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Modern 3D Modern 3D 
Transmission Transmission 

Electron Electron 
MicroscopeMicroscope

extreme 
penetration!

Ultra High Voltage EM  @ Ultra High Voltage EM  @ 
Osaka Osaka UnivUniv. . 

• 3 Million Electron • 3 Million Electron VoltsVolts
• 15 Meters Tall • 15 Meters Tall 
• 140 Tons• 140 Tons
• $$$ > 50M US Dollars• $$$ > 50M US Dollars
• only one of these• only one of these



SynchrotronsSynchrotrons

MoleculesMolecules

MacromolecularMacromolecular
Complexes, Complexes, 
Organelles, CellsOrganelles, Cells

Organs, Organ Organs, Organ 
Systems, OrganismsSystems, Organisms

MicroscopesMicroscopes

Magnetic Resonance ImagersMagnetic Resonance Imagers





First Demonstration First Demonstration 
of “of “TelemicroscopyTelemicroscopy” ” 
was between NCMIRwas between NCMIR

at San Diego at San Diego 
and Chicago and Chicago 

at theat the
Super ComputingSuper Computing

ConventionConvention
in 1992in 1992

It involved remote use It involved remote use 
of the IVEM at UCSDof the IVEM at UCSD

and the Cray YMPand the Cray YMP
at the San Diego at the San Diego 

Supercomputer CenterSupercomputer Center



TransTrans--Pacific Pacific TelemicroscopyTelemicroscopy

Tokyo XP
(Chicago)

STAR TAP

TransPAC Abilene

(San Diego)
SDSC

NCMIR
(San Diego)

UCSD

UHVEM
(Osaka, Japan)

CRL/MPT

NCMIR
(San Diego)

UHVEM
(Osaka, Japan)

1st

2nd

Now part of a production Now part of a production 
environment using IPv6environment using IPv6

(Circa 1998)(Circa 1998)



TELEMICROSCOPY & GRID TELEMICROSCOPY & GRID -- BASED COMPUTINGBASED COMPUTING
REMOTE ACCESS FOR DATA ACQUISITION AND ANALYSISREMOTE ACCESS FOR DATA ACQUISITION AND ANALYSIS

NETWORKNETWORK

IMAGINGIMAGING
INSTRUMENTSINSTRUMENTS COMPUTATIONALCOMPUTATIONAL

RESOURCESRESOURCES

MULTIMULTI--
SCALESCALE
DATADATA--
BASESBASES

DATA  ACQUISITIONDATA  ACQUISITION DATA ANALYSISDATA ANALYSIS
ADVANCEDADVANCED
COMPUTERCOMPUTER
GRAPHICSGRAPHICS

QuickTime™ and a YUV420 codec decompressor are needed to see this picture.



The Login Page: The Entrance into the PortalThe Login Page: The Entrance into the Portal
Single login grants authenticated access to all applications, reSingle login grants authenticated access to all applications, resources, and servicessources, and services

QuickTime™ and a YUV420 codec decompressor are needed to see this picture.



→  →  →  →  →  →  →  →  Centralized accessCentralized access to ALL tools/applications to ALL tools/applications 
necessary for electron tomography with a necessary for electron tomography with a Single LoginSingle Login
from any Internet capable locationfrom any Internet capable location

→  →  →  →  →  →  →  →  Telescience Telescience Portal Login provides:Portal Login provides:
•• GlobusGlobus authentication to distributed authentication to distributed Grid ComputingGrid Computing
•• Login to the Login to the StorageStorage Resource Broker Resource Broker -- Data GridData Grid
•• Login to the Cell Centered Login to the Cell Centered Federated DatabaseFederated Database

→  →  →  →  →  →  →  →  Provides simple, intuitive access to sophisticated Provides simple, intuitive access to sophisticated 
instrumentation and Grid resources for data storageinstrumentation and Grid resources for data storage
and computationand computation

→  →  →  →  →  →  →  →  Provides a framework for future needs of highProvides a framework for future needs of high--
throughput electron tomographythroughput electron tomography

What is the What is the Telescience Telescience Portal ?Portal ?



TheThe Telescience Telescience Portal Provides Portal Provides 
Access to Tools and WorkflowsAccess to Tools and Workflows

••→ → → → → → → → Telemicroscopy Telemicroscopy for for remote instrumentationremote instrumentation and and data acquisitiondata acquisition

••→ → → → → → → → ParallelParallel tomographic tomographic reconstruction using reconstruction using distributeddistributed, , 
heterogeneous platforms and heterogeneous platforms and grid computinggrid computing domains from a pointdomains from a point--
andand--click interfaceclick interface

••→ → → → → → → → ToolsTools for Visualization, Segmentation, and Image processingfor Visualization, Segmentation, and Image processing
••→ → → → → → → → ManagementManagement && Access to distributed file/Access to distributed file/datadata systems systems 
••→ → → → → → → → Transparent deposition of data products into DatabasesTransparent deposition of data products into Databases
••→  →  →  →  →  →  →  →  Collaborative telecommunication utilitiesCollaborative telecommunication utilities

•• Shared “whiteboard" image annotations Shared “whiteboard" image annotations 
•• “Chatting” between multiple remote researchers“Chatting” between multiple remote researchers
•• HDTVHDTV--based realbased real--time image sharingtime image sharing



Layered ArchitectureLayered Architecture
•• The The Telescience Telescience Portal is Portal is 
composed of many “layers”composed of many “layers”

•• Layers are modular, allowing Layers are modular, allowing 
for extension of any layer for extension of any layer 
without great disruption to the without great disruption to the 
entire systementire system

•• Every Layer has its own Every Layer has its own 
complexity and administration complexity and administration 
that was previously passed on that was previously passed on 
to the endto the end--useruser

•• Portal centralizes all Portal centralizes all 
administrative details of each administrative details of each 
layer into a single username layer into a single username 
and pass phraseand pass phrase



Telescience Telescience Portal Welcome PagePortal Welcome Page



• Complete Abstraction of GridComplete Abstraction of Grid
•• No need to manage No need to manage Globus Globus CertificatesCertificates
•• Simply click resource(s) to use andSimply click resource(s) to use and

enter biological parametersenter biological parameters
•• Resources are transparently crossResources are transparently cross--

platform, crossplatform, cross--domaindomain

Globus Globus Enabled Enabled 
Tomography (Tomography (GtomoGtomo))

Gtomo Driver

Gtomo Reader Gtomo Writer

Seleted Resource (s):
NCMIR NPACI NASA/IPG

NCHC Osaka U.

Data Input Data Output



Telemicroscopy via VidCon2

• Video Based Instrument ControllerVideo Based Instrument Controller
•• ClientClient--Server Java ApplicationServer Java Application



More ApplicationsMore Applications
JFidoJFido

(Lu Dai, Tomas Molina)
JViewerJViewer
(Mona Wong)

Pre-processing Utilities (ie. Fiducial 
marking, cropping, normalization) 
general 2D image viewer

3D contour visualization
morphological measurements



Grid ServicesGrid Services



The The Telescience Telescience Project:Project: Integrated Cyber Infrastructure Integrated Cyber Infrastructure 



QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.

Telescience Telescience Portal was Quickly Adapted to a SARS Portal for TaiwanPortal was Quickly Adapted to a SARS Portal for Taiwan



NPACI NPACI -- The National Partnership for Advanced The National Partnership for Advanced 
Computational Infrastructure (NSF)Computational Infrastructure (NSF)

•• ~50 Partner Sites~50 Partner Sites
•• Shared ComputeShared Compute

Resources Resources --> > GridGrid
•• HighHigh--speed Networksspeed Networks
•• Computational ScienceComputational Science

Efforts in “Thrusts”Efforts in “Thrusts”
–– NeuroscienceNeuroscience
–– Molecular ScienceMolecular Science
–– Earth Systems ScienceEarth Systems Science
–– EngineeringEngineering

•   •   Enabling Technology ThrustsEnabling Technology Thrusts
–– Resources (Resources (TeraFlopsTeraFlops, High Performance Networks, Data Caches), High Performance Networks, Data Caches)
–– Metacomputing Metacomputing ((Grid Tools Grid Tools -- MiddlewareMiddleware))
–– Interaction Environments (Visualization Interaction Environments (Visualization -- Science PortalsScience Portals))
–– DataData--Intensive Computing (Databases Intensive Computing (Databases -- Data Migration Data Migration -- Knowledge Knowledge 

Engineering)Engineering)



Team Science Applied Team Science Applied 
to Stretch Goalsto Stretch Goals

Enable new understanding Enable new understanding 
of the brain by linking data of the brain by linking data 
about macroscopic brain about macroscopic brain 
function to its molecular function to its molecular 
and cellular underpinningsand cellular underpinnings

• Federate distributed Federate distributed multiscale multiscale 
brain map databrain map data

•• Accommodate associated Large Accommodate associated Large 
Scale Computational ChallengesScale Computational Challenges

•• Provide Infrastructure for Provide Infrastructure for 
Construction of more accurate Construction of more accurate 
Models and more Realistic Models and more Realistic 
Simulations of Brain ActivitySimulations of Brain Activity

Scales of NS data from Maryann Scales of NS data from Maryann MartoneMartone



EACH BRAIN EACH BRAIN 
REPRESENTSREPRESENTS

A  LOTA  LOT
OF DATAOF DATA

AND COMPARISONS AND COMPARISONS 
MUST BE MADE MUST BE MADE 
BETWEEN MANYBETWEEN MANY

Slide courtesy of Arthur Toga / UCLASlide courtesy of Arthur Toga / UCLA





Federate Emerging DatabasesFederate Emerging Databases

DeformationDeformation

SegmentationSegmentation

QuantificationQuantification

Infrastructure to relate, combine & produce meta dataInfrastructure to relate, combine & produce meta data

Slide courtesy of Arthur Toga / UCLASlide courtesy of Arthur Toga / UCLA





Biomedical Informatics Research NetworkBiomedical Informatics Research Network
TestTest--beds for biomedical knowledge infrastructurebeds for biomedical knowledge infrastructure

… … ISIS
PoweredPowered ! ! 



BIRN Project ObjectivesBIRN Project Objectives
•• Establish a Establish a stable, high performance networkstable, high performance network linking key linking key 

Biotechnology Centers and Clinical Research CentersBiotechnology Centers and Clinical Research Centers
•• Establish Establish distributed and linked data collectionsdistributed and linked data collections with with 

partnering groups partnering groups --
•• Facilitate the use of computational GRID infrastructure Facilitate the use of computational GRID infrastructure 

and integrate BIRN with other middleware projects and integrate BIRN with other middleware projects --

•• Enable Enable data miningdata mining from from multiple data collections or multiple data collections or 
databasesdatabases onon neuroimaging neuroimaging and bioinformaticsand bioinformatics --

•• Build a Build a stable software and hardware infrastructurestable software and hardware infrastructure that that 
will allow centers to coordinate efforts to will allow centers to coordinate efforts to accumulate accumulate 
larger studieslarger studies than can be carried out at one site.than can be carried out at one site.

BIRN BIRN ‘‘TestTest--BedsBeds”” have very clear technical and scientific goals!have very clear technical and scientific goals!



BIRN TestBIRN Test--bedsbeds ((1) Mouse Models of Disease;1) Mouse Models of Disease; (2) Human (2) Human 
Brain Brain MorphometricsMorphometrics; (3) Functional Imaging of Schizophrenic Humans; (3) Functional Imaging of Schizophrenic Humans

QuickTime™ and a
Photo - JPEG decompressor

are needed to see this picture.

Biomedical Informatics Research NetworkBiomedical Informatics Research Network
TestTest--beds for biomedical knowledge infrastructurebeds for biomedical knowledge infrastructure



BIRN Coordinating Center



BIRN Coordinating CenterBIRN Coordinating Center
•• Deploying a network infrastructure capable of Deploying a network infrastructure capable of 

quickly moving large amounts ofquickly moving large amounts of data between data between 
BIRN sites across the USBIRN sites across the US

•• Creating federated databases pertaining to the Creating federated databases pertaining to the 
BIRN scientific testBIRN scientific test--bedsbeds

•• Developing software to find, compare, and Developing software to find, compare, and 
analyze complex neurological imaging dataanalyze complex neurological imaging data

•• Ensure regulatory compliance (e.g., patient Ensure regulatory compliance (e.g., patient 
privacy) without inhibiting collaborationprivacy) without inhibiting collaboration

•• UC San DiegoUC San Diego



BIRN CC ServicesBIRN CC Services
•• Network MonitoringNetwork Monitoring
•• Statistics & MeasurementStatistics & Measurement
•• 7 x 24 Help Desk7 x 24 Help Desk
•• Problem TrackingProblem Tracking
•• High Level Project ManagementHigh Level Project Management
•• Portal Services & Tools IntegrationPortal Services & Tools Integration
•• TrainingTraining
•• Data IntegrationData Integration
•• Visualization ToolsVisualization Tools
•• Documentation Documentation –– web site, best practices, web site, best practices, 

lessons learned, checklistslessons learned, checklists



BIRN NOCBIRN NOC
MonitoringMonitoring

24x7 Operations24x7 Operations
MonitoringMonitoring

NOC Servers and NOC Servers and 
Testers/AnalyzersTesters/Analyzers

Gigabit Network ProbesGigabit Network Probes

Internet 2Internet 2

SiSi SiSi

GB SwitchesGB Switches

UCSD/SDSCUCSD/SDSC
NetworkNetwork

BIRN Network BIRN Network 
ManagementManagement

BIRN Site RackBIRN Site Rack

BIRN Network Operations Center (NOC) BIRN Network Operations Center (NOC) 
Logical Description with Standardized Site RackLogical Description with Standardized Site Rack

N2400 N2400 
NAS NAS 

1 1 -- 10 TB10 TB

Cisco 4006Cisco 4006

DL380 DL380 
Grid POPGrid POP

DL380 DL380 --
Network StatsNetwork Stats

GigE GigE Net ProbeNet Probe

APC UPSAPC UPS

DL380 DL380 

••Network Network 
Switch Switch 

••BIRN StatisticsBIRN Statistics

••BIRN Network BIRN Network 
ProbeProbe

•• Network Network 
Attached Attached 
Storage Storage ––

•• Grid POP/ Grid POP/ 
SRB, SRB, GlobusGlobus

••General General 
purpose purpose ( ( egeg., ., 
encryption)encryption)

•• UPS for RackUPS for Rack

NCRRNCRR

Ultimately, Access from Ultimately, Access from 
Anywhere to BIRN DATA Anywhere to BIRN DATA 
EverywhereEverywhere

Wired and Wired and 
WirelessWireless



BIRN Grid InfrastructureBIRN Grid Infrastructure

BIRN Toolkit

Viewing/Visualization Queries/ResultsApplications Data Management

Computation

MCAT

Data Storage

Grid Middleware

Collaboration

Globus

Distributed Resources

Mediator

DatabaseDatabase

GridPort Toolkit

SRB

BIRN Portal

Custom APIs
Mediator APIVisualization APIsSecurity API



Brain Brain Morphometry Morphometry BIRNBIRN
!! Clinical AimsClinical Aims

!! Do structural differences contribute to specific Do structural differences contribute to specific 
symptoms such as memory dysfunction or depression?symptoms such as memory dysfunction or depression?

!! Do specific structural differences distinguish specific Do specific structural differences distinguish specific 
diagnostic categories?diagnostic categories?

!! Technological AimsTechnological Aims
!! Attempt to overcome obstacles to the use of Attempt to overcome obstacles to the use of neuroimaging neuroimaging 

data as quantitative outcome measures for clinical data as quantitative outcome measures for clinical 
investigation including the issues raised by longitudinal and investigation including the issues raised by longitudinal and 
multimulti--site studies.site studies.



UCLA

Harvard

Center for Imaging
and Science

Harvard / Brigham
and Women’s 

Hospital

Brain
Morphometry
BIRN



Raw Skull Stripped

•• HighHigh--resolution structural images can be used as an identifier.resolution structural images can be used as an identifier.
–– Reconstruction of face from raw anatomical data might be able toReconstruction of face from raw anatomical data might be able to be be 

used to identify subjectused to identify subject
–– Some members of BIRN require/desire unaltered raw dataSome members of BIRN require/desire unaltered raw data

–– BIRN will provide both raw and skull stripped dataBIRN will provide both raw and skull stripped data
–– BIRN is working with local BIRN is working with local IRBs IRBs to allow for the sharing of raw to allow for the sharing of raw 

anatomical data for authorized BIRN membersanatomical data for authorized BIRN members
•• BIRN must conform to multiple overlapping regulationsBIRN must conform to multiple overlapping regulations

–– Common RuleCommon Rule
–– HIPAAHIPAA
–– State LawState Law

Important ConsiderationsImportant Considerations



Functional Imaging BIRNFunctional Imaging BIRN
!! Clinical AimsClinical Aims

!! Is Frontal and Temporal Lobe Dysfunction the Cause Is Frontal and Temporal Lobe Dysfunction the Cause 
of Schizophrenia?of Schizophrenia?

!! How can Treatment Reverse this Dysfunction?How can Treatment Reverse this Dysfunction?

!! Technological AimsTechnological Aims
!! Integration of 4D Data from Multiple Sites Integration of 4D Data from Multiple Sites -- Acquired Acquired 

with Different Nonwith Different Non--Invasive Imaging DevicesInvasive Imaging Devices
!! Integration of Information Obtained with Different Integration of Information Obtained with Different 

Brain Activation Tasks.Brain Activation Tasks.



UCLA

Harvard / Brigham
and Women’s 

Hospital

Harvard

Stanford

fMRI
Function BIRN



5mm3

25um3

PAdvanced Imaging Advanced Imaging -- Correlating Human and MouseCorrelating Human and Mouse

Center for in vivo MicroscopyCenter for in vivo Microscopy
J.A. Johnson J.A. Johnson -- Duke Duke UnivUniv..



Mouse BIRN: Protocols for correlated imagingMouse BIRN: Protocols for correlated imaging

Magnetic Resonance 
Microscopy:  Duke

Cryosectioning:  UCLA

Diffusion Tensor 
Imaging:  Cal Tech



1 mm

Large Scale Brain Maps / NCMIRLarge Scale Brain Maps / NCMIR •• Custom highCustom high--speed speed 
multimulti--photon auto photon auto 
montaging montaging 3 & 4D 3 & 4D 
imaging systemimaging system

•• egeg., 40 X 30 image ., 40 X 30 image 
panelspanels

•• @ @ Diffration Diffration limit limit -- •  •  
here 800 Mb full  here 800 Mb full  
resolution resolution -- but manybut many





QuickTime™ and a Microsoft Video 1 decompressor are needed to see this picture.



Photooxidation of 
Neuron Filled 
with Lucifer 
Yellow

After After PhotooxidationPhotooxidation

•UHVEM

Tomographic

Volume

From M. From M. MartoneMartone
E. E. Bushong Bushong 
and N. Yamadaand N. Yamada



QuickTime™ and a Sorenson Video 3 decompressor are needed to see this picture.



Data Modeling and Deposition in theData Modeling and Deposition in the
Cell Centered Data Base (CCDB)Cell Centered Data Base (CCDB)

from  Maryannfrom  Maryann MartoneMartone, , Amarnath Amarnath Gupta, Bertram Gupta, Bertram LudaescherLudaescher, Naoko Yamada and Mona Wong, Naoko Yamada and Mona Wong



•• A Federated A Federated 
Distributed Distributed 
Database for Database for 
NeuroscienceNeuroscience

•• A Multimode & A Multimode & 
Multiscale Multiscale 
““DataGridDataGrid””

•• Interoperates Interoperates 
with Gene and with Gene and 
Protein Protein 
databases & databases & 
“brain map” “brain map” 
databases of databases of 
brain anatomybrain anatomy

from  from  
Maryann Maryann MartoneMartone,, Amarnath Amarnath Gupta, Gupta, 
Bertram Bertram LudaescherLudaescher, Naoko Yamada , Naoko Yamada 
and Mona Wongand Mona Wong

The Cell Centered DatabaseThe Cell Centered Database
“CCDB”“CCDB”



Federation of Brain Federation of Brain 
DataData

•• National Partnership for Advanced National Partnership for Advanced 
Computational InfrastructureComputational Infrastructure

•• Integrating brain data across scales Integrating brain data across scales 
and disciplinesand disciplines

UCLAUCLA

Art TogaArt Toga
Montana State Montana State UnivUniv

Gwen JacobsGwen Jacobs
Washington Washington UnivUniv

David Van EssenDavid Van Essen

UCSDUCSD



Database Mediation for BIRNDatabase Mediation for BIRN
Find animal models of movement disorders where the volume of
basal ganglia structures are decreased  and where loss of spines

from medium spiny neurons is observed.

Integrated
View

MediatorMediator

Wrapper WrapperWrapper Wrapper

Integrated 
View Definition

Duke UCLACal TechUCSD



1.  Create databases at 1.  Create databases at 
each siteeach site

2.  Create conceptual 2.  Create conceptual 
links to a shared links to a shared 

ontologyontology

3. Situate the data in a 3. Situate the data in a 
common spatial frameworkcommon spatial framework

4.  Use mediator to 4.  Use mediator to 
navigate and query navigate and query 
across data sourcesacross data sources

Mouse BIRN Data Integration FrameworkMouse BIRN Data Integration Framework



OntologiesOntologies

Purkinje Cell LayerPurkinje Cell Layer

BrainBrain

CerebellumCerebellum

Purkinje cellPurkinje cell

neuronneuron

has ahas a

is ais a

has ahas a

has ahas a

What is an Ontology?What is an Ontology?
––Way to communicate a shared Way to communicate a shared 
understanding of a fieldunderstanding of a field
––representation of terminological representation of terminological 
knowledgeknowledge
––explicit specification of a explicit specification of a 
conceptualizationconceptualization
––concept concept hierarchyhierarchy (“is(“is--a”)a”)
––further further semantic relationshipssemantic relationships between between 
concepts (“is part of”, “causes” etcconcepts (“is part of”, “causes” etc.).)

Examples:Examples:
––NCMIR ANATOMNCMIR ANATOM
––GO (Gene Ontology)GO (Gene Ontology)
––UMLS (Unified Medical Language System)UMLS (Unified Medical Language System)
––CYC CYC 



Developing Knowledge Sources for Developing Knowledge Sources for 
BIRN:  Disease Process MapsBIRN:  Disease Process Maps

Parkinson’s Disease
Pathological feature

Alpha synuclein

Abnormal filaments

Substantia nigra

ubiquitin

symptom

tremor
akinesia

rigidity

Motor deficit

neurons

Lewy Body C0085200

C0030567

Cell inclusion C0205708

glia

neuronal degeneration

Dopamine neuron

cortex

Basal forebrain

Filamentous inclusion C0230674

C0815003

C024566

C0027746

C0746626

C027746

C0007776

C0175412

C0041538

C0027882

C0027836



Knowledge Maps for Animal ModelsKnowledge Maps for Animal Models

a-synuclein mousetransgenic animal

Cellular phenotype

Cellular inclusion

Behavioral phenotype

Alpha synuclein C024566

nuclear inclusion C0544907

Alpha synuclein C024566

Cytoplasmic inclusion C0205708

Motor deficit C0746626

ubiquitin C0041538

neurons gliaC0027882 C0027836

C0025936



Spatial Registration of CCDB DataSpatial Registration of CCDB Data
•Provide a 
knowledge 
base of spatial 
relationships 
in the brain

•Provide tool 
for spatial 
registration of 
data

•Navigate 
through 
anatomical 
and semantic 
complexity of 
brain

The Smart Atlas Tool: Ilya Zaslavsky and Haiyun He



Purkinje neuron

Registering My DataRegistering My Data

UMLS 
ID



• 3D or 4D Data 3D or 4D Data 
RefinementRefinement

• Data Data 
ReductionReduction

•• Database   Database   
DepositionDeposition

• Data Data 
AcquisitionAcquisition

Genome DB’sGenome DB’s



• 3D or 4D Data 3D or 4D Data 
RefinementRefinement

• Data Data 
ReductionReduction

•• Database   Database   
DepositionDeposition

• Data Data 
AcquisitionAcquisition

Genome DB’sGenome DB’s



• 3D or 4D Data 3D or 4D Data 3D or 4D Data 3D or 4D Data 
RefinementRefinementRefinementRefinement

• Data Data Data Data 
ReductionReductionReductionReduction

• Database   Database   Database   Database   
DepositionDepositionDepositionDeposition

• Data Data Data Data 
AcquisitionAcquisitionAcquisitionAcquisition

Genome DB’s




