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LETTERS

CLUMPFIND segmentation

0

Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to '>CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of T,,, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
isualizations show po. y (p—p—v) space.
on; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (a and b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increas
front (—0.5kms™ ') to back (8 kms ™).

data, CLUMPFIND typically finds features on a limited range o
above but close to the p resolution of the data, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass i
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees’
were proposed as a way to characterize clouds’ hierarchical structure

9
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using 2D maps of column density. With this early 2D work as inspira-
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p—v) data cube into
an easily visualized representation called a ‘dendrogram’'®. Although

ell developed in other data-intensive fi 12 urious that the
application of tree methodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency"’.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation is
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
cross, which eliminates dimensional information on the x axis while
preserving all information about connectivity and hierarchy.
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2a
online) and a sorted dendrogram (Fig. 2¢).

A dendrogram of a spectral-line data cube allows for the estimation
of key physical properti ciated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have any shape, and in other work™*
the significance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that My, Lisco» where Xj3c0 = 8.0 X 102 cm?*K ™ 'km ™ 's
(ref. 1 e Supplementary Methods and Supplementary Fig. 2).

ed values fc ass and velocity dispersion can then be

ity at each point in the hierarchy,

al parameter, tops = 56,* R/ GMiym.

In principle, extended portions of the tree (Fig. 2, yellow highlighting)

where 0,5 < 2 (where gravitational energy is comparable to or larger

than kinetic energy) correspond to regions of p—p—v space where self-

gravity is significant. As o5 only represents the ratio of kinetic energy

to gravitational energy at one point in time, and does not explicitly

capture external over-pressure and/or magnetic fields'’, its measured

value should only be used as a guide to the longevity (boundedness) of
any particular feature.

we focus on

Local

Test level

Local ma

e

Local me

Intensity level

Merge

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
n profile (black). The dendrogram (blue) can be constructed by

‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a test level with the

is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D data shown in Fig. 2c is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.
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Galileo, Science & Technology
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On the third, at the seventh hour, the stars were arranged in this
juence. The eastern one was 1 minute, 30 seconds from Jupiter

’ L'l\“k’,\l western one 2 minutes; And [}1L‘ U(IICT western one wa

ist * O x * We:

y minutes removed from this one. They were absolutely on tl

ime straight line and of equal magnitude

On the fourth, at the second hour, there were four stars arow

upiter, two to the east and two to the west, and arranged precise

Zast * .~ O * x We

n a straight line, as in the adjoining figure. The casternmost wa

. while this one was 40 second
rom Jupiter; Jupiter was 4 minutes from the nearest western one
d this one 6 minutes from the westernmost one.

listant 3 minutes from the next one

['heir magnitude
:re nearly equal; the one closest to Jupiter appeared a little smalles

an the rest. But at the seventh hour the castern stars were only

2 seconds apart. Jupiter was 2 minutes from the nearer easten

sast * K O X * West

me, while he was 4 minutes from the next western one, and this

minutes from [l]t' westernmost one

T'hey were all equal
and extended on thc same straight line along the echptic.

On the fifth, the sky was cloudy.

one was 3

On the sixth, nnl\ two stars appeared flanking Jupiter, as 1s seen

sast * O P 3 West

n the adjoining figure. The eastern one was 2
vestern one 3

minutes and the
minutes from Jupiter. They were on the same straight

fine with Jupiter and equal in magnitude

On the seventh, two stars stood near Jupiter. hoth to the east

Notes for & re-productions of Siderius Nuncius (1610)
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Star (and Planet,and Moon) Formation 101

Circumstellar Disk / Extrasolar System

—— AG’s focus... /

Number of Stars of each Mass
dN / dlog Mass

/s
‘ Stellar Mass
Wednesday, June 17, 2009
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SIMET “CMEF?

Note: IMF= “Initial Mass Funciton” of Stars, not “International Monetary Fund.”

100
wvi
wvi
o
=
o> 10F
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~
% o
T Ll 6 e s meiced PR, l
0.1 1.0 10.0

Mass (Msun)

Alves, Lombardi & Lada 2007
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BUT: Beautiful images
like this do not reveal
internal structure
directly...

/N

simulations

observatlons
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Astronomical Medicine
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+ A htp://am.iic.harvard.ed ~ astronomical medicine

Harvard 11C Home IIC Astronomical Medicine Project Home

News
January 1, 2009 R the Astronomical Medicine Project's collaboration with the Harvard-Smithsonian Center for

s to understand the hierarchical structure of mol lar gas clouds is published in the January 1ist issues of the
journal Nature at's New page for m nformat

About Astronomical Medicine

The goal of the Harvard IIC's *Astronomical Medicine" (AM) project
to extend the st omplex data understandi

two very different f ronomy and medical imaging,
. broad-based approach to data exploration and analysis
e : At present we have a particular focus on 3D visualization in
S . t. t

astronomy. Please refer to our dedic o learn why this
is crucial for the exploitation of complex data which is rich in
uctu

The best of two disciplines

onomy and medical imaging seem very different, both
search through large amounts of image data looking fc
aningful patterns. For example, a physician may inspect a
patient's MRI scans looking for signs of disease, while an
scope image data to find
e ng born. The tw ces have
Search eparately developed many techniques to analyze, visualize, and
complex multi-dimensional imaging data, but seldom have
rom the t a worked together

User

Login

Computer
Scientist

hers Harvard M al School and the var nithsonian Cen'
ysics, along with both national and international collaboraters, to combine their knowledge and advance t
of-the-art in both medical imaging and astronomy.

The project is based at Harvard's Initiative in Innovative nputing as part of the IIC's effort to drive new s
Harvard through cross-discipline collaboration and computation.

Our approach

xpert of m: | imaging and astrono t gh sha A nal collaboration, the

. .
l ' n Sl | S peCtI n g j loping tools and techniques that address comn s sciences:

adapting and developing software to allow researchers to visually

“Viz has failed
the scientific
community...”

ating v segmentation techniques b on medical imagi

n r r and astronomy research, N
linking landmarks and data features to established catalogs of scientific

knowledge

This broad approach to science is designed to benefit fields beyond the
astronomy and medical domains and to incorporate good ideas from ma
other disciplines

Current work

Our current work is focused on the development of 3D S| for astronomy
data, the development of new innovative astronomy vist
rdisciplinary scientific research. To see a sam
software development projects, go & s
pag

Our software

Astronomer Nick Holliman (CS, 3D expert
Doug Alan (S/W Engineer
Jens Kauffmann (postdoc

Erik Rosolowsky (postdoc) + ...

+ + + +
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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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Velocity from = (
Spectroscopy
¥ J 4 ,
Y
A
’ Observed Spectrum
Telescope + | | | | | | |
Spectrometer
All thanks to Doppler - :cl)o S - 4(;0_

"Velocity"
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Radio Spectral-line Observations of Interstellar Clouds

.:.:‘,_.,;* o * L . %

> . . -
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Radio Spectral-line Observations of Interstellar Clouds

,0. ..‘-‘.o" ..'-

= =

Radio Spectral-Line Survey

Alves, Lada & Lada 1999
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Astronomical Visualization Tools are Traditionally 2D

3D Slicer

Help.
L ° °
IPSVIEW
Fite Edit Scale Options
VELOCITY @ 500 550 600 +9191

Z 2] S 2] mtowsity day:
v Value
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¥ Profife | Lock Print| ' Preview Dump

“En o B el TN mn ol |
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“Astronomical Medicine”

“KEITH” “PERSEVS”

thirteenC0O_249.tif

Image size: 520 x 274
Yiew size: 130S x 733 thirteenCO_2409.tif
WL 63 WW: 127 thirteenC0_249. tif
thirteenC0_249. tif
0
Rl 3
5
i
11:04:53 AM
Im: 21/249 7/26/05
Zoom: 227% Angle: 0 B Made In OsiriX
“_y - h h “_n - I fh I .
Z" is depth into head Z" Is line-of-sight velocity
LAV
~ .
= @\ =
~ ~

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”) o +
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What can we observe!

I(E,s,,t)

Time

Intensity

Energy Spatial Position

(wavelength) (2,9, 2)

“State”
(e.g. polarization)

...and the science is in the interpretation of these
measurements into physical quantities & processes.
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What can we observe!

Intensity

Spatial Position
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What can we observe!

Intensity
Spatial Position

(z,y )

X-Ray of Human Skull, c. 1920
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What can we observe!

I T
/ \\Tlme
Intensity
Spatlal Posmon
| ;fg—/ﬂ?’
)

4
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‘ H na/ Chatedreo

“Nova Stella”
of Tycho, 1572
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What can we observe!

Time
Intensity |

Spatial Position

(z,y. ~)

Cardiac Motion
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What can we observe!

I(E, % )

)

Intensity

Spatial Position

Energy T
(wavelength) ( e )




What can we observe!

I(E, % )

Intensit
d Spatial Position

Energy T
(wavelength) ( e )

Human Ear, |
Thermal Infrared
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What can we observe!

I( s,x

A

Intensit
niensity Spatial Position

(z,y )

S
|

“State”
(e.g. polarization)

Q

"Hall 1949
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1200 20" 100°
Galactic Longitude
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N
D
~
~
M
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Q
~
\.
)
]
~

Fia, 4. Observational evidenee that there is no one pref-
erentinl orientation of the plane of polarization., Slars
showing no polarization are represented by circles,
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What can we observe!

I( s,x

A

Intensity

Spatial Position

(7,y,2)

“State”
(~diffusivity)
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Real 3D space
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— 3D rendering: GE Healthcare
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“Tasting” Magnetohydrodynamic Simulations

Dimensions: 40000. AU Withou dback Time: 0. yr
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Matthew Bati
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Star Formation Taste Tests > Overview
< | & A e | A|A 5 4+ @ hups://iic.grouphub.com/projects/700257/project/log ~ Q- taste test goodman alyssa
Back to Dashboard | Switch to a different project Project Settings | My info | Log-out [JHEIE)
Star Formation Taste Tests cfa
OVI UV Messages To-Do Milestones Writeboards Chat Time Files People & Permissions Search Ny

PrOjeCt overview & aCtiVitY New message New to-do list New milestone New file I |C

Welcome to the Tasting Room

E) This project's RSS feed

Subscribe to your project RSS feed and
be notified when someone posts a
message, comment or file, or adds or
completes a to-do item or milestone in
this project. What's RSS?

Tasting

E,S,QZ‘,

People on this project

HCO

This is the collaborative space for those who do simulations of star forming Alyssa Goodman

regions, and those who observe them. It was inspired, in the Fall of 2006, by the
NSF proposal entitled “Star Formation Taste Tests,” by A. Goodman & E.
Rosolowsky. Today, it is used to host conversations about and short descriptions
of simulatons, along with links to longer descriptions (e.g. Journal articles & web
sites). In the future, we are planning to connect more enhanced descriptions of
those simulations directly to online code bases and sample outputs, via the new
CADAC site. So, stay tuned.

Sarah Block
Rahul Shetty
August Muench

Douglas Alan

LN e RIL 2009

MONDAY, 13 APR
Jens Kauffmann
m Relevant References relating to Bayesian Methods Rahul S.

Michelle Borkin

UESDAY, 7 APR 2009

I T dustfit slides.pdf Rahul S. Michael Halle

WEDNESDAY, 18 FEBRUARY 2009 Felice Frankel
T r T, ) ( A Y » -
laste Tests we Plan (COMPLETE Group) Alyssa G. Tim Kaxiras
L I I = = e T Alyssa G.
eg#ee{—aa*&é@*n—#ef—maﬁmg—be%weeﬁ—ehe—we— Tim Clark
Dendrograms and simulations
raste—TFesting-gerveryto-CABAC priorto-Ringberg Alyssa C. American Museum of Natural History
Meeting (Dendrograms and Simulations

Mordecai-Mark Mac Low
Ii»nk to http://wwwl.astrophysik.uni-kiel.de/asd/ Sarah B.

simulations

m Re: Heitsch et al: Colliding Flows Alyssa G.

Dendrog and

Héctor Arce

Cal State Stanislaus
Christopher De Vries

Decadal Survey Alyssa G.
Calar Alto/MPI

HURSDA 20 M ABER 200
Joao Alves
Re: "Toward a Prescriptive Understanding of Kennicutt- Alex L.
Schmidt Relations”
Caltech
Re: "Toward a Prescriptive Understanding of Kennicutt- Alex L.
Schmidt Relations” Scott Schnee
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The Taste-lesting Process
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LETTERS

CLUMPFIND segmentation

0

Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND' feature-
identification algorithms as applied to *CO emission from the L1448

region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green sponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of Ty, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactiv on) corresponds exactly to the patch of sky shown i
ct to the Local Standard of Rest increas

data, CLUMPFIND typically finds features on alimited range o
above but close to the physical resolution of the data, and its resul
be overly dependent on input parameter:
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass f stars or that it follows the much shal-
lower mass function iated with large-scale molecular clouds
(Supplementary Fig. 1).

Four y before the advent of CLUMPFIND, ‘structure trees™
were proposed as a way to characterize clouds” hierarchical structure

64

“Seeing” and “Tasting”
The Role Self-Gravity in Star Formation

NATURE|Vol 457|1 January 2009

using 2D maps of column density. With this early 2D work as inspira
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’'®. Although

ell developed in other data-intensive fields'""?, it is curious that the
application of tree methodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing fi

Figure 3 and its legend explain the construction of dendrograms

ematically. The dendrogram quantifies how and where local m:

ima of emission merge with each other, and its implementation is
explained in Supplemen Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
cross, which eliminates dimensional information on the x axis while
preserving all information about connectivity and hierarchy.
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2a

nline) and rted dendr m (Fig.

A dendrogram of a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have any shape, and in other
the

ty is an appr
Mium = X13colisco, where Xi3co = 8.0 X 10 cm?* K™ ' km
see Supplementary Methods and Supplemen
ed values for

vhere o, < 2 (where gravitational ener;
than kinetic energy) correspond to regions
gravity is significant. As o, only repr: 2)
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields', its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.

Local max

Test level

Merg

Local max

Intensity level

illustration of the dendrogram process. Shown is the
nstruction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendrogram (blue) can be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
in size here, light lines) until all the local maxima and mergers
found, and connected as shown. The intersection of a test level with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D data shown in Fig. 2c is the di
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.

©2009 Macmillan Publishers Limited. All rights reserved

Goodman et al. Nature, 2009




Bonus: Using Extra Senses & Re-Using Software
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Initiative In Innovative Computing at Harvard

Lead investigators
Chia Shen (IIC ) and Hanspeter Pfister (SEAS/IIC)

Project staff
Michael Horn, Meekal Bajaj, Matthew Tobiasz and Matthias Lee

Description

The Scientists” Discovery Room (SDR) is a next-generation
visual digital laboratory for science discovery, collaborative [y
learning and education. Our research focuses on
experimenting with new modalities of human-computer
interaction and visualization, to create a new genre of
navigation, exploration and detailed analyses in multi-
dimensional information spaces. All projects in SDR are in

close collaboration with domain scientists and educators.

INVOLV is a generalizable multi-user interactive visualization %

framework for large hierarchical data sets. In this project,

we address the visual layout of both the primary data

representation and the overlay of alternate structures of

the same data. Our first case study is the visualization of life [

on earth based on the Encyclopedia of Life (www.eol.org)

and Tree of Life (www.tolweb.org). The user interface provides free-form exploration of more than 1.2
million named species while communicating issues of biodiversity and phylogeny. The current
visualization combines a Voronoi Treemap tessellation with innovative human-computer interaction
designs to support collaborative exploration and learning. Please visit www.involvweb.org for more
information on this project.

CThru, a collaborative endeavor with Molecular and Cellular Biology faculty, aims to develop a self-
guided learning environment. In CThru, we examine methods for constructing interactive video-based
educational modules. Using the animation "The Inner Life of the Cell" as a testbed, CThru addresses
research issues of embedding interactive visible objects, extensive multimedia information and
manipulatable 3D models within a video flow, replacing sequential video viewing with the experience of
exploring and manipulating in a multi-dimentional information space.

WeSpace is a collaborative work space that integrates a large data wall with a multi-user multi-touch
table. WeSpace has been developed for a population of scientists who frequently meet in small groups
for data exploration and visualization. It provides a low overhead walk-up and share environment for
users with their own personal applications and laptops.

LivOlay is an interactive image overlay tool that enables the rapid visual overlay of live data rendered in
different applications. Our tool addresses datasets in which visual registration of the information is
necessary in order to allow for thorough understanding and visual analysis.

http://iic.harvard.edu/research/scientists-discovery-room-lab-sdr-lab
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Slideshow: Tabletop Computers Continued

By Meredith Ringel Morris

First Published December 2008

EIEmail &Print ¢ Comments (1) £ Reprints [E Newsletters

w Del.icio.us Diag Jo Slashdot

PHOTO: HAO JIANG, DANIEL WIGDOR, CLIFTON FORLINES, AND CHIA SHEN

UBITABLE: Users can interact with surface computers through auxiliary
devices, such as laptops, phones, and PDAs. The display on the auxiliary device
can convey private or sensitive content to a single user, while group-
appropriate content can appear on the tabletop display. Chia Shen and her
colleagues at Mitsubishi Electric Research Laboratories, in Cambridge, Mass.,
have explored auxiliary interactions with surface computers in their UbiTable
project, in which two people with laptops collaborate over a tabletop display.
Recently, Shen expanded the UbiTable into an interactive room called the
WeSpace. People can share data on their laptops with other people in the
room, using both a table and a large display wall. Here, three Harvard
University astrophysicists discuss radio and IR spectrum images using the
WeSpace.

http://spectrum.ieee.org/dec08/6999/9
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The Scientists’ Discovery Room
(Shen & Pfister)

movie courtesy Daniel Wigdor, equipment now in Chia Shen’s SDR lab at SEAS
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What about data visualization...

...Is easier now than before?

fast computation, animation, 3D

...was easier before than now!

craftsmanship

...should be easier in the future?

modular craftsmanship
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Image ssc2003-06f
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Embedded Outflow in HH 46/47 Spitzer Space Telescope * IRAC
Incot: weisio bght (U55)
NASA / JPLCaltoch / A Nosegs-Ceaspo (SSC/Cakech) vecd

Media Contacts

Credit: NASAIJPL-Caltechi . Norega-Cres

HH46/47

This image from NASA's Spitzer Space Telescope transforms a dark cloud into a silky translucent veil, revealing the molecular
outflow from an otherwise hidden newborn star. Using near-infrared light, Spitzer pierces through the dark cloud to detect the
embedded outflow in an object called HH 46/47. Herbig-Haro (HH) objects are bright, nebulous regions of gas and dust that are
usually buried within dark clouds. They are formed when supersonic gas ejected from a forming protostar, or embryonic star,
interacts with the surrounding interstellar medium. These young stars are often detected only in the infrared.

The Spitzer image was obtained with the infrared array camera. Emission at 3.6 microns is shown as blue, emission from 4.5
and 5.8 microns has been combined as green, and 8.0 micron emission is depicted as red.
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| think we can aim for general, interoperable, (viz)
tools with a “modular craftsmanship™ approach.

XivA

...should be easier in the future!

modular craftsmanship
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Astronomy as |
See, Touch, Taste,
and Hear It

(seen in CO)

dense cores
(seen in Ammonia and

dust emission) : E
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