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OVERVIEW

• Calibration Data: Why do it?

• What kind of calibration data do astronomers take?

• What does it mean to “reduce” the data?
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https://www.spacetelescope.org/

LMI - Bias

LMI – R Flat

LMI – B Flat

NASA, ESA and the Hubble Heritage Team (STScI/AURA)

#



RESULTS OF CALIBRATION

• LMI: raw and calibrated images

• DeVeny: raw and bias-subtracted images

• NIHTS: ???
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NGC 6791 – I band filter

G188-26 (M2V star)
Grating: DV5

Wavelength Range: 5700Å – 8500Å

↑ Raw frame Bias-subtracted frame ↓



TYPES OF CALIBRATION DATA

• Removing pixel-to-pixel variations in sensitivity:

• Bias (or ‘zero’) frames:    zero-point level for each pixel (also includes fixed-pattern noise)

• Dark current frames:    amount of signal produced in the absence of light

• Flat field frames:    multiplicative sensitivity (QE, dust, etc.) per pixel

• Turning ‘counts’ into physical meaning:

• Imaging:    photometric standards

• Spectroscopy:    atomic emission arc lamps, spectrophotometric standards
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EXAMPLES

• To follow along, download:

• SAOImageDS9:  https://sites.google.com/cfa.harvard.edu/saoimageds9

• Example Images: http://www2.lowell.edu/users/tbowers/CalibrationDataEx.tgz

• Examples of LMI, DeVeny, and NIHTS raw frames, calibration frames, and calibrated frames
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https://sites.google.com/cfa.harvard.edu/saoimageds9
http://www2.lowell.edu/users/tbowers/CalibrationDataEx.tgz


WHY TAKE SO MANY?

• Statistics (central limit theorem)

• Noise reduction (noise ~ 1/ $)

• Cosmic ray rejection
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Sum:     %&'&() = %+, + %,, + %., + ⋯+ %0, = $%1, = %1 $

Mean:     2343560 = %1 0
0 = 27

0



BIAS FRAMES
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• What information is contained in the bias frame?

• The Master Bias: comparison with raw bias frame

• What is ‘overscan’?  (LMI CCD is 3072 x 3080 pixels, binned 2x2)

lmi.0020.fits
3128 x 3080

lmi_bias_bin2.fits
3065 x 3077



SL-i Dome Flat

FLAT FIELD FRAMES

• What do they tell us?  Why divide by a master?

• Sky Flats vs. Dome Flats

• Examples: Imaging vs. Spectroscopy
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B Dome FlatB Sky Flat

31-Oct-202007-Sep-2020

Rough range of human vision



• What are they, and why take them?

•

•

Ne-Ar-Hg-Cd Atomic Emission Lamps

DV2 grating: 3000Å ≲ % ≲ 7200Å
← red blue →

ARC LAMP CALIBRATION FRAMES
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ARC LAMP CALIBRATION FRAMES
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• What are they, and why take them?

• What is wavelength calibration?

• Flexure in the instrument changes wavelength solution, so take these alongside science spectra.

bluered

blue red



SCIENCE CALIBRATION FRAMES

• Science frames used for calibration

• Photometric standard stars for photometry

• Spectrophotometric standard stars for spectroscopic flux calibration.
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SUMMARY

• Calibration removes the effects of the instrument on the data, leaving a clean image of the sky.

• Three main types of instrumental calibration frames: bias, flat field, arc lamps (spectroscopy only)

• Astronomers can also take science calibration frames to convert observed counts to physical values.
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PROBLEM SET

1. Describe a bias frame (what is it, and how is it taken?).  What information does it contain?  Why do 
observers take many (≥10) bias frames at the start (or end) of the night?  What do observers do with 
this data?

2. Describe a flat field frame (what is it, and how is it taken?).  What information does it contain?  What is 
the difference between a sky flat and a dome flat?  What determines which filters an observer uses for 
flat field frames?  What do observers do with this data?

3. Describe a spectroscopic arc lamp calibration frame (what is it, and how is it taken?).  What information 
does it contain?  Why will an observer take arc comparison frames throughout the night, and not just at 
one end?  What do observers do with this data?
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