SCIRun / BioPSE
System Overview

U)) CIBC




Problem Solving Environments (PSES)
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SCIRun Goals
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SCIRun and BioPSE
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System
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Overview

« Computational Science :

* Problem Solving Environments
e Dataflow

e Datatypes

e Software Organization

e Extensibility

e PowerApps
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Elements of SCIRun

Visual programming Environment

8eoe CIRun (forward-fem.net)

Ole SCIun DioPSC  Matlabinterface Teem Yolume Sub-Networks Lielp

SCIRun vw1.22.0
Message:

Visual NewViewer

packages, please wait...
package 'SCIRun'

ul FicldReader ul FieldReader

SelupFEMalrix
1 oz 1

-
ul ManageFieldData
= FieldReader

ctintarpolate
===l |

Field Boundary
50 [

— =
| Show Field

u
] s |

TRR1A pnlygnns in N.N7 spronds
: 830750 polygons/second
=
Isosurface I u 16.7 frames/sac Views... Go home

Hutoview Set Home View
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Network Elements

e Dataflow Vocabulary
 Module
« Dataport
e Datapipe
e Ul

SCIRun BioPSE Teem Matiabinterface

Loading packages, please wait...

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

Finished loading packages.

u FeldReader u GenStandardColorMaps

escale ColorMap | u Rescale ColorMap AttributeTrf
w MatrizReader I _M;ageﬁeldnala

u FieldReader

 Enter value

= ;| ShovField
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Network Elements

e Dataflow Vocabulary

SCIRun BioPSE Teem Matiabinterface

Loading packages, please wait...

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

« Dataport
e Datapipe
e Ul

Finished loading packages.

u FeldReader u GenStandardColorMaps

escale ColorMap | u Rescale ColorMap AttributeTrf
w MatrizReader I _M;ageﬁeldnala

u FieldReader

= ;| ShovField
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Network Elements

om (Ve O\N

e Dataflow Vocabulary

e Dataport
e Datapipe
e Ul

ing e 'SCIRun'

ling p e 'BioPSE'

ing package ‘Teem'

S e MODULE
Finished loading p: es.

void execute() {
/[ get data from ports
/[ get data from Ul
/[ ...do work ...

- | // set data on Ul

e T Tl et // send data out ports
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Module Status

om (Ve O\N

 Run-time messages are sent to
the module’s "log”

Fle SCIRun BioPSE Teem Matlabinterface

Startup messages

Loading packages, please wait... ‘r_r“:

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

Finished loading packages.

Log message indicator
— Gray: no messages
[kt grror

Blue: warning/remark
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Example Module: CastMatrix

X SCIRun

File SCIRun BioPSE HMatlahinterface Teem Sub-Hetworks

SCl

INSTITUTE

CastkMatn=
0.00

Loading packages, please wait...
Loading package 'SCIRun’

Loading package 'BioPSE'

Loading package 'Matlabinterface’
Loading package ‘Teem'

Finished loading packages.

OO0 \ CastMatrix_0
Input Matriz Size: nrows = 7Y ncols = ?7¢
Input Matriz Type: Unknown

Output. Matrix Type
Same (pass-through)
ColumnMatrix

Densekatrix
Sparse Row Matrix

SCIRun/src/Dataflow/
Modules/Math/CastMatrix.cc
GUI/CastMatrix.xml
XML/CastMatrix.xml
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Network Elements

e Dataflow Vocabulary
 Module

SCIRun BioPSE Teem Matiabinterface

Loading packages, please wait...

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

Finished loading packages.

u FeldReader u GenStandardColorMaps

escale ColorMap | u Rescale ColorMap AttributeTrf
w MatrizReader I _M;ageﬁeldnala

u FieldReader

 Enter value

= ;| ShovField

CIBC




Network Elements

e Dataflow Vocabulary

e Module

e Datapipe
e Ul

SCIRun BioPSE Teem Matiabinterface

Loading packages, please wait...

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

Finished loading packages.

u FeldReader u GenStandardColorMaps

escale ColorMap | u Rescale ColorMap AttributeTrf
w MatrizReader I _M;ageﬁeldnala

u FieldReader

= ;| ShovField

....send
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Network Elements

e Dataflow Vocabulary

e Module
« Dataport

 Enter value

SCIRun BioPSE Teem Matiabinterface

Loading packages, please wait...

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

Finished loading packages.

u FeldReader u GenStandardColorMaps

escale ColorMap | u Rescale ColorMap AttributeTrf
w MatrizReader I _M;ageﬁeldnala

u FieldReader

= ;| ShovField
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Network Elements

e Dataflow Vocabulary

e Module
« Dataport

SCIRun BioPSE Teem Matiabinterface

Loading packages, please wait...

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

Finished loading packages.

u FeldReader u GenStandardColorMaps

escale ColorMap | u Rescale ColorMap AttributeTrf
w MatrizReader I _M;ageﬁeldnala

u FieldReader

= ;| ShovField

Matrix
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Network Elements

e Dataflow Vocabulary

e Module
« Dataport

SCIRun BioPSE Teem Matiabinterface

Loading packages, please wait...

Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

Finished loading packages.

u FeldReader u GenStandardColorMaps

escale ColorMap | Rescale ColorMap AttributeTrf

u FieldReader

ManageFieldData

Matrix
Field

CIBC



Network Elements

e Dataflow Vocabulary

 Module
« Dataport
e Datapipe

Select Method for Lambda

~ Enter value

Lambda:

Choose using slider

Lambda:
0

Il vl
bda: |2.91032

Execute

| — LCurve - IR

Fle SCIRun BioPSE Teem Matlabinterface

Loading packages, please wait...

Loading package 'SCIRun’
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package 'Matlabinterface’

u | Gen3tandardColorMaps

| FieldReader

| BuildTransform
; 3 e

-Eascale(:olorMap | Eascale(:olorMa;
[ [ 0.00 [ [

TAttributeTrf

Shows Field

000
LComer | | | ShowField A

——
TransformField

-——
ManageFeldData

ul | Tikhonov
= 0.00 |

-I IT Erroridetric

-ld;age FieldData

| Show Field
0.00 |

[ [
Viewer

SCI

INSTITUTE
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Network Design

om Ove Q\/\

» Dataflow Vocabulary s
e Module
e Dataport
e Datapipe
o Ul
 Send and Get
e GuiVars

 Scheduler
 Dependencies .
* loops: send_intermediate
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SCIRun BioPSE CardioWave Matlabinterface Teem

Loading packages, please wait...
Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package 'CardioWave'
Loading package 'Matlabinterface’
Loading package ‘Teem'

SCIRun BioPSE Teem Matlabinterface
FieldReader - =
0.15 ] i Loading packages, please wait...

Loading package 'SCIRun’

Loading package 'BioPSE'
ChangeHeld DataAt FieldReader Loading package 'Teem'

oy W g Loading package 'Matlabinterface'

|

Finished loading packages.

ul -‘ ”_ Buildinterpolant

-
Field Reader | GenStandardColorMaps | FieldReader | BuildTransfonm

—-—— | —— - | ]
RescaleColoriMap | | Rescale ColorMap Attribute Trf TransformField

= ] ] 0.00
m SolveMatrix I MaltrixWriter | | i P
[ —| 000 -

it | MatrixReader | -Managel-'leIdDala
| : ¥ -

. S _I F Tikhonov

_hn;ageﬁeliibala | -
. D a— | q u Stmflfﬁem = || R
- 0.00 | | =1

e Scheduler
 Dependencies
* loops: send_intermediate

ShowField

=
1 | Viewer

SCI CIBC
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Packages and Categor

=.
4 N

aeann x| SCIRun

File SCIRun Matlabinterface Teem Sub-Metworks

DatalQ

Forward g packages, please wait...

Inverse 4 package "SCIRun'

i package 'BioPSE'
LeadField g package 'Matlabinterface’
Modeling 4y package Teem'

Visualization ed loading packages.

SCl

INSTITUTE
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Managing Complexity: Subnets

866 X/ SCIRun (forward-fem.net)

Hle SCIRun BioPSE Matlahinterface Teem Sub-Hetworks

Loading packages, please wait...
Loading package 'SCIRun'

Loading package 'BioPSE'

Loading package ‘Matlabinterface’
Loading package 'Teem'

Finished lnading packages.
" Using SCIRUN_DATA fusriscifdala/S ClRunDatasl .20.0
*** Using DATASET utahtorso-lowres

FieldReader FieldReader

SetupFEMatrix ShowDipoles

-
ul SolveMatriz
—! 0.00

_hn;ageﬁeldnata

0.00 FieldReader
]

= Directinterpolate Gmliierfl

ul ,
o.o0o

FieldBoundary L
GenStandard ColorMaps ] SampleField
0.00

-
M StreamLines

Isosurface

Viewer

SCI CIBC
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Managing Complexity: Subnets

SCI

INSTITUTE

f) laXa)

Hle SCIRun BioPSE Matlahinterface Teem Sub-Hetworks

Loading packages, please wait...
Loading package 'SCIRun'

Loading package 'BioPSE'

Loading package ‘Matlabinterface’
Loading package 'Teem'

Finished loading packages.

X| SCIRun (forward-fem.net)

** Using SCIRUN_DATA fusriscifdatafSCIRunDatar .20.0

*** Using DATASET utahtorso-lowres

FieldReader

SetupFEMatrix
0.00

FieldReader

ShowDipoles

-
ul SolveMatriz
—! 0.00

_hn;ageﬁeldnata

0.00 FieldReader
]

|n- Directinterpalate
i 0.00 |

ul GenStandard ColorMaps

_Gmdienl

FeldBoundary
) SampleField
0.00

-
M StreamLines

Isosurface

CIBC



Managing Complexity: Subnets

om (Ve O\N
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_Gradienl.
1.78 |

SampleField
1.14 [

Streamlines
2.70 |

Directinterpolate

Managing Complexity: Subnets

Ul ?: Show Streamlines

O O O x| showStreamlines

Fle Edit Packages

Hame | Show Streamlines

SampleField

1.14 [

Streamlines
2.70 ||
Directinterpolate

¥+ Embedded On Disk

CIBC



Managing Complexity: Subnets

866 X/ SCIRun (forward-fem.net)

Hle SCIRun BioPSE Matlahinterface Teem Sub-Hetworks

Loading packages, please wait...
Loading package 'SCIRun'

Loading package 'BioPSE'

Loading package ‘Matlabinterface’
Loading package 'Teem'

Finished lnading packages.
" Using SCIRUN_DATA fusriscifdala/S ClRunDatasl .20.0
*** Using DATASET utahtorso-lowres

FieldReader FieldReader

SetupFEMatrix ShowDipoles

-
ul SolveMatriz
—! 0.00

_hn;ageﬁeldnata

0.00 FieldReader
]

= Directinterpolate GmdierPl

ul ,
o.o0o

-
GenStandard ColorMap ] SampleField

-
M StreamLines

Isosurface

SCI CIBC
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Managing Complexity:

X] undary Suk owElectrodes Sub-Netws

File Edit Packages I0PSE Matlabinterface Teem Yolume Sub-Networks File Edit Packages

Name |ShowBoundary Name [Show Electrodes
- Loading packages, please wait...
Loading package 'S CIRun’
| Loading package ‘'BioPSE'
] Loading package 'Matiabinterface’
Field Boundary Loading package ‘Teem' FieldReader
0.00 Loading package "Volume' 0.00

I =S L

- -
ShowField

ol
0. 00
ul FieldReader
- 0. III GenStandardColorMaps

| hle Edit Packages

+ Embedded On Disk
HName |Show Streamlines

File Edit Packages m E; Show Boundary m ?: SolveDipoleFEM
ol =T — | Ssr

Name | SolveDipoleFEM

u Egﬁ Show Electrodes

Ensurface Show Streamlines
u E':
0.00 U B
-

Directinterpolate
0.0

Ul | Viewer

ul ManageField Data

Embedded 4 On Disk ¥ Embedded On Disk

SCI CIBC
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Managing Complexity: Subnets

SCI

INSTITUTE

FieldReader Ul Field Reader

Show Dipoles
0.00

SolveDipole FEM
Ul ?si Show Boundary Ul ?ﬁi 1

[

Ul | Viewer

=A'A

- Show Electrodes
Ul %’i

]
Isosurface Ul ?z Shows Streamlines
N SR

V)
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Solve the: & x phi = flux linear system. A is the stiffness matr
node 0 pinned to ground, the flux vector is all zeroes except
TetVol source and sink node positions, which have a 1
respectively (unit current passed between them). Solving
gives us the voltages everywhere at the nodes in the TetV

SCl

INSTITUTE

TetVolField input is the finite element mesh --
FieldReader data values at the elements are conductivity

0.00 tenzors

ChangeField DataAt FieldReader The nodes of this field specify

0.00 - 0.00 the electrode positions.

: Build the interpolant weights for the electrodes. For each node in the electrode field {second input

grpund reference,we build field port), we record the single nearest node from the finite element mesh and assign it a weight ol

IE finite element stiffness

atrix for the incoming
TetVolFeld. The
TetVolField has a

cdhductivity tensor at each

element.

Build the element-centered leadfield matriz for the input finite element mesh (port 1) and electrode interpol:
SetupFEMatriz Ve set the last electrode to ground, and iteratively pair it with each of the other electrodes. For each pairir
T right-hand-side column matriz that specifies the source-sink pair to have unit current. That right-hand-side
g.ao to a solve matrix module, the system is solved, the gradient is computed, and the ouput is passed back to |

one column in our lead-field matnx.

Store the lead-field. The size is nr={# of electrodes - 1) % nc={# of element
Each row is stored [ex1 eyl ezl ex2 ey2 ez2 ex3 ey3 ez3 ... exn eyh ezn] w
[exi eyi ezi] is the electric field vector in element i.

| ”- SolveMatrix
~ 0.oo

Having solved for the voltages at the nodes of the TetVolkesh, we
comhbine those scalar values writh the TetVolMesh to produce a
TetVolField of scalar double potentials at the nodes.

-_—
Gradient

U)) CIBC



builld-fem-elem-leadfield.net

HAle SCIRun BioPSE CandioWave Matlabinterface Teem

Loading packages, please wait...
Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package 'CardioWave'
Loading package 'Matlabinterface'
Loading package Teem'

FieldReader

018 [

-IH ChangeField DataAt m FleIdReader

0,01 [T noo0 [

SetupFEMatriz | | Buildinterpolant

0.00 0T 0.05 ]

mLeadField

lI SolveMatriz
= 0,00 [T [

ManageFieldData

0. 01 ]

- -
Gradient

JE [y

-——
ManageFieldData

_U. 01 |

SCI U) CIBC




dipole-localization-leadfield-vis.net

dinale-localization-leadfield-vis net

E Yave Matlabinterface Teem

Loading packages, please wait...
Loading package 'SCIRun'
Loading package 'BioPSE'
Loading package 'CardioWave'
Loading package 'Matlabinterface’
Loading package Teem'

X ViewWindow

Hle Edit Visual

FieldReader

0,15 [ ]

SampleField

0.0

“FieldBoundary

_oo7 [—)

ll EID\IIF ld
Y |

ShowDipoles

= |

Matrix SelectVector MatrixSelectVector MatrixSelectvector MatrixReader
—— =

I 0,00 I ] ‘

- < MatrixSelectVector FieldReader
MatrixSelectvector L MatnxSelectVectnr | | ul i

il S ] —I 000 ] = a

nageFieldData

1 I |y

FieldReader

1180738 polygons in 0.36 seconds -
i a.
3.279838+06 polygonsisecond Autoview | Set Home View =] ul GenStandard ColorMaps

JR [y

2.8 frames/sec

Views Go home:

-
RescaleColorMap
-

ManageFieldData 0.00 =]

ShowField

| ShowField
0.01 JE [ ooo0 [

SCI

INSTITUTE




uilld-misfit-and-localize.

build-misfit-and-localize net

ing packages, please wait...
Loading package 'SCIRun’
Loading package 'BioPSE'
Loading package 'Matlabinterface’
Loading package Teem'

LI FieldReader
= | —( ]

SampleField

o000 [

latriz SelectVector ﬁalrix SelectVector

MatrixSelectVector atrix SelectVector Ma(nxSeIe:lVeclur

0.00 [ (U1 — ] =] oo

MatrixSelectvector Isosurface

oo ] oooo [T [

GenStandard ColorMaps
MinNormLeastSg

T1H073 pealy RescaleCnInrMap
Fulevies  Sal Hars Wiss M_ —
ErrorMetric anageFieldData

ooo [ ] oo | ]

5]0\'! Field ul S-hu\u Field

0.00 [ [ oo [T [

SCl

INSTITUTE




showmatrix.net

enm X ViewWindow

om (Ve O\N

Fle Edit ¥isual HewViewer

% SCIRun (showmatrix.net)

Fle SCIRun BioPSE Matlabinterface Teem Sub-HNetworks Help

Loading packages, please wait...
Loading package 'SCIRun’

Loading package 'BioP3E'

Loading package 'Matlabinterface’
Loading package Teem'

Finished loading packages.

Ul Gen3tandard ColorMaps Ul MatnzReader
—1 0.18 | —1 0.18 |

Autoview Set Home View
100 polygons/second .

9.1 framesfsec Views... Go home

N
4
5
N :
&1 polygons in 0.01 seconds m

SCI U)) CIBC
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show-text.net

/\

AR un |

(\ A& X! ViewWindow Hle SCIRun BioPSE Matlabinterface Teem

Hle Edit Visual HewViewer 1

Loading packages, please wait...
Loading package 'SCIRun’
Loading package 'BioPSE'

Loading package 'Matlak

Loading package ‘Teem'

Finished loading packages.
*** Using SCIRUN_DATA fusrfscifdatas5 CIRunDatar .20.0
*** Using DATASET utahtorso-lowres

FieldReader
0.08 |

-A;ﬁylntemulant
0.11 |

ul GenStandard ColorMaps

-——
ul RescaleColoriMap
- 0.14 |

-—
Show Feld
0.14 |

7891 polygons in 0.03 seconds
263033 polygonsisecond
1.5 frames/sec Views... Go home

Autoview Set Home View

SCI U)) CIBC
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Dataflow Datatypes Revisited

SCIRun  BioPSE

FieldReader

Teem

Loading package
Loading package 'BioPSE'
Loading package ‘Teem'

Loading package

Finished loading packages.

Matlabinterface

Loading packages, please wait...

'SCIRun’

'Matlabinterface’

| GenStandard Colorkaps

| FieldReader

ul Eescale Colorkap

| Show Field
0.00 |

Eascale Colorkap

Show Field
0.o0

Matrix
Field

ul Erroridetrc

T
url Viewer

SCI

INSTITUTE
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Matrices: Class Hierarchy

* M a-t r I X : b aS e C I aS S | VY ILUII JVUOUILVIUVVY

e get, put, [] nrows, ncols, get_row, get_col, get_val, zero,
mult, mult transpose prlnt {is_,as ,}{sparse dense column}
cg_ solve, bicg_solve, scalar multlply

o SparseRowMatrix

* int *rows, int *cols, double *a, int nnz;
e ColumnMatrix

 double *data,;

e DenseMatrix
e double **data;

U)) CIBC




Matrices: External Libraries

e PETSC

* Preconditioners: jacobl, bijacobi, sor,
eisenstat, icc, ilu, asm, sles, lu, mg, spal,
milu, nn, cholesky, ramg

e Solvers: KSRICHARDSON, PSPCHEBYCHEYV,
KSPGG, KSPGMRES, KSPTCOQMR, KSPBCGS,
KSPBGS, KSPTFQMR, KSPCR, KSPLSQR,
KSPBICG, KSPPREONLY

« BLAS and Atlas
e Faster linear-algebra via loop unrolling

U)) CIBC




Fields: Mesh + Data

Geometry Co il
Regular SR
_ PointCloudField
Irregular (basis) .
-/H‘Qt‘%x'__'
Data ScanlineField CurveField

Int, float, double, ... | .

e

Vector, Tensor, ... BO88 7 .
ImageField QuadSurfField TriSurfField

basis

Properties

LatVolField HexVolField TetVolField
CIBC




Persistence

e Networks
e Serialize data for disk I/O

e Architecture independent
e Smart pointers
e Byte swapping

e Data files are (somewhat) human
readable, but should ~not~ be

generated / edited by anything other
than SCIRun

e Use "convert” programs
W) CIBC




Persistent

void

Matrix::io(Piostreamé& stream)

{
[*int version = */ stream.begin_class("Matrix", MATRIX_ VERSION);
PropertyManager::io(stream);
stream.end_class();

}

void ColumnMatrix::io(Piostream& stream)

{
[* int version = */stream.begin_class("ColumnMatrix", COLUMNMATRIX_VERSION);
Matrix::io(stream);

stream.io(rows);

if(stream.reading()) {
data=scinew double[rows];

}

inti;

for(i=0;i<rows;i++)
stream.io(datali]);

stream.end_class();

>C V)

CIBC



Example Datasets

/\
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Overview

« Computational Science EESUSSEEEINE

* Problem Solving Environments
e Dataflow

e Datatypes

e Software Organization

e Extensibility

e PowerApps
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Source Tree Organization
_MH- '.'.lom- MH‘ A'

SCIRuUnN
Packages linux src docs

N Z/IN TN

BioPSE Matlablnterface

/N I\

Core: algorithms, datatypes, math, threads
Dataflow: network, modules, ports, scheduler
StandAlone: converters, utilities

U)) CIBC
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SCIRun Categories
Fields P

|l . J V DLW VL ViIiLwuLVvy

* FieldsCreate
— “sources” for new Fields
— e.g. Samplelattice, FieldBoundary, ClipByFunction
* FieldsData
— Just change data for an existing Field (Mesh untouched)

— TransformFieldData, ManageFieldData, DirectMapping /
ApplyMappingMatrix

 FieldsGeometry
— Just change geometry for an existing Field (Data untouched)
— Unstructure, HexToTet, QuadToTri
— TransformField

* FieldsOther
— Miscellaneous (Fieldinfo, ChooseField, FieldMeasures, ...)
Visualization
 ColorMaps
e |sosurfaces

U)) CIBC




Extensibility

om OVeE D\

e Leverage existing utilities
o Extensibility through bridges

CIBC



Three Approaches

e Data Level
e Command line tools to convert files
« Communicating data across sockets

e Library Level
e Teem, BLAS, ITK

 Application Level
 Rewrite algorithms natively in SCIRun

U)) CIBC




Converters

« Convert between human-editable text (e.g. CVRTI .pts,
.dat files) and SCIRun Persistent objects

 See examples in SCIRunData/convert-examples/

« Each converter gives you usage info if invoked without
arguments:

dmw stitch % TextToHexVolField
Usage: TextToHexVolField pts hexes HexVolMesh [-noPtsCount] [-noElementsCount] [-oneBasedIndexing] [-binOutput] [debug]

This program will read in a .pts (specifying the x/y/z coords of each point, one per line, entries separated by

white space, file can have an optional one line header specifying number of points... and if it doesn't, you have

to use the -noPtsCount command-line argument) and a .hex file (specifying i/j/k/l/m/n/o/p indices for each hex, also
one per line, again with an optional one line header (use -noElementsCount if it's not there). The hex entries are
assumed to be zero-based, unless you specify -oneBasedIndexing. And the SCIRun output file is written

in ASCII, unless you specify -binOutput.

 Plug-ins for Readers / Writers

SCI U)) CIBC
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Data Import / Export

X SCIRun v1.22.0

Fle SCIRun BioPSE Matlabinterface Teem Yolume Sub-Hetworks

Messages:

eee %| FieldReader_0

Loading packages, please Qil:Tuiilg'B fusriscifdata/SCIRunDataf .20.2
Loading package 'SCIRun’ y

Loading package 'BioPSE (@R o 2 (] insight

=
Loading package ‘'Matiahlighrer ey £ radial

(7 brain-dt 1 shared

7 brain-eq =71 sphere

°1 convert-examples ] time-dependent
1 eyl3 7 utahtorso

7 heart-dt 7 utahtorso-lowres

Loading package 'Teem'
Loading package "Yolume'

FieldReader
0.00 |

File name:

Files of type: 3CIRun Field Fle {*.fld})

Set
SCIRun Field Any (*.*)

TextCurveField (*.pts,”.edge)
TextHexVolField (*.pts,”.hex)
TextPointCloudField (*.pts)
TextQuadSurfField (*.pts,”.quad)
Text3tructCurveFeld {*.pts)
Text3tructHexVolField (*.pts)
Text3tructQuadSurfField (*.pts)
TextTetVolField (*.pts,”.tet)
TextTriSurfFeld (*.pts,”.fac,”.tr)
VTKtoTriSurfField (*.vtk)

VTKto TriSurfField-swap (*.vtk)

SCl

INSTITUTE
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Matlablnterface

SCl

INSTITUTE

Fle SCIRun BioPSE Matlabinterface

5 r s e
ul MatlabhZ
2 0.oo | (]

NN BN N BN S

CIRun v

Teem CardioWave ExtSolver CardiacConductivity Sub-Hetworks

% Matla 0
“MATLAB ENGINE ADDRES S

Address: [localhost FPort: _555171r Password: _-

INPUT/OUPUT -
Matrices ' Fields "'.I Mrrds

INPUT FIELD HAMES QUTPUT FIELD HAMES
field 1 E.thrsmnesh " field 1 t'putmes-li
field 2 [cagemesh | field 2 [fieldz
field 3 (field3 | field 3 [fiela3

MATLAB -
Matlab Commands

Matlab Output

Execute

CIBC



Three Approaches

e Data Level
e Command line tools to convert files

e Library Level
e Teem, BLAS, ITK

 Application Level
 Rewrite algorithms natively in SCIRun

U)) CIBC




| ] | DiscreteGaussianlmageFilt

ITK Integration mees

maximum_error |0.001
Execute

Close
Hle SCIRun Insight BioPSE

Messages:

Loading packages, please wait...
Loading package 'SCIRun’
Loading package ‘Insight’
Loading package 'BioPSE'

Finished loading packages.

Image ReaderlU CharZD
o.ao |

131072 polygons in 0.35 seconds.
374491 polygonsfsecond Autoview | Set Home View

2.8 frames/sec Views Go home
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ViewWindow
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Discrete Gaussianimage
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ImageToField
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Isosurface
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Show Field
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131072 polygons in 0.18 seconds.
728178 polygonsfsecond Autoview | Set Home View

5.6 frames/sec Views Go home
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806 X/ SCIRun (final.net) X\ r 1 Win

Fle SCIRun BioPSE Matlabinterface Teem | Yolume Help Wit Visual HewViewer

s Datalo

HrrdData
Segmentation
Tend

Unufto M
UnuMtoZ

Finished loading packages.

UnuResample
4. 54 |

Nrrd ToField
k) |

ul UnuQuantize Ul UnuQuantize UnuProject

4 - | = —111.64 |

i UnuQuantize =
12 .41 T TransterEuncHisto I polygons in 0.01 seconds
38400 polygonsfsecond
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Instance #1
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Overview

* Problem Solving Environments
e Dataflow

e Datatypes

e Software Organization

e Extensibility

e PowerApps
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Managing Complexity:

e Eait Packaes WPSE Matlabintorface  Team Volume  Sub-Netwo

B | Show Bourdary

Loading packages, pease wait...
Lisading pck un
Losading prackinge ‘TP SE
Loading package 'Matlabintarface’
Liailing packcange “Tism’

Loeading pracks

+  Exnbedded
Dl [t Packages

Hame | SolveDipoleFEM

'GEE

Gen Stardard ColorMaps
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SohraDipaloFEM

ApplyFEMOuPrenLSourcs
0. 00

Embedded # On Disk

Annotations

SCl

FieldReader
a.

ing the zero'th node as a B Brpo
grpund reference,we build

finite element stifiness
airix for the incoming
TetvolField. The
TetVolField has a
cénductivity tensor at each
element.

TetVolFeld input is the finite element mesh —-
data values at the elements are conductivity
tensors,

The nodes of this field specify
the electrode positions.

Build the interpolant weights for the electrodes. For each node in the electrode field {second input
field port), we record the single nearest node from the finite element mesh and assign it a weight o

Build the element-centered leadfield matrix for the input finite element mesh (port 1) and electrode interpol
We set the last electrode to ground, and iteratively pair it with each of the other electrodes. For each pairi
right-hand-side column matrix that specifies the source-sink pait to have unit current. That right-hand-sidef

to a solve matrix module, the system is solved, the gradient is computed, and the ouput is passed back to
one column in our lead-field matrix.

Solve the: A % phi = flux linear system. Ais the stiffness matrz, wi
node 0 pinhed to ground, the flux vector is all zeroes except for th
TetWol source and sink node positions, which have a1 and a -
respectively (unit current passed between them). Solving [for pl
gives us the voltages everywhere at the nodes in the TetvolMes

D Having solved for the voltages at the nodes of the TetvolMesh, we
combine those scalar values with the TetVolMesh to produce a
TetWolField of scalar double potentials at the nodes.

Store the lead-field. The size is nr=(# of electrodes - 1) x nc=(# of element]
Each row is stored [ex1 eyl ezl ex2 ey2 ez2 ex3 ey3 ez3 ... exn eyh ezn] w|
[exi eyi ezi] is the electric field vector i element i.
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PowerApps: User-Friendly, Domain-Specific
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Power Apps
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Power Apps

Problem specific applications

*Hide the complexities of dataflow

*Provide a simplified graphical
user interface

*Focus on a specific
task
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Power Apps

* | ]Processing Window

om OVE O\

File  Help

Processing Steps

Processing Pane

DWI Smoothing

Do Smoothing

Guide the user through
specific processing steps

Execute

Wizualization...

[ eome L mE |1
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Power Apps

. om Ove Q\/\
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BioFEM
stem Overview

Encapsulation of the forward-fem network

 Change datasets
e Streamlines

e |sosurfaces

e Electrodes

http://software.sci.utah.edu/doc/User/Tutorials/BioFEM/BioFEM.html
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BioTensor

Diffusion Tensor Imaging

Processing Steps

I

e

.----1-—.’:"; ‘
L L L L B LT

eData Acquisition
*Registration
*Building Tensors

V| sy al |Z atl on O ptl ons [ —— | . 1
*Planes *Glyphs

e|sosurfaces eFibers

http://software.sci.utah.edu/doc/User/Tutorials/BioTensor/BioTensor.html
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Biolmage

Volume Rendering s

Processing Steps

*Crop

*Resample |
*Histogram Eq

IR ENE

Visualization Options
oSlices  *Window Width / Level

‘MIPs Multi-dimensional Transfer Functions

http://software.sci.utah.edu/doc/User/Tutorials/Biolmage/Biolmage.html
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