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Abstract. This paper describes the accomplishments and difficulties of the first remote
observing campaign between Meudon and the NASA Infrared Telescope Facility on
Mauna Kea. The experiment is a three institutions initiative: IRTF1 team (Dr. S.J. Bus),
MIT2 (Professor R. Binzel), and Paris Observatory (Dr. Mirel Birlan). During 30 hours of
observations we used the SpeX instrument to measure spectra in the range 0.9 - 2.5
microns for a spectroscopic study of near-Earth asteroids and the observation of 4979
Otawara, a flyby-target of the Rosetta mission. All target acquisition and data acquisition
procedures were successfully commanded from Meudon with minimal delays in system
response. The efficiency of the observing program was virtually the same as if the
observers had been on location.

1. Introduction

One strategy of the modern groundbased observational astronomy is to perform observations in a remote
mode. Remote operation allows the observer to reside in a location that may be more comfortable than a
high altitude summit and may reduce observer fatigue if no travel is required from her/his home institution.
Such control differs from robotic systems for survey programs which may not be interrupted easily for
targets of opportunity, like the observation of an asteroid-target for a space mission, or a newly discovered
near-Earth asteroid.

Remote observations have been already performed or presented as desiderata for the futures
observational campaigns (Brunswig et al, 2000; Kibrick et al. 2000; Martin et al, 2000). For instance,
several telescopes on Mauna Kea-Hawaii offer the possibility to observe remotely from Waimea and Hilo
(sea level and 760 meter altitude, respectively). The uniqueness of our experiment consists in conducting
remote observations from Meudon-France, more than 12,000 km away from Hawaii, using several
informational structures and networks.

Several weeks of effort were devoted in order to determine the best conditions for the success of
the experiment. Our goals for remote science operation included having control of the instrument and the
target acquisition/guider system. Equally important was the good communication between the Principal
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Investigator and the telescope operator on Mauna Kea. High speed and real time command and response for
the instrument, telescope, data, and human communication links were essential to the success. Careful
preparation and testing of hardware options showed that all objectives could be achieved during the period
of the observing run.

2. Pre-experiment schedule

This experiment was completed through an ordinary network link, without the service quality warranty.
Thus, the bandwidth for our link was variable, and was a function of the traffic between Hawaii and
Meudon.

For this experiment, several tests and training sessions were organized beforehand. During these
tests compatible computers for guiding and image acquisition were selected, and the strategy of the
audio/video link was chosen. During the pre-observing period, several workstations and terminals were
tested. The main conclusion was that the X-windows export through Meudon is highly dependent on the
machines we use: the export windows tests were unsatisfied for the COMPAQ workstations and terminals,
as well as for one of the SUN workstations. Finally, two Sparc workstations (with the operating system 5.7
and 5.8 respectively) were found to be very well suited for the experiment (Figure 1).

Figure 1.  Remote control room in Meudon Observatory. In this image the audio/video link is located on
the left screen, the SpeX control and the guiding windows on the center and right screen respectively. Rick
Binzel is on the left side with the author (right).

In order to have a permanent audio/video link, we started with the idea to set up the remote
computers within a video-conference room. The incompatibility of both systems (through a phone line in
Meudon, and the IP link in Mauna Kea), constrained us to choose either an IP link or a phone link. Our
decision was to use the IP link as it was the most compatible with IRTF operations. Thus, our audio/video
link was established with a Polycom professional video-conference system (on Mauna Kea), and webcam /
NetMeeting software (at Meudon).
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Due to the allocated time on the telescope (January 12th, 13th, 14th, 2002 which corresponded to a
Saturday, Sunday, and Monday in Meudon) this experiment was able also to answer to the network
saturation question. The experiment was conducted during the week-end as well as during a regular
working day. After the experiment we can conclude that the experiment does not have any major
perturbation due to the internet traffic, neither inside the campus of the observatory of Meudon, nor
between Mauna Kea and Meudon

3. Remote observations

The SpeX instrument was utilized in low resolution mode for this campaign. The observations were made
over the spectral interval 0.9-2.5 microns. A 15 arcseconds slit (width 0.8 arcseconds, oriented north-south)
allowed the simultaneous measurement of the object and sky. The object position within the slit was
alternated between two locations referred to as the A and B positions.

For this collaborative experiment between MIT, IRTF, and Meudon, targets were chosen
according to the scientific interests of the investigators at each institution. Priority was given to the science
program for which the time was allocated: the compositional investigation of near-Earth asteroids.
Supplementary targets included 4979 Otawara, a flyby target for the Rosetta mission planned by the
European Space Agency.

Figure 2. IRTF control and guide X-windows as seen from Meudon. Images of the spectral slit are seen in
the upper left, where the display parameters are controlled immediately below. Control for the guide
camera is seen on the right. An overview of the instrument configuration appears at lower right.
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The apparent V magnitudes of the measured asteroids were typically in the interval 15-17. The
guiding for each object was performed using automatic mode for all but the faintest targets. For the latter,
manual tracking was used. For data calibration, the solar analogs Landolt 93-101, Hyades 64, and Landolt
102-1081 were also observed during the course of the night.

During 30 hours of time telescope, a wide variety of procedures were commanded remotely: the
focus of the telescope, setup of the guiding procedure (Figure 2), manual tracking, setup of the
spectrometer (Figure 3) and a quick analysis of the observations. The average delay between the image
acquisition in Mauna Kea and the refresh on the Meudon displays was 2 seconds during the whole
experiment.

As the goal of our article is to present a description of the remote observations, all the data
reduction techniques as well as the scientific analysis of the spectra will become the subject of further
articles.

All software was re-started at the beginning of each night. During the three nights, the audio/video
link was very stable and useful for our remote experiment. This link dropped on two occasions during the
evening of Saturday, January the 13-th, (7 a.m and 9 a.m Paris local time) for 2 minutes each time. The
telescope/guider control links and SpeX instrument control links remained fully linked and stable
throughout all three nights.

All the observations were saved on the Mauna Kea computer system, and subsequently transferred
to Meudon after the experiment using ftp.

Figure 3. SpeX instrument control window. Observing modes and data acquisition are controlled by the
window on the left. Spectral images and their preliminary analysis are displayed and controlled on the
right. Upper left window of the display shows the spectrum of the asteroid 2002AA in both A and B
positions of the slit, after a preliminary treatment.

4. Limits of a remote observations and conclusions

Target acquisition was found to be the most delicate maneuver for a remote observer. First the telescope
must be slewed to the desired sky region, making essential the presence of the technical personnel at the
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location of the telescope to perform this operation safely. Once the telescope pointing is set at the desired
coordinates, command of the instrument must be communicated back to the remote observer. Identification
of the star field and the search for faint objects can require substantial interaction between the remote
observer and operator. Clear communication is essential for knowing when the telescope is being
repositioned locally and when test exposures may be taken by the remote observer.

The success of our experiment consists in the choice we make to realize the remote observation.
Thus, our strategy was to have the maximum control of the telescope and spectrometer, with minimum
delays between IRTF and Meudon. We consider the real time transfer of the spectra to Meudon not an
essential/necessary task for the experiment. Even if it was not necessary, our strategy included also a
replacement procedure to not waste the observing time; Dr S. J. Bus was present in the IRTF control room

The remote observations IRTF-Meudon were a successful experiment. The achievement of this
first remote observation campaign increases our confidence in the remote mode of observing. Thus, one of
our goals will be to include a large ratio of remote observation campaigns in our scientific program.

Two major conditions are required to realize a remote observation: a good knowledge of the
instrument and the quick response network between the observer and distant telescope. Such kind of
observations are very useful when the mission on the top of the mountain are very expensive in terms of
lost time and tiredness of the observer. If both conditions are taken into account,  remote observations could
be made on any place on the Earth.
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