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ABSTRACT

The quality of modern astronomical data and the agility of current image-processing software enable the visualization
of data in a way that exceeds the traditional definition ofan astronomical image. Two developments in particular have
led to a fundamental change in how astronomical images can be assembled. First, the availability of high-quality
multiwavelength and narrowband data allow for images that do not correspond to the wavelength sensitivity of the
human eye, thereby introducing ambiguity in the usage and interpretation of color. Second, many image-processing
software packages now use a layering metaphor that allows for any number of astronomical data sets to be combined
into a color image. With this technique, images with as many as eight data sets have been produced. Each data setis
intensity-scaled and colorized independently, creating an immense parameter space that can be used to assemble the
image. Since such images are intended for data visualization, scaling and color schemes must be chosen that best
illustrate the science. A practical guide is presented on how to use the layering metaphor to generate publication-
ready astronomical images from as many data sets as desired. A methodology is also given on how to use intensity
scaling, color, and composition to create contrasts in an image thathighlight the scientific detail. Examples of image
creation are discussed.

Key words: techniques: image processing
Online material: color figures



What Determines the Aesthetic Appeal of
Astronomical Images?
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Summary

In the context of images used for education and outreach purposes, this paper describes a set of parameters that are key
in determining the aesthetic appeal, or beauty, of an astronomical image.




VWhat do | 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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Aesthetics from a psychological

Aesthetics & Astronomy

Cassiopeia A

Studying Perceptions of Astronomy Images

images of the cosmos provide snapshots of various phases of life and death,
different physical phenomena, found in locations across the known Universe.
Today, some 400 years after Galileo created his, modern telescopes have
enabled us to “see” what the human eye cannot. This new generation of
ground- and space-based telescopes has created an explosion of images for
experts and non-experts 10 explore.

The Aesthetics & Astronomy project studies the perception of multi-
wavelength astronomical imagery and the effects of the scientific and artistic
choices in processing astronomical data. The images come from a variety of
space and ground-based observatories, including NASA's Chandra X-ray
Observatory, Hubble Space Telescope, Spitzer Space Telescope, the Solar
Dynamics Observatory, the Very Large Array, and many others. Evaluation of
such data will benefit astronomy across the electromagnetic spectrum of
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Advanced CCD Imaging Spectrometer

CHANDRA X-RAY OBSERVATORY
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A Sp\ash of Color

X ray Spectrum 0
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Aesthetics from a psychological

Aesthetics & Astronomy

Cassiopeia A

Studying Perceptions of Astronomy Images

images of the cosmos provide snapshots of various phases of life and death,
different physical phenomena, found in locations across the known Universe.
Today, some 400 years after Galileo created his, modern telescopes have
enabled us to “see” what the human eye cannot. This new generation of
ground- and space-based telescopes has created an explosion of images for
experts and non-experts 10 explore.

The Aesthetics & Astronomy project studies the perception of multi-
wavelength astronomical imagery and the effects of the scientific and artistic
choices in processing astronomical data. The images come from a variety of
space and ground-based observatories, including NASA's Chandra X-ray
Observatory, Hubble Space Telescope, Spitzer Space Telescope, the Solar
Dynamics Observatory, the Very Large Array, and many others. Evaluation of
such data will benefit astronomy across the electromagnetic spectrum of
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Core Qualrties

Photogenic Resolution (Christensen et al, 2014)

[pbhoto = FOV/Beftective
Ouiffraction = MD

High Signal to Noise
SINR= Psignal/Pnoise

Clean of Artifacts
Color/Contrast

Composition



File
Object
Value
WCS
Physical

Image
Frame 1

acisf05595_repro_evt2.fits[EVENTS)
RCW103

X
X
Zoom

new rgb

region

préevious
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NGC 220/ - an example




Core Processing Concepts

Pre-processing

CIAO/IDL
Python

Image Integration
Image Smoothing (De-noise)
Image Delinearization
High Dynamic Range Processing

Color Choice

Cropping /Composition

Post-processing

PixInsight
Photoshop

Metadata
(Python)



Core Processing Concepts

Pre-processing
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Post-processing
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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

Image Smoothing

GREYCstoration
anisotropic smoothing using curvature-preserving PDEs

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

N132D - original N132D - csmooth N132D - GREYC



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

Intensity Scaling & Bit Values

bits work in powers of 2

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

2%¥)=4
00,01, 10, I |

% 8-bit? 28 = 256 possible values

A | it 26 = 65536 possible values "ZIIRAL

2_ b |'t Image Credit: wikipedia/Ricardo Cancho Niemietz




Intensity Scaling & HDR

FITS Liberator

PixInsight



Metadata FITS Header Help Guide
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Open...
mage 1, Plane 1 (v
Image size
Save & Edit...
Width: 3107 px Height: 3066 px
Image data Preferences...
About
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Mean 9.00e-08 1.36¢-01 S
Median 1.54¢-11 5.68¢-02 '

STDEV 3.29¢-07 8.86¢-01 White clipping

Scaling and stretch (Advanced) Black clioping

1.84 % [ | ¢ Stretch function Log(x) [T
7.08 2.82 Show imagt
[ : Background level 2.88e-08 ‘e informatic
Peak level 2.3 S

4e-06 ‘e Stretched

Scaled Peak level 100.00

Auto Scaling (
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8 bit < Black
& 16 bit Transparent

. - 32 bit .
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Intensity Scaling & HDR

PixInsight



Intensity Scaling & HDR




Intensity Scaling & HDR
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High Dynamic Range

PixInsight’s wavlet based approach
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High Dynamic Range

Photoshop’s open as Camera Raw “Trick”
and HDR Toning tool

® Carmera Raw 7.3 - TIFF

Ry AV e 8 a /0=

QAN T & 2 ®E
Basc e

Save Image.. Gy Gamma 2.2 8 bit- 2358 by 2358 (5,801 300 oo Cancel Done




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”

® Camera Raw 7.3 - TIFF

R 27V e|aa /0 =00

QAN T @D

Save Image.. Gy Gamma 2.2 8 bit- 2358 by 2358 (5,801 300 oo Cancel Done



Color & Composition

Avoiding Color Confusion: Antennae Galaxies
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Avoiding Color Confusion: Antennae Galaxies




Color & Composition

Avoiding Color Confusion: Antennae Galaxies




Color & Composition

Avoiding Color Confusion: Antennae Galaxies




Color & Composition

Blending Mode: Screen

Darken
Multiply
Color Burn
Linear Burn
Darker Color

Lighten

Color Dodge
T e flab)=1-(1-a)1-b)

Overlay
Soft Light

Hard Light
Vivid Light
Linear Light
Pin Light
Hard Mix

Difference
Exclusion
Subtract
Divide




Color & Composition

Blending Mode: Screen

Darken
Multiply
Color Burn
Linear Burn
Darker Color

Lighten

Color Dodge
Linear Dodge (Add)
Lighter Color

Overlay
Soft Light
Hard Light
Vivid Light
Linear Light
Pin Light
Hard Mix

Difference
Exclusion
Subtract
Divide




Color & Composition

Blending Mode: Screen

Darken
Multiply
Color Burn
Linear Burn
Darker Color

Lighten

Color Dodge
Linear Dodge (Add)
Lighter Color

Overlay
Soft Light
Hard Light
Vivid Light
Linear Light
Pin Light
Hard Mix

Difference
Exclusion
Subtract
Divide




Color & Composition

Blending Mode: Screen

Darken
Multiply
Color Burn
Linear Burn
Darker Color

Lighten

Color Dodge
Linear Dodge (Add)
Lighter Color

Overlay
Soft Light
Hard Light
Vivid Light
Linear Light
Pin Light
Hard Mix

Difference
Exclusion
Subtract
Divide




Color & Composition

Blending Mode: Screen

Darken
Multiply
Color Burn
Linear Burn
Darker Color

Lighten

Color Dodge
Linear Dodge (Add)
Lighter Color

Overlay
Soft Light
Hard Light
Vivid Light
Linear Light
Pin Light
Hard Mix

Difference
Exclusion
Subtract
Divide




Color & Composition

Processing example with M106




Color & Composition

Processing example with M106




ﬁf‘l'lsgrn:18

+ XX P00 @Q Qo 8H
Gray 1:10 hs_2013_06_a_full R | <*new*> (m |

X = X & Gray 1:10 hs_2013 06_a_full G | <*mew*>

Proce ss Comole

T}

xX
1

L]
+

Gray 1:10 hs_2013_06_a_full_ 8| <*new*>

hs_2013_06_a_full_R

hs_2013_06_a_fub G

3_06_a_full_B

1
A

hs_20

x

RGB 1:10 hs_2013_06_a_full | hs-2013-06-a-full.tif

hs_2013_06_a_full

:
;_;
i)
g
3
;
O

& History Explorer

) hs_2013 06_a full 1 +2000.00 - +1000.00 . (6170 - n:3 - i8 - RGD - 139.812 MiD
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+XX TS0 Q@Q Q@@ OoBC 5O
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X = X & Gray 1:10 hs_2013 06_a_full G | <*mew*>

Proce ss Comole

T}

xX
1

L]
+

Gray 1:10 hs_2013_06_a_full_ 8| <*new*>

hs_2013_06_a_full_R

hs_2013_06_a_fub G

3_06_a_full_B
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:
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& History Explorer
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X = PixelMath

Expressions

R/K: | g
G:| 0g*0.5 + b*0.5

B: b

A

< I I I Il

Symbols:

[ ] usea single RGB/K expression

Expression Editor

»

Destination

Generate output

L] Single threaded

[ | use 64-bit working images
|| Rescale result

Lower bound: | 0.000000000000000

Upper bound: | 1.000000000000000

O Replace target image
(o) Create new image

Image Id: | <Auto> L X |

Image width: | <As target> =
-~
v

Image height: | <As target>

Color space: | RGB Color v
[] Alpha channel

Sample format: | <Same as target> -

A RGO




PixelMath

Expressions RGB 1:10 Image07 | <*new*>

R/}

Destination

Lower boun

Upper boun

Sample forma

A RO




Gray 1:1 m106_sdss | m106_sdss.Mts

V' Process Comole
m106_sdss

RGE 1:9 m106_2color_optical | m106_2color_

X
!
»
+*

)
2
§
3
:
NI
8
13

P script Ednor

0 Process Explorer

Matory Explorer

-
e

0 =166 _sdss w:1B01 « h:1800 - m:1 - 164 - Gray - 24.733 MiB




X = FITSHeader =
| - m106_2color_optical v |
Name | Value | Comment
FOCALLEN 30697.25 Focal Length (mm) DR & @ »
H XPIXSZ 7.400 Pixel size, X-axis (um)
§ YPIXSZ  7.400 Pixel size, Y-axis (um)
g OBICTRA '12 18 56.809" Image center R.A. (hms)
> OBIJCTDEC '+47 18 04.24' Image center declination (dms)
EQUINOX 2000 Equatorial equinox
CTYPE1 'RA---TAN' Axisl projection: Gnomonic
CTYPE2 'DEC--TAN' Axis2 projection: Gnomonic
= CRPIX1 3955.499957 Axisl reference pixel
CRPIX2 3089.499892 Axis2 reference pixel
% CRVAL1 184.736702706 Axisl reference value
-EI CRVAL2 47.3011778361 Axis2 reference value
g. CcD1_1 -1.14830641026e-05 Scale matrix (1,1)
€ CD1_2 7.77761927926e-06 Scale matrix (1,2)
CcD2_1 7.74511057465e-06  Scale matrix (2,1)
CD2_2 1.1366941512e-05 Scale matrix (2,2)
CDELT1 1.3882212463%e-05  Axisl scale
CDELT2 -1.37418284636e-05 Axis2 scale
CROTA1 145.809957012 Axisl rotation angle (deg)
CROTA2 145.809957012 Axis2 rotation angle (deg)
POLYNDEG 1 Polynomial degree
X
L
;
o
2
z Name:
s
o Value:
O =106_sdss 0
Comment:
v| HIERARCH Convention 1/21 Add Replace | Remove
A N oD v X




Cray 11 r | <*new*>

>

RGE 1:4 0 | <*new*>

3 Process Explorer | I Script Editoe

+ History Explorer

wii893 h; 2348 n:l aib Gray 7.756 mib




o @] ® P nsigt 1.8
oo =S PD T OGCu XX PFPSPOAN QQ QQAQA OB BH B 6% 514 E (66 DE FREF: Q%W I~

Gray 1:1r | <*new*> () i
Sharp Color Picker

V' Process Comole

Hex #B70EC7

Hue 295
Saturation 23
Value 78 “Browser Safe”” Colors

© Red

H NEN EE"EEE HE EHEN EEEE
G ENNEEEEEEYEEENN EENETE O
Aol EEETNEENENESEEE B N =
EEENENEEENEEESSE =E & o N
Blue D O I HEEEE
ENEENEEE EEEEETETEE S  mhEw

> Process Explorer | [P Script Editoe

Color Select:

History Explorer

-~
v

014 *0o HENN > wil893 - h;2148 - n:l - i16 - Gray - 7.756 WD



[ N ® Pudnsight 1.8
oo =S PD T OGCu vy XX TSP OON @Q@Q QQQ O8O0 B8H (B4 6% 814 E (4§ NE BEERE DR R O »

0 xX=x+ Gray L1 r | <*new*> () i

] processon |
Sharp Color Picker

PixelMath &4

V' Process Comole

- (1 - 0) * (1 - x*(14/255)) * (1 - 1*(199/255)) * (1 - rg(183/255))

- (1 - 0) * (1 - x*(121/255)) * (1 - 1*(14/255)) * (1 - rg(14/255))

- (1 - 0) * (1 - x*(199/255)) * (1 - 1*(14/255)) * (1 - rg(199/255))

A:

Symbols:

[ Jusea single RGB/K expression

Expression Editor

Destination

H SEN" EE"EEE HE EHEN EEEE
ENNEEEEEEYEEENN EENETE O
EEETNEENENESEEE B N =
EEENENEEENEEESSE =E & o N
I O I HEEEE
ENEENEEE EEEEETETEE S  mhEw

> Process Explorer | [P Script Editoe

History Explorer

-~
v

014 *0o HENN > wil893 - h;2148 - n:l - i16 - Gray - 7.756 WD



Cray 11 r | <*new*>

>

RGE 1:4 0 | <*new*>

3 Process Explorer | I Script Editoe

+ History Explorer

wii893 h; 2348 n:l aib Gray 7.756 mib
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Moving Beyond "Pretty Pictures’”

J59
Image processing via javascript in the browser
http:/ /is9.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




