Data Challenges
In

RODOTICASTIonomy and Telescope Networking
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otivation for Autonomous Observatories
and Telescope Networks

e survey operations to minimize gaps
pserving and maximize efficiency

Use coincidence observing to reject false positives
In searches for explosive transients of cosmic origin

Optimize the interaction between surveys and follow-up
In the regime of a large number of outstanding alerts

Take humans out of the loop to enable rapid
response with very short reaction times

Deploy instruments to remote sites with minimal infrastructure
support or in a hostile environment
(global sky coverage, avoid expensive travel)
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Need Integration of Three Components

Robotic Hardware | | Machine Learning
Wide-Field Sky GENIE. |Context Knowledge
Monitoring ML Classifiers, Recor.d ().f_
Rapid Response Anomaly Detection Sky variability
| Telescopes, (e.g. SkyDOT),
Real Time Pipeline Massive Distributed
Disk Array
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Thinking Telescopes
An Engine for Discovery
in the Time Domain
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joward Continuous Sky Monitoring

Robotic telescog

Aperture (m) # telescopes F raction

<025 03 415 %
0.25—0.50 66 20.5 % COTS components:
| 0.50—0.75 15 6.7 % cheaper and easy to use detectors
0751.00 25 112 % N o110 g
1.00—1.95 . 51 ave a potential to drown us in data
> 1.25 18 8.0 %

Scie

Primary purpose # telescopes  Fraction
Gamma-Ray Bursts 31 20.4 %
Service observations 26 171 %
Education 20 13.2 %

Exoplanet searches 18 11.8 %
Photometric monitoring 14 9.2 %
All-sky surveys 12 79 %

Supernovae search 10 6.6 %
Asteroids 8 5.3 %
Spectroscopy 4 2.6 %
Astrometry 4 2.6 %
AGN, Quasars 4 2.6 %
(Micro-)Lensing 1 0.7 %
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mall Telescopes, Large Etendue

Instrument  Aperture FOV
o de fded NS SORTRN. JTS S S
CONCAM 0.004 1800 0.3 1
Super-WASP 0.100 150  11.1 8
ROTSE-III 0.453 2.0 0.5 1
RAPTORP 0143 150 113 4 8 5 | swerwiso@@rarone |l
RAPTOR-T 0.420 0.4  0.02 1 ] ) Palomar/QUEST
RAPTOR-Q 0.017  60.0 3.1 5 3 ] O
ASAS 0.100 3.0  0.06 1 : Y 3 ’
HAT 0.100 8.0 0.4 1 ° e —
LINEAR 1000 14 12 1 Y I S S AN A
SDSS 2.500 1.5 8.7 1 T
Palomar/QUEST 1.200 4.0  14.2 1 Q- :
PS-1 1.800 2.6 135 1 e1 E ARHRCl
LSST 8.400 3.0 3917 1 . 01
KAIT 0.800 0.1 0.004 I T T xS - PP

telescope aperture (m)
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A ISKy monitors

 Bottom of the food chair
easy to replicate

« Complete observatory in a box

o 5 2k x 2k frames every 20 s
0.4 TB of raw data per week

Przemek Wozniak
Aug 9, 2011 Los Alamos National Laboratory




RAPTOR-K
survey system
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RAPTOR-T response
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Ultra-fast Photometry
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RAPITOR Autonomous Telescope Network

GCN notices
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and VOEvents

Telescope Array 1 Telescope Array 2

Response requests DAQ“master
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DAQ slaves: real-time pipelines
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Camera 1 Camera 2 .. CameraN
Candidate events = i = i
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Decision Engine:
event correlation,

Nightly DBs

4

command dispatch

Internal email alerts
(science / system status)
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New Storage Technologies

e Limitations of network bandwidth drive
computing and storage to the observing site

e Data intensive HPC systems at remote sites
are subject to severe constraints on powetr,
Size, and robustness

* New generation Flash based SSD
storage/compute boards such as Fusion-10
offer random data access at speeds 1000
times higher than HDD




Communication

N (GRB Coordinates Network)
XML based I\VOA standards:

VOEvent
VOEventStream
VOEventServer
VOTimeSeries

Skyalert (VOEventNet)

RTML (Remote Telescope Markup Language) is an XML dialect
for controlling remote and/or robotic telescopes
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Aggregator Nodes and Event Brokers

Decision engine

DAQ

Event correlator

Command center ||’
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Context DB

Pipeline
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Event broker

Event finder

PUT registry
GET registry
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Other event brokers
connected with a
messaging protocol
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Event pool (recent)
Event DB (history)
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a. Mira —jos 0.
b. Semireg PV —{&0

c. RV Tauri
d. Classical Cepheid
e. Pop. Il Cepheid

f. Multi. Mede Cepheid

Predicted Class

g. RR Lyrae, FM
h. RR Lyrae, FO
i. RR Lyrae, DM

j. Delta Scuti

k. Lambda Bootis
|. Beta Cephei

m. Slowly Puls. B
n. Gamma Doradus
o. Pulsating Be

p. Per. Var. SG

q. Chem. Peculiar
r. Wolf-Rayet

s. T Tauri

t. Herbig AE/BE
u. S Doradus

v. Ellipsoidal

w. Beta Persei

x. Beta Lyrae
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True Class
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o LSST Classification Challenge

Transients must be selected and classified
against the background of ~135 million
variable stars (periodic and non-periodic)

EXxisting algorithms cannot deliver the
required classification accuracy

Transient classifiers mostly tuned for SN
~50,000 variability alerts per night will

completely saturate the world’s supply
of follow-up instruments
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Real Time Cross-correlation
and Follow-up Optimization

* Accurate real-time transient classification
achieved by assimilating on the fly the
required context information: multi-color
time-resolved photometry, host galaxy and
other environment data, broad-band spectral
properties (gamma-rays, radio)

High-level event classification using
Bayesian belief networks

Field of view

= St e Follow-up optimization using mutual

Z oo entropy minimization (Mahabal et al.)

= RAPTOR-P
~—  RAPTOR-T
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summary

DUS Instruments can deliver otherwise impossible observations

eys with relatively small telescopes are generating
ata and face many problems of deep large scale surveys

EXisting database systems are unable to utilize the random 1/O performance of
emerging Flash-based storage technologies

VOA standards support machine and human readable representation of actionable
event Information and sharing of time sensitive data

liable real-time transient classification is an unsolved problem that
be addressed to make effective use of variability alerts from the next
generation of massive photometric surveys

Need much better support for combining all available context from databases
covering different energy ranges and spatial/temporal resolutions

Need much more sophisticated follow-up optimization algorithms
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