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DSLR Astroimaging - Tutorial

A step-by-step approach to Astroimaging:

The steps required to take this image =>

-

#

.

- b4 -
- -
Qriun's Bwt Stac Antan, Fovasion Medule (C434 aurevmting Dark Nobota £33 - Mhe Hovsaneed Nedule,
The Holland Obsevvatary Emlssion Neduls NGC2024 - The Flame Neduls, Bius Rofection Neduln NGC2023 under Horsohead. ail in Dvlen
12/23/13 200mm 3 Boader MECC, CLS PiYer. Rancler Fiker Nodified Canoo 4500 Camers

S. Douglas Holland



DSLR Astroimaging - Tutorial

. Equipment Selection
Camera

Telescope

Mount

Computer & Software

. Gathering Data
Equipment Setup
Lights, Darks, Flat Lights, Flat Darks, Bias

. Processing Image
Align and Stack
Post Processing

. References
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Astronomy ::

b

Watching TV? Playing the Piano?

* Not endorsing any type of equipment or configuration

S. Douglas Holland



DSLR Astroimaging - Tutorial

1. Equipment Selection - Camera

Options -

Dedicated Astroimaging Camera?
Planetary Camera?

 Best results DSLR?
o Expensive Digital Single Lens Reflex
. Most difficult * Nota planet ) |
- Not optimized Easier to use
for Nebulae * Lots of support

* Lower cost
« Acceptable results
* Long exposures



DSLR Astroimaging - Tutorial

1. Equipment Selection — Camera (cont’d)

MODIFIED

-Or -

UNMODIFIED

S. Douglas Holland
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Vergleich Baader AFC/BFC Filter gegen Canon Fiiter 400D

1. Equipment Selection — Camera (cont'd) o

80

-t
Canon +
Original 1
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Transmission in [%]

ca. 25 %

300 400 500 600 | 700 800 900 1000 1100 1200

Wellenlange in [nm]

Lovwe-pass filter -2

IR Cut Filter

Sealing malenal

Low-pass filler «1-

Phaser layar
Infrared-absorplion glass

Replacing IR Cut Filter improves performance ‘ Piezaelecric element
for Astrophotography. Shibingie

S. Douglas Holland
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1. Equipment Selection — Camera (cont’d)
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1. Equipment Selection — Camera (cont’d)
« Camera: Modlfled Canon 450D

* Mount: Losmandy G-11 ™
* Filter: Astronomik CLS
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IC434: Horsehead, NGC2024: Flame Nebula
S. Douglas Holland
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- NGC2174: Monkey Head Nebula
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The Tadpole Nebula
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1. Equipment Selection — Camera (cont’d)

Required Accessories:

1. T-Mount Adapter

= |n place of lens

= Allows connection to
telescope

$15 (Agena Astro Products)

2. AC Adapter
= Battery produces heat

= Batteries die at Example: ACK-ES5
inopportune times eBay: approx. $16
= Battery life less in cold
weather

= Difficult to change

W|thOUt mOVIng SCOpe S. Douglas Holland
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1. Equipment Selection — Camera (cont’d)

Required Accessories:
3. Cabling (minimize)

« USB - Exposure control & image transfer
o Long to allow movement of telescope

4. Viewfinder Cover

* Prevents stray
light from entering
camera body

» Note — Not used
on this picture

S. Douglas Holland
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1. Equipment Selection — Camera (cont'd)

Light Pollution from Imaging Site

Object to right =======>

Located in front yard of imaging site

S. Douglas Holland
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1. Equipment Selection — Camera (cont'd)

Required Accessories:
5. Filters - Light pollution reduction filters

With Skyglow Filter
Can significantly help — example 4 minute exposures

« Staysin
V! / Astronomik camera
A CITS | « Blocks broad
Clip-Filter band light
S. Douglas Holland pO”Utlon
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1. Equipment Selection - Telescope

First parameter: which determines field of view (FOV)

If FOV too wide (short FL): If FOV too narrow (long FL):

S. Douglas Holland
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1. Equipment Selection — Telescope (cont’d)

A

. - ; How to calculate field of view:

A 34

How to fit target within image —

* Field of View: the angle subtended by an image sensor’s horizontal and vertical
dimensions

« Example: Canon APS-C sensor measures 22.2mm x 14.8mm. With a

1000mm fl telescope has a horizontal field of view of , and a vertical
field of view of

S. Douglas Holland
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1. Equipment Selection — Telescope (cont'd)

Second parameter: which determines light gathering and resolution
Note — focal ratio / f-stop [ = FL / Aperture ] determines exposure time
Trade off — Bigger is better, . cost, weight, ease of use....

24” Planewave Instruments 8" (200mm) Newtonian
| wish, | wish.... Easy to use
$50,000 Low cost

1000mm FL, f/5

S. Douglas Holland



DSLR Astroimaging - Tutorial

1. Equipment Selection — Telescope (cont'd)
Major short coming of Newtonian telescope: Coma

In general, telescopes perform better on axis ( middle ) than off axis ( edges ).

WITHOUT WITH

Coma Corrector

S. Douglas Holland
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1. Equipment Selection — Telescope (cont'd)

DSLR with T-Thread
T-Thread Adapter Adapter
and
Coma Corrector

MPCC

Coma Corrector

—

S. Douglas Holland
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1. Equipment Selection — Telescope (cont'd)

Next issue: Focus

@ Image Shift
=y

Image Tilt

Field Rotation

Slide courtesy of UT NASA_Focuser Team
S. Douglas Holland
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1. Equipment Selection — Telescope (cont'd)

8” Newtonian with Feathertouch Crayford Focuser

S. Douglas Holland
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Progress check -

1. Equipment Selection
« Camera
v’ Canon DSLR
v" T-Mount Adapter
v' AC Adapter
v' Long USB Cable
v Viewfinder Cover
v Astronomik CLS Light Pollution Filter
» Telescope
v" 8" Newtonian, 1000mm FL, /5
v' Coma Corrector
v' Good Focuser

S. Douglas Holland
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1. Equipment Selection — Mount

1. Support telescope
2. Track sky accurately

How to calculate image scale /
resolution:

,\1000mm\
5.2um

Losmandy G-11

w/ polar align scope

— Problem: Image pixel size corresponds
to approx. 1 arc second (1”) of angle

— Itis difficult to get a mechanical
telescope mount to track accurately
for long exposure pictures within
around 1” of accuracy. Otherwise,
pixels are smeared due to tracking
errors. Good optics are of no use with
a bad mount.

S. Douglas Holland

Image Scale: the angle subtended
by one pixel
« Example: a 5.2um pixel
(Canon 450D) with a 1000mm
fl telescope has an image
scale of
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1. Equipment Selection — Mount (cont’'d)

Even the best mounts still have some errors, e.g. periodic error -

Monture 1200 GTO n"455
LS
L —" N

- 0 " t -

Guide Telescope

Need method of correcting the tracking errors:
1. Guide scope and guide camera to lock on star =
2. Send corrections to mount Guide Camera | |+ -« *

S. Douglas Holland
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1. Equipment Selection — Mount (cont’'d)
— How accurate tracking is accomplished: Autoguiding

Set counter weight
heavy East

GPBUSB — USB to Guide Port Input Adapter

Autoguiding (summary): (% %

1. Guide camera is selected in guiding software === * FREE *
2. Guide camera with guide scope focuses on S{@susoy

3. Telescope mount is selected in guiding soft Sisrem =@

4. Software calibrates mount - e

5. Autoguiding starts e SO

S. Douglas Holland
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1. Equipment Selection — Computer & Software

Programs Needed:

1. Mount Control: Guiding
PHD Guiding

2. Camera Control:
Backyard EOS

3. Image Calibration:
Deep Sky Stacker

4. Post Processing:
Photoshop

S. Douglas Holland

Computer Requirements:

1. USB Connections (3)
a) Imaging Camera,
b) Guide Camera
c) Mount

2. Sufficient Speed & Memory
Deep Sky Stacker

3. Lots of Hard Drive Space
Each image: 14MBytes
Final: 80x14MB = 1.12GB

3. Ability to Make Screen Red
Rubylith: Scope Stuff
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Progress check -

1. Equipment Selection

Camera
v’ Canon DSLR
v" T-Mount Adapter
v' AC Adapter
v' Long USB Cable
v" Viewfinder Cover
v" Astronomik CLS
Light Pollution Filter
Telescope
v" 8" Newtonian, 1000mm FL, f/5
v' Coma Corrector
v' Good Focuser

Mount
v' Losmandy G-11 German
Equatorial Mount
v’ Polar Alignment Scope
v GPUSB — USB to Autoguide
Input Adapter
v' Guide Scope, Guide Camera
Computer & Software
v’ Laptop, USB ports, Large Disc
v" Rubylith Red Screen Cover
v Software: PHD Guiding,
Backyard EOS, Deep Sky
Stacker, Photoshop

S. Douglas Holland
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2. Gathering Data — Equipment Setup

Step 1 — Point your telescope

mount North. Magnetic Declination

Compass

Step 2 — Set latitude scale

Daytime Setup: It is much easier to
set up in the daylight!

Step 3 — Level mount: For

Step 4 - Mount and balance
optical tube with imaging system

Step 5 — Verify collimation

S. Douglas Holland
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2. Gathering Data — Equipment Setup (cont'd)

Nighttime Setup: * '
— Polar Alignment Options:

* North Celestial Pole Polar Alignment Scope
— Quick, easy. Good enough for many targets

* Polar Alignment Software in Hand Controller

* Declination Drift
— More difficult, takes time. Best method

— GoTo Setup (with eyepiece, then remount camera)

e User will center 2 or more bright stars allowing scope computer
to create an accurate map of the sky (typically use 6 or 7 stars).

— Afterwards, targets can be entered into scope computer and scope will slew to them.

— Some scopes have ‘Accurate GoTo’ features that aid in finding faint objects

— Dew

* Dew can form on scope, camera, filters, etc.
— Just extending the length of the end of the scope will combat dew.
— Raising optics above dew point prevents dew from forming (heater).

— Stray Light

* You will need to address any sources of stray light (same dew extensions help).

== B

S. Douglas Holland
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2. Gathering Data — Equipment Setup (cont'd)
Focus

— There are many methods to obtain focus:
e Hartman Mask, Measuring the Point Spread Function, Visual, Bahtinov Mask
— Recommend Bahtinov Mask **

»

Out of Focus

-
A
!

http://astrojargon.net/MaskGen.aspx?AspxAutoDetectCookieSupport=1 In Focus

S. Douglas Holland
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2. Gathering Data — Equipment Setup (cont'd)
Focus

Another method — Measuring Point Spread Function:
Full Width Half Max — minimum
Standard Deviation — maximum

FWHM = 4668 STD = 4439 3658
FWHM-BEST = 4 668 STD-BEST =4439 3655

Frame number:
1
Max pixel:

43627

S. Douglas Holland
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2. Gathering Data — Equipment Setup (cont'd)

| Focus
Using for Focus =>
BackyardEOS 3.0.3 - Classic Edition anx 7 2?2 0%
Step 1:

Connect Camera

S. Douglas Holland
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2. Gathering Data — Equipment Setup (cont'd)

Using Backyard EOS for Focus =>

Step 2:

Select Frame & Focus

- Opens shutter
- Puts in live view

BackyardEOS 3.0.3 - Classic Edition

Camera Informanon Center

4

Focus

g 400

anstary Dret Align l P #k.l ! Oﬁ

S. Douglas Holland
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2. Gathering Data — Equipment Setup (cont'd)

Using Backyard EOS for Focus =>

Step 3:

Focus Telescope

*  Minimum FWHM
- Or —_

« Center Diffraction Spikes if
using Bahtinov Mask

Focus

—

Step 4:

Focus Telescope

 Snap Image

- Live view, lower quality
- Snap view, high quality

S. Douglas Holland

FWHM . 24.5

ation on beght obyects of durng daytme

Ful Wiah Halt Meoomum 15 the widih of 5 star's mage st hait ‘

£ peal. Focus B acheved when you gt the bwest value

for the same star over tme, ndicating a bghter st ‘
|

Exposures Shutter Duration S0 Pause
155 suwe 3 152 3200 K3 1 5

N () RV
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias

* Finding Your Target

— At Least Three Options
* GoTo Scope — select from list

— Accurate GoTo function : : = o contmonn
« Computer Control |
— Via scope RS-232 interface
— ASCOM drivers
— Planetarium Programs
» The Sky
» Cartes du Ciel
e Star Hopping
— Star charts
— Note: Best results when target
near Zenith due to atmosphere

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Lights N Framing

1. Getting Close —

» Precise Go-To, Adding nearby star to calibration stars
2. Fine Tune -

« Take short test images, compare to star charts, fine movements

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont'd)

In addition to iImages of targets, will need calibration frames
« Build up of noise due to heat / thermal energy
* Imperfections in optical system and less than clean optics

Definitions:
Lights — Images of celestial object

Darks — Thermal noise (electron leakage), same duration, same
temperature

Flat Lights — Evenly illuminated image showing imperfections in optics

Flat Darks — Thermal noise image, same duration, same temperature as
Flat Lights

Bias — Image of shortest duration which provides offset from zero
S. Douglas Holland
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B . s
-
: *.
.
. 5% R
. . .
The Holland Obsevvatary

- . -
. . )
Qrrun's Bwe Stac Awtad, Davssion Maduile (C434 atrravmiting Dark Nobota B33 - Mhe Hovsdnne? Nedule,
Emlasion Neduta NGC2024 - The Flame Neduls, Blue Netuoln undey Horsoh #0in Ovden
12/23/13

Smin 200mm 49 Baader WOCC, CLS Pitnr, Rancler Fikler Modified Canon 4500 Camers

Lights: 40x5min

Flat Lights: 10x1/250s Bias: 10x1/4000s
Darks: 10x5min

Flat Darks: 10x1/250s All at ISO 400

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

With dark frame subtraction only,
Imperfections remain (dust donuts,
vignetting)

Thermal

noise

present

in both 1 light frame (1 minute exposure)
light & ©

dark

HEIN[ES

(42 x 1 minute lights) — (10 x 1 minute dark),
Then aligned and stacked

1 dark frame (1 mln) S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Y Z" 0
« !
Q b
PR ks

(42 x 1 minute lights) — (10 x 1 minute dark),
Then aligned and stacked

((42 x 1 minute lights) — (10 x 1 minute dark))
7 flat field images normalized

Flat field image S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Multiple images are combined to improve the signal -
Why does aligning and stacking images increase the signal to noise ratio?

Answer — The signal adds linearly, the noise (being uncorrelated / orthogonal)
adds as the square root of the sum of the squares.

Example: Take an image that has a signal of 2 and a noise level of
2. lIts initial signal to noise ratio (SNR) is 2/2 = 1.

*** S0, the more images we combine, the better the signal to noise ratio.

=> Works for lights, darks, flats, flat darks, and bias.
S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Ans
WEr - The Signal adds |

ort )
hogonal) adds as the sq

Inearly, the Noise (being uncorrelated /
uare root of the sum of the squares-

Why is this true? CORRELATED NOISE

Note — there is correlated noise!!
» Combining images does NOT decrease

correlated noise.
» Example: Fixed Pattern Noise
> Use ditherinc

UNCORRELATED NOISE

Noise a has no x value uncorrelated
Noise b has no y value

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Two Signals A and B Added, Each: 5 + Noise Two Signals A and B Added then Averaged, Each: 5 + Noise

C(Blue)=A+8B

Mean C =4.8866
Mean C =9.7732 2an C
7+ Ci A+B)/2 Average
10 MM » W) = 5 +Nolse
6 A (Red)=5+ Noise
8
B (Green) = 5 + Noise

A (Red) = 5 + Noise

Mean C / Mean A > + StdC/Std A=065708
Std C / Std A =1.3 oIS S DECREASED. SIG O HE SAN
N ASED MORE THAN NOISE NOISE HAS DECREASED, SIGNAL ABOUT THE SAME

8 10 12 14 8 2 ) 4 6 8 10 12 14 16

20 Pixels from 2 Stacked Images 20 Pixels from 2 Stacked Images

Example of combining (stacking) 2 signals with noise:
» Signal increases more than noise increases
» Combining signals increases signal to noise ratio (SNR)

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Lights

BackyardEOS 3.0.3 - Classic Edition n»ux ;2?2 G %
Camen inhoematoo Center

W (- & :BuB 40 @F ﬁ?

1 FF::-‘ Punetary | Dinsson |8 M g‘.‘ ' Off i+27c """"'c""'w

20ATA| krmpey sesson sianed

Backyard EOS Settings

o R e e e marncos | § AW
Iimage Center (ABORT_LIGHT _Bs_400mso_+Z7c_CLE_00045s3dev_20140726.20058m2 t s883ms ORI Hstogram Canter
1229 {2 o
Capture Plan Center A
Frame Type Cablesupport Save To Mirror lock l
LIGHTS . CameraUsB . PC - 0= Capars ot
- Frame Type Cabtie suppont Save To Mirroe iooe
. el UeTs B Camernuss B P o [}
Target Name Filter Delay | Vi o T
s | KA as [+ o
Icq-\?fq' CLS = D n Exposures Shwtter Duration =0 Pause
ofems B ooF«e OSI
. =
Exposures Shutter Dwuration IS0 Pause :;i
£
e & | T okd
i 40 BUE . 300 400 | nnl 8 ‘
- ~ I

1 @ Toraenles h ( ) 0
Stant Cagt Loto Pravew

-

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’'d)

Lights Configure for Dithering

With Dithering Without Dithering

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Lights

BackyardEOS 3.0.3 - Classic Edition

ﬁ'?ﬁ

F ancl

Dtscomn Pranetsry
T4 wrapeg sessnn staned
5 %8 iy S St it ot ataty

..ss 6 ABOAT_LISHT_Hs_a00me_+2Te CLS_0004

Vare kx hatary

image Centar (ABORT_LIGHT_Bs_400iso_+Z7c_CLE_00045ssdev_20140726.20n58m2 1 s853ms CHY

S

Drift Jagn

201407

mage Capeure

Pnane terpie ctarget>_|<Fametype>_|<draton>s_|asesso_|<fs
Downioad toide C'Usersiach Pictures Bockyar dE0S

Sus-fokders

Fiter Lt

Pan tode €1 Userspdh Pichires Podoyer R 05 Plars
DockyardTEMF folder  C:'Usersipch Pctres BadoyordTEF

PO Guder Viserher Froidec

PMD diftver on sSartup g Provde Auto Detect
Ditver aggressivensss Display Unt Ceias
Setie Sther ot 0.255¢ Yahoo WOEID

Coum down perod

Detmser every X smages 1
Hos: ¢ lecalhost Catibeation HLN
Tom
Serw Aoty

Click on Setting

{rfoematon Center

Cameny
= BULB g 400

@

) &
EM £ fOff 3427C wamwconw
~ SRAW W
Hastogram Canter
X
Love Vhew
Cunity RAW Mazmun Agertime N
FAugress Center o g dnglay Save Snap mages
Create EXF texd fie Seve panetary g g
Throte 055 esmecenss
WM Average 0 rarms
Behteov range L0 poceis
Gearveral
Language Enghsh
Dayaght vihae
Sound Enable
Abort Dwiay recondy
Low Detwry Narm -1% ;= divabled
Nethook resoktion 1024 » 60O
PHD Guiding Settings

Cancel

in Backyard E©@S-

S. Douglas Holland

Need to set:
Backyard EOS
&

PHD Guiding

Enable
Server
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Lights

Completed:

v Focused

v" Image Framed

v' Backyard EOS Set — ready to take sequence of images
v' Backyard EOS & PHD Guiding set for dithering

Left to Do:

= Set up and start autoguiding
— Start Backyard EOS image sequence
= Monitor system for errors

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Lights

—

3. Select camera

4. Start guide camera

L ———. imaging, find gUide

star, click on guide star

1. Select GPUSB 2. Connect to
telescope

for mount

EHNE Gt 1115 v st b

7. PHD Guiding

j starts autoguding
after calibration =>

=)

- o |t
“ 3 QL M "R

5. Adjust settings 6. Perform calibration




DSLR Astroimaging - Tutorial

2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)
Lights Start Backyard EOS image sequence

BackyardEOS 3.0.3 - Classic Edition

nex ;2?2 G X
‘rfoemation Center

¢ ksus § 400 - %

: H o | owem | s
reds puncary | Dimsson |8 M g L l Off l +27¢ w::-cm —
204868 wrapeg msan morpleted successtoly

205826 ABOHT_LHSHT_Hs_00ms_+2Te_CLS_0004Swtes_20140728.2004 ’ “' I -
Ve g halary -

image Centar [ABORT_LIGHT _B3_400ms0_+Z7c_CLE_D0045s8dov_20140720-20058m2 fs8853ms CHJ

1298 S —

=
. for
Frame Type tie seppon Save To rroel
) (]2
r |

= Monitor system for errors [40x5mins = 3 hours, 20 minutes]

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

Backyard EOS (BYE) Settings
DENS

BackyardEOS 3.0.3 - Classic Edition B2 ¢ ?2 L0 X
- Camera Information Center
e 3
X ¢ = 14000 g 400 (@ M
‘. . = PHD Setting
o .. ‘: Disconnect Imaging Fézrgﬁs& Planetary Drift Align 5 M % ‘.‘ E Off -Weather Center
S PS 23:19:59 Canon drivers "Canon) initiafized.
e :20:0. huttercounter=3213 -
— gg:io:og SCan:n EOS tDlGITAL REBEL XSi CONNECTED! § le §
. View | |
¢ Imag Histogram Center
Capture Plan Center 2L
Frame Type Cablesupport Save To Mirror lock e
DARKS . CameraUSB . PC ' 0 §=
O Cover SCOpe Target Name Filter Delay
D S et BY E / DARK SMIN CLS =) 0 _.: é-‘;} Capture Plan Center
Frame Type Cablesupport SaveTo Mirror lock i
Exposures Shutter Duration ISO Pause B || [pares Mj{CameraUSs. g PC 0%
D Start Seq u e n Ce ~ ot - ] Target Name Filter Delay
10 .= BULB 300 i= 400 0. I DARK 5MIN s o=
Exposures Shutter Duration ISO Pause
NOte _ \: 10 = BULB 300 = 400 84 o=

> l|deally dark frames at same temper as lights
» During this imaging session, temperature ra
from 7 to 18°C (BYE stores in file name)

=
eC

lu_J _LIGHT 300s 400150 -

¢_CLS 948stdev 20131223-23h22m215181 ms.CR2

* Dark current doubles for every approx. 6°C

~

0=

0
o
0

\ln()ﬂ

Start Capture

Preview
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)
Backyard EOS (BYE) Settings
FLAT LIGHTS

BackyardEOS 3.0.3 - Classic Edition 21:12:21 Fallll M [ <
; — p - Camera Information Center
4 = Ve 3
A (=74 E1400 : 400 (@ M
Ermmes = PHD Setting
Disconnect Imaging ;ngt?s Planetary Drift Align S M ﬁ 5.‘ g Off -Weather Center—
21:10:31 Canon drvers "Canon\ initiaized.
21:10:33 Shutter ter=3213
21:10:33 Ca:oi E"Z)”S” DeerITAL REBEL XSi CONNECTED! § mw g -
View log history. ..
Image Center Histogram Center
. E 2 L RGB
2 3 ese "7
Capture Plan Center
Frame Type Cablesupport SaveTo errorlock
- mer - - =
FLATS = Ca a Use . PC ’ 0 g'!'»:-'!} Capture Plan Center
Tﬂrg et Name Fllter Del ay Frame Type Cablesupport Save To Mirrorlocki\:
g - | FLATS L. CameraUSB . PC > | o=
FLAT LIGHTS CLS Red 05 S Target Name Filter Delay
T-Shirt Flats . L ——
Exposures Shutter Duration ISO Pause Exposures Shutter Duration  1SO Pause
Dol =4 - t | 10881250 E2 400 £2 o=
1055 1250 g 00 Rl % I S ' I
= / 3 oS |
1| o
[ 0

N () @

Start Capture Loop Preview

Light Box Flats
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)

FLAT DARKS

O Cover Scope
Q SetBYE —

O Start Sequence

Backyard EOS (BYE) Settings

BackyardEOS 3.0.3 - Classic Edition

212304 = 0 %
Center '
= | <3 IF B
) 2 1-4000 g8 400
Frame & i
Di ot || Imaging F:g:s Planetary | Drift Align E M g (L E Off Weau\erSentef
21:10:31 Canon drivers "Canon) initiaized. | == -
21:10:33 Shutte ter=3213 SR
21:10:33 Ca:onrgglsnDerlTAL REBEL XSi CONNECTED! l § Mw g-
View log history... (= :
Image Center Histogram Center
5 w N 2 L [RGB
< NN g Reset
@
Capture Plan Center 7
/,,')
Frame Type Cablesupport SaveTo Mirror lock
DARK_FLATS |~ CameraUSB . PC v 05 B | CepteeFlan Conter
Frame Type Cable support Save To Mirror lock
Target Name Filter Delay Qi | Drexnars fgicmenuss e M|  ofg
2y Target Name Filter Delay
FLAT DARKS s v (]2 e as 5 o
g Exposures Shutter Duration I1SO Pause
Exposures Shutter Duration ISO | wEli2s0 Bd w00 B o=
= - =
L 10gERi1250 g 400 4 o= o
oS
0
5| ofs

S. Douglas Holland
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2. Gathering Data — Lights, Darks, Flat Lights, Flat Darks, Bias (cont’d)
Backyard EOS (BYE) Settings

BIAS

=
€
> . ) .
3 O\.
gl—
-
-

O Cover Scope
Q Set BYE —”

O Start Sequence

\

BackyardEOS 3.0.3 - Classic Edition

[ ‘ e

| A
Frame &

Imaging Focus Planetary

21:10:31 Canon drivers "Canon\ initiafized.

21:10:33 Shuttercounter=3213

21:10:33 Canon EOS DIGITAL REBEL XSi CONNECTED!
View iog history...

Drift Alian

Hon Cent
‘oenter

' G Inf
‘/;\ = 1-4000 g 400
N

EM £ £ Off
SRW iwm

22:26:05 ,' ? R ﬁl b 4
Setting

LS
PHD

‘WeatherCenter————————————————

Image Center Histogram Center
ALY 2 L [REB
'g NN g Reset
¢
Capture Plan Center
Frame Type Cable support SaveTo Mirror lock -~
: e = 9 {?é?: Capture Plan Center
BIAS E Camera USB PC 0 A - Frame Type Cablesupport Save To Mirror lock
; BIAS . CameraUsB | PC > o
Target Name Filter Delay = ] _ .
Target Name Filter Delay
BIAS cLs v 0= BiAs as ~ >
Exposures Shutter Duration 1SO Pause
Exposures Shutter Duration IS0 Pause 105 1-4000 w M oS
=7 2 o
10 = 1-4000 400 0 I -

S. Douglas Holland
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3. Processing Image — Align and Stack
Deep Sky Stacker

Registering and Stacking

Open picture files..,
dark files...
flat files...
dark fiat files...

offset/bias files...

Click here to load: |
Lights (Open picture files...]

Darks (dark files...) Aliug*/ Register: Moves images around so
Flat nghts (ﬂat files. ) that features line up (translate & rotate).
Flat Darks (dark flat files...) Stack: Combines images to increase

Bias (offset/bias files...) Signal to Noise ratio (SNR).

S. Douglas Holland
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3. Processing Image — Align and Stack (cont’d) Deep Sky Stacker

Light Frames:40 - DarkFrames: 10 - FlatFrames:10 - Dark Flat Frames: 10 - Offset/Bias Frames: 10

All Files Loaded

Dooooooooooooooooooooon
SARGAAGAASGAASANNANSRASN

¥
1

S. Douglas Holland
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3. Processing Image — Align and Stack (cont’d)

Click:
Register checked

ictures
P \

Click:
Recommend
Settings

A Deoplaytacher )

Irgsnterivg art Luckng

| IDooDODOODOOOONOOOOOOD

LY B B

aan

B

ITAANANSARRAN

i

Deep Sky Stacker

e

Register Settings

Actions | Advanced
/| Register already registered pictures
V| Automatic detection of hot pixels

/| Stack after registering

darks, flats and offsets/bias checked.

Recommended Settings...

Stacking parameters...

Select the best 80 % pictures and stack them.

Cancel

S. Douglas Holland
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3. Processing Image — Align and Stack (cont'd et

en a good starting peint.

Click on the proposed link to change the setting accordingly

g exposure and possibly good SNR images

arrowband images {espedally Hol)

Blue: Recommend Changing to
These Settings

Green: Recommended _
S ettl n g S H ave B e e n S e I e Cte d - -:::. in the resulting images is hard to fix in post-processing

calibration

S. Douglas Holland
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3. Processing Image — Align and Stack (cont’d) Deep Sky Stacker

-

Register Settings

Actions | Advanced

V/ |:Reaqister already reqistered pictures:

V| Automatic detection of hot pixels
/| Stack after registering

Selectthe best 100 % pictures and stack them.

darks, flats and offsets/bias checked.

Click:
Stacking
Parameters

Recommended Settings... Cancel

LE LA LN R B

Stacking parameters...

ISR ann

! IOOODonoooooNnnooooonn
P . 3
3

x
i

S. Douglas Holland
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3. Processing Image — Align and Stack (contd) .., sl Stacker

T
L R A :-

-

SeIeCt DeSII'ed . Stacking Parameters | 52 ,P

Changes For i B Resutt | Light | Dark | Flat Bias/Offset | Alignment | Intermediate Files | Cosmetic| !
L|g htS et Stacking mode

D arks P Average Entropy Weighted Average
R B (High Dynamic Range)

Flat L S actis Median Maximum
Bias e ritd

@) Kappa-Siama clipping;

Etc. — o

Median Kappa-Sigma clipping

Auto Adaptive Weighted Average Number of terations:

Per Channel Background Calibration

Temporary Files Folder: C:\Users\sdh\AppData\Local\Temp)\

Sies | Cancel
Reduce worker threads priority i

V| Use all available processors j oK ‘

L 1O0000000aoonoooooooon
P IAAANASSSASNNASENNNAN

X
i
i

S. Douglas Holland
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Recommended Settings

3. Processing Image — Align and Stack (cont’d)

ded settings.
in all the situations but they are often a good starting point.

Click on the proposed link to change the setting accordingly

ure and possibly good SNR. images

the calibration

are stacking 40 light fra
or
combination method

S. Douglas Holland
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3. Processing Image — Align and Stack (cont’d) Deep Sky Stacker

-

Register Settings

Actions | Advanced

V/ |:Reaqister already reqistered pictures:

V| Automatic detection of hot pixels

Start Align &
Stack:
Click OK

/| Stack after registering

Selectthe best 100 % pictures and stack them.

darks, flats and offsets/bias checked.

LR

asay

RecommendetrSedtings. .. Cancel

as

Stacking parameters...

IATARANASSSannAN

x
i

| IDooODOODOOOOOOOOOoOn

S. Douglas Holland
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3. Processing Image — Align and Stack (cont’d) Deep Sky Stacker

Procesing
Images

Can Take a
Long Time

Approx.
20 minutes
on my laptop

-
Registering pictures

Registering 23 of 40

Registering
22313\122313_Ainitak_IC434_Area_Newt_450D_MPCC_CLS_ISO400\

-

Estimated remaining time: 1mn 28 s

aaN

an

S asnaN

INAN

, .
. 1000000000000000000”

i

S. Douglas Holland
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3. Processing Image — Align and Stack (cont’d)

Displays a
version of
the aligned
and stacked
image.
Saves file:
Autosave.tif
32bits per
color,
116MBytes

Setirg:

About 1

S. Douglas Holland
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3. Processing Image — Post Processing

TO go from here tO e e e ——————————_—
We will use: 1) Photoshop Levels, 2) Photoshop Curves, 3) Photoshop Dust & Scratches

Note — Different images require different processing steps
Some other common additional steps: Gradient Correction, Other Noise Reduction

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d)

% Adobe Photoshop

Step 1 Convert from 32 bItS per File Edit | Image] Layer Select Filter View Window Help
color to 16 bits per color > Mode. 0 Bitrp

Adjustments ’ <—3raAy>s_cale
. . Duplicate... Indexed Colo

[Required to use PS functions] A B

Image Size... Alt+Ctri+1

Canvas Size... Alt+Ctri+C

Pixel Aspect Ratio » 8 BttAs,f.ChanAneIV...

Rotate Canvas 4|l 16 Bits/Channe

Crop v 32 Bits/Channel

Trim... ; Tt

N Ol R oy o
QB D
.

> |

—
.

=R

-

7,
#,
2
e
T
&,
5
Y

|

QI
== ]
N
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3. Processing Image — Post Processing (cont’d) Photoshop

Step 2 — Need to balance R,G,B channels — First activate Histogram & Layers

! % Adobe Photoshop

| File Edit Image Layer Select Filter View | Window | Help

v{ % |E|-‘/L Resze Windows To Fit Arrange
Workspace

Set to Colors

Actions Alt+FQ
Animation
T Autosave.tif @ 25% (RGI Brushes F5

Channels
Character

v Color

v Histogram

v History
Info
Layer Comps

v Layers
Navigator

v Options
Paraaraph
Paths
Styles

AR

> L

2 Gl

ZN

- Swatches

. 3 Tool Presets
" v Tools R,G,B channels unbalanced

@] | v 1 Autosave.tif
@sa : _ Note — Greenish Blue tint

= nd

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d)

— |

o

Select Levels

Create Adjustment Layer

S. Douglas Holland

Photoshop

Solid Color...

Gradient...

Color Balance...

Brightness/Contrast...

Hue/Saturation...

Channel Mixer...

Gradient Map...

Photo Filter...

Invert
Threshaold...

Posterize...

 bg. ] [P A&l
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3. Processing Image — Post Processing (cont’d) Photoshop

Levels Adjust
Results shown
on Histogram

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Select Red
Levels = : A | Move
Channel: Red ’ . = | BIaCk POint
Input Levels: 51 255 ] |
_ Load..
i:.c... | NOte
| Effect on
__Auto |
Histogram

&

_Options... _

Quiput Levels:

——— g A7

@

V| Preview

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d)

Levels

Channel: Green

Input Levels: &1

&

E—
a

Qutput Levels: 0

255

Reset

- Load... -

Save...

= Auto

_Options... _

S. Douglas Holland

Photoshop

Repeat for Green

Select Green

\Y[0)V/<]
Black Point

Note

Effect on
Histogram:
Red & Green
overlapping
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3. Processing Image — Post Processing (cont’d) Photoshop

Repeat for Blue

VAl..eve!s : s ‘ . : SeleCt Blue

s

Channel: Blue

Input Levels: ‘ 255 Rése;t ' I\/IOVG
— - mwmeel Black Point
Load... : .

[ save... |

- AULo

Note
_Options... e ' Effect on
Py, = - Histogram:
o ] R,G,B

= ~ overlapping

&

Qutput Levels:

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Click here
to update
histogram
and image
with
uncached
data

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Step 3 — Stretch data, re-balance channels

Monitor histogram

Adjust mid
slider to stretch
data

Create
another
Levels
Adjustment
Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Histogram
stretched
but
channels
not
balanced

Slider
moved to left

S. Douglas Holland
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3. Processing Image — Post Processing

Channel: Colors

Select Green

Levels

| Mavigator § Info ¥ Hitogram

-

: 5493

Channel: Green

Input Levels: '

: 943

255 Reset.

: Load...

| Save... |

Auto

Quiput Levels:

E
a

[_Options...

g A

V| Preview

-
Level:

Count:

&3 Percentile:
: 12252240 Cache Level: 1

!
l&

|
A

S. Douglas Holland

Create
another
Levels
Adjustment
Layer
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3. Processing Image — Post Processing (cont’d) Photoshop

|NE'-.';ETCF { Info § Histogram

Channsel: Colors -

\Y[e)V/<]
black
point
slider to
make

{ Levels
Count:

Percentile: 1 ., > blue

Channel: Blue v ok | [bachelevel: 1

- , ey match
Input Levels: 1.00 295 ( t | ~ | . : = I‘ed &
‘ ' | : green

[_Options...

P, 7 Select Blue

Quitput Levels: 0
|
a

V| Preview

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Adjust black
point of all RGB
channels

Create
another
Levels
Adjustment

Layer

(0] ¢

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Bring
nebula
level up
Channel: RGB
CTRL Left Click
Set Adjustment Point
= A I _
L— o] | Create
Input: 33 Curves
| E | @lpreven Adjustment
‘ Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Use

UP Arrow
Key to
stretch
nebula

OK

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Repeat
last step

S. Douglas Holland



DSLR Astroimaging - Tutorial

3. Processing Image — Post Processing (cont’d) Photoshop

When
excessive
contouring,
flatten Image

—1

TEWe &« “NMN% ;

S. Douglas Holland

TN
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3. Processing Image — Post Processing (cont’d) Photoshop

Adjust
e — i  Green
CTRL Left Click i & Blue
"Move point up * to
= ' match

Red

Create
another
Curves
Adjustment
Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Adjust
—) o : Green
- CTRL Left Click el {1 & Blue
~+Move point up - AT~ to
2 match
Red

Create
another
Curves
Adjustment
Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

& Bring Red
l Mo up to

accentuate
the nebula

Create
another
Curves
Adjustment
Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Brighten
entire
image

Create
another
Curves
Adjustment
Layer

S. Douglas Holland



DSLR Astroimaging - Tutorial

3. Processing Image — Post Processing (cont’d) Photoshop
Darken
5 _ == background
~ CNTL Left Clickg: | B \hile
‘ Sfet a-nchor . . . a retaining
: .v;' A 2 S nebula
§e cI RGB
Cl\aLeft Cli | - g Create
- _— another
Adjustment a‘* s
Pull down to darken Curves
O ———— Adjustment
Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

Decrease

% ' O ydll background
CTRL Left C|ICk j" el blue
Move pomt down L e

Create
another
Curves
Adjustment
Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d) Photoshop

e - ; il Darken
" CTRLLeftClick . -~ = "4 S| background
Moveé pointdown . A ¥ e
‘ o _ 3 % Flatten
Select RGB | = layers

e ——

Create
another
Curves
Adjustment
Layer

S. Douglas Holland
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3. Processing Image — Post Processing (cont’d)

Step 4: Improve noise and take edge off stars

100%

Radius: pixels

Threshold: 0 levels

Filter => Noise => Dust & Scratches => Radius = 3

S. Douglas Holland



DSLR Astroimaging - Tutorial

3. Processing Image — Post Processing (cont'd) Photoshop
- RS S _‘ b *"\ .:-4"‘:-.. -‘-?_ o _'

Flmsh od Pr

"_ml
-

S. Douglas Holland
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4. References

— DSLR Astrophotography by Michael A. Covington

— The Handbook of Astronomical Image Processing by Richard Berry and
James Burnell

— The 100 Best Astrophotography Targets by Ruben Kier
— Photoshop Astronomy by R. Scott Ireland
— Telescopes, Eyepieces, Astrographs by Smith, Ceragioli & Berry

» Visit my web page:

— The presentation posted under ‘Astrophotography => Technique’

S. Douglas Holland


http://www.holland-observatory.net/

