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NeuroL0G Collaborative neurosciences

Software technologies for integration of process, data and knowledge in medical imaging

- Sharing computing resources and algorithms

— Research (populations studies, models design, validation,
statistics)

— Complex analysis (compute intensive image processing, time
constraints...)

Procedures

Processing tools

Computing power
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Semantic technologies and scientific
NeuroLOG J

workflows

Software technologies for integration of process, data and knowledge in medical imaging

Domain ontologies (syntactic) Scientific Workflows
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NeuroLO0G Application-driven

Software technologies for integration of process, data and knowledge in medical imaging

- Pathologies
— Multiple Sclerosis
— Brain strokes
— Brain tumors
— Alzheimer's

 Data stores

— Mainly MR data
= Various modalities (T1, T1 Gado, T2, Flair, Diffusion, PD)
= Various processed images (Registered, Segmented, ...)

— Neurophysiological and Neuroclinical data
— Clinical context, Patient assessment, Acquisition...
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NeuroL0G Software architecture

Software technologies for integration of process, data and knowledge in medical imaging
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NeuroL0G Semantic data

Software technologies for integration of process, data and knowledge in medical imaging

I &

Semantic Queries J

Semantic

Repository Engine (CORESE)

(SQL< » RDF)

METAmorphoses J
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NeuroLOG Semantic module architecture

Software technologies for integration of process, data and knowledge in medical imaging

Semantic repository

Ontology (OWL LITE)

Semantic queries >

' engine (CORESE) |  Querying S R
! Images Processing tools
Meta-data (RDE Meta-data (RDE
#
_ Images
Querying meta-data Processing
populating tools
METAMorphoses J | meta-data
Wry_ .‘ (SQL s RDF) populatlng

interface

Querying |
Data Federator J
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Domain ontology: data

Software technologies for integration of process, data and knowledge in medical imaging

NeuroLOG

« On acquisition (isAcquiredFrom), on processings
(isResultOf) and on structure/function (explores)
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NeuroLOG Domain ontology: processing tools

Software technologies for integration of process, data and knowledge in medical imaging

Conceptual action
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"e“rOLOG Derived relational schema

Software technologies for on of process, data and knowledge in medical imaging
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NeuroL0G Distributed data

Software technologies for integration of process, data and knowledge in medical imaging

Data Federator(DF
sm-mmmmmi ) J DF ' DF |
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NeurolLOG Metadata mapping

Software technologies for integration of process, data and knowledge in medical imaging

 Data Federator: relational data mapping and
federation tool (Business Object / SAP)

Global federated view

IRISA I13S
e ' — Global federated schema
Data Federator Data Federator Data Federator . .
Iglobal Iglobal Iglobal derived from project ontology
4y 1 £ 14 111 (OntoNeuroLOG).
&1l Data X J Data ¢ | Data
= Federatorllocal ;__J_Federatorllocal .~ Federator /local
NeuroLOG NeuroLOG %ﬁ NeuroLOG
InriaNeuroTk 13S GIN-DMS
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NeurolLOG Processing tools

Software technologies for integration of process, data and knowledge in medical imaging

r ai1a WOIrKTows

MOTEUR
Workflow Engine
P Grid Application
Service Wrapper
Other optimization
and context-aware l
service
Grid Interface
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NeuroLOG Embedding image analysis tools

Software technologies for integration of process, data and knowledge in medical imaging

— Rich description of tools and
execution procedure

— Generates personalized
service description for each
application

— Dependencies manipulation
— Hot deployment

— Instrumentation of service
execution according to the
interface (grid or local)

— Strong mapping between
types of services and
arguments of application

NeuroLOG ANR-06-TLOG-024 Journées IS & IDM

Administration Data Tools Semantic Help
|
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&
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Description: Vendor:
Copyright: |CeCILL-B
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GProcessing pipelines description

Software technologies for integration of process, data and knowledge in medical imaging
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NeurolL0G MOTEUR integration

Software technologies for integration of process, data and knowledge in medical imaging

data sets

* Interfaces for
— Local execution
— Grid execution
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NeuroL0G Semantic extensions

Software technologies for integration of process, data and knowledge in medical imaging

* Ontology
— Concepts DataSet DataSetProcessing
& Rules i
T1-MRI T2-MRI fMRI ... Segmentation Registration
A—B

 Annotations

* Processing
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NeuroL0G Semantic extensions

Software technologies for integration of process, data and knowledge in medical imaging

* Ontology
— Concepts DataSet DataSetProcessing
T
& Rules

T1-MRI T2-MRI fMRI ... Segmentation Registration
| A—-B

A
Img1 IsA T1-MRIH/\‘|\m92 IsA T1-MRI

\

 Annotations

* Processing
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NeuroL0G Semantic extensions

Software technologies for integration of process, data and knowledge in medical imaging

* Ontology

— Concepts DataSet DataSetProcessing

& Rules T

T1-MRI' T2-MRI fMRI ...

. %fSEgmentation Registration
\ "\\*—% A—B
Tool1 Haslnput T1-MRI =

\ | \
\ |

\

Tool1 [IsA Registration# )

S

Tool1 HasOutput Transfo

 Annotations

Img1 IsA T1-MRI
Img2 IsA T1-MRI
* Processing
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NeuroL0G Semantic extensions

Software technologies for integration of process, data and knowledge in medical imaging

* Ontology
— Concepts DataSet DataSetProcessing
& Rules i
T1-MRI T2-MRI fMRI ... Segmentation Registration
A—B

Tool1 Haslnput T1-MRI
Tool1 HasOutput Transfo

 Annotations Tool1 IsA Registration

Img1 IsA T1-MRI
Img2 IsA T1-MRI

* Processing

Img1 IsProcessedBy Tool1

Img2 IsProcessedBy Tool1 ~ 9 Tool1 Produced Transfo1

Transfo1 IsA GlobalTransfo
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NeurolLOG Methods

Software technologies for integration of process, data and knowledge in medical imaging

* Several levels of semantic information:
1. Technical information (OWL-S, OPM) ;
2. Domain-specific Nature (data and services) ;
3. Domain-specific Role of data from the service point of view.

* Roles to disambiguate the annotation of service parameters.

* Example: the registration inputs may share the same modality, the
same format but they differ by their relationship to the registration
process.

As-reference As-transformation

‘jﬂs rransfﬂrmanﬂn /\

[Hegistrati on Fte-aampllng cj !

"ﬁ:s/ﬂﬂa!'mg \/ S
_ As-resampled

As-unprocessed
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NeurolLOG Role concepts

Software technologies for integration of process, data and knowledge in medical imaging

* Extension of the Open Provenance Model (OPM) Role class
* Taxonomy of domain-specific roles

Restoration-role P

As-resampled-image
is=
A g = As-affine-transformation
Resampling-role ’
~J
|

As-transformation-field

is-a :
As-unprocessed R
'~

Segmentation-role p

v
|

A
Registration-role .|

v
|
o,

Classification-role P

G_
&

As-processed
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NeuroL0G Reusable inference rules

Software technologies for integration of process, data and knowledge in medical imaging

*OPM instrumented workflow engine to populate on-
the-fly the knowledge base with OPM provenance
annotations.

*Sample invocation of the registration workflow:

Usad
A e
o Matrix
wasGeneratedBy

Registration
-— |
d
uﬁﬁm jmage) (As_affine_transformation)

(s _refere

Usaed
wasGeneratedBy

Resampling

(s a“-ma_mnsiurmaﬁnn] (As_resampled_image)
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NeuroLO0G Reusable inference rules

Software technologies for integration of process, data and knowledge in medical imaging

<cosirule cosidebug='trus'>
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NeurolLO0G Current work

Software technologies for integration of process, data and knowledge in medical imaging

+ Semantic-only Information System
— Feasibility study
— Map relational data to ontology concept
— Based on Semantic Web standards (OWL / RDF / SPARQL)
— Using the CORESE inference engine
= KGRAM semantic data producers
= Can mix SQL and SPARQL queries
- Semantic data store distribution

— Implementation of a Web Service interface to KGRAM producers
to enable remote data stores

— Optimization of the query master to take into account distribution
— Feasibility demonstrated, performance study on-going
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