Practical lesson: remote operation of telescope and camera

0 The Mees telescope
startup/shutdown guide, found
under the Mees tab on

www.pas.rochester.edu/~dmw/as
t244.

Software:

Q The Sky X, or Stellarium
(http:/ /www.stellarium.org).

0 Camera plugin on The Sky X, or
CCDSoft v. 5.

M51, LRGB. L from Palomar (200-inch Hale
telescope); color from Mees.
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0. Calibration data

Camera

Find

el

0 Make sure you can find the dark and Moguder saicsrxcaness 0

é Camera Setup ...
bias data for the camera you will use. = T T T
“ :gy Status:
Progress: 0%
g Max 8319
O Plan to take flat fields in every filter and @ | oo
. . . Filter Wheel . Take Photo Focus Tools Take Series
binning you will use. o
Focuser ©
@ - Repeat Executes
s Take Series
e At least 32 frames each. Rowtor o perseres

Autoguider

«

Telescope

ADOIT Across series

Series 1 =
Exposure Time: 1800 & 300

Binning: 1x1 1x1

* Exposure times such that about
half-full wells are produced.

@
i
=
9]
=
=

Video (Guider)

Focuser

Frame: Flat Field Light

* With the telescope-cap flatfield it Luminance /Lo
lamp, this takes frame times of 0.5- S
2 sec in the broadband filters, or 5-
10 times this in the narrowband Add Seies | Remove Seres
filters.

4

Subframe Size... -

v Automatically save photos
v
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1. Select target and guide star.

O Find your target in The Sky X or
Stellarium, to make sure that it
will be above about 35° elevation
during the time you want to
observe.

0 Make sure a guide star is handy. @
Look 11.2 arcminutes due east of 11.2 arcmin
the target, and note that the - %
autoguider camera’s footprint is 2

arcmin N-S and 1.5 arcmin
E-W.

0 Note E-W (RA) is like longitude:
11.2 arcmin = (44.8 sec)/cos§.

Practical lesson Astronomy 244/444, Spring 2020 3



1. Select target and guide star (continued).

0 You should plan to center a
relatively well-isolated star in the
autoguider.

O Anything brighter than 12t
magnitude takes less than 10 sec
of exposure for good guiding in
the LRGB filters.

For fainter:

e GSC 3463:58

V=12 10 sec V=1
V=13 25 sec

V=14 63 sec

V=15 never mind;

recall (S/N), oc/PAt.
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1. Select target and guide star (continued).

O If you'll be taking scientifically-
useful images, for which
accurate colors are important, irtf distribution map
identify a couple of good B ' ' ' ' 2
standard stars you can observe
during the night - preferably

a8

68

AQV stars, one 6-8 mag, one w B
around 10 mag that’s closer to = I
your target. 8§ o

=20 e

O T usually use the NASA IRTF
standard stars:

-40 N

=68

http:/ /irtfweb.ifa.hawaii.edu/~t -0
cs3/starcat/catalogs_info/ 106
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2. Make sure the camera is connected

If you're at the telescope:

The cables which run from the camera to its
power supply, and to the patch panel at the base
of the telescope, can be found in the black valise
below the workbench on the dome floor.

Q0 Black USB 2.0 cable for CCD signal and
control

Q Straight-wired RJ-11 cable for autoguider
signals

0 Round power connector

Usually we use USB port 2 and autoguider port
2.

If you're not at the telescope, remind whoever is,
to check this.
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3. Connect the software to the camera, and set the focal-
plane temperature.

0 On the TCS computer, start

The Sky 10, and select Camera CESERR |

File Edit View Image Camera Research Window Help

from the banner on the left. EHS 2| haQq | = NI
o0 0B w-h £ 220 1NN | P OO o6
d Or on the CCD camera laptop,
start CCDSoft, using the o o =

| Setup l ke Image ] Focus Tools ] Autoguide ] Colar ] AutoSave ]

desktop icon at upper left.

Camers: [ S - | Setings.. | © Inager
A ia,
Filter Wheel: |SBIG CFW (STF/STT/STX/STHL) j Settings... | Sl
i If the Camera ContrOl Focuser: |:N0ne Selected> j geﬂings___' CDHLCJ |
. [v Save images with coordinated universal time (UTC)
(CC) window does not I Hioh oty dowrioads % —
[ Screen shutter Ju == S"'J

come up automatically,
start it from the Camera
menu.

O Use the Connect and
Temperature (or Temp. Setup)
buttons to establish
communication between
camera and computer, and to
set the CCD temperature to T
= -20C.

[+ Download aborted exposures exposed longer than (seconds): ’@ Temperature. .. |

IV Auto contrast

r None com3
Device Linked Status Temperature Shutter Filter Max
|Imager |N0 | | | | |
| Autoguider| No | | | | |
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4. Decide on a file-naming convention

O Best to have the file name long and

detailed enough to help you piCk key File Edit View Image Camera Research Window Help

parts of the data out of a long list SHSARB(TW|RQQ|F =P DDt
S0 OB hrh £2 E20 1M | P EE| a0

0 Use The Sky’s Autosave tab to set the
working directory and file-name root.

Setun | Take Image | Focus Tools I Autoguide | Color | AutoSave ]

¥ AutoSave on & Imager
I " Autoguider

ey

0 The Color tab in CCDSoft adds useful St b [T ]
extensions to the filenames. Fie name preh: [VIE3

[ AutoSava fole Save as

| |C:\Users'mees'\Desktop'.Your Files Here * FITS
' © SBIG

Choose Folder. ..

o

Device Linked Status Temperature Shutter Filter Max

Lookin: [ ) DMW 06142016 ~| - B Er lmeger [No |
Name - Date modified i = |}\utoguider| No |
#] 110100000001 LUMINANCE 6/14/2016 10:49 PM

#] 110100000002 LUMINANCE 6/14/2016 10:54 PM :H

#] 110100000003 LUMINANCE 6A4/2016 1100 PM ¢

%] 110100000004 LUMINANCE 6/14/2016 1105 PM ¢

#] 110100000005, LUMINANCE 614/2016 1110 PM €

#] 110100000006, LUMINANCE 6/4/2016 1115 PM ¢

#] 110100000007, RED 6L4/2016 1121 PM ¢

#] v101.00000008.RED 614/2016 1126 PM €

%] 1110100000009, GREEN 64/2016 1131 PM ¢

#] 1101.00000010,GREEN 6L4/2016 1136 PM ¢

# v01 00000011, BLUE 6/14/2016 1142 PM ¢
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5. Focus the telescope

O Point to a 4-6 magnitude star
near the zenith, change the filter
to L, and run the focus through
a range around the last analog
focus value, looking for the
value which gives the smallest,
brightest stellar image.

* Easy when using TCS's
focus setting tool, under
Telescope > Misc > Focus.

* Only move focus In (focus
readout decreasing) to target
analog-focus value.

Setup ] Take Image ( Focus Tools | utoguide ] Calor ] ALrtnSave]
Erosae Subframe: Bin Graph * Imager
Seconds: 1000 == | W On  Siee.. | |[22 || |[Madimum «|| © muoquider
— :
Delay (s): |L:'.L?D =

.

W Continuous )
Move focus Move telescope Abart
In Out
. Clear Graph
&+ Small !
MoveTo. .. [~ w E
" Large 5

Cur Max:3735 Highest: 10658

Device Linked
Imager Yes
Autoguider | Yes

Status Temperature Shutter Filter Max

41 Left) -19.5°(36%) |Open  |Luming 3735
Ready -19.5°(36%)  [Open | Lumin

* CC’s Focus Tools can help you set up a small subframe around the star, and keep
track , graphically and numerically, of its peak brightness as you move the focus

around.
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6. Point to your target, and acquire your guide star.

One good way to acquire the guide star:

O Point the main CCD at your
guide star, and take a sequence
of 10-30 sec L-filter exposures
while you use the paddle to
center the star in the field.

O Sync the telescope coordinates
on the star when centered.

Q0 Then point to coordinates 44.8
s/coso west — smaller RA, either

* by calculating the new RA
and using the paddle, or

Main CCD

Paddle button Star moves on
pressed... image...
N \
W E « -
S )
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6. Point to your target, and acquire your guide star
(continued).

* Dby using TCS’s Telescope >
Movement > Offset/Other
tools to order an 11.2 arcmin
= 672 arcsec offset to the

WeSt. Movement X
Define Target Offset | DFM Dbject Library | Mark/Move Table
 RA increases to the east, so e S
. . ‘ ds| ¥
this goes into the system as - =
DEC Offse ( Slew To Target
672 arcsec. vt

Follow Target

e Offset, then Slew. Hold Position

q/ Stow Mount at Zenith
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6. Point to your target, and acquire your guide star

Then take images with the main
CCD and the autoguider CCD, using

(continued)

. r@.’ Camera Control = %
CC’s Autoguide tab, to see where
Setup ] Take Irnage] Focus Tool., Autoguide !Jolor ] AutoSave
target and Star Wound up. Exposure lze guide star at Kemor: " Imager
Secods: |10.00(— X:l@ ¥:|132 2| Yemor: S Autoguids:
eclination: [54.28 =1 [ Reverse X
. . . ecis EZE = M M [v Show Autoguider _Take Imagﬂ
D 30'60 secC 1n L fOI‘ main CCD, ].f r Move telescope
your target is a galaxy; : | ] . Asoguide
. n w 5 !
expected exposure time on e s Settngs...
autoguider CCD, for the star. = =
Toggle between the two with Device ankeed et Temporatire Stuitar Fiter Mo
the radio button above the Take Asoqude |
Image button.
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6. Point to your target, and acquire your guide star
(continued)
0 Move the guide star to the center

of the autoguider field, noting
before you do that the stars

move differently in response to AUtOg uider CCD
the buttons for autoguider and
main CCD. Paddle button Star moves on
pressed... guider image...
* The autoguider CCD is
rotated 90 degrees, and its N «—
light goes through one
more mirror reflection, W E 0 l

relative to the main CCD.
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7. Autoguide

O With the Autoguide tab open and
a current image of the guide star

showing, click on that star in the [ & Camera Control = e =
imgge_ Brleﬂy a square SeEt:;f | Take image | Foculsl'Too, Autoguide | _Zo}l(or ]@toSave]
surrounding that star will appear. Socon/a [10000=] e [139 =1 v [132 1) voror e
The X and Y coordinates on the Pecnaten [S20 21| o WoveTo | | Gl e _Tokeimse
tab will now match the CCD - o] Hovetelescope _Mogmdj
coordinates of the star. TRRE ” : e[ e
= Calibrate...

O Set the tab’s Declination value Device _Linked Status Temperature Shutter Fiter Max

equal to the guide star’s RaomirNo

declination. Check that the
Exposure value will work.

O Push the Autoguide button.
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7. Autoguide (continue)

Then, every autoguider exposure time, a small image of that briefly appearing square will
appear, showing the guide star and its small, corrected positions within. You are now ready
to take the real data.

Temperature Shutter Fiter Max
=5 =

B 102250 [Open [Lumid2%62
102 5% |Open _|Lumine 11691

¢ aW e m T %[

Happily autoguiding (and taking data)
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8. Take images of your target

O 5 minute exposures if there will be

substantial moonlight during the [ Comera Control = =
Observations; 8_10 miHUte eXposureS Setup ] Take Image | Focus Tools | Autogiide Color | £ toSave
Otherwise. Luminance Red Green Blue (¥ Imager
Mins: 5 Mins: 5 Mins: 5 Mins: 5 " Autoguider
. , Secs: 0.00 Secs: 0.00 Secs: 0.00 Secs: 0.00 Take Color |
O Use the tools in CC’s Color tab to el B T R
expedite the Observations_ A:'[.[I::I .. \ljilmini Filter: Red [-mer: areen nljter:. Elue
. . Take: G“ Take:- 2 Take; 2 Take.; 2 Series of
* Or the Series tabs in The Sky X. = —ra - e | | [
| For pretty pictures: Device Linked Status Temperature Shuiter Filter Max
Imager No
Autoguider | No
* L in Ix1 binning, at least three L
times as long exposures as any of

A one-hour pretty-pictures color

R, G and B. .
series.

* R, Gand Bin 2x2 binning.

* Sequences as long as a few hours
work fine.
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8. Take images of your target (continued)

O For scientifically-useful (color
calibrated) observations:

e More time into RGB.

* Use 2x2 binning or more, unless
the seeing is really good.

* Every hour or so, take a set of
much shorter-exposure RGB
images of the standard stars.

= = |

@" Camera Control

Setup | Take Image | F-M%

Luminance — - Red Luminance Coler Settings | % Imager
— 3 " Autoguidsr
Minutes: |5 = oK

Secs: 0.00 Se | I Take Color |
Delay: 0.00 Del | Seconds |0 = € |
=l ancel
Bin: 1X1 = Abart |
. Delay [s] (0 =
Filter: Lumiri Fil —
Active: Yes Acti Bin {11 =
Take: 6 Tahi| S urina > | Series of:
Edt L. | &S [
3 DR I =] i a2
Device Linked — — er Filter Max
Imager No
‘Mogulder‘No | ‘ | ‘ | |

@' Camera Control

Setup | Take Image I Focus Tools I Aut/ quide  Color IALrlo ave |
r~ Luminance —— — Red ~Green “dlue
Mins: 5 Mins: 5 Mins: 5 Mins: 5 " Autoguider
Secs: 0.00 Secs: 0.00 Secs: 0.00 Secs: 0.00 Take Color
Delzy: 0.00 Delay: 0.00 Delay: 0.00 Delay: 0.00
Bin: 11 Bin: 2X2 Bin: 2X2 Bin: 2%2
Filtar-_| umin; Fiter: Red Fitter: Green Filter: Blue
Active: No Active: Yes Active: Yes Active: Yes

Take: 6 Take: 2 Take: 2

Edit L Edit R Eit G |

Device Linked
[mager  [No I
|Mogulder| No
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8. Take images of your target (continued)

Q Either way, monitor the guiding
and be prepared to repeat steps R

EHES 928 7% [k

7 and 8 if guiding is lost. It has o0 .Dmucs sE82c

& Camera Control = = | A M109_L 1,d 00000001
: =
hl f Setup | Take Image | Focus Tools | Auogade Color | AutoSave |
been working very smoothly o o oo o i O ]
Mins: 5 Mins: 5 Mins: 5 Mins: 5 " Atoguider
late, though. == =5 =8 |28 ==
S 2 2s a2 B
Active: No Active: Yes Active: Yes Active: Yes
Take: 6 Take: 2 Take: 2 Take: 2 Seres o
Edt L. Edt R. Edit G. EdtB... [ =]
: : | || o] e
0 Watch your images come in too. T e ——
|Atoquider[Ne | [ [ 1 |

Keep familiar with signal levels,
to make sure you're still happy
with exposure times.

* Saturation occurs at DN =
65535; don’t let signal
exceed about 50000 for any
object you care about.

(2380,1460) Value 02215
=
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9. Save your data

O Leave copies in the directories
you created in the beginning,
but...

O Take copies of everything
with you on a memory stick.

O Or upload it all to the Wiki.

O Take good enough notes to be
able to decode your filenames
later - though the file headers
contain most of the important
information.

DMW 06-14-2016

I e o

Picture Tools

View Manage

. A » ThisPC » Documents » Classes » Mees » DMW 06-14-2016

IntelGraphicsPi A

# Links

®

Local Settings

D Music

%] My Decument:

®

NetHood

#& OneDrive
& OneDrive

&=] Pictures

bl

PrintHeod

(75 Recent

Roaming

#P Saved Games

yo

bl

®

Searches
SendTo
SmartSketch
SPT252
Start Menu
Templates
Tracing
Videos

[ This PC
[ Desktop

%] Documents

80 items

Mame

A 11101.00000001 LUMINANCE FIT
A 14101.00000002.LUMINANCE FIT
8' M101.00000003.LUMINANCE.FIT
@' M101.00000004.LUMINANCE.FIT
@' M101.00000005.LUMINANCE.FIT
@" M101.00000006.LUMINANCE.FIT
A 11101.00000007.RED.FIT

A 11101.00000002.RED.FIT

3" M101.00000009.GREEN.FIT

@' M101.00000010.GREEN.FIT

@" M101.00000011.BLUE.FIT

A 11101.00000012.BLUEFIT

A 11101.00000012.LUMINANCE FIT
8' M101.00000074.LUMINANCE.FIT
@' M101.00000015.LUMINANCE.FIT
@' M101.00000016.LUMINANCE.FIT
@" M101.00000017.LUMINANCE.FIT
A 11101.00000012.LUMINANCE FIT
|| M101.00000019.RED.UNFIT

8' M101.00000020.RED.FIT

@' M101.00000021.GREEN.FIT

@' M101.00000022.GREEN.FIT

@" M101.00000023.BLUE.FIT

|1 M101.00000024.BLUE.UNFIT

A8 1110100000025 LUMINANCE FIT
@' M101.00000026.LUMINANCE.FIT

Date modified

6/14)

~ |0
Type
CCDSoft Image
CCDSoft Image
CEDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CECDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
UNFIT File
CECDSoft Image
CCDSoft Image
CCDSoft Image
CCDSoft Image
UNFIT File
CCDSoft Image
CCDSoft Image

Search DMW

Size
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