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The Science Images We’re Used to Seeing from Hubble







Stephan’s Quintet

Nice eye candy from the Office 
of Public Outreach

But that’s NOT what we get from 
the telescope



Stephan’s Quintet

What we actually get from the 
telescope:

Raw infrared detector readout from the 
Hubble Space Telescope Wide-Field 
Camera 3



Stephan’s Quintet

After removing detector and 
electronic features



Stephan’s Quintet

After removing Cosmic Ray hits*

(*No photons were harmed in the cleaning of 
this image)



Stephan’s Quintet

Combining multiple exposures to 
fill in data for bad pixels and 
enlarge the field-of-view



Integral Field Unit 
3-D Spectroscopy

Sky field is (literally) sliced into 
pieces and each slice sent through 
a spectrograph



Data Processing Pipelines



Hubble and Webb Data Processing

Exposure Telemetry

Sorting & Repackaging

Raw FITS* File:
meta data
image data (pixel values)

*FITS = Flexible Image Transport System

Static meta data result in the data processing being deterministic

Corrected/Calibrated Files

Multi-Mission Archive



Series of Individual Correction/Calibration Steps

Flag Bad Pixels

Correct for Electronic Bias Drift

Subtract Detector Dark Current

Correct Non-Linear Detector Response

Flag Saturated Pixels

Correct for Sensitivity Variations

Detect and Flag Cosmic Ray Hits

Attach Telescope Pointing Information

Absolute Flux Calibration

Distortion Correction

Example Pipeline Steps Calibration Reference Files

Bad Pixel Mask

Reference Pixel Parameters

Saturation Threshold Map

Dark Current Image

Non-Linearity Coefficients

Flat-Field Image

Detector Noise Parameters

Science Instrument Aperture File

Flux Conversion Factors

Distortion Models

Reference files often change as a result of instrument/detector aging, as 
well as better understanding and analysis of calibration data.

Careful selection and tracking of reference files is therefore important.



Reference Data Access

When necessary, pipeline software versions are tied to CRDS Context values



Data Processing Pipelines Need “Reference” Data

For a given exposure 
with certain 
combination of 
Detector, Filter, and 
Pupil settings, the 
same FLAT reference 
file is always selected 
for use in processing.

Alternate sets of ref 
files can be invoked via 
CRDS_CONTEXT 
environment variable 
setting.



Process Logging

All relevant processing info recorded in 
output product meta data



JWST Calibration Pipeline Package is Open Source



And straight-forward to install



Dependency Management & Testing

• Third-party package changes can affect results
• Use conda environment files to lock down (pin) dependencies

• conda create --n [env_name] --file 
https://ssb.stsci.edu/releases/jwstdp/0.14.1/conda_env_dump_osx-stable-deps.txt

• Unit tests (embedded in code) and regression tests help maintain consistent 
results

• Test against
• Pinned versions of 3rd-party libraries
• Released (stable) versions of 3rd-party libraries
• Latest development (github master branch) versions of 3rd-party libraries

https://ssb.stsci.edu/releases/jwstdp/0.14.1/conda_env_dump_osx-stable-deps.txt
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