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Scalable Visualization Toolkits for Brains to Bays

ccurate rendering of detailed biomedical, geophysical, or astronomical data sets up to and beyond a terabyte

in size can strain even a supercomputer's capability. Yet sciemtisis also noed toals that will handle smaller

tasks, and wsing a specialized code package that runs only on a supercomputer to visualize megabyte data
sets Is like cracking a walnut with a sledgehammer. NPACI's Scalable Visualization Toolkits alpha project is craating
versatile sottware to render and interact with data sets on systems ranging from deskiop computers to supercom-
puters. “Researchers need a scalable interface to take advantage of NPACI's evolving computing capabilities,” said
Arthur Olson, leader of NPACI's Interaction Environments thrust area. “A multiplatform toolkit for visualizing
terabyte-scale volumetric, multi-modal, time-varying data sets will benefit the entire scientific community. The
project has reached a stage at which we can demonstrate some of these benefits.”

The Scalable Visualization Toolkits alpha project s
inegranng renderers, wier mterfaces, and data-orches-
trwtiomn unbimes from varous Interaction Environments
projects into a coherent whole, The system architec-
ture is lavered: upper lavers provide an object-oriented
interface to arbitrarily large muln-dimensional data
scts and perform visualization operations upon the
dara, whike lower lavers provide dara 1/0 and storage.
The toolkits include components for analyzing, filrer-
Ing, eompositng, and rendering data,

“We are developing these wools in coordination
with NTPACT scienific applicanion groups.” said
Bermard Pailthorpe, associate director for Scientific
Visualization at SDSC and alpha project manager. “In
particulir, Newroacicnoe and Earth Svstems Science
thirust researchers have fiind conventonal visualiza-
pon mols 1o be inddequare”

DEFINITION AND RENDERING

Several of the progect’s tools cancem definmg and
rendering vodumes simultaneously with surfaces. One
teanlkir, the Volwme Imaging Scalable Toolkic Archiec-
ture (WISTA), produces composite visnalizanons from
mudnple, multi-modal data sets, mcoding vodumes,
geometry, and scene descripeions, Leveraging technol-
oy from MPIRE, an earlier package for 3-D volume
rendering, VISTA is an application program interface
that can be linked into existing code packages. T
inCOrporates true perspective rendering, luminosiey
and opaciey as vosel parmmeters, and extended scene
definicion capabilitics.

Chandrajit Bagaj lcads the project’s Vis Tools paral-
lef dara analysis and rendering developrment efforts at
the University of Texas” Center for Computational
Visualization (CCV), The VisualEyes high-perform-
ance vodumetric visualization toals inee-
grage feature detection analvsis with real-
timne surface and volume r|_1'|.._‘||::ri,r_|lg, The
) 1\_I'-|I.Ii]i]:.:|'-l.'\ architecture allows 1':,1r.1.||-|_'|I
out-of-core, dara analyvsis, and feaure detection servers
[ 1] ft‘td m I.I||'i|"|]|.‘ client-side |.|:|!||.‘||:r|||¥ PSS, ".";n
entists and engineers are increasingly dependent on
visualization to brng forth the hidden information i
ehwir exquations amd caléulatoms)” Bag) said. “Thev are

also realming that visualizaton, inferactive exploranion,

ard visual querving of their resules are indispensable in

L] DETONEN-DECEMEER Ta00

their quest for new discoveries or validation of their
theories”

COV contour specerum and fist isocontour tools
analvee physical parameters and automatically com-
pute and render ome-varving socomtours; surfaces
miterpolating time-series data points on a 3-1 mesh
with the same parameter values can be interactively
visualized with varying colors and transparencies.
Orher topology analysis methods identify poines,
curves, and surface fearires that mark nsioons
31 data sers. VisualEyes recently has been enhanced
o commposite volume renderings with isocontours of
multi-modal, time-series volumerric dara,

A volume scene graph toolkic gives high-level sap-
port tor multiple, overlapping dara sers. “Volume
scenes are well-sutted to applications thar need o cor-
relate several 3-D data sers.” said SDSCs David
Madeau, who implemented the basie Volume Tools
infrastructure o organize data fow and COMpUtanion.
“hornes I'I'II_|"."J1!' l.‘v.‘ll'l'lp.'ll'l.‘ and contrast 1|w.'r|;|]'|p||1g 'c-nl-
wmies from multiple simulation muns, o an application
might combine overlapping volumes from several
scans of a specimen using ditferent rechnobogses —
MR T'ET, and cryosectioning, for example”

ACCESS AND CONTROL

Arthur Olson and Michel Sanner at The Scnpps
Research [nsoimure (TSRI) direcr client-sade integranon
of the visuahization toolkits, Using Pythen, an inter-
preted language comparable to Perl bor with funda-
micaal l:||.'|-j-r.'|.‘1!-l:1rimr|:|] J.1nl_|r|.|:_|gv|.- I;:erc!., d1|:!.' have
creared oo high-level mools that run on various com-
puters andd operating svsrems. D Vi is a workstaon
emaranment for scripring, visualization, interactive
exploration, and manipulaton of volumetric dara; its
graphical interface enables users 1o interactively change
visualization parameters anad to sdenrify and explore
regions of interest, Working in conjuncrion with Diég
Wi, the Python Volume Viewer is a toolkit that rakes
advantage of hardware-oriented direct volume-render-
iny; technodogies.

Development of a paged-array toolkir thar gives
access to arravs of data too large o fir in compater
memony is mow complete. Lavered onto this soodkir i
a mesh toolkic thar suppores manipulamon of arbierany,
N-dimensional, paged data sets
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Thess 3-D readarings of @ human Grain were produced by 1B
participants in the Scalable Visuaization Toolklis alpha project.
Thir data origimated as 753 photographs of cross-sections of an
sctinsl huiman biain fram tse Labaratory of Neuro imaging af
IFCLA. The data woere “cleamsd™ of axiranssss slamamis by
interacive volume rendering software developed by Barnd
Hamann of UC Davis and Joarg Mayer of Mississippl State
Uinivarsity. The mesulting data sef, more than 6 GB in slm, was
then reconstrecied inio & 3-0 sceno definilien by volume scens
tonle develegped by the SDSC Sehsntific Visuallzatien group. The
top viszsllization was rendered by the VISTA sodteara ioolki
developad by Jokn Gemetll of SO5C. The other image Is a screen
capture of client-sids real-time inberastive ouplaration of the 3-D
dnta using the Python Vedume Viewer. dévelopad by &rthur Olson
and Michel Sanner of TSRI, which can |dentify structures and
rulationships of Interest hiddea within tha welume for Later high
résnlution Imaging,





