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Special Thanks to...

COMPLETE

M. Borkin (lIC), J. Foster CfA), J. Kauffmann [CfA/1IC), J. Pineda [CfA]
& E. Rosolowsky (CfA) + many COMPLETErs beyond Cambridge!

Astronomical Medicine

D. Alan (lIC), M. Borkin (IIC), M. Halle (iIc/BwWH-SPL), N. Holliman
(Durham, UK), J. Kauffmann [CfA/IIC), R. Kikinis [BWH-SPL]

3D Software you will see...
3D Slicer, OsiriX, VolView

more at: http:/ /astromed.iic.harvard.edu/
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“Viz has failed
the scientific
community...”
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e "AstroMed" project is to extend the state of the art of complex data understanding in two very
5, astronomy and medical imaging, using a broad-based approach to data exploration and

Astronomer +Nick Holliman (CS, 3D expert)
=e +Doug Alan (S/W Engineer)
- +Jens Kauffmann (postdoc)
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..and the science is in the interpretation of these
measurements into physical quantities & processes.



V\Vhat can we observe®

.

Intensity

Spatial Position

(z,y )




Intensity

V\Vhat can we observe®

X-Ray of Human Skull, c. 1920

Spatial Position

(z,y )



V\Vhat can we observe®

I T,t)

Time
Intensity
., Spatial Position
| |4 af,:f cafsiopers

| 1B pects schedin | (QE )
¢ mg)ém , y

O Jleitn d o

i £ medm Chatedro
1 Nout Stels,.

“Nova Stella”
of Tycho, 1572




V\Vhat can we observe®

Time
Intensity

Spatial Position

(z,9. )

Cardiac Motion




V\Vhat can we observe®

I(E, 7 )

Intensit
d Spatial Position

Energy T |
(wavelength) ( I )

Optical (B,V,R) image
of NGC1333




V\Vhat can we observe®

I(E, 7 )

Intensit
d Spatial Position

Energy T |
(wavelength) ( I )

Human Ear, [§
Thermal Infrared




V\Vhat can we observe®

Intensity Spatial Position

(z,y )

“State”
(e.g. polarization)

&))
<t
®))
~
=
©
T




V\Vhat can we observe®

I( s,x

0

Intensity

Spatial Position

(7,9, 2)

“State”
(~diffusivity)



http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory
http://en.wikipedia.org/wiki/Image:DTI-sagittal-fibers.jpg%23filehistory

Our current
Interest In

I(E,s,z,t

% F 5 F N
fyYrYy ey

COMPLETE Home Page

|« » S]] A A+ .-'fi@http:H-.'.-n'.-w_tfa_harvard_edu;'CDMPLETE;' ~q,

[[] Google Calendar Wikis Etc. Directories¥ Delicious¥ RS5(1423) ADS Best BeyondADS~ Image Searchv Weather~

C®PLEIE

& Restricted

The COordinated Molecular Probe Line Extinction Thermal
Emission Survey of Star Forming Regions

Project Description

The COordinated Molecular Probe Line Extinction Thermal

Emission Survey of Star Forming Regions {COMPLETE)
provides a range of data complementary to the Spitzer
Legacy Program "From Molecular Cores to Planet Forming
Disks" (c2d) for the Perseus, Ophiuchus and Serpens
regions. In combination with the Spitzer observations,
COMPLETE will allow for detailed analysis and understanding
of the physics of star formation on scales from 500 A.U. to
10 pc.

Phase I, which is now complete, provides fully sampled,
arcminute resolution observations of the density and
velocity structure of the three regions, comprising:
extinction maps derived from the Two Micron All Sky
Survey (2ZMASS) near-infrared data using the NICER
algorithm; extinction and temperature maps derived from
IFAS 60 and 100um emission; HI maps of atomic gas; 12C0
and 13C0O maps of molecular gas; and submillimeter
continuum images of emission from dust in dense cores.

Click on the "Data" button to the left to access this data.

Phase II (which is still ongoing) uses targeted source lists
based on the Phase I data, as it is (still) not feasible to
cover every dense star-forming peak at high resolution.
Phase II includes high-sensitivity near-IR imaging {for high
resolution extinction mapping), mm-continuum imaging with
MAMBO on IRAM and high-resolution observations of dense
gas tracers such as N2H+. These data are being released as
they are validated.

COMPLETE Postdoc, 2007 &%

Referencing Data from the COMPLETE Survey

COMPLETE data are non-proprietary. Please reference
Ridge, N.A. et al., "The COMPLETE Survey of Star
Forminao Reaions: Phase 1 Data™. 2006. Al. 131. 2921 &<
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3D Simulation
of a
Star-Forming Cluster

HD turbulence gives “t=0" conditions; Jeans

mass=1 M,

50M,,, 0.38 pc, n
forms ~50 objects
T=10K

SPH noBorA, T

movie=[.4 free-fall times

=3 x 10° ptcls/cc

avg

1.4 1.2 1.0 -0.8 -0.6 -0.4 0.2 0.0
Bate, Bonnell & Bromm 2002 Log Column Density [g/cm’] Matthew Bate
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"Three” Dimensions: Spectral-Line Mapping

We wish we could measure...

But we can measure...

v, only from

“spectral-line
maps”
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adio Spectral-line Observations of Interstellar Clouds
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Alves, Lada & Lada 1999



No loss of
information

Mountain Range

ﬂ Velocity as a "Fourth" Dimension

Spectral Line Observatlons
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Astronomical Visualization Tools are
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3D Slicer
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“Slices’

“KEITH”

“PERSEVS”

Image size: 520 x 274 thiteenCO_249 tif
Yiew size: 1305 x 733 thirteenC0_249. tif
Wl 63 wWw. 127 thirteenC0_249.tif
thirteenC0_249. tif
0
127
Rl 64 L
B 0
11:04:53 AM
Im: 21/249 7426405
Zoom: 227% Angle: 0 ' Made In Osirik

“Z" 1s depth into head

“Z" Is line-of-sight velocity



Real 3D space

Head “y”

Head “x

3D rendering: GE Healthcare
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3D rendering: AstroMed /N. Holliman [U. Durham), using VolView ([ITK-based]
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3D Viz made with VolView
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Bolocam dust emission
map (Enoch et al. 2006)
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Dendrograms (Hierarchical) vs. CLUMPFIND (Non-hierarchical)
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The online PDFs of these insets
are interactive, and can be rotated
and manipulated by the viewer.

Goodman, Rosolowsky, Borkin, Foster, Halle, Kauffmann & Pineda, 2007, Nature, submitted.



"Reality” and “Unreality™?

(Dendro)Surfaces “CLUMPFEIND”

Observed
Reality

(uoneurpaa) A, AIS

Ve/>
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Y Gyt (Right ASCe

“Observed”
Simulations

work of Rosolowsky, Pineda, Kauffmann, Borkin,Padoan, Halle & Goodman;
figure from Goodman & Rosolowsky NSF “Star Formation Taste Tests” Proposal, Fall 2006



Is CLUMPFIND OK as a Statistic?

_..Step 03 . _step 05

4 = —
LS - threshpld 0.3
< 102 B 7
=4
=
~_ op -
50 10
a=-1.98% 0.04
10 F +— .
10 T
— 10°F . .
=
=
> 10°F .
<
a=-2.22=% 0.05 | a=-1.94+ 0.04
-2 | A1 a
CLUMPFIND output for L1448 10 ‘ ‘
(|2K step&threshold;lower values give oo many cIumps to ShOW!) - —— e —— e e
10*F - .
oldﬁ)]
Results for full Perseus Map )
< 10" F - -
Threshold Step  total number % above sensitivity limit % above sensitivity limit % above 3
size of Clump Mass v/s Radius FWHM v/s Radius both curves =3
=
0.3 0.3 5199 47.32% 58.03% 46.59% < Lok i i
pd
0.3 0.5 3844 40.74% 46.96% 40.30% < - —
a=-2.36x 0.06 &=-2.11% 0.05
0.5 0.3 2141 79.12% 89.72% 78.14%
2
0.5 0.5 1420 86.83% 89.01% 86.20% 10°r «— T S
0.7 0.5 1168 87.07% 90.58% 86.73% 0.1 1.0 10.0 100.0 01 1.0 10.0 100.
__ Mass (Mg,,) Mass (Mg,,.)

Pineda, Goodman & Rosolowsky 2007



seneralizing & Sharing

Open-Source code released, and Changing the future of
explained, as it is developed. scientific publishing.
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The Astronomical Medicine Project Initiative in Innovative Computing at Harvard

Harvard IIC Home IIC Astronomical Medicine Project Home

AM Project
ADASS 2007

Please have a look at our collection of tal

O M E B

Please join the 3D Coffee on Tu
4 ngton Church St.).

Medicine" (AM) project is to extend the sta
of the art of complex data understanding in
two very different fields, nomy and
medical imaging, g a broad-b d
approach to data exploration and analys

The best of two disciplines

While astronomy and medical imaging
very different, both fields search through
large amounts of image data loo
meaningful patterr
ect a patien & ooking for
signs of disease, while an astronomer will
Search analyze radio telescope image data to find
evidence of a ne\ ar being born. The two
ences have separately developed many technigues to analyze, visualize, and catalog
complex multi-dimensional imaging data, but seldom have experts from the two areas worked
together.

& Right

The AM project brings together researche rom the Harvard Medical School and the Harvar @
Smithsonian Center for gs along with both national and international collaborators,
to combine their knowledge and advance the state-of-the-art in both medical imaging and

Goodman et al., Nature, submitted June 2007;
see also Barnes & Fluke 2007 arXiv:0709.2734
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this projector
an MRI of your brain, at 0.5 mm resolution
Perseus COMPLETE data cube

the Connectome, 0.5 mm?3 of brain tissue

Google Earth Imagery at 1 foot resolution

200 nights LSST data, at 6 wavelengths (x,y,t)
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SCIENTIFIC DISCIPLINES

Increasingly, core problems in science
require computational solution

Typically hire/*home grow”
computationalists, but often lack the
expertise or funding to go beyond the
immediate pressing need

Academic researchers often
focused on finding elegant
solutions to basic computer science
challenges

Often see specific, “applied”
problems as outside their interests



Higher-dimensional visualization and
analysis Is a generic problem.

Solutions:

Think Web 2.0, think PLASTIC. Think "my 2-D grapher is
yours” ... ‘'my renderer IS yours” ..."my spectral analysis
tools are yours” ... "my bookmarks are your

bookmarks” ... "'my library is your library” ... etc.

S0, we need both:
parts to share

& (easier!) ways to share them.
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Official Abstract

(07.1) Astronomy + Medicine = Understanding

Alyssa Goodman (CfA/IIC, Harvard University)

Michelle Borkin (Initiative in Innovative Computing, Harvard University)

Michael Halle (Initiative in Innovative Computing & Surgical Planning Laboratory, Harvard
University)

Nick Holliman (University of Durham)

Jens Kauffmann (Center for Astrophysics & Initiative in Innovative Computing, Harvard University)
Erik Rosolowsky (Center for Astrophysics, Harvard University)

Astronomy and medicine are two fields that rely heavily on imaging for insight. The “"Astonomical Medicine”
project, based at Harvard’s new “Initiative in Innovative Computing,” seeks to combine the best advances in both
medical and astronomical image display, manipulation, and analysis techniques, in order to create tools that are
better for everyone. To date, our focus has been on three-dimensional data, such as the position-position-
velocity data cubes typically produced by spectral-line observations. We have leveraged several existing medical
imaging packages, all built upon ITK and VTK, in order to give astronomers easy access to views of their data as
3D surfaces and volumes.

The talk will focus both on the general overlap of the astronomical and medical challenges and solutions
and on specific examples of successes to date. In one particularly noteworthy example, we have used the 3D
Slicer package (see Note) to show that traditional “segmentation” (a.k.a. “clumpfinding”) techniques used
in the study of star formation need to be reconsidered, and that alternative “tree-based” techniques may
prove superior.

Note: The “3D Slicer” package, developed for surgical planning, has proven especially useful in our work, and a
tutorial featuring 3D Slicer will be offered before the ADASS meeting. For more information, please see http://
astromed.iic.harvard.edu/.

Home - About the Website - adass2007@adass.org
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