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Why Astrophotography?

Long Exposures. Permanent Record. Digital Enhancement. Lieht Pollution!
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Long Exposure

Visual Experience

Light Pollution Subtracted



Some Pictures









Crab Nebula
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Dumbbell Nebula




Or_idn Nebula










Running Man Nebula
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Rosette N




Rosette Nebula—Widefield




Rosette Nebula—Driveway vs. Mt. Palomar

Driveway 48-inch)

Mt. Palomar (







In order of IMPORTANCE...

1. Mount

2. Camera
Computer
Software

3. Telescope (OTA)

NOTE: This talk is about deep sky astrophotography.
For imaging the moon and the planets, the order would be reversed.



Astronomical CCD camera

e Pixel size: 6.45 x 6.45 microns
e Pixels: 1392 x 1040

e Quant. Eff.: ~ 65%

e Readout Noise: ~ 7 electrons

e Cooling: ~ 30°C below ambient
e Download: 3.5 seconds

e Format: 16 bit

e Weight: 350g




Example

“Telescope”: 200mm /3.5 Vivitar lens .
($30)

Mount: Questar
Camera: Starlight Express SXV-H9
Filter: Dichroic Ha

Fundamental Principles
e fFocal length determines field of view

e [-ratio determines exposure time

Total exposure time = 156 mins. Field of view = 2.5°.



Combatting Light Pollution

Narrow-Band Filters

Astronomik Profi-Hao Astronomil Profi-Olll
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Visual Astronomy vs. Astrophotography
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. Move equipment outside (3 minutes). Let cool (in parallel).

Polar align (2 minutes).

Manually point at a known star (1 minute).
Fire up MaximDL, my image acquisition software (0 minutes).

Focus on bright star (3 minutes).

Center star in image (1 minute).
Fire up Cartes du Ciel, my computer’s planetarium program (0 minutes).

Sync on star (1 minute).

. GoTo desired target (1 minute).
. Center (1 minute).

. Select guide star. Calibrate and start guider (5 minutes).

. Initialize imaging sequence (1 minute).

. Go inside (1 minute), watch TV (hours).

. Go outside. Pack everything up (15 minutes).



Move equipment outside (3 minutes). Let cool (in parallel).







Equatorial mount!

) polarisFinder1.3 - Mozilla Firefox -0l =l

File Edit View History Bookmarks Tools Help

. s
& - :‘L_ﬂJ (g | L file:/fC:fusrfrvdb polarisfinder 1. 3/polarisfinder 1. 3-fr.him M |G|'

Affichage des résultats

hemisphere nord  Alpha Polaris

Angle Horaire: 19 h 54 m

Position de I'Etoile Polaire ou de Sigma Octan au moment de votre mise en station
avec une monture TAKAHASHI P2-Z, EM-10, NJP, EM-500 : viseur polaire a niveau

Done [==| Mo Calendars




Manually point at a known star (1 minute).
Fire up image acquisition software (0 minutes).
Focus on bright star (3 minutes).

=101 x|
: File Edit View Analyze Process Filfer Color  Plugin  Window Help

Ed oo MED 4 s @ LY

ALBHAROO U aa=

@ dWRO0 ERE |

40
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| : i Up | Auto-stretch settings (hot applicable) —————
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Cogler] [ Cacter i |D"‘°"nnect 00 = [Em H et

For Help, press F1




rtes du Gel - Chart_1 ]
File Edit Setup View Chart Telescope Window Help
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GoTo desired target (1 minute).

Center (1 minute).

Select guide star. Calibrate and start guider (5 minutes).
Here there be dragons!

Initialize imaging sequence (1 minute).



Go inside (1 minute), watch TV (10 minutes), sleep (hours?).

Me watching TV.

Go outside. Pack everything up (15 minutes).



e Calibrate (flats, darks, etc.).

e Align.

e Stack.

e Color combine.

e Enhance.



' MaxIm DL 4 - dark10sectit =10l

: fle Edit Vew Analyze Process Fiter Color Plugin  Window Help

gl o DEV4F QA SN imE: & e+ LEQ @Bh0 ORE | =

PO ADTAGD S f B

dark10sec.fit | dark-SigmaCip. fit |

Jinformation x|
; e A e e Cusor (%= 524,7= 912), Rad= 6, Fadz=14
Pixel 1244 000 Magnitude

Maimum 1280000 Iniensly 0000
Minirum 1183.000 SNR 0.000

Median 1227.000
werage 1227770 BgdAvg  1229.453

Darks

Std Dev 18657 BadDev 18806
Centioid  [%= 520233,Y= 914.767 ]
Fa/HM 2127 Flatness 0476

Mode [Apetue I'E:zz‘gg‘" Calbrate >

|dea: Take several images of a completely
black field (obtained by closing the "shut-
ter’ to the camera). Subtract this "dark”
image from the "light” images.

Fomm Mesimum[Medun <]

122143 127745 [ Updeiz | 2

2| A 4

Darks correct for dead, warm, and hot pix- e o
o

els as well as "heat” photons.

B- mr\..ﬂ:«lﬁ @@xrs'f - k" manﬁ B+ LEQH@EROD ORE - =
foamHAaged i &as=

dark10sec.fit  dark-SigmaClip.fit |

e N dorkcsigmacipnt IR =T nformation =i
; [-]

(%= 501.¥= 910). Rad= 6. Fad2=14

Cursor

Most CCD chips are cooled and hence heat
glow is not a significant problem.

Pirel 1235032 Magritude 23464
Maximum 1242533 Intensity  28.002
Minimum 1221.400 SNR 0627
Median 1230.880

veage 1231065  Bgddvg 1230817

Std Dev 2629 Bad Dev 4138
Centoid  [%= 495527, Y= 909684
FuHM 6.892 Flatness 0.e42

Mode [Apsturs I'E;iz‘;g‘" Calbrate 3>

Newer CCD cameras have better " dark”

i Mamn |Medm =]

11982 14035 Updiie |

Dead, warm, and hot pixels are better han-
dled by software.

H 7

Right-dlick for optians, or rol mouse wheel to zoom. CTRL or SHIFT for more optiens. 1392¢1040 75%  (501,910) it 1236.032 4




~' MaxIm DL 4 - m27-044Ha.fit

gl H O OEE S

ht-dlick for options, or roll me heel to zoom. CTRL or SHIFT for more options. 1040 75% (70, 9)




~' MaxIm DL 4 - m27-044Ha.fit

Filter Plug-n  Wind:

L P R E R gl O OEE o

for options, or roll heel to n. CTRL or SHIFT for more options.




%' MaxIm DL 4 - Align - m27-001Ha.fit

Help

=1olx|

Align -m27-001Ha.fit | 4 »

Cursar

Fixel M agnitude:
[ EET Intensity

Mirirriuirm SHR
Median

Ayverage Bod Avg
Std Dew Bigd Dev

Centroid
FiadHM

Mode |apetue v [ EISDLE}I M Calibrate »>
[CEec
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Mirimurm I awirnuirn Medium ]v

| szar | 505 45 >

Flatness

=101 x|

Aligh Mode | Auta - star matching

File 1 of 16: m27-001Ha.fit Ovwerlay All
Images

Set Az
Images registered: 16 of 16 Reference

Reference: m27-001Ha.fit

Reject Image

= o
| | Mest Image

Previous
Image

M
Sl

—

ok | Cancel |

For Help, press F1

1392%1040 75%
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Combine -m27-005Ha.fit | 4 »

=101 x|

Align Mode |None ﬂ

File 1 of 13: m27-005Ha fit Ovwerlay All
Images

Set Az
Images to be included: 13 of 13 Reference

Cursar

F'ixe! ] agni_tude
m;’]‘;ﬂuﬂ ISan]eF?sny Reference: m27-005H a.fit
Median Reject Image
Ayverage Bgd Avg
Std Dev Bgd Dev I I
) | | Mest Image
Centroid
Fia/Hi Flatness
Previous
Image

<0 )
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SD Mazk =
.
Settings... [—

Mode |apetue v [ EISDLE}I M Calibrate »>
[CEec

el
L & 2
Mirimurm I awirnuirn Medium ]v

| 2596 | B1689 >

ok | Cancel |

For Help, press F1 1392x1040 75%




~' MaxIm DL 4 - m27-0XXHa

Color  Plug-in

aa[ R 2B @B+ AEQ AaRR0 OB

N m27-0)0(Ha
L

M anual l
Update |

Right-dlick for options, or roll mouse wheel to zoom. CTRL or SHIFT for more options.




Color Combining

Left. Red = Hau.
Right. Green & Blue = O-Ill.

Bottom. Color.




Sharpening w/ Richardson-Lucy Deconvolution

Before

http://www.cyanogen.com /products/maxim _extras.htm
http://www.princeton.edu/~rvdb/images/deconv/deconv_MaximDL.html




Digital Development: Being Gentle vs. Overprocessing

Left. Log stretch.

Right. Digital development.
Bottom. Half & Half.




ebula—Driveway Version




ebula—Hubble Space Telescope




Some More Pictures









Whirlpool Galaxy




Whirlpool Galaxy—Supernova







Little ‘Duimbbell Nebula
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Owl Nebula




Sombrero Galaxy







Eskimo Nebula






Deerlick Galaxy Cluster
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Bubble Nebula .- -
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Jupiter and Saturn




Telescope. Low f-ratio, flat field.

Mount. Equatorial, low periodic error, controllable, stable.
Camera. Cooled, b&w, low noise.

Filters. ESSENTIAL. Dichroic. Ha, O-lll, R,G,B.
Computer. Laptop.

Software.

Image Acquisition. MaximDL or AstroArt.
Planetarium. CartesDuCiel or TheSky.
Image Processing. MaximDL or AstroArt. Maybe Photoshop.



Backup Slides



Biases



	 orange Crab Nebula
	 orange Lagoon Nebula
	 orange Hercules Globular Cluster
	 orange Swan Nebula
	 orange Dumbbell Nebula
	 orange Orion Nebula
	 orange Orion Nebula---Close Up
	 orange M82 and M81
	 orange Running Man Nebula
	 orange Rosette Nebula
	 orange Rosette Nebula---Widefield
	 orange Rosette Nebula---Driveway vs. Mt. Palomar
	 orange Pleiades
	 orange Orion Nebula---Driveway Version
	 orange Orion Nebula---Hubble Space Telescope
	 orange M15
	 orange Eagle Nebula
	 orange Whirlpool Galaxy
	 orange Whirlpool Galaxy---Supernova
	 orange Ring Nebula
	 orange Little Dumbbell Nebula
	 orange Owl Nebula
	 orange Sombrero Galaxy
	 orange Pacman Nebula
	 orange Eskimo Nebula
	 orange NGC 4565
	 orange Deerlick Galaxy Cluster
	 orange Crescent Nebula
	 orange Veil Nebula
	 orange Bubble Nebula
	 orange Horsehead Nebula
	 orange Jupiter and Saturn

