»
Lt S Meoaior vet ...“

f\\ »_‘

‘ﬁé:ﬂ‘)jixﬁj?fﬁ ﬂﬁiﬁAST:’tEﬁ §r3'

Viscouow'e bigng Wemw

?iﬁﬂﬂg
/ij’ﬁ/&)t%
E]ZZ}EX;?
# ] i MK L P o

C)
~a.\ .

On behalf of
NAOC Antarctic Astronomy GrOUp
and collaborations 20121129@Yichang



Outline

e AST 3 system

* 2012 Operation

e Operation and Control systems
* Computers, disk arrays

* Survey softwares



AST3 System



Antactic Survey Telescope x 3 (AST3)

e Three 50/68cm modified Schmidt Telescopes (NIAOT);

- spherical corrector

- short tube

- aberration correction

- atmosphere dispersion corrector (ADC)
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AST3 CCD Camera

e CCD camera (STA1600-FT)
- 10k x 10k (largest single CCD chip)
- 9 micron/pixel

 Plate Scale: 1”/pixel

Window
(diameter = 165mm, thickness = 13.5)

///CCD and Substrate

—————Invar CCD Base

/Cold Strap

?’\\Flex Cable Assembly
D

o) \\

TT~G-10 Standoffs with Stainless
Steel Inserts

~Porfs (up fo four)




AST3 CCD Camera

* No shutter, to avoid mechanical failure
* To be operated in Frame Transfer mode, 10k x Sk
e FOV: ~4.3 sq. degree

* 16 readout channels for fast readout sl T
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AST3 CCD Camera

* No shutter, to avoid mechanical failure
* To be operated in Frame Transfer mode, 10k x Sk
FOV: ~4.3 sq. degree

* 16 readout channels for fast readout sl T

OS1 OS2 O0OsS3 0s4 Os5 O0s6 os7 Oss8

eeeeeeeeeeeee

Frame Store Region
10560x2640

Image Area
10560x2640

Image Area
10560x2640

! Frame Store Region
10560x2640

I i i I s e e

N N OS9 0OS10 OS11 OS12 0OS13 OS14 OS15 OS16
6643 13165 19752 26274 32860 39382 45904 52491 59013 .
Eight Outputs

 Overscan: 180 columns/channel, 20 lines




AST3 Sciences--- Time domain astronomy

* Supernova SN light curves

- Very early discovery

- Uniform, multi-color light-curve E \
Ex-solar planets = b SIS
. Exo-planet micro-lensing ¥ . L
- Transients Sttt —
3E3F ocwe £ 3 A E
- Micro-lensing 3 £ A S A T :
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3 e g C 3 l - planetary 3
Variable stars CA Rl sbwindes § B S0t 0T A
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- Nova

- Micro-lensing i ngh quality data
X A * Accruate photometry
e Real-time



2012 Operation



AST3-1

* Installed the 1st telescope at Dome A 1n January 2012
* Power and communication by PLATO-A (UNSW)

AST3@Dome A




AST3 Control, Operation and Data System (CODS)

—Hardware + Software
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AST3 Operation

Optical fibre CCD
Controller
CCD
Acquisition Card Telescope
= Control
% PCle Computer
Remote 5 AST3 1 AN Disk Array
MAIN Computer
Computer £ | COMPUTER (x2)
@
= A cm? B M Pipeline
Computer
NAOC, PLATO-A o
Beijing Instrument Module




AST3 Operation (remote control)

0 00 MmtIcpPASTIOP: ~/from
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Screenshot of NAOC computer during opera




AST3 Operation (remote control)

ast30p@AST30P: ~

File Edit View Terminal Tabs Help

ast30p@AST30P: ~ # ast30p@AST30P: ~/from b4

MP2=-7.18><CCDTEMP3=-141.75><P05=2235><1=7.39><P(I=4.21><RAI=0.20><DECI=-0.00><U=8
11.95><PCU=9.51><RAU=17.80><DECU=21.27><STATUS=58861><VERSION=V1.4.0424-0.1><RUNT
IME=0><INFO=0K><ACTION=DONE><SENDTIME=2012-05-08T14:08:43.775>;

ast30p@AST30P:~$

ast30p@AST30P:~$ cmddomea '/ast3/bin/fwhm.all.csh /ast3/obs aag/today’

name a/b fwhm sky Nstar

ab0508.52 1.25 4.05 3429.1 50

ast30p@AST30P:~$ cmddomea '/ast3/bin/telescope 192.168.161.180 8080 "<ID=4><RAPKP
=10.00000><RAPKI=0.00000><RAPKD=4.00000><RATKP=8.00000><RATKI=0.00000><RATKD=4.00
000><DECPKP=10.00000><DECPKI=0.00000><DECPKD=4.00000><DECTKP=8.00000><DECTKI=0.00
000><DECTKD=4.00000>""
<ID=4><INFO0=0K><ACTION=DONE><SENDTIME=2012-05-08T14:14:13.004>;

ast30p@AST30P:~$ cmddomea '/ast3/bin/fwhm.all.csh /ast3/obs aag/today’

name a/b fwhm sky Nstar

a0508.53 1.35 4.18 3466.4 44

a0508.54 1.17 3.61 3652.3 61

ab0508.55 1.32 4.17 3745.7 53

ast3o0p@AST30P:~$ cmddomea '/ast3/bin/cutregion.sh /ast3/obs aag/today/a0508.55.f1
t [5130:5430,2490:2790]"

load input image

remove ok

write the results

ast30p@AST30P:~$ cmddomea '/ast3/bin/telescope 192.168.161.180 8080 "<ID=29><REC=|§
—

No GUI. Command-line instructions




AST3 Operation (remote control)

N —a /.—A

EAT

« HisiTe 45 (pointing, tracking, ...)

» CCD HHHl¥5 2 £ (exposure, ...)

« I ENIE S EE (power, temperature etc.)

« Blm (F122) ALIEFI A

e.g., BN e 4 it

ast30p@AST30P:~$ cmddomea '/ast3/bin/fwhm.all.csh /ast3/obs aag/today’

name a/b fwhm sky Nstar
ab508.53 1.35 4.18 3466.4 44

a0508.54 1.17 3.61 3652.3 61
a0508.55 1.32 4.17 3745.7 53

At a later stage, we were able to use scripts for all observations,
making the survey semi-automatic.



AST3 Operation GUI for real-time status
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AST3 data

* Each CCD 1mage: 10k x 5K (>100 Mbytes)
* Data transfer rate via Iridium OpenPort: $10/MB
e Stamp images: 300x300 (1/600 of a full frame)

(~80KB after compression)




Science Observations

Obs in 2012: late March ~ early May
Targets: SNe, LMC, transit, QSO...




Engineering Runs

» Telescope Pointing Correction (TPoint)
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Summary of AST3 Operation

 Operation stopped in May due to a power-supply
problem

 Collected 23,200 1images, about 2.7TB data

 Sensitivity: 1=19 (3 sigma) in 1 minute

e Image quality ~ FWHM~2.0 (1°/p1x, resolution
limited by optics)

* No obvious clouds except for three nights



Summary of AST3 Operation

Number of Images of Science Programs

SN Survey

= LMC

' Planet Transit
/' WR Stars

I Misc

We look forward to retrieving all the data next year.



What we learned from AST3 Operation

e Low temperature and pressure tests works
* Low power computers work
* Redundancy is necessary

e Problem with the most reliable device (PDB) which
never had problems before

* Never be too optimistic on anything

* Reduce single-point failures
e Dual power supply

 Dual network connection

* Redundancy, redundancy, and redundancy



2012-2013



AST3 Operation

Optical fibre CCD
Controller
CCD
Acquisition Card Telescope
= Control
% PCle Computer
= .
Remote | B AST3 — J AN Disk Array
C ¢ y MAIN Computer
omputer s | COMPUTER (x2)
= X2
:"D*. Pipeline
7 )]
Computer
NAOC, PLATO-A (x2)
Beijing Instrument Module
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Reduce single-point failure

IR FHERTLR

HIELEITEAR TR

X< HEPDUR TR
FIZTENATTR (2

Ll Ll

X 28I THAY TUAR (=

I EAL R TR
CCDBEHMTUR(JEFEA=

)

KR, — P USBI 4

X )



AST3 Control, Operation and Data System—Hardware

Computers, Acquisition, and Storage Systems (Linux)

1. Main Control Computer x 2
* Survey Scheduling

* Data Acquisition
e Database

Main Control

° Control Other systems (+scheduling, database...)
2. Disk Arrays x 2

3. Pipeline Computer x 2
(data storage)

* Real-time Pipeline
(bandwidth too low to transfer images)




Customized Computer Systems

Designed based on past experience and actual conditions:
* Low air pressure is not a problem

* Controllable working temperature in PLATO-A
Ce.g., -10°C)

e Low cost




Computers

Laptop Configuration

FPC7502, -20°C
CFAST, -40°C
7-620M CPU, 8GH7F
PCle x 1, PCle x 16
COM1-4

TFIEM O X 2

FNIHFE~20W, IEE T1E~30W, 5HE;

EEREHEAST 3 FK




System Power Control




Customized Data Storage Systems
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Software
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AST3 Control and Data System—Software (Linux)

Original design principles:
- Fully automatic survey
- Limited remote control

Improvements
* threads => processes (daecmon)
* Operation modes
* Interactive (command-line)
e Semi-automatic (script-based)
* Fully automatic, 1f everything works properly

e Flexible individual instrument control commands
(telescope, ccd, ast3serial)



AST3 Software suite







