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What will we talk about?

CCDs

How do the things work?
Basic Processing
Calibration, improving SNR
Equipment
Practical Procedures



What Is “Astronomical Imaging?”

Long-exposure photography of extended
targets in the sky

Diffuse and dim targets
Generally long exposure time




Photographic Media

Photographic Emulsions
Film (and place to put it - SLR)
Charge Coupled Device (CCD)

DSLR
Dedicated Astronomical CCD



Media Processing

Photographic Emulsions
Darkroom

Charge Coupled Device (CCD)
Computer and Software



CCD - Pros

Superb linearity
High sensitivity
Good dynamic range
Ease of use

Computer-based processing/archival



CCD - The not so good...

Cost
Learning curve

Noise
The “show-stopper” of low-signal imaging



How does a CCD work?




Noise

Undesired signal

Manifests itself as:
Readout noise - Random/Gaussian

Thermal noise — Predictable
Pixel variations & pattern noise — Observable
Shot noise — Function of incoming light density
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Noise - Thermal

Thermal generation of charge carriers
Characteristics:

Function of time and temperature

What can we do?

Reduce and control temperature
Measure and subtract this accumulation of charge



Noise — Shot

Random arrival of discrete photons
Characteristics:

Function of amount of incoming light

What can we do?
Increase exposure duration



Noise - Readout

Random electronic noise

Characteristics:

Gaussian distribution with typical value of

What can we do?
Average several samples



Pixel Non-Uniformity

Imperfect CCD manufacture, optical path

Characteristics:

Generally fixed (observable and repeatable)

What can we do?
“Flat field” the imager to normalize existing inconsistency



Attack Plan!

RANDOM: Increase Signal-to-Noise Ratio (SNR)

Lengthening exposures maximizes amount of signal
for any given amount of noise

Averaging multiple frames to reduce random noise
NON-RANDOM: Image Calibration

Dark Frames
Flat Field/Bias Frames



Image Calibration
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Uncalibrated 60s Exposure




Calibrated 60s Exposure




60 x Calibrated 60s Exposure




Final Image



Quick CCD Summary

Longest possible exposures

Reduces shot noise influence

Directly increases SNR because readout noise Is
fixed in amplitude

Sum as many images as possible
Average out random noise component

Perform careful image calibration
Remove systemic offsets



Processing Procedure

Individually calibrate & stack all filter batches
Combine RGB or L+RGB

Adj

EX

ust color balance

nort to GIMP or Photoshop for final tune-up

Common software for raw processing:

CCDSoft
CCDStack
Maxim/DL

Registar



Practical Considerations

Camera/Telescope Relationship
Critical Focusing
Obtaining Calibration Frames



Focal Ratio - Sampling

Nyquist Sampling Theorem
F#=1/d

t t
D =24 F#

Typical Pixel Size: 5um < Wp < 16um

Example: FS-152 @ F8, ST-10 @ 6.8um

D_=2.44*550nm*8 = 10.7um



Focal Length — Image Scale

Angular Sample Rate
. (arcseconds) = 206265 W /1

Atmospheric Conseguences
Sample 2x your best seeing

Example: FS-152 @ F8, ST-10 @ 6.8um

= 206265*6.8um / 1.216m = 1.15"

Etscorn seeing is typically 2-3”



Focal Length — FOV

Angular Field

Simply multiply by number of pixels

Example: FS-152 @ F8, ST-10 @ 6.8um
= *x=1.15"*2184 =42
= _*y=115"*1472=28.3

X

y



Critical Focus

Focusing a CCD Is harder than it sounds!
Critical Focus Zone (CFZ)
CFZ (um)=2.2*F#?"

Example: FS-152 @ F8, TCF-S
CFZ (um) = 2.2 * 82 = 141um

CFZ (N) = 2.2 * 8* = 65 counts
As a reference, a 1m Aluminum OTA changes 22um / °C



How can you do It?

PSF

Time-consuming and high variance
Diffraction Aids

Speedy and accurate



Calibration Frames - Darks

Combine several (preferably 10+)
Preferably same duration as sub-exposures
Same temperature as sub-exposures
Relatively consistent, OK to archive

Time-scaling possible
Bias frames



Calibration Frames - Flats

Aim for high SNR (~2/3 full-well)
Combine a few

Not consistent, take frequently!
Methods
Dusk/Dawn sky

~lat screen
-lat box




Using Old Flat



Procedure

Focus
Flat

Take longest exposures
mount/camera/conditions allow

Monitor PSF to find focus drift
Repeat



Observational Procedure

Cool down telescope and camera

Image RGB and L at appropriate altitudes
Monitor focus

Changing filters
Focus
Flat

Gather dark framess whenever convenient or
use archived masters



Astronomical Imaging with CCDs

A few things to pay attention to

No amount of post-processing can repair poor
technique or lack of attention during data
acquisition and calibration

Have fun!
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