telescope, 2 meters in diameter will support a high resolution Echelle
spectrograph with a CCD camera as a detector. ATIS telescopes are also in operation at
Catania in Italy, at N/F Observatory in New Mexico, and GNAT, the Global Network of
Astronomical Telescopes has selected ATIS for its telescopes. SciTech Astronomical
Research is marketing telescopes that use ATIS.

New commands will be necessary in ATIS as new telescopes, new instruments, and new
astronomers expand its use. ATIS93 added facilities for imaging, for example, but further
commands will need to be added to facilitate spectroscopic observations and more
sophisticated schedulers. The GNAT must have more information to allow sharing of
objects between telescopes at different longitudes. Even as ATIS continues to develop
every effort is being made to assure that changes to ATIS are fully backward compatible.

ATIS is now in use on about 15 telescopes with more being built. It allows astronomers to
communicate specific instructions to a robotic telescope and general preferences and goals
which the telescope computer can use to schedule observations. ATIS is growing and
developing new capabilities as astronomers ask more and more of their robotic telescopes.
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