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3D PDF

CLUMPFIND segmentation |

Figure 2 | Comparison of the ‘dendrogram’ and “CLUMPFIND” feature-

id entification algorithms as applied to ™ CO emission from the L1448
region of Perseus.a, 3D vismalization of the surfaces indicated by colours in
the dendrogram shown in ¢ Purple Slustrates the small est scale self
gravitating structures in the region correspanding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct sdf-
gravitating leaves within them; and green carrespands %o the surface in the
data cube containing all fhe significant emission. D endrogram branches
carresponding to sdf-gravitating objects hawe been highlighted in ydlow
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 labdled with bil Bard balks are the same as those shown in
Fig. 1. The3 D visvali z2ations show pos ition-pasition-vdodty (p-p-v) space.
RA, right ascensiory dec, declination. For comparison with the abillity of
dendrograms (c) to track hierarchical structure, d shows apsendo
dendrogram of the CLUMPFIND segmentation (b), with the same four
labds usedin Fig | and in & As “‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch ind issimply a sevies of lines connecting the
maximum emis sion val ve in cach dump to the ghreshold value A wery large
number of dumps appears in b because of the sensitivity of CLUMPFIND to
naise and small-scale structure in the data. In fhe anline PDF version, the 3D
cubes (2 and b) can be rotated toanyorientation, and surfacescan be turned
onand 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) carrespands exactly %o the paxch of skyshown in
Fig. 1,and velocity with respect to the Local Standard of Restinareases from
front (—0.5kms ') toback ($ kms ')

data, CLUMPHND typicall y finds features ona imited range of scales,
zhove but cdose to the physical resolution of the data, and its resul tscan
be overly dependent on input parameters. By tuning CLUMPFINDs
two free parameters, the same malecular-line data set® can be used to
show either that the fequency distribution of dump muass is thesame
as the initisl mass function of stars or that it follows the much shal.
lower mast function associated with kirge-scale molecular dotds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees'®
werte proposed 2% 2 way to characterize dotuds’ hierarchical structure

2
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using 2D maps of column density. With this early 2D work as inspira -
tion, we have developed 2 strucure-ddentification algorithm that
shstracts the hierarchical structure of 2 3D (p-p—v) data cube into
an easily visualized representation called 2 ‘dendrogram™’. Although
well developed in other data-intensive fields'"', it it curious that the
application of tree methodologies so far inastrophysics has been rare,
and almost exchsively within the area of galaxy evolution, where
‘merger trees’ are being used with incraasing 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 muke graphical presentation
possible on paper and 2D screens, we* flatten’ the dendrograms of 3D
data (see Fg 3 and its legend), by sorting their branches to not
cross, which eliminates dimensional information on the x axis while
preserving all information sbout connectivity and hierardhy.
Numbered ‘billiard halF labds in the figures let the reader match
fea tures between 2 2D map (Fig. 1), an interactive 3D map (Fig. 22
online) and 2 sorted dendrogram (Fig. 2¢).

A dendrogram of 2 spectral Jine data cube allows for the estimation
of key physical properties associated with vaumes bounded by iso-
surfaces, such 28 ndius (R), velocity dispersion (o,) and luminosity
(L). The vol umes can have any shape, andin other work'* we focus on
the significance of the especially elongated features seen in L1448
(Fig. 21). The luminosity is an approximate proxy for mass, such
that M__ = X,y-0lisen, whete Xy = 80X 107 em?* K™ km ™' s
(ref 15; see Supplementary Methods and Supplementary Fig 2).
The derived val ues for size, mass and vdodty dispension can then be
tsed to estimate the role of self-gravity at each paint in the hierarchy,
vizcaleulstion of an ‘observel virisl pa mmeter, dp, = 50, R/ GMum.
In principle, extended portions of thetree (Fig. 2, yellow highlighting )
whete aop < 2 (where gravitational energy is comparnsble to or kirger
than kinetic energy) mrrespond to regions of p-p—v space whereself-
gravity is significant. As o, , only represents the ratio ofkinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields ¥, its measured
valueshould onlybe tsed a2 aguide to the longevity (boundedness) of
any particular feature.

Local rmax
Teat kavel

Imereity bl

Figure 3 | Schematic Mlustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical onedimensional
emission 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 testlevel with the
emission is a set of points (for example the lght purple dots) in ane
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
amalogue of the tree shown here, anly constructed from ‘i sosurface” rather
than ‘paint’inter sections. It has been sarted and fiattened for representation
on a fiat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.
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“z" is depth into head “Z" is line-of-sight velocity

(This kind of “series of 2D slices view” is known in the Viz as“the grand tour”)
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“Z” is depth into head
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“z” is line-of-sight velocity
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“High-dimensional” or “Multivariate” Data
(Astronomy=Biology)
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“Linked Views": DataDesk (est. 1986)
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Astronomical researchers often think of analysis and visualization as separate tasks. In the case of high-dimensional data
sets, though, interactive exploratory data visualization can give far more insight than an approach where data processing
and statistical analysis are followed, rather than accompanied, by visualization. This paper attempts to charts a course
toward “linked view” systems, where multiple views of high-dimensional data sets update live as a researcher selects,
highlights, or otherwise manipulates, one of several open views. For example, imagine a researcher looking at a 3D volume
visualization of simulated or observed data, and simultaneously viewing statistical displays of the data set’s properties
(such as an z-y plot of temperature vs. velocity, or a histogram of vorticities). Then, imagine that when the researcher
selects an interesting group of points in any one of these displays, that the same points become a highlighted subset in all
other open displays. Selections can be graphical or algorithmic, and they can be combined, and saved. For tabular (ASCII)
data, this kind of analysis has long been possible, even though it has been under-used in astronomy. The bigger issue
for astronomy and other “high-dimensional” fields, though, is that no extant system allows for full integration of images
and data cubes within a linked-view environment. The paper concludes its history and analysis of the present situation
with suggestions that look toward cooperatively-developed open-source modular software as a way to create an evolving,
flexible, high-dimensional, linked-view visualization environment useful in astrophysical research.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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