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CHARITE 7 Medical Image Processing

Medical Image Processing is characterized by
 High storage capacity

 Volume data, high resolution images, screening

High computing power

» large datasets, increase of accuracy

High variety of applications

» specialized processing steps

Complex workflows

 Image processing chains

Often easily parallelizable
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 Image set level, Image level, tiles,...




CHARITE 7 Grid Computing

Grid Computing is the collaboration of distributed resources
across institutional borders

» Scalable storage

e Scalable computing power E}ata%J
« Heterogeneous hardware [y
Resource
» Distributed administration ,@
e Service oriented architecture User

Grid Computing is a promising solution for increasing
demands on medical image processing
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CHARITE / D-Grid/MediGRID

« German D-Grid (since 2005)

 National grid initiative for science (and economy)

« Today: 19 Community grids and 1 integration project
 MediGRID (2005-2008):

« Community grid for medicine and life sciences

e Application modules and cross-sectional modules

Image processing
Clinical research
Bioinformatics

AstroGridJ MediGRID _L TextGrid

D-Grid —‘
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CHARITE / Image Processing Module

The image processing module implements representative
applicaton scenarios in the MediGrid

Current research projects
 High benefit from grid, anonymized data
Main image processing components

* Preprocessing, registration, segmentation, classification,
numerical simulations

Main tools and programming languages used in research
 Matlab, itk/vtk, c++, java, ...
Main standards and integration of external resources

« DICOM, PACS, Image Retrieval
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CHARITE 7/ Functional MRI Ahalysis

Functional MRI allows for localization of activated brain regions.

Statistical analysis over many repetitions of activation
experiments

 high data volume
Preprocessing on single or few image level
« Smoothing of data
 Volume reconstruction
« Atlas-based registration
Standardsoftware SPM,

e based on Matlab
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CHARITE /7 Virtual Vascular Surgery

Hemodynamic simulations based on a patient’s vascular
geometry allows for virtual surgery of cardiovascular deseases

Segmentation of vascular geometry from CT images
e Interactive segmentation and virtual surgery
Numerical simulation of blood flow
* time consuming processing step
* Initial parameters/geometry
Visualization of results

* Blood flow, pressure field
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CHARITE 7/ TRUS Prostate Imaging

Location of tissue probes within the prostate volume supports
prostate cancer diagnosis and therapy planning

Location of biopsy needles in TRUS images
« Segmentation on 2D sequences
Location of 2D images within the prostate volume
o 2D-3D registration
 time vs. accuracy
Complex workflow
» further processing steps

e image retrieval
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CHARITE 7/ Middleware Solutldns

Existing middleware is adapted and — where necessary —
modified or extended. New components are developed.

| User/
i Application # e ._ ' CLI
| Developer .-‘. e Lo idachers —_—-

|t Bio- Med. Image Biomed.
i Application

Clinical
| Domains informatics Processing

Ontologies Research

MediGrid-specific Workflow- Resource- SRl
| Services Management Management

SRB OGSA-DAI

Security

- Grid-Services | Resource-Monitoring |
. Integration Layer GLOBUS 4

L

| Resource-Accounting |

Dataflow-Monitoring

Job-Management || Data Access Metadata-Mgmt.
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CHARITE / Middleware Solutibns _, |

Current system architecture
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CHARITE / Workflow Managexr- GWES

e Service-oriented, light-weight and open-source (for scientific
and educational use)

 Implements Highlevel Petri nets using XML based workflow
descriptions (GWorkflowDL)

« Resource matching MediGRID Workflow Management
« Scheduling during : User

1 Run Simple Run Assemble/ Run
r U n tl m e Globus Job Workflow Monitor Application
Workflow
Web Service

e Checkpointing s XM

Application Portlet
(Genetic Tools, Imaging) GWorkflowDL

e Persistence S >
e Fault-tolerance Grid Portlet

Grid Workflow User Interface D-GRDL
(GwuUI) J
« Web-based GUI for o
o ) GWorkflowDL 6‘\\0( D-GRDL D-GRDL
administration and Web Services
Grid Workflow Execution Service I Scheduler + GRDB
CO ntrOI (GWES) —| Resource Matcher Daemon
WS-GRAM, RFT, SOAP MDS, Ganglia +
Custom Metrics
p—— Gl olkit 4, Web Services [— —
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CHARITE 7/ Petri nets

Mathematical modeling language for distributed systems,
consisting of

* Transitions (squares)

* Places (circles), that may hold n, tokens (black dots)

* Flow relations (arrows between places and transitions)
* Input place: arrow is pointing from place to transition
 Qutput place: arrow is pointing from transition to place

 Marking: Distribution of tokens on places

Place 1
Transition Place 3

Place 2
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CHARITE 7/ Petri nets

 Enabling of a transition:
e All input places are occupied

« All output places may receive further tokens

* Firing of a transition:

 One token of each input place is consumed

 One token is added to each output place
« Modeling of image processing workflows

 Data -> token, executables -> transitions

 Program execution -> firing

US image
Place 1

L

@/’

Place 2
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CHARITE 7/ Petri nets

Modeling of Image processing chains
 Intuitive visualization
 Easy implementation of coarse grained parallelization

Result image

PACS ID Image Set Result ascii
—L 0
Series UID Image Set ROI sult matfile
Pb > Segmentation
Destination ROI
Maove Series get RO
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CHARITE / Coupling to the grid

i

Webbased control over the implemented workflow

M=

Datei  Bearbeiten  dAnsicht  Chronik. Lezezeichen  Extras Hilfe

] c A TE |L ’ Jl hittps:/ Apotal mediorid. dedanid: 57~ |'| gooale m s
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IE'D@ Workflow has been suspended.
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- - e A . % Bundesministerium
e . . - eorg-August- fiir Bildung
Philipps Universitdt Sl
—rr Brs und Forschun
Fraunhoter vt Fraunhofer | ;. LSTM Marburg Universitat ¢
Arbeitswirtschaft und Rechnerarchitektur a Erlangen > page 15

Organisation und Softwaretechnik



CHARITE / Implementation si:ep_s

Implementation of command-line tools to the grid

Deployment of the software to the gridnodes

. Generation of a wrapper script

Registration of the software

. Creation of a workflow description

Optional: Integration of the workflow into the user portal

o R w N R
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CHARITE / Deployment of software

Software has to be installed on the front-end of the sites
« Each application group has it‘'s own remote directory

« Copy application from a local directory to the remote
iInstallation directory with gsiscp (script)

 Access to the gridnodes via gsissh and svn update

E] G51-55HT erm [emilia.zih_tu-dresden. de]

File Edt “iew Toolz Prosy Help
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CHARITE 7 Wrapper script

A shell-script
* Sets environment (pathes, environment variables)
e Calls the program(s)

 Requirement: all parameters have to be passed as
name/value pair

 Program call:
segmentation 51123 1100.png 51123 roi.mat
o Script call:
gwes-segmentation-simple.sh
—input_image 51123 1100.png —roi 51123 roi.mat
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CHARITE 7 D-GRDL Registration . -

—— e

Database-entry (exIST-database, dgrdl):
 new software (path of the script)

» gridnodes where the software is available

B3 eXist Admin Client =]
File Tools Connection Options Help

sl nnjnE ald] e

Resource Date Chivner Group Fermissions
hardware_medigrid-sr.ogweg.de_PBS xml Sun Aug 31 medigrid medigrid P LI Pt Ll -
hardware_othello zihtu-dresden.de_PBS xml Sun Aug 31 L medigrid medigrid P LI Pt Ll =
hardware_romeo.urztu-dresden.de_PBS xml Sun Aug 31 medigrid medigrid P LI Pt Ll —
hardware_tini.zih.de.xml Mon Aug 04 . medigrid medigrid P LI Pt Ll
software-medigrid-by-roan xml Mon Aug 04 . medigrid medigrid P LI Pt Ll
software_cat-medigrid.sxml Mon Aug 04 . medigrid medigrid P LI Pt Ll -

H,, software_medigrid-uzi-segmentation-simple_zml [~\DezktopAMEDIGRID] - GYIM
Datei  Editieren ‘Werkzeuge Syntax  Puffer  Anszicht  Hilfe

SEDES 9@ 420 R 3348 T 2?2 2

<resmurce xmlns  xsi="http://wuww. w3 . org/2001/XHLSchema-instance"” xsi:noHamespaceSchemalocation="http:/ /v~
-gridvorkflov.org/kwfgrid/sroc/xsd/resource-d-grdl .xsd” wri="software:medigrid-usi-segmentation-simple®>
{ofClass wri="urn:dgrdl:software:medigrid-usi-seqgmentation-simple” />
<name>medigrid-usi-segmentation-simple<{/name>
{description>*HediGrid BU application: Biopsy needle segmentation<{/description>
{simpleProperty ident="executable" type="string” wnit="""»/opt/medigrid/medigridbvapp/USI2._08/gques usi_
segmentation simple.sh<{/simpleProperty
< /resourced =

| | a3 =
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@I—I ARI TE / Workflow Descript*i*.é'b._f-#r;;ﬂ;_f',

e Luin

Xml-based GWorkflowDL
gwes-segmentation-simple.sh
—input_image 51123 1100.png —roi 51123 roi.mat

¥ gwes-segmentation-zimple-example.xml [~%Deskt._ STRATION _WORKFLOWSA\WORKFLDW _DESCRIPTION] - G¥IM

[ater Editieren “Werkzeuge Swentax  Puffer  Anzicht  Hilfe

SEPE 9 4 EaE Rard35A THAQ9 2D

<workflow xmlns=""http://wuwu.gridworkflow.org/quorkflowd]l” xmlns:xsi="http://fwww.w3. org/2081/5MLSchema-instance® |
xmlns:xsd="http://vww. w3 _ org/2801/5MLSchema” xsi:schemalocation="http://wuw_gridworkflow._org/quorkflowdl http://f
wuww.gridworkflow.org/kwfgrid/sro/xsd/guorkflowdl_1_B.xsd" ID="Ho_ID">
<description>Segmentation workflow{/description>
{property name="resource.repository.collection”>/db/dgrdl<{/property>
<place ID="input_image™>
{token><data xmlns=""><{value xsi:type="xsd:string">51123_110808._png</value><fdata></token>
</place>
<place ID="roimat™>
{token><data xmlns="""><{value xsi:type=""xsd:string”>51123_roi._.mat<{fvalue><{sdata>{/token>
</place>
{place ID="output"/>
{transition ID="seqmentation"> b
{description>biopsy needle segmentation</description>
<inputPlace placelD="input_image" edgeExpression="input_image™/>
{inputPlace placelD="roimat" edgeExpression="roi'"/>
{outputPlace placelD="output” edgeExpression=""result"/>
<{operation>
{pe:programClassExecution xmlns:pe="http:/fwww.gridworkflow.org/gquorkflowdl/programclassexecution” softwareClas
s="urn:dgrdl:software:medigrid-usi-segmentation-simple" />
</operation>
</transition}
< fworkflow> hd
19,17 Alles
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CHARITE 7/ Using the workflow

Workflow upload to the workflow manager
 Webbased using the GUI
e Data has to be specified within the workflow
« manually: error source
e script: additional local tools
* Only reasonable for computer-affine researchers and users
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CHARITE 7 M™Manual upload

Wiallk o J GridWlommows | Mooy Daly Managaman]  Grid manelc Toolk
Overviewr  Mew LSl Debais Configuralion/Tesl  Telorial

@‘m i % *’—‘"O
W),

lzafhuare:medigrd-usi-z2gmentatian-zimple

EIRVRYEY vl

E‘ |—HW||F| 23 Waorkflow is active.

zegmentation_wlE. avi
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CHARITE 7 Portal integrationlﬁ |

Integration of a workflow template in a GUI
 MediGRID: Integration into an applicationspecific portlet
* Further development time, but userfriendly
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CHARITE 7 Portal Integratiorf-

willkernrman Grid W orkflows Monitoring Ciata Managernant Erid Sanatic Tcols Clinica rasaach Bioinform atil.

fMRI  WEC

Info / Help

3D Utrazound Prostate Inaging
Start

Computer Aided

Prostate Cancer Diagnosis

Chartté Unlverstésmedizih Berlin

Start

— My Warkflows

Mad GRID Imaga procaessing | Cntzlogy ~ools

Refresh list

UZI segmentation: mageset—1,2,270.0,7220C10,100,90,0C,110700204510G,22

Description Status Begin End Level Actions
g IUSI segrentstion: mageset=1.2,276.0,7230010,100,90,06,1157863845106,34 ACTWE  Sep 04 1003216 = hAERACRY Continue |
g USI segrientstion: mageset=1.2.276.0.7230010.100.90.0¢,1187863845106.34  SUSPEMDED Sep 04 10:31:51 -- MEMORY Continue |

COMPLETED Scp 04 00:4Z200 Sop 04 1005:35  MEMORY Show Results |

4. September 2005

zegmentation_wf3 avi
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CHARITE 7/ Results

HedGRID
Wwillkormmen Grid Warkflows Maonitoring Data Management Grid Senetic Tools Clinical research Bicinform atik hediGRID Image processing Orntology Tools
fMRI  WVEC
Info / Help

<= return to wor kflow list I

The workflow produced the following results:

Needle ROI

B-K Misdical

4, Zeptember 2005

segmentation_wid. avi
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CHARITE 7/ Results

Currently implemented:
* 5 Image- and signalprocessing applications

* With application specific portlets:
e Functional MRI: simple workflow (needs matlab)
 Virtual vascular surgery: basic interactive visualization
« Ultrasound imaging: 4 different workflows

* Without portlets:
« Analysis of polysomnographic signals from a clinical study

« Dynamical lung CT

* Recently started projects (Services@MediGRID, MedInfoGrid)
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CHARITE 7/ Discussion

-Use cases for quick implementation
- Command-line code
- Coarse-grained parallelization
- Usage by the developer

-Use cases for further portal implementation
- Some Iinteraction desired (e.g. image selection)

- End-user application
- Visualization of (intermediate) results

THANK YOU FOR YOUR ATTENTION

Further information: www.medigrid.de - dagmar.krefting@charite.de
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http://www.medigrid.de/

CHARITE 7 Additional slides

Bl B0

Fraunhofer, .. . Fraunhofer . .

Arbeitswirtschaft und Rechnerarchitektur
Organisation und Softwaretechnik

- % Bundesministerium
. LGN dan Georg-August- fiir Bildung
dg'i?M Phillpps (e ) Universitat Universitat und Forschung

Erlangen Gflttll"lgE"l"l page 28




CHARITE / Middleware solution |

gridDICOM

§ridDICOM

SRB-Zone

Computing Resources
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CI-IARITE ;7 Web Portal

] ME Ll ' FTT TS -s--=-==-=- !
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CHARITE 7/ Medical Grids

Medical Grids demand special requirements with respect to mere
computing Grids

High security and safety

« Patient data, traceability of processing steps
User friendliness

 User accustomed used to graphical user interfaces
Virtualization of grid resources

 Heterogeneous data and applications

Current research on modern Grids is working to overcome
these barriers
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CHARITE / gDICOM/RDT

Clinic Grid

GridDICOM
—

PACS Grldnode

7" |

N

ReliableDICOMTransfe
/2R

Gridnode
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