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Computational Brain Atlas

= Computational Atlas
Interactive environment

Integrating:
Phenotype
(anatomies, maps,
alignments,
Demographics)
Genotype,

Shape descriptors &
Scientific findings

**1

17— o i

ALIGN TO ICBM SPACE, \:NHITE, CSF
RF CORRECT 2N

FLATTEN 3 i O
CORTEX DAL r\

¥ WARP GYRAL
PATTERNS

L&, MAPPING
AN b VARIABILITY

3D VECTOR MAP
R INDIVIDUAL DEVIATION

’ : ef"‘ 9
K‘% . MAKE CRISP
& é“,._ 1% AVERAGE CORTEX

10‘/N]AP AVERAGE LOSS,
o SIGNIFICANCE 11 aliie
- > RN

d ) INVESTIGATE QGRS o g
EFFECTS  CpNgETICS SYMPTOMS MEDICATIONE

. g
~ N=48 scans | )
N, e




Modeling of Biological Shape

= A unified mathematical framework for modeling &
analysis of biological shape, form and size

Canonical Global and Local Shape Descriptors
Representation - N\
of the Cortex N 2

g

Shape of Insulin:
primarily o-helical

Characteristics

. of Shapes:
Conformal surface - Statistics Features
representation Geometry
using intrinsic Appearance -

geometric features Topology

etc. '.__. 1 ‘-5‘




CCB Brochure

= Available at Registration Desk




Software Tools

s CCB Software
http://www.loni.ucla.edu/CCB/Software

m CCB CVS
http://www._loni.ucla.edu/CCB/Resources/CCB CVS.|sp

= NCBC Software Ontologies Working Group
http://www.loni.ucla.edu/twiki/bin/view/CCB/CCB NCBC Resources

Peter Lyster, Karen Skinner, Ivo Dinov, Daniel Rubin, Bill Lorensen
Shawn Murphy, Mike Sherman, David States, Aris Floratos. CED



http://www.loni.ucla.edu/CCB/Software
http://www.loni.ucla.edu/CCB/Resources/CCB_CVS.jsp
http://www.loni.ucla.edu/twiki/bin/view/CCB/CCB_NCBC_Resources

CCB Publications (2005-2006)

Scientific Journals: 38

Articles In press: 12

Submitted Articles: 45
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—
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Conference Proceedings: 20 @

Abstracts: 28

=
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Web Stats
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CCB Downloads March 2005 - March 2006
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ShapeDist!0

ShapeView I5
Interpolate 16
ShapeTool 20
SVT 2

SOCR 2
BLAST Gre
WAIR
ShapeViewer
LGOVE

MultiTracer
SHIVA

BrainSuite2

Pipeline
AIR
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CCB Computational Science

s 2005-2006 Developments

e Developed a new 3D integrated segmentation and
registration algorithm.

e Developed a new math definition of biological
shape

e Developed a learning-based method for automatic
detection of the cortical sulci from MRI volumes.

e Developed a new volumetric parsing method based
on statistical learning.




CCB Computational Science

= Direct Surface Mapping

e Cortex (using manual or semi-automated sulcal
boundaries)

e Subcortical (hippo - automated intrinsic boundaries)

= Automatic mapping of one cortex onto another





CCB Shape Modeling

= Multi-resolution representation of biological shape
e Wavelet-based Representation

e Fourier Spherical Harmonics

Reconstructing Hippocampus from Different spherical
harmonics, or shape details at different frequencies (L)

Canonical
Spherical
Space




CCB Computational Tools

= Developed several new tools for modeling and
analysis of biological shape, form and size

= Designed new data processing protocols
utilizing Grid Infrastructure and Pipeline
Environment

= We showed experimentally that many of the
sequences of cancer-associated genes found In
public databases represent tumor-specific
forms that are not found in normal tissue.




CCB Computational Tools

Statistical Manual subcortical
. delineations

Iearnmg (in coronal plane)

approach for

automated

Automatic delineations (in 3D)




CCB DBPs

= 2005-2006 Brain Tissue Loss in AIDS
PERCENT
e HIV-induced Dementia: Applying 9 TERLE

brain mapping algorithms we
developed to detect brain changes
In dementia, we reported the first
maps of how HIV/AIDS damages the
brain

e Schizophrenia: Map of Schizo
heritability of cortical gray
matter using ACE in healthy

Twins.
Cannon et al. 2006, Neurilnformatics




CCB DBPs

m AIDS Inflicts Specific Pattern of Brain Damage

d Cognitive

HIV effect CD4 cell count

impairment

C Brain deficits that link with immune system deterioration

Significance
<0.005 0.02 0.03 0.04

.....

Thompson et al. 2005, PNAS.




CCB DBPs

N Mappmg bram maturatlon

Annualized rate of change in cortical thickness, shown in millimeters
according to the color bar on the right (maximum gray-matter loss is
shown in shades of red and maximum gray-matter gain is shown in

shades of blue). 45 children were studied twice (two-year scan mterval)
between 5 and 11 years of age.

Toga et al. 2006, Trends in Neurosciences




CCB Infrastructure

= SUN Grid Engine: The 600+ CPU, 8-rack SUN
Microsystems compute cluster is fully
operational and integrated with the Pipeline

= Services - Bugtracking and Ticketing System:
Mantis Is a versatile, web-based bugtracking
system written in PHP

s Central User Registration Service
(CURS): CCB relies on CURS for web
and app-specific access

= CVS: hardened version of CVS




CCB Education & Training

s 2005-2006 Summary
e 11 graduate and undergrad courses
e 8 weekly SIG and seminar series

e Dozens of graduate students, postdocs and
trainees

e 40+ Presentations at National and International
Meetings

e Organized 2 International Workshops
e A dozen of CCB Presents colloguia
e http://www.loni.ucla.edu/CCB/Training



http://www.loni.ucla.edu/CCB/Training

CCB Dissemination

Training of novice users

Training of expert users

Web resources

Scientific publications
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CCB Administration

Focused the CCB research activities into modeling, analysis
and interpretation of biological shape,

Bi-weekly CCB Principals Meetings
CCB Calendar

CCB Collaborations
e Computational Science
e Driving Biology
NCBC-wide activities (e.g., “Tool Yellow-Pages/Ontology™)
CCB/S0s/PO Quarterly VTC/TCons
Weekly Administrative Reports




New York Times (March 30,
2006). Scans Show Different
Growth for Intelligent Brains

Washington Post Article
(05/01/06). From Research Labs,
Glowing Colors and Images

BBC News: Scans show how HIV
attacks brain (Oct. 11, 2005)

NPR News: (October 11, 2005).
UCLA Study Shows AIDS Drugs
May Not Protect Brain

2006 ComputerWorld Honors
Award Laureate




CCB (NCBC?) Challenges

Scientific developments
New DBP and Collaborative projects
Handling large number of active collaborations

Training and Education (how to maximize effects of
training courses, workshops, visits, internships)

Software Cycle: Design, Engineering, Prototype,
Testing, Validation & Dissemination

User Support, Software maintenance &
Documentation

Hardware Infrastructure
NCBC Program interactions




CCB, NCBC and Interactions
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CCB Dissemination Event - Wed 07/19/06

Y Y ccpsopiware V¥ 20052006 " Evaluation Sheets
Description Toals Progress Highlighes and Notex

Hosted by CCB
LSO: John Haller &
PO: Greg Farber

Lister Hill 38A
9:00AM - 12:00 PM
Wed. 07/19/06



http://ned.nih.gov/SrchDetailRedirect.asp?IndvUID=0011243612&ClickCount=1
http://ned.nih.gov/SrchDetailRedirect.asp?IndvUID=0010617167&ClickCount=1

CCB Dissemination Event - Agenda

Roger Woods - Shape Representation and ShapeViewer
(9:00 - 9:45 AM)

David Shattuck - SHIVA and other CCB Computational
Tools (9:45-10:30 AM)

Chris Lee - Mapping Evolutionary Pathways of HIV-1
Drug Resistance (10:30-11:05)

Break (11:05-11:15)

Duygu Tosun - Automated Shape feature extraction
and modeling (11:15-11:35)

Zhuowen Tu - Volumetric Object Parcellization using
Generative & Discriminative Models (11:35-11:55)



http://www.loni.ucla.edu/twiki/bin/view/Main/RogerWoods
http://www.loni.ucla.edu/twiki/bin/view/CCB/ShapeViewer
http://www.loni.ucla.edu/twiki/bin/view/Main/DavidShattuck
http://www.uclaaccess.ucla.edu/UCLAACCESS/Web/Faculty.aspx?ri=434
http://www.loni.ucla.edu/twiki/bin/view/Main/DuyguTosun
http://www.loni.ucla.edu/twiki/bin/view/Main/ZhuowenTu

Modeling, Analysis & Viz of Shape
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Computing Software Tools

|\ Analysis \'_; ) Interaction
Imags Analysis

Pipeline Processing Environment

Computational Cluster wa

SUN Grid Engine and the Pipeline Environment
Storage Area Network

e bl 1
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