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Why do we need robotic telescopes ? 

 
- research 
       GRB hunting is only ~25% 
           many more interesting targets 



June 7, 2011 Malaga

S

Optical monitoring of FRII-type 
galaxies

 S. Zola, A. Kuźmicz, M. Jamrozy
M. Winiarski,  M. Dróżdż, T. Szymański, D. Kozieł-Wierzbowska, E. Kuligowska, M. 
Dróżdż, A. Erdem, M. Siwak, G. Stachowski, M. Kurpińska-Winiarska, D. Jabłeka, W. 

Ogłoza 

OAUJ, SUHORA, COMU

                                                                                            Malaga June 7th, 2011

A frame from animation by Cosmovision (led by Dr. Wolfgang Steffen) - (Marscher, A.P., et al., Nature, 2002,  417,  625

http://www.cosmovision.com.mx/
mailto:wsteffen@astrosen.unam.mx


Typical structure of lTypical structure of lowow--massmass XX--rayray binariesbinaries
(LMXBs)(LMXBs) and cataclysmic variables  (CVs)and cataclysmic variables  (CVs)

11

Donor starDonor star

Mass streamMass stream

Compact objectCompact object

Accretion diskAccretion disk

UV, optical, IRUV, optical, IR

Optical and infrared sourceOptical and infrared source

Close vicinity of the compact Close vicinity of the compact 
object: dominant source of Xobject: dominant source of X--raysrays



MicrolensingMicrolensing
 ResearchResearch

Global Network
 

most
 

essential

Jovian mass planet. < 1% 
Precision photometry requested. 
Udalski et al. (2008)

A 3x Earth mass planet (Bennet et al. 2008)



The	  Javalambre-‐PAU	  Astrophysical	  Survey	  

Robo$c	  Telescopes	  at	  
Javalambre	  

SCIENTIFIC MOTIVATION 
THE JAVALAMBRE-PAU ASTROPHYSICAL SURVEY (J-PAS) 

Sky area: 8000 deg2 
56 filters of ~100Å width 

Time: 4-5 years 
 

•  To determine photo-z’s (Δz ~0.3%) 
for millions of LRGs, to study the 
Barionic Acoustic Oscillations and 
constrain the equation of state of the 
Dark Energy. 

•  Many other scientific returns for free: 
galaxy evolution, SFR evolution, 
galaxy clusters, 2D stellar populations, 
Milky Way structure, SNe, GRBs, very 
low mass objects, exoplanets, Solar 
System minor bodies… 

Benítez et al. (2009), ApJ 691, 241 



Hα
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Robotic tracking of LEO Delta1 R/B
Orbit: 304 x 1,608 km, 89.1°
0.3 s exposure, 07 Feb 2011
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Fabra-ROA telescope at Montsec,   Jose Luis Muinos
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Why do we need robotic telescopes ? 

 
- research 
       GRB hunting is only ~25% 
           many more interesting targets 
        
 
- education 
        and  outreach 
                astronomy and science in general
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"Science isn't just a subject at school, it is a human endeavour."

Objectives of

 

Blackrock

 

Castle Observatory

•

 

To foster an interest in science, engineering and technology, through the 
medium of astronomy, amongst people of all age groups

•To become a focus for science outreach in Cork

•To develop a robotic astronomical observatory which will perform

 

research in a number 
of areas, including:

o Blazars  
o Extra-solar planets
o Near Earth Objects
o Gamma Ray Bursts

•To provide facilities for students to 
complete research programmes for 
various purposes, from Transition 
Year Projects to Doctorates.
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Recent developments 

 
New instruments focus on: 
- sensitivity and precision 
- fast response 
- high temporal resolution 
 



What makes a good observing site?

Clear

High

Dry

Cold

Clean

Dark

Low precipitation

No lightning

No forest fires

Low surface wind

Low wind throughout 
atmosphere

No high level turbulence

Low seismic activity

Accessible

Continuous observing 
possible

Stable climate

Image:  Anna Moore
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The PLATO robotic Antarctic observatories,  John Storey
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Lawrence, Ashley, Tokovinin, and Travouillon, Nature, 431, 278, (2004)



Contour map of Antarctica

USGS image

Dome A



Shutter correction map
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Best results so far



PSF reconstruction

High resolution PSF pro�le � superposition of the images placed on the net of
20× 20 positions on the pixel.

Area above 50% of the maximal signal.

Lech Wiktor Piotrowski Modelling of the �Pi of the Sky� detector response Malaga, 06.VI.2011



INTEGRAL SWIFT

TheThe
 BOOTES BOOTES NetworkNetwork

 PhilosophyPhilosophy
 (II)(II)

UFFO @ Lomonosov

2002- 2004- 2012-

Ground-support

 
to

 
space

 
based

 
missions

Very
 

fast
 

slewing
 

speed
 

(> 100 deg/s), easy
 

rescheduling, fast
 

readout
 

(< 1s)



Follow up vs. synchronous

Table taken from  poster by S. Meehan

T90
 

<  Δ
 

Opt

We observe the active phase in 
optic!

Prezentator
Notatki do prezentacji
Just do not harm somebody not mention his/her clever  ground based robotic telescope, instead I’ll refer on space UVOT/Swfit, which is also robotic!




Follow up vs. synchronous

•
 

When you hungry you do not ask the whole 
elephant, you may want take a part (of 
elephant), e.g. leg or a flap

•
 

If you need to identify some person you need 
now only some trace and following DNA-analysis

•
 

So, why we need observation of the whole 
Gamma-Ray Burst? 

•
 

We need simultaneous observation of only part 
of prompt emission in gamma-ray and optic.



BATSE: bi-modal duration 
distribution, short and long GRB

LGRB

<z> ~2.5SGRB

<z> ~0.5



 
Recent developments 

 
New instruments focus on: 
- sensitivity and precision 
- fast response 
- high temporal resolution 
 
- multi-wavelength measurements 
- polarization 



Multi-color Imaging Telescopes for Surveys and Monstrous Explosions 

g’
R I Y J H Ks

NIR TelescopeOpticalOkayama
Akeno

 

Observatory, ICRR

Tricolor Camera

I

g’
R

Akeno
Okayama Astrophysical 
Observatory, NAOJ

50cm Optical Telescopes

91 cm NIR  
Telescope

Okayama Astrophysical 
Observatory, NAOJ

Okayama



GRB100906A: afterglow light curvesGRB100906A: afterglow light curves

X-ray (Swift XRT)

MITSuME
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R
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The	  Javalambre-‐PAU	  Astrophysical	  Survey	  

Robo$c	  Telescopes	  at	  
Javalambre	  

J-PCAM: A PANORAMIC CAMERA @ T250 FOR J-PAS 

Using new generation, Large-format CCDs (9.2k × 9.2k) by e2v 
Mosaic of 14 CCDs (FoV∅ 476 mm) à ~ 1.2 Gpix 

Working in convergent beam 
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J-PAS FILTERS 

Benítez et al. (2009), ApJ 691, 241 
Filter Tray # 1 Filter Tray # 2 Filter Tray # 3 Filter Tray # 4 

The all 56 J-PAS filters can be simultaneously 
located at J-PCam. 

J-PAS Strategy to driven by moon phase, seeing, 
weather conditions, etc. 



The STELLA/SES telescope

• Second telescope on site, aka
STELLA-II

• 1.2m aperture, spherical mirror

• Prime-focus corrector for 1’ field

• Alt/Az mount

• Fiber feed for spectrograph since
mid 2010



The échelle spectrograph SES

• Fiber fed, bench mounted

• λ/∆λ = 50, 000

• Currently 2kx2k detector (order
gaps above 700 nm), later
4kx4k pixels

• Closed cycle cooling

• Fixed format: 390 to 900 nm

• Thermally stabilized



STELLA 1&2:

Simultaneous high-res spectra (R~55000) and wide-
field imager (22’x22’, full Johnson, Strömgren and Sloan 
filter set + Hα).

Extreme long-term and fast-reaction modes.
Exclusive access.
Fully reduced data (plus data products)

Current status?

…lots of experience & algorithms (java)

HAT 12 p, r’=12.5m, 23.4.2011GRB110402, co-added 60x20sec

HD 1, V=7m43, combined spectrum

texp =40 min

Prezentator
Notatki do prezentacji
First, why do we want to do robotic astronomy in the first place?
In a time of shrinking budgets, costs if of course always a concern, and the simple absence of human facilities (toilets, beds, restaurants) reduces the costs. But scientifically, does robotic observation give us an advantage?
Yes, a robot is much more efficient than a human observer. A robot can control a whole set of devices, at least sometimes, in parallel. A robot does not get tired. A robot can change to targets of opportunity faster than a human can.
Then, as long as everything is working okay, the data quality will only vary according to weather conditions. No observations will be lost because of an unskilled handling of the instrument.
From the scientific programs that run on robotic facilities there is also a big difference to conventional telescopes. A robot will always be as simple as possible to do a certain kind of observation. This means that a robotic telescope will be used, say, for all-sky monitoring. It is easy to see, that this allows for extremely long time bases in the observation-in contrast to the conventional telescopes where observing time is mostly given in sometimes tiny slots to different users. A scientific program where one need, say, one hour of observation every day over a month will never be approved on a classic telescope.
And last but not least, this is talking about the future, cross-linking different robotic facilities around the world will allow continuous observations-not inflicted by day/night cycles-of targets. There are some campaigns like MUSICOS for spectroscopy or Whole Earth Telescope for astro-seismology based on classical methods, but true success to this campaigns will probably only come with robotic telescopes.



Workshop on Robotic Autonomous 
Observatories, Málaga, Spain, 5-11 June 

2011

Наблюдение 4-х гамма-всплесков сеть телескопов МАСТЕР

GRB100906A GRB100906A 
(gcn11214)(gcn11214)

23  s  after notice time
38  s after trigger time
gcn 11228

First prompt optical polarization observations



Workshop on Robotic Autonomous 
Observatories, Málaga, Spain, 5-11 June 

2011



 
Recent developments 

 
Web access: 
       - telescope status 
       - infrastructure monitoring 
 
        
 



The environment data access 
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The robotic environment system for LAMOST,   Zihuang Cao
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The environment data access 



Workshop on Robotic Autonomous 
Observatories, Málaga, Spain, 5-11 June 

2011

Наблюдение 4-х гамма-всплесков сеть телескопов МАСТЕР



 
Recent developments 

 
Web access: 
       - telescope status 
       - infrastructure monitoring 
 
       - alert response 
       - on-line image processing results 
 



Response to GCNResponse to GCN

Response to GRB
An entry is automatically 
generated to each Swift 
GCN notice with 
coordinates



Response to GCNResponse to GCN

GRB visibility
Elevation of the 
target and the 
Moon is 
calculated for 
various sites

GRB 
information
Contents of 
the GCN 
notice



 
Recent developments 

 
Web access: 
       - telescope status 
       - infrastructure monitoring 
 
       - alert response 
       - on-line image processing results 
 
       - cost-effective projects 
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Crowd-sourcing - What are we missing?
(Total Cost So Far $57K without first light)
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The Baker Observatory Robotic Autonomous Telescope,  Lee Hicks
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Where do we aim? 

 
Remotely operated telescopes 
Robotic autonomous observatories 
Robotic intelligent observatories 
 
 
 



 
Where do we aim? 

 
Remotely operated telescopes 
Robotic autonomous observatories 
Robotic intelligent observatories 
 
Robotic Telescope Networks 
 
 
 



MASTER-NET
TOTAL FOV 38 square degrees up to 20-21 mag +4200 sq.degeres, up to 

14 mag 

Workshop on Robotic Autonomous 
Observatories, Málaga, Spain, 5-11 June 

2011
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 (I)  (I)  

Identical
 

telescopes
 

spaced
 

around
 

the
 

Earth

Identical
 

filter
 

sets: g’r’i’ZY

Identical
 

CCD cameras

Impact
 

on
 

several
 

scientific
 

fields
 

and
 

public
 

outreach



 
Where do we aim? 

 
Remotely operated telescopes 
Robotic autonomous observatories 
Robotic intelligent observatories 
 
Robotic Telescope Networks 
 
Intelligent Robotic Observatory Networks 
 



www.ciclope.info

GLORIA - http://robtel.eu

Copyleft 2011 Ciclope group    - 1 / 41 WTR  2011, June 9 - Málaga.

FP7-INFRASTRUCTURES-2011-2 (Call 9)
INFRA-2011-1.2.1: e-Science environments

 Global Robotic Telescopes Intelligent Array For 
Citizen Science

P.C.: Francisco M. SÁNCHEZ-MORENO  fsanchez@fi.upm.es
                   Universidad Politécnica de Madrid
P.S.: Alberto J. CASTRO-TIRADO             ajct@iaa.es
                  Consejo Superior Investigaciones Científicas

mailto:fsanchez@fi.upm.es
mailto:ajct@iaa.es


www.ciclope.info

GLORIA - http://robtel.eu

Copyleft 2011 Ciclope group    - 4 / 41 WTR  2011, June 9 - Málaga.

Obj. 1: Create a social network for researching astronomy 



Observatory  Managers
Four

 
widely

 
spread 

AUDELA: Developed by A.
 

Klotz
 

et al. (Toulouse), starting in 1995. Open source 
code. Linux/Windows.

ASCOM: Dessigned
 

in 1998, by B. Denny (USA), as an interface standard for 
astronomical equipment, based on MS's Component Object Model, which he called 
the Astronomy Common Object Model.

 
Mostly

 
used

 
by amateur astronomers, has 

been
 

also
 

used
 

by professionals. Windows. Widely
 

used
 

in SN, MP searches.

RTS2: The Robotic Telescope System version 2, is being developed
 

by P. Kubánek, 
(Ondrejov/Granada) starting in 2000. Open source code. Linux/Windows 
(command line and graphical interface foreseen). Widely used in GRB searches.

INDI: The Instrument Neutral Distributed Interface (INDI) was started in 2003. In 
comparison to the Microsoft Windows centric ASCOM standard, INDI

 
is a 

platform independent protocol developed by E. C. Downey (USA). Open source 
code. Not so widely spread as the upper layer interface was not done.



www.ciclope.info

GLORIA - http://robtel.eu

Copyleft 2011 Ciclope group    - 6 / 41 WTR  2011, June 9 - Málaga.

Objetive 2: Increase the number of telescopes 
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