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What do I do?

Create the best possible representations of telescope data for public consumption

The images must tell the story of the science behind the data in the most
 aesthetically pleasing way possible while preserving data integrity
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Striking a Balance
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CHANDRA X-RAY OBSERVATORY
Grazing Incidence, X-ray Mirrors
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Advanced CCD Imaging Spectrometer
CHANDRA X-RAY OBSERVATORY



High Resolution Camera
CHANDRA X-RAY OBSERVATORY



Data Format

Events List



Data Format

Sample event at the pixel scale

x,y position
time
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Speaking of Color



WARM ------------ COOL

COLOR CHOICE
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It’s Biological!

Red = 700 nm
Green = 550 nm 
Blue = 440 nm



Core Qualities
Photogenic Resolution (Christensen et al, 2014)

rphoto = FOV/Өeffective 
Өdiffraction = λ/D 

High Signal to Noise
SNR = Psignal/Pnoise 

Clean of Artifacts

Color/Contrast

Composition



Signal to Noise



NGC 2207 - an example
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Core Processing Concepts

Image Integration

Image Smoothing (De-noise)

Image Delinearization

High Dynamic Range Processing

Color Choice

Cropping/Composition

Pre-processing

CIAO/IDL
Python

Post-processing

PixInsight
Photoshop

Metadata
(Python)
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Image Smoothing
ASMOOTH

Adaptive kernel smoothing

Useful for suppressing noise while preserving real structure 
(signal that is significant at a preset S/N level)

see: http://arxiv.org/abs/astro-ph/0601306

http://arxiv.org/abs/astro-ph/0601306


Image Smoothing
ASMOOTH



Image Smoothing
GREYCstoration

anisotropic smoothing using curvature-preserving PDEs

see: https://tschumperle.users.greyc.fr/publications/tschumperle_ijcv06.pdf

https://tschumperle.users.greyc.fr/publications/tschumperle_ijcv06.pdf
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Image Smoothing
GREYCstoration

anisotropic smoothing using curvature-preserving PDEs
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Intensity Scaling & Bit Values
bits work in powers of 2

A 2-bit grayscale image has 22 possible values of gray

2*2=4
00, 01, 10, 11

8-bit? 28 = 256 possible values

16-bit? 216 = 65,536 possible values 
2-bit 8-bitImage Credit: wikipedia/Ricardo Cancho Niemietz



Intensity Scaling & HDR

FITS Liberator

PixInsight



Intensity Scaling & HDR

FITS Liberator

PixInsight



Intensity Scaling & HDR

FITS Liberator

PixInsight



Intensity Scaling & HDR

FITS Liberator

PixInsight



Intensity Scaling & HDR

FITS Liberator

PixInsight



Intensity Scaling & HDR

FITS Liberator

PixInsight



High Dynamic Range
PixInsight’s wavlet based approach
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High Dynamic Range
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High Dynamic Range
Photoshop’s open as Camera Raw “Trick”

and HDR Toning tool



High Dynamic Range
If you have access to Photoshop:

Start it up, choose File->Open and select a TIFF file
At the bottom of the dialog box, select “Format” and choose “Camera Raw”  



Color & Composition
Avoiding Color Confusion: Antennae Galaxies
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f (a,b) = 1 - (1 - a)(1 - b)

Color & Composition
Blending Mode: Screen
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Color & Composition
Processing example with M106
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Kepler’s SNR



Kepler’s SNR
2013 2007
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Tycho’s SNR
2014 2011



Cas A



2013 2011

Cas A



Moving Beyond “Pretty Pictures”
JS9

 Image processing via javascript in the browser
http://js9.si.edu

Project Goals:
Automated image registration via WCS

Photoshop-like implementation of layers
Image smoothing

Dynamic range processing (wavlets?)

Ultimate Goal:
Preserve original source data and track compositional changes (WCS)

Provide ability to revisit source data if/when interesting features
are discovered in the image creation process

http://js9.si.edu


Thank you!


