THE PREMISE

What would 1t be like to have a tele-
scope where all you have to do 1s send a
list of targets and in a month, all of
your data will have been captured, re-
duced, and perhaps even analyzed for
you by an autonomous robotic tele-
scope. What if you wouldn’t have to
spend any more nights sitting on a
freezing mountain to get night-by-night
observations of transient phenomena.
What if you didn’t even have to con-
nive graduate students to do this for

your The goal of Chimera is to make this a reality.

THE METHODOLOGY

Making that premise a reality is really much more a computer science issue
than an astronomical one. Astronomers have been instinctively selecting tar-
gets from what they want to observe based upon time of night and various
other conditions. Getting a computer to do this, and do it reliably, 1s more of a

challenge.

One of the biggest complaints that Kanaan and Silva had about existing com-
puterized telescope control programs were that they tended to be inflexible,
and difficult if not impossible to extend with new functionality. They wanted
an open-source system that anyone could extend with the specific functionality
they might need. To accomplish these, goals, Chimera was written in Python,
and is available under the GNU General Public License (GPL). It 1s built in an
extensible, multi-threaded, distributed fashion. To add an additional control

mechanism, one only needs to write the controller logic.

STRUCTURE OF CHIMERA

Overall Structure

Every function of Chimera is handled by a “ChimeraObject”. A ChimeraOb-
ject may be accessed remotely via the Pyro library. Every instance of Chimera
is based around a manager. The manager 1s responsible for starting, stopping,
and otherwise handling ChimeraObjects. The manager also helps ChimeraOb-
jects to contact each other, even ChimeraObjects running under a different

manager.
Observatory Control

Within the framework provided by Chimera, the ChimeraObjects used to con-
trol an observatory can be divided up into controllers, instruments, and driv-

ers. (See graphic in lower-left corner.) Controllers are responsible for auto-

AUTONOMOUS OBSERVING
SYSTEMS

THE MAKING OF .
CHIMERA

ISAAC RICHTER, PAULO HENRIQUE SILVA, ANTONIO

KANAAN, DENIS BARRETT, TIMOTHY DEHASS, RYAN

MANN, ANDREW MISSERT, MATTHEW TURNER, AND
SHASHI KANBUR

Chimera Telescope Control System

User Interface/ :
Controllers Instruments Drivers/Hardware
Other Programs
Java XMLRPC Server *  Camera Fake Camera
P Convert XMLRPC requests into
Program Pyro requests
‘ SBIG Camera
Scheduler ,
XEphem _ State machine operates the I I A e < Dome Fake Dome
instruments to take required data
HTTP XEphem » LNA 40cm Dome
. Allow telescope control from
Client within XEphem Py
BN ', Filter Wheel — » Fake Filter Wheel
Python Extinction
When active, uses the L .
Program instruments to measure the SBIG Filter
extinction coefficient Wheel
Pointing Verification e — |,
Use the instruments to take a i — Focuser Fake Focuser
picture and compare with
database to ensure telescope is
pointed correctly, moving the Optec TCF
telescope if things aren’t
4
Image Server B Telescope Fake Telescope
» Shepherd obtained data and
provide it to interested parties
> TheSky
Autofocus >  Telescope
Finds a nice star and focuses the (W|n32)
optics on it
Name Server Meade RS232
Searches out and keeps track of Telescope
other instances of Chimera on the
Communication from local network
outside chimera: |
—XMLRPC—» Data Reduction
—HTTP—» Interfaces with local IRAF
P} o > to automac;t;zlly reduce
¢ Manager
Client — Server » Manages the lifecycle of all Chimera Objects running on a particular machine
[ [

mated control of the instruments.
They can monitor the instruments and
other controllers, and send commands
to the instruments as needed. The

scheduler is an example of a control-

Instruments

FEach physical “thing” that Chimera in-
teracts with 1s considered by Chimera
to be an instrument. In order to make
Chimera extensible, each actual piece
of hardware 1s abstracted as a device-
independent instrument. The instru-
ment is then given a device-specific
driver that handles the specifics of dealing with the hardware at any particular
observatory This allows Chimera to place code that is generic to an entire class
of hardware in an instrument file, leaving drivers to worry only about interfac-
ing the driver API with the serial port or vendor specific library. For example,
the dome instrument contains the code necessary to talk to a telescope and
slew the dome to match the position of the telescope. This code is written
only once — in the dome instrument. Each dome driver doesn’t have to worry

about this sort of thing.

This also allows one to create a virtual observatory for use by students, or test-
ing the software, because each type of hardware supported by Chimera also
comes with a fake driver. This driver emulates what average hardware of that
type would do, allowing the entire system to be tested without wasting valuable

observing time.

CONTROLLING A CHIMERA

Manual Control

Chimera will be able to operate in either manual or automatic mode. Under
manual control, the operator will be able to give instructions to the instru-
ments as in a non-automated system. Chimera provides two “standard” meth-
ods to do this, and an interested party could create additional ones. The first
interface created involves using command-line python scripts. These use Pryo
to directly talk to the controller, instrument, or driver that the user wants to
control. These scripts also allow the user to load and unload ChimeraObjects
from the manager. A cross-platform Java GUI was also created that sends
XMLRPC requests to a listener that is started by Chimera and converts that

request into Pyro for sending on to the appropriate ChimeraObject.
Automatic Control

The ultimate objective of this system, of course, is to be able to have autono-
mous control of the telescope. This 1s accomplished through a controller
known as the scheduler. When finished, the scheduler will work by looking
through its database of requested observations, looking for which observation
makes the most sense to do at the current time. Observations will have various
constraints assoclated with them, and the scheduler will be responsible for
making sure that the constraints are satistied. The scheduler will also have to
be able to make sure that the data it is getting is reasonable and that the equip-
ment 1s generally working. To that end, other controllers will operate upon re-
quest of the scheduler to ensure that the telescope is pointing in the correct
location and that the camera is properly focused. Data reduction routines will
automatically be launched once sufficient data is collected that it makes sense
to run them. While much more coding still needs to be done before Chimera
will be completely automated, steps toward this goal are being made, and be-

fore long, automated observations may be considered the norm.

LEARN MORE

More information about using chimera may be found on Chimera’s Source
Forge page: http://chimera.sourceforge.net/. Chimera is licensed under the
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source 1s available at

chimera.googlecode.com/. Pyro utilizes °

found at http://pyro.sourceforge.net/.
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