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Visualization

Goals:

exploration/exploitation of data and information
enhancing understanding of concepts and processes
gaining new (unexpected, profound) insights

making invisible visible

effective presentation of significant features

quality control of measurements or simulations
increasing scientific productivity

medium of communication
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William Herschell's Drawing of the Milky Way Galaxy



Visualization

* Astronomy datasets are n-dimensional

* An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])



Visualization

* Astronomy datasets are n-dimensional

* An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

* Project a n-dimensional object on a 2-dimensional plane
* Add other dimensions through other means

— No other dimensions: projection of data, slices



* Show only two dimensions at
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IRC1D0218_HCI3N.cube_rO.5.image—raster
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Cube unfolded




Visualization

* Astronomy datasets are n-dimensional

* An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

* Project a n-dimensional object on a 2-dimensional plane
* Add other dimensions through other means
— No other dimensions: projection of data, slices

— Time/movies



* Movies: Time is used to display information (e.g. velocity) along other dimensions

HC3N.cube_rO. 5. image—raster

Vo~ Vexp




* Movies: Time is used to display information (e.g. velocity) along other dimensions

* Galaxy with a flat rotation curve




Visualization

* Astronomy datasets are n-dimensional

* An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

* Project a n-dimensional object on a 2-dimensional plane
* Add other dimensions through other means

— No other dimensions: projection of data, slices

— Time/movies

— Projection can also show combinations of dimensions,
rotation of cubes, volume rendering/opaqueness



*  Warning;

Rendering also allows for

mixing of dimensions

* Rendering requires transparency or opaqueness

to be applied to a datacube. The displayed images
are a combination of different planes.
* Many different algorithms/parameters possible.
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Visualization

* Astronomy datasets are n-dimensional

* An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

* Project a n-dimensional object on a 2-dimensional plane
* Add other dimensions through other means

— No other dimensions: projection of data, slices

— Time/movies

— Projection can also show combinations of dimensions,
rotation of cubes, volume rendering/opaqueness

— Collapse can be in different ways, e.g. moment maps, peak
flux maps, medians, etc.
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Visualization

* Astronomy datasets are n-dimensional

* An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

* Project a n-dimensional object on a 2-dimensional plane
* Add other dimensions through other means

— No other dimensions: projection of data, slices

— Time/movies

— Projection can also show combinations of dimensions,
rotation of cubes, volume rendering/opaqueness

— Collapse can be in different ways, e.g. moment maps, peak
flux maps, medians, etc.

— Can be combined, e.g. brightness/hue
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Visualization

* Astronomy datasets are n-dimensional

* An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

* Project a n-dimensional object on a 2-dimensional plane

* Add other dimensions through other means

No other dimensions: projection of data, slices
Time/movies

Projection can also show combinations of dimensions,
rotation of cubes, volume rendering/opaqueness

Collapse can be in different ways, e.g. moment maps, peak
flux maps, medians, etc.

Can be combined, e.g. brightness/hue

Contours, markers, vectors

20
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Visualization

Astronomy datasets are n-dimensional

An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

Project a n-dimensional object on a 2-dimensional plane

Add other dimensions through other means

No other dimensions: projection of data, slices
Time/movies

Projection can also show combinations of dimensions,
rotation of cubes, volume rendering/opaqueness

Collapse can be in different ways, e.g. moment maps, peak
flux maps, medians, etc.

Can be combined, e.g. brightness/hue
Contours, markers, vectors
Combinations, e.g.““Renzogram”

22



. * “Renzogram”
* Pick a level at each plane, e.g. |]y, 80% of peak
* Display structure as contour, color indicates plane/velocity

20° 06™10° 06™00°

ight Ascension (J2000)
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Visualization

Astronomy datasets are n-dimensional

An electric wave is described by Amp(RA, DEC, spectral/
velocity/energy, polarization, time [phase])

Project a n-dimensional object on a 2-dimensional plane

Add other dimensions through other means

No other dimensions: projection of data, slices
Time/movies

Projection can also show combinations of dimensions,
rotation of cubes, volume rendering/opaqueness

Collapse can be in different ways, e.g. moment maps, peak
flux maps, medians, etc.

Can be combined, e.g. brightness/hue
Contours, markers, vectors
Combinations, e.g.““Renzogram”

Polarization is used e.g. in 3d-movies
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Visualization

Astronomy datasets are n-dimensional

An electric :
veIocity/en %
1
Project a n i 1‘} "f
Add other g \
— No ot N\
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— Time/
— Projects 4
rotatio N 1 ’ 0

2

— Collaps
flux ma

— Can be combined, e.g. brightness/hue
— Contours, markers, vectors
Combinations, e.g.““Renzogram”

Polarization is used e.g. in 3d-movies
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Visualization

Problems:
* Third axis is usually NOT spatial but spectral
—> requires some experience to interpret

and not get fooled [
* Signal to noise 8000 1
—> smoothing, tessellation, etc.

* Richness of spectrum 6000 |

—> Many lines in bright objects

1N
o
o
o

—> Requires careful separation

Number of Lines

—> Hyperfine lines
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200 400 600 800

Frequency [GHz]




H‘ 3C o+
86.75 GHz

CH Afp CH * Many lines
87.32 GHz 87.40 GHz

in single datacube

8
7
6
5
4
3
2
1
0

HNCO _ H52p
87.93 GHz ! 8841 GHz

NGC 253,ALMA:Walter et al. 2014, in prep.
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CASA

Common Astronomy Software Applications

Data reduction packet for ALMA and Jansky VLA C

load, edit, calibrate, image, analyze, and visualize interferometric
datasets

Common Astronomy
Software Applications

Single dish component for ALMA

~14 developers at NRAO, ESO, NAO)], plus a few associated
programmers at ASTRON, CSIRO/CASS and other institutions

Some CASA developers are computing scientists with dedicated
algorithm development time

CASA release about ~6 months, intermediate “stable” versions
Linux and MacOS

Python based layer for the user interface and easy scripting with C++
code underneath for performance

@J AST(%ON .



CASA

Common Astronomy Software Applications
* Data reduction packet for ALMA and Jansky VLA

CASA

Common Astronomy
Software Applications

ALMA 50x|2m + I2x7m +4x|12m TP Jansky VLA: 28x25m
Commonalities:

* Aperture synthesis radio Interferometers (i.e. they measure complex visibilities [amp/phase])
e Similar raw data format

* Same basic data reduction & imaging steps

‘mm’ ASTRON .



CASA

Common Astronomy Software Applications
* Data reduction packet for ALMA and Jansky VLA

F /!".;\"t.-..-‘ .

ALMA: 50x12m + 12x7m +4xI2m TP
Differences:

- Sub mm ([30] 84-720 [950+]GHz), large kA
- Water vapor (opacity, phase rms, atm. lines)
- Hybrid imaging, short/zero spacing

- calibration on planets/moons

' naezae
4 NAUJ

Common Astronomy
Software Applications

Jansky VLA: 28x25m

- cm ([0.07] 0.330-50 GHz)

- Sensitive to terrestrial Radio interference
- Large fractional bandwidth e.g. I-2GHz

- High dynamic range imaging

Ist JVLA sidelobe ~ VLA sensitivity

() ASTRON



CASA viewer

* Display of multidimensional datasets

* Measurement sets (visibilities) and 4dim image cubes

* MS can be inspected and edited

* Images can be viewed and inspected, and hardcopies can be obtained

* Limited scriptability at this stage

* Image manipulation and analysis methods can be invoked, newly created
datasets saved




CASA viewer

Visualization is very similar with RA/DEC/Vel cubes
BUT

Optical data can come in different fashions
(lenslet, slicer, fibers, etc.)
global spectral template removal (simpler in radio)
Measurement is in wavelengths for optical data,
in frequencies for radio data
— optical data: non-linear radio velocity frame
— radio data: non-linear optical velocity frame
— optical =/= radio velocity frame
Changes in the psf and fov (primary beam) can be more
drastic in the radio (Av/v up to |)

Errors in optical data pixel/spaxel based (error cubes)

smoother error dependence on frequency and position in radio
Optical: Poisson noise, Radio: Thermal noise (plus sidelobes)




Image Access

8 O O

load I save image | save regionl

|X| Data Manager -- Viewer

directory: I/Iustre/jkern/code/data/demo/lmages

input file | type

) Directory
-q Directory
Directory

imagetestimage fits FITS Image

test image Image

' test;image.fits FITS Image

loading options
shape
32,32, 8
J2000 right ascension— J2000 declination
17:42:36.087, 17:42:33.648 -29.00.47.589, -29.00.15.595

frequency range
1.41335, 141349 GHz

velocity range
137.805, 108.587 kmis

raster image vector map

contour map I marker map

—image slice
starting position: [0 = o o =
new size: |32 :I |32 :] |8 :]

[V leave open

update |

[~ LEL
close |
[V slice

Supported Image Formats:
— FITS, Miriad, CASA
Preview of image data
Sub-image Capability
— Efficient Preload

Lattice Expression
Language (LEL)



Image / Cube Display

cube_rD.5.image—raster

* Display one or more images
OTF Spatial Frame Transform

* Opverlay contours and vectors on
raster images

* Multiple Color Maps

ann \ Image Color Mapping
Zoom(Chck Right Mowse)  Display(Sheft+ Chck Right Mowse)

IRC10216_HCIN.cube_r0.5.image

Specty 8 range graphecally by drageing the kit mause button

* Flexible adjustments of the
transfer function




Animators

* Step through planes of
cube, or between
images

* Standard tapedeck
controls

Animators
v Channels
QOO0 OO Q| C)|Ratef10 = Jump ™| 21 64
= a [63
v Images
0|00 B]©)]reefie = ampr [0

o 4
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Image Exploration

* Multiple regions can be defined _37.3576 km/s

— Saving, dragging, iterating
 Statistics on full image stack
can be shown
* Dragging regions, and
reselection them is supported

Properties ~ Statistics | File | Histograml
-IRC10216_HC3N.cube_r0.5.image

Frequency Velocity Stokes ——— BrightnessUnit—
3.63969e+10Hz -37.3576km/s | Jy/beam
BeamArea Npts Sum FluxDensity
36.3319 248 2.257775e+00 6.214305e-02
Mean Rms Std dev Minimum
9.103932e-03 1.086670e-02 5.945259e-03 -2.645676e-03
Maximum region count——
2.784248e-02 2

next

37



Image Exploration

8eno \ 10 Slice Tool

R MRS SN

* Multi-Path Spatial Image Profiling = "~ " " “~ -

-~ Sample Point Count ‘

03~
F Automatic

count [ 02
e ] ||

F Segment Markers
™ Marked Reglons A
x|
01 -
1 T Al ", A L i
0 2 40 “ "0 100
Distance (Arc Seconds)

Start: [004153140 +131707 612 MIOQJ7SBW +1316 27807 Stant: IM47 56062 4131651 188
Eng: [00 4758094 #1316 27877 “IBQ 4756 062 +13165) 188 Ena: IM‘T S7T858 4131658870
Distance (Arc Seconds): |39.7435 Distance (Arc Seconds): |38 3755 Distance (Arc Seconds). |28 0196

Angle (Degrees 115733 Angle (Degrees [1a1em2 Ange (Degrees [7394
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Cube Exploration

* Position-Velocity Diagram




Integrated CASA Processing

* The CASA viewer uses the CASA package to provide more sophisticated
integrated processing capabilities

— Moments Collapse
— Source Finding, extraction

N NaXs) Profile: Moments - IRC10216_HC3N.cube_r0.5.image-raster

b EBEI2A avavi L de-

Rectangle Region Profile

§ 25
2
R : :
rs 05 - = -
= 8
-60000 50000 -40000 -30000 -20000 -10000 10000
radio velocity [mis]
Bottomn: |radio velocty (mis) =] Top: [chacnel =] Len: [lymesn =] fusax =] [rean =] |no eroe =]
from:  [s79545 o 692569 Il [mean  ®]  |noemoe | collapse I

09:47:57 182413416m 38 503
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Spectral Processing

anNnn

b RIS «a> AV L L

A\ Spectral Profile - he3n.ka.cube.fits

e =2

Elliptical Region Profile

* Spectral Profile Generation AT 1 cans-sostrrms

For each region -
]

* Fitting

2 /l—‘ L
Polynomial and Gaussian é 1
Graphical Estimates

* OTF Spectral Smoothing

* Line Labeling

60 50 40 » 20 I 0
S I I radio velocity [km's)
P ata og Bottom: |raso welocry (krvs] ] wp: [asic velocey fhmis =]ttt [lyteam =] [ =] [Maan *] [no ervor
Corve:[he 3nka cube fits =l

* Change Rest Frequencies o

Mmmf_ansmmu[_a Estimates

o speciy the range graphically, shét+chck the
left mouse bumon on He graph and Ben drag reak | cercer | rvom Fued j
Ma]-429477 Max] 27208 12231383 151004 505937 Fe Fec 1
e .M,mmu Oupa —
. P | T PR [PUOYUR, Py ——
MutFn
Ovt'I 3 Fle Name l e | Aeuist I Cean I

Spectral-Line fitting | Line Overtays |
No End value speched’

41




Spectral Processing

3.5

||Il"v
3 | l'._. ‘ I|
5 AN l|

| ....I"____-_—“'»»._.. . ‘1 ||
1.5 3

i — "“,' . ;

/ \ |
1 |' '|
0.5 " '

| e '
0 e

(mJy/beam)

-0.5
-60 -50 -40

CASA can fit multiple Gaussians
* Over aregion

* Pixel by pixel
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Histogram Generation

—38.3875 km/s

® 00 X| Histogram Tool
Zoom(Click Right Mouse) Display(Shift+Click Right Mouse) Configure(Ctrl+Click Left Mouse)

[k D

IRC10216_HC3N.cube_r0.5.image

250,000 — Fit
] [ Distribution: IGaussian vl
g Fit estimates can be specified graphically by a
200,000 — Ctrl + Click of the right mouse button on the plot.
1 Estimate
- ‘\
= 150,000 - f Center: |
£ ) ‘ | Peak: |
£ ] \
E I \ FWHM: |
3 4 ] |
© 100,000 —|
1 Fit | Clear Fit
1 |
T 1
50,000 — The following fit was found: =
7 J
: (A0.00485, 536‘ Center: 0.000170432 Jy/beam
i [T/ Peak: 168261
0~ _LL-_._._ FWHM: 0.00280452 Jy/beam
LIS A L L e L S B | Chi-square: 1.09054e+10 LI
-0.01 -0.005 0 0.005 0.01
Intensity(Jy/beam)
Data Range

Minimum: |-0_00339455 Maximum: |0_00373727

I~ Percentile |90

Clear |

Specify a range graphically by dragging the left mouse button.

»




Limitations

* CASA viewer not optimized for remote operations

* The rendering and advanced visualization tools are not yet implemented as
other issues were more pressing

* Only rudimentary scripting abilities
* Image renderer has only limited publication quality
* Monolithic approach, closed development

* Lots of new features recently, now time to improve stability

* Future:

— Virtual Observatory integration

— merging the CASA viewer with CyberSKA development

ALMA funding process underway, Pl: Erik Rosolowsky (U Alberta)
\J
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VO Integration

* NRAO is collaborating with VAO to add VO support directly to the

CASA Viewer.
— Data discovery and selection: Either within the viewer or through VO

web portals
— Seamless display of data from VO service
— Advanced cube access including:
* Sub-selection (Spatial or Spectral)

* Basic Collapse Options

45



CyberSKA

Browser-based

® 0O 0 CyberSKA FitsViewer
| N CyberSKA FitsViewer Lt |
(4 ) @ viz.cyberska.org:808 yuth afri

(] smart Bookma... ~ [J Gmail (] Funnies ~ [ News ~ 6 siMBaD P Neo PR ADS 7 astro-ph 4 JjomTGes J APOD | webCT

ngcl333.13cofits (0 3d || O Region || O Caussfit ||OCrid | © # X profile Fitter... || Unzoon

Coordinates Region tools Misc. #l Colormap & Histogram @ Movie player More...

4
Mrfw' \—M

Fitter...

wnzoon

Cube-enabled

* PI: Erik Rosolowsky



Best of Both Worlds

« CASA Viewer * CyberSKA Viewer
- Fully-featured - Handles Big data
- Meets ALMA use cases - Web-enabled

- Well-developed analytics Additional features

- Expert user-base - Plugin architecture

vt 3o s . J - ®ora Laros 43 (2o | (& Smpon ] (0 Gore ] X g

*+40QY Twuw “Huwn [ o
SEt2 ‘ 1 ¥ "
0 001 002 5 ‘« 7 Itﬁaj‘n'.uj.llluhul\ f_: -
D S o ono
——— anon

— (o)

Pusete | samss | # . | | i
e i P
[o= -] | ] =

“ [ “y . : ’...l — =

: =

=

X 400 as 12125132.629
(R ® s oy yay S -4).00.02.198
-~ Freq: 2.312%e+11 Nz
Mokes 1




* Server-client architecture, e.g. for archival data

You are here. Home » ALMA Dets » Archive Query

ALMA Science Archive Query

New Button
Query Form 4 Result Table | /
|

| Download data [ Visualize Data

Resudts 1-10 of 38 (38 before filtering) sorted by RELEASE_DATE Show 10 % results per page 4 1234 Next P
e et e[ SoURENAKE | M4 T DEC OO | tepuion | RBEASEOATE ] veLymbiion [ -] - |
[string [string Number [Number [Number [Number Istring [Number
| 20110000615 NGC2SI 00473 257237 2942 20120510 0417:00.0 441.7036551088759
q 2011.0.00061.5 NGC 253 00:47:33.31 -25:17:23.1 7 2254.581 2013-05-10 04:17:00.0 441,7036551088759 --
] 2011.0.00172.§ NGC253 00:47:31.5 -25:1T:17.5 3 2127.893  2013-06-19 19:41:00.0 1358.2490765189914
T 2011.0.00172.5 NGC253 00:47:31.5 25:17:17.5 3 2128.545  2013-06-19 19:41:00.0 1358.2490765189914
2011.0.00172.5 NGC253 00:47:31.5 -25:17:17.5 3 2128.828 2012-06-19 19:41:00.0 1358.2490765189914
= 2011.0.00172.5 NGC253 00:47:31.5 -25:17:17.5 3 2244.076 2013-06-19 19:41:00.0 1358.2490765189914
a 2011.0.00172.5 NGC253 00:47:32.33 -25:17:36.9 3 2127.893 2013-06-19 19:41:00.0 1358.2490765189914
2011.0.00172.5 NGC253 00:47:32.33 -25:17:36.9 3 2128.545 2013-06-19 19:41:00.0 1358.2490765189914
2011.0.00172.5 NGC253 00:47:32.33 -25:17.36.9 3 2128.828 2013-06-19 19:41:00.0 1358.2490765189914
2011.0.00172.5 NGC253 00:47:32.33 -25:17:36.9 3 2244.076 2013-06-19 19:41:00.0 1358.2490765189914

e o S I T T T

Results 1-10 of 38 (38 before filtering) sorted by RELEASE_DATE Show 10 = results per page { 1234 Next ’




Pluggable

Anyone can write plugins
for visualization techniques,
renderers, etc.

Repository of plugins




CASA viewer demo at the ALMA workshop
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