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Image-Based Modeling, Simulation, and Visualizaiion
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CIBC Software Infrastructure

SCIRun is a modular dataflow program-
ming Problem Solving Environment (PSE).

SCIRun has a set of Modules that perform
specific functions on a data stream. Each
module reads data from its input ports,
calculates the data, and sends new data
from output ports.

Image: Burak Erem

BioMesh3D is a tetrahedral mesh generator for
multi-material quality meshes out of segmented
biomedical image data. The BioMesh3D program
uses a particle system to distribute nodes on the
separating surfaces that separate the different
materials and then uses the TetGen software
package to generate a full tetrahedral mesh. A
client server interface is available to guide the
user through the process of building a mesh.
Because building a high quality mesh often
requires a lot of computation, this application
allows the user to connect to the SCI facility serv-
ers for computing their meshes.

The ShapeWorks software makes
available a method for constructing com-
pact statistical point-based models of
ensembles of similar shapes that does
not rely on any specific surface param-
eterization. The method requires very little
preprocessing or parameter tuning, and is
applicable to a wide range of shape
analysis problems, including nonmanifold
surfaces and objects of arbitrary topology.
Tools are available for preprocessing
data, computing pointbased shape
models, and visualizing the results.

Seg3d2 is a recent redesigned volume segmentation
and processing tool that combines a flexible manual
segmentation interfface with  powerful higher-
dimensional image processing and segmentation algo-
rithms from the Insight Toolkit. Users can easily explore
and label image volumes using volume rendering and
orthogonal slice view windows.




CIBC Software Inf

rastructure

Handheld devices have become a ubiquitous means of interacting with personal data. Expanding
their use for interacting with complex rendered volume data means that scientists can now explore
data with just their mobile device. Shown here, users interacting with the ImageVis3d volume
renderer running on a large display wall using a tablet PC and iphone. The large visualization
changes in real time based on interactions on the mobile device.

ImageVis3D is a new volume rendering program devel-
oped by the NIH/NCRR Center for Integrative Biomedical
Computing (CIBC). The main design goals of ImageVis3D
are: simplicity, scalability, and interactivity. Simplicity is
achieved with a new user interface that gives an unprec-
edented level of flexibility (as shown in the images). Scal-
ability and interactivity for ImageVis3D mean that both on
a notebook computer as well as on a high end graphics
workstation, the user can interactively explore terabyte
sized data sets. Finally, the open source nature as well as
the strict component-by-component design allow develop-
ers not only to extend ImageVis3D itself but also reuse
parts of it, such as the rendering core. This rendering core
for instance is planned to replace the volume rendering
subsystems in many applications at the SCI Institute and
with our collaborators.

Center for Integrative
Biomedical Computing

72 S Central Campus Drive
Room 3850

Salt Lake City, UT 84112
Phone: 801-585-1867

Chris Johnson - P, Director - cri@sci.utah.edu

Rob MacLeod - PI, Co-Director - macleod@sci.utah.edu
Ross Whitaker - Pl - whitaker@sci.utah.edu

Dana Brooks - Pl - brooks@ece.neu.edu

Greg Jones - Executive Administrator - greg@sci.utah.edu
Elizabeth Jurrus - Technical Manager - liz@sci.utah.edu

Center for Integrative Biomedical Computing

Scientific Software Solutions

The Center for Integrative Biomedical Computing (CIBC) is dedicated to producing open-source software tools for biomedical
image-based modeling, biomedical simulation and estimation, and the visualization of biomedical data. The Center works closely with
software users and collaborators in a range of scientific domains to produce user-optimized tools and provides advice, technical
support, workshops, and education to enhance user success. Biological projects and collaborations drive our development efforts, all
with a single unifying vision: to develop the role of image-based modeling and analysis in biomedical science and clinical practice.
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Statistics of Shape, Connectivity, and Function

Computational Statistics

in Nonlinear Spaces Anatomical shape averaging

and variability

Combined PET + MRI analysis

Diffusion Tensor Image Analysis
st g y Alzheimer’s disease project

Autism project
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“VisTrail” “Dataflow”

Scientific Computing and Imaging Institute, University of Utah




InnageVis3dD and Tuvolx

Scientific Computing and Imaging Institute, University of Utah
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ImageVis3D Mobile DBS App

Introduction

Deep Brain Stimulation
DBP: Chris Butson

C. Butson, G. Tamm, S. Jain, T. Fogal and J. Kruger
"Evaluation of Interactive Visualization on Mobile
Computing Platforms for Selection of Deep Brain
Stimulation Parameters” IEEE Transactions on
Visualization and Computer Graphics, 2012 (in
press).
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FluoRender Ver 2.9

Mouse hindLimb
A. Kelsey Lewis, Human Genetics, Univ. of Utah
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ViSUS Framework for Scalable Data

University of Utah




The ViSUS Parallel I/O Infrastructure (PIDX)
Adopts a 3-Phase Data Transfer Model

One-Phase I/0:

(A).1 HZ encoding of
irregular data set leads to
sparse data buffers
interleaved across processes.
(A).2 I/O writes to underlying
IDX file by each process,
leading to a large number of
small accesses to each file.

Two-Phase I/0:

(B).1 HZ encoding of irregular
data set leads to sparse data
buffers interleaved across
processes.

(B).2 Data transfer from in-
memory HZ ordered data to an
aggregation buffer involving
large number of small sized data
packets.

(B).3 Large sized aligned I/O
writes from aggregation buffer
to the IDX file.

University of Utah

Three-Phase 1/0:

(C).1 Data restructuring among
processes transforms irregular data
blocks at processes PO, P1 and P2 to
regular data blocks at processes PO
and P2.

(C).2 HZ encoding of regular blocks
leading to dense and non-
overlapping data buffer.

(C).3 Data transfer from in-memory
HZ ordered data to an aggregation
buffer involving fewer large sized
data packets.

(C).4 1/O writes from aggregation
buffer to a IDX file.
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Context

High Level Focus Lens

Uncertain Boundary

Fuzzy Volume

Probability Slice




PROBLEM-DRIVEN

VISUALIZATION RESEARCH
for biological data

- target specific biological problems
- close collaboration with biologists
- rapid, iterative prototyping

- focus on genomic and molecular data




M. Meyer et al., EuroVis 2010. Pathline MiZB e e M. Meyer et al., InfoVis 2009.
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Genome-wide synteny
through highly sensitive
sequence alignment: Satsuma

M. Grabherr, et al.
Bioinformatics (2010) 26 (9):
1145-1151.
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