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1. Introduction

Robotic Autonomous Observatories become more and morelgojowl for doing high level
scientific research in astronomy, astrophysics and cogggolover a hundred such observatories
are currently in operation all over the world, on all contitee(see fig. 1), additional ones are
in design or construction phase (1). Many projects weregnmtesl at this conference, showing
large progress in the field over the last two years. In thisreany, | will point to selected
contributions, trying to indicate the most important deyghents as well as results, which seemed
most interesting to me.

2. Scientific goals

Robotic telescopes are a must in the search for optical amis®m Gamma Ray Bursts (GRBS).

This is because fast reaction to the GCN alert from the #atéiepointing of the telescope to

the GRB position) is crucial and delay due to the human fatéakto be eliminated. However,

searching for GRBs is the main goal only for about 30% of thiqmts. Other research goals,
which profit from the robotic operation of the instrumentdirde all-sky surveys, object monitor-

ing, exoplanet, supernovae and asteroid searches. Thalsoia growing number of telescopes
used for education.

Robotic observatories can play an importantrole in undadinhg sources of AGN short scale
and long scale variabilities. Several models were proposectetion disk instability, supernova
and starbursts, as well as gravitational microlensingh\iecise data coming from observational
campaigns aimed at monitoring large sample of AGN dedéent types or smaller samples of a
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Figure 1. Robotic telescope projects worldwide. Updated from (1).

certain class over long period of time, validity of these mlsctan be tested. In case of FRII-
type radio sources additional information can be used teigeodisc inclination measurement.
Results from the first year of dedicated observations wesegmted in (2).

Highly variable optical emission is also observed from lmass X-ray binaries (LMXBS)
and cataclysmic variables (CVs). However, profiles of thdiviidual outbursts (arydr higtylow
states) can be heavilyfacted by insfficient sampling. Robotic monitoring of these objects can
significantly increase number of early outburst detectimmd increase number of observations
following the outburst. Large fraction of events can be lgadttected even by small-aperture,
wide-field monitors (3).

Global robotic telescope networks are also involved in theysof microlensing events and
exoplanet searches. Monitoring of a large number of objsitts high precision and good tem-
poral resolution is mandatory here. However, automatiofelup of the discovered transient by
other telescopes in the network is also crucial for obtgjiigh quality continuous light curve

(4).

Robotic telescopes are also well suited for multi-wavelkiodpservations, including detailed
spectral analysis with a set of narrow-band filters or daditapectrograph. Automatic deter-
mination of red-shift for a huge number of objects can opem fexotic” research possibilities
as study of the Barionic Acoustic Oscillations and constraj the equation of state of the Dark
Energy (5). Such observations can be also used for detaildg of Milky Way structure, galaxy
evolution, galaxy clusters, SNe or GRBs (6). Detailed asialgf the spectral lines evolution with
time can reveal unique information on variable or fast intastars, as the surface temperature
distribution or magnetic field (7).
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Not only celestial objects are of interest for robotic olagwries. More and more attention
is devoted to Near Earth Objects (NEOSs) also as a part of Spacation Awareness (SSA)
programs. Discovery and follow-up observations of “cosd®bris” is very important for safety
of future space missions. High quality observations withatic telescopes, which allow for
precise tracking of NEOs, can help filling “blank pages” ifods catalogs and improve precision
of their orbit determination (8).

Robotic observatories and remote telescopes can also playportant role as an outreach
tool, promoting astronomy and science in general amongsplpeof all age groups. Direct
access to the telescope or operating the telescope systeotetfg in real-time is an unique and
memorable experience for children and students (9; 10).edewthis is also the case when they
are invited to take part in a true research project, whengdha help in the analysis of real, high
quality data, and contribute to important scientific outeorimternet technologies opened wide
possibilities for citizen science projects of this kind Y11

3. Recent developments

New instruments, which are currently in the constructionlesign phase, will largely improve

measurement sensitivity, precision and coverage. Alsmitapt for robotic telescopes is fast
response time, and high temporal resolution. Two otheufeat which become standard in the
new designs is the possibility of performing multi-wavejémandor polarization measurements.

Good example of the project which aims at the best possibksorement precision is the
PLATO Antarctic observatories project (12). At cost ordefsmagnitude lower than for the
space mission, selected locations in Antarctifferoobservation conditions much better than at
any other place on the world. Total winter-time atmosphsegiing is about 0.25 arcsec (median).
However, for such a location fully autonomous robotic tetge is a must.

Observation conditions are just one of the factors detangithe measurement precision. In
most cases, largest errors are due to instrumefitalts, related to the shutter performance, CCD
response and noise, image distortions and photometryitidgw (13). Empirical estimation
and periodic checks of readout chain parameters is the oafytavreduce the impact of these
effects. With the proper choice of reference stars photometyracy of the order of.002 -
0.003" can be obtained. For wide field-of-view devices star imagéodiion can be very large.
Parametrization of the point spread function (PSF) shapati@n over the CCD surface can help
reducing both the photometry and astrometry errors (14).

For optical observations of Gamma-ray bursts (GRB) at leestapproaches are possible.
The first one is to observe the whole field of view of the spaaa lgamma ray detectors. This
permit to record whole optical prompt emission of the idiéedi GRB, provided the burst is bright
enough to be detected by a wide field-of-view instrument {I% other option is to follow up
the triggers coming from satellites. A number of dedicatdbtic telescopes with rapid response
capability has been build with this goal. While the initiarpof the light curve is lost, what is
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measured should be still enough to reconstruct phenomegicalgroperties of prompt emission
and unveil a physical nature of the GRB phenomenon, at leagié long bursts (16).

As mentioned above, more and more robotic telescopes aebleapf doing spectral anal-
ysis. One of the solutions is to split incoming light and takaultaneous images with multiple
CCD cameras equipped withftérent photometric filters (6). With this approach fast cgdtic
transients, as GRBs, can also be studied. More preciserapatlysis is possible with use of
narrow-band filters. T250 telescope at Javalambre will uset af 56 filters, allowing for red-
shift determination with precision up ttz ~ 0.3% (5). All filters can be simultaneously located
in the filter tray. However, each can be used only for one otli®@fi4 CCD sensors covering tele-
scope FoV. Reconstruction of the complete spectra is orggiple by combining images taken
at many dfferent pointings. Most precise reconstruction of the spefalr selected object, in-
cluding detailed time variation measurements (as TiméS&oppler Imaging) can be obtained
with use of fiber-fed échelle spectrograph. The STELSBS robotic telescope provides such a
measurement with resolutiolf A1 = 50 000 (17).

Recently, new window to the understanding of the GRB phemanveas also opened by
the MASTER-Net telescopes: first polarization measurerogthte prompt optical emission was
made for GRB100906A (18). Much progress is also observeddrstftware and web applica-
tions for robotic telescopes. Control over the robotic obes®ry becomes easier and easier with
usage of standard tools. New tools are being developedi&stepe running, infrastructure mon-
itoring and environmental data access (19), as well as foeweng alert response and on-line
image processing results (6).

4. Robotic Telescope Networks

Robotic autonomous observatories became a standard tastrionomy. In most cases they are
more dficient and reliable than those depending on “on-line” hur@rtrol (on site or remote).
However, even more possibilities open, if we connect a nurobeobotic telescopes in a net-
work. This is of special importance in case of GRB studiediras and position of the burst are
completely random. With network units located dtelient parts of the globe, chances of making
optical GRB observations significantly increase, depegdinich less on the local weather con-
ditions or time of the day. Successful examples of such anoggp include MASTER-Net (18)
and BOOTES Network (4).

The aim of GLORIA project (20) is to open robotic telescoffegatructure to all professional
and amateur astronomers. The idea is to create a dedicatedrkef telescopes and a social
network for doing research. Members of the GLORIA communiily be able to propose new
observations or observations strategy (so called “ori-Experiments). Rules for assigning the
observing time will take into account user’s “karma”, whishould reflect user’s reputation,
based on the responses from the community. All users witl Bésable to access and analyze
data collected by telescopes, and propose dedicated st{idi&line” experiments) which can
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involve other community members. We also hope that we wilhblke to attract more telescope
owners, both professionals and amateurs, to join the n&twor

5. Summary of the Summary

Second Workshop on Robotic Autonomous Observatories wasyauccessful meeting. We had
listened to almost 50 presentations and about 20 posteemed®ons. | apologize for covering
only a small and arbitrary selection of subjects in this ssammary. One should also mention
that there was a lot of time left for fruitful discussions,ialihshould result in further development
in the field and new collaborations. | hope we will see many imeeresting results at the next
meeting.
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