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SimBio: A Generic environment for bio-numerical ssmulation

D4.1c: Inverse Problem Methodology
Release Notes: Simbio_ipm_ver2002_09 30

1. Introduction

The objective of WP 4 Subtask 4.1 is the generation of a generic inverse toolbox containing a large
variety of inverse problem solvers and an error estimation package, which will include methods to
estimate the sensitivity of the results of source reconstruction to inaccuracies in forward modeling.

The final release of WP 4 Subtask 4.1 comprehends a class library, which allows the flexible
combination of algorithms to perform an inverse procedure. Thus, the inverse procedure can be
tailored to a specific problem. This includes the selection of aforward simulator of one of the standard
forward model types (spherical, BEM, FEM).

The class library contains a software framework, which allows the estimation of the sensitivity of
inverse results toward errors, inaccuracies or simplifications of the forward model. The uncertainty of
inverse results due to these kinds of errors of the forward model is an important issue as well for the
practical use of inverse source reconstruction methods as for developers of new, probably more
sophisticated models.

To be able to work with the class library this release contains a three shell user interface for the access
of methods of the class library. The outer level alows working with the inverse toolbox on a command
line level. Beyond the objective of providing access to the methods the user interfaces shall give an
idea how to generate own combinations of algorithmsto get new scenarios for inverse procedures.

The release notes cover the implemented algorithms realized inside of the classlibrary. If an algorithm
can be described by a short formula, it is provided. For other algorithms a reference to the literature is
given. A comprehensive overview about the algorithms can be found in the “D4.1a: Inverse Problem
Methodology Design Report” (http://www.ccrl-nece.technopark.gmd.de/simbio/deliverabl es.html).

The release contains a HTML-Documentation of this release, which includes an access to all class
interfaces of the inverse tool box.

2. Software Design: General

The inverse toolbox uses a class structure implemented in ANSI C++, additionally using STL classes.
Abstract classes are used to minimize the number of interfaces, to get a simple access to methods and
to keep implementation details out of interfaces. Software of the NeuroFEM package, which is
implemented using FORTRAN 90, isinterfaced to the C++ classes.

The inverse toolbox is tested on a windows platform using the Microsoft Visual C++ software
development environment and on Unix systems (Linux, SGI-Irix) using the Gnu C++-Compiler. This
release contains libraries and a binary command line tool for Linux and SGI-Irix.

3. Inverse Toolbox
The inverse toolbox is implemented as a class structure. To be able to integrate algorithms in asimple

and flexible way abstract classes are used. The hierarchy of abstract classes provides an interface
for entire categories of algorithms. There is, e.g., an interface to address all analysis methods, one
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for all inverse anaysis methods, one for al goal (or cost) functions, etc. The implementation of
methods is done by classes derived from these abstract classes.
This principle has several major advantages:

(1) It provides an elegant way to combine different ingredients of an algorithm. For example, the
linear estimation procedure can be executed using any source space, any weighting method, any
regularization, and any forward sol ution.

(2) The user can derive new classes from the abstract interfaces and thus implementing new
forward solutions, weighting methods, etc. and use them together with the existing methods
without having to change any code within the toolbox or even knowing it (could be just object
code or alibrary).

(3) The user can address entire categories of algorithms, e.g. al inverse procedures, by just using
the appropriate abstract interface.

First a short overview about the abstract classes is given, followed by the description of the
implementation classes. The description of the inverse toolbox is aso separated into three parts: First,
methods using a discrete parameter space, for parameters that have to be determined (e.g. source
positions and orientations), second methods using a continuous parameter space for their parameters,
and athird part which describes the class interfaces for the sensitivity analysis package.

3.1 Abstract Class Interfaces: Discrete Parameter Space

This group contains inverse agorithms that allow only a finite number of discrete points as possible
source locations. Such methods need a grid, provided by a grid generator that specifies these points
and their neighborhood relations. Discrete parameter spaces are used by linear and non-linear
distributed source methods, by discrete non-linear dipole fit algorithms, and by scan methods, such as
MUSIC. Figure 3.1 shows an overview about the class structure for methods using a discrete
parameter space. The following paragraphs give a short description of the abstract class interfaces.
Abstract Analyzer

Class Name: anAbstractAnalyzer ¢

Serves as a bases class for al types of analyzers. At the same time, it provides a generalized interface
for any sort of data analysis that might be implemented into the toolbox. A main component of this
class is a pure virtua run() method, which is implemented in all classes derived from
anAbstractAnayzer_c.

Example:
void MyFunction(vector<anAbstractAnalyser_c &> list_of _operations)
{
for (inti=0;i < list_of operations.size(); i++)
list_of_operationg[i].run();
}

In the above example MyFunction does not need to know, which particular anaysis steps are
represented by the members of the vector, it just carries them out.

Important public interface functions

execute the method
void run()
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anAbstractSimul ator ReferenceData anAbstractAnalyzer
*
anAbstractSimulatorEEGMEG T
b X anAbstractAnalyzerlnverse
anSimulatorEEGNeuroFEM | ®® ® / \
anA btract —_— ] anAbstractAnalyzer
GridGenerator . LX)
~ »\ InverseDiscrete
anVolumeGrid
Generator eee
NeUrOFEM_C anAnaIyZef anAbgractAnal yzer
InverseL inear InverseDiscreteScan
anAbstract anAbstract anGoalFunctionScan | | anMUSIC
Reqgularizer Weighter
o Pl
anUnary

anTruncSVD XX eee

Weighter

Legend: | anAbstractClass | = Abstract class T = Class derivation @ = Data
= Implementation class ®—— = Referencetoclass —— = Datareferenced in class

Fig. 3.1 Class structure for the implementation of methods using a discrete search space for their
parameters.

Abstract Inverse Analyzer
Class Name: anAbstractAnalyzerinverse ¢

Serves as a base class and genera interface for all types of inverse analyzers. It is derived from
anAbstractAnalyzer c. It contains a getResult() method, which returns a set of source parameters.

Important public interface functions

execute the method

void run()

extract resulting source parameters

bool getResult(utMatrix_t<double>& outParameters)

Abstract I nverse Discrete Analyzer
Class Name: anAbstractAnayzerinverseDiscrete ¢

Serves as base class for inverse methods having a discrete parameter space. It has a reference to an
instance of anAbstractSimulatorEEGMEG _c and anAbstractGridGenerator_c. This enables the user
to run any class that is derived from anAbstractAnalyzerInverseDiscrete ¢ with any forward solution
and any definition of the source space that is implemented in the toolbox or created by the user
him/herself.



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

Important public interface functions

execute the method

void run()

extract resulting source parameters

bool getResult(utMatrix_t<double>& outParameters)

retrieve and set the grid generator for the source space generation
anAbstractGridGenerator_c& getGridGenerator ()

bool setGridGenerator (anAbstractGridGenerator_c& inGridGenerator)
retrieve and set simulator for forward calculation

anAbstractSmulator EEGMEG_c& getSmulator()

bool setSmulator (anAbstractSmulator EEGMEG_c& inSmulator);
retrieve and set the reference data (measurement data) as a matrix with one row per channel and
one column per time step

void getReferenceData(utMatrix_t<double>& outReferenceData)

void setReferenceData(utMatrix_t<double>& inReferenceData)

Abstract | nver se Discrete Scan Analyzer

Class Name: anAbstractAnalyzerinverseDiscreteScan_c

Serves as base class for inverse methods scanning a discrete parameter space. It is derived from an
anAbstractAnalyzerInverseDiscrete ¢. Thus, it has access to anAbstractSimulatorEEGMEG_c and

anAbstractGridGenerator_c viathe class, from which it is derived.

Important public interface functions

execute the method
void run()
Abstract Grid Generator
Class Name: anAbstractGridGenerator_c

Base class for all kinds of grid generators. Grids are used to describe the search space (positions and
directions of sources) and the head model used for forward calculations.

Important public interface functions

generate and return grid (see header file for specification of Grid_c)
Grid_c& generateGrid()

Abstract Regularizer
Class Name: anAbstractRegularizer_c

Base class for all kinds of regularizers. Used for matrix inversions of ill conditioned lead field
matrices. Generates a regularized matrix from an input matrix.
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Important public interface functions

regul arize matrix
run(utMatrix_t<double>& inMatrix, utMatrix_t<double>& outMatrix)

Abstract Weighter

Class Name: anAbstractWeighter_c

Base class for all kinds of weighters. They are used for a spatia weighting of the points of the discrete
search space. Can either be adiagonal matrix to weight each point independently or a matrix with non-
diagonal values unequal zero to include neighborhood relations. In case of a diagonal matrix only a
vector containing diagonal elementsis created.

Important public interface functions

compute weights, either per grid point (vector) or as matrix
computeWeights(Grid_c& inGrid, utVector_t<double> & WeigthingVector,
utMatrix_t<double>& WeightingMatrix)

3.2 Implementation Classes. Discrete Parameter Space

Linear Inverse Analyzer
Class Name: anAnalyzerlnverseLinear ¢

Determines a solution of an inverse problem with the smallest quadratic norm (L2-norm) of the
sources using the following formulas:

For the underdetermined case:

J=Gx Reg(L>G L") xM

For the over determined case:
J=Reg(L>xGx")'Gx" xMm

J = Source Strengths, M =Measured data, L=L eadfield Matrix, G= Weigthing Matrix, " =
transposed of a matrix, "= Pseudoinverse of a Matrix, Reg() = regularization operator

Thelinear inverse analyzer therefore needs the following methods:

aforward solution for the computation of the lead field matrix L, provided by
anAbstractSmulator EEGMEG ¢

aweighting method for the computation of the weighting matrix M, provided by
anAbstractWeighter_c

aregularization operator, provided by anAbstractRegulariser_c
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agrid generator defining the positions and directions of the sources the strengths of which have to
be determined, provided by anAbstractGridGenerator_c

How to create alinear inverse analyzer?

anAnalyzerinverselinear_c(  const utMatrix_t<double>& inReferenceData,
anAbstractSmulator EEGMEG _c& inSmulator,
anAbstractGridGenerator_c& inGridGenerator,
anAbstractWeighter _c& inWeighter,
anAbstractRegularizer_c& inRegularizer);

Important public interface functions

perform linear estimation

void run();

extract resulting parameter matrix

bool getResult(utMatrix_t<double>& outParameters);
Scanning M ethods
Goal function scan

Class Name: anAnalyzerlnverseGoal FunctionScan_c

Computes for each scan point on agrid, which defines the scan space a goal function value. The class
is derived from anAbstractAnalyzer | nver seDiscreteScan _c.

The goal function scan therefore needs the following methods:
agoal function to compute agoal function value, provided by
anAbstractGoal FunctionEEGMEG_c.
agrid generator defining the positions and directions of the sources the goal function of which
have to be determined, provided by anAbstractGridGenerator_c

How to create agoa function scan method?

anAnalyzer | nver seGoal FunctionScan _c (const utMatrix_t<double> & inReferenceData,
anAbstractSmulatorEEGMEG_c&  inSmulator,
anAbstractGridGenerator_c& inGridGenerator,

anAbstractGoal FunctionEEGMEG_c& inGoal Function);

Important public interface functions

perform goal function scan

void run();

extract resulting parameter matrix

bool getResult(utMatrix_t<double>& outParameters);
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MUSIC scan
Class Name: anAnalyzerlnverseMUSIC ¢

Inside the MUSIC (“MUltiple Signal Characterization™) algorithm a probe source is scanned through
the scan space defined by agrid. At each grid point the optimal dipole is computed and its array
manifold (the curve of al outputs in the measurement space that can be produced by varying the
magnitude of this dipole) is projected onto the signal subspace. This projection gives a probability
measure which peaks at true source locations [14]. The classis derived from

anAbstractAnalyzer InverseDiscreteScan c.

The MUSIC scan therefore needs the following methods:
agoal function to determine, whether the dipole used for the scanning has a fixed predetermined
direction or arotating directions, provided by anAbstractGoal FunctionEEGMEG _c.
agrid generator defining the positions and directions of the sources the goal function of which
have to be determined, provided by anAbstractGridGenerator_c

How to create aM USIC scan method?

anAnalyzerlnverseMUSC _c ( const utMatrix_t<double>& inReferenceData,
anAbstractSmulator EEGMEG_c& inSmulator,
anAbstractGridGenerator_c& inGridGenerator,

anAbstractGoal FunctionEEGMEG_c& inGoal Function);

Important public interface functions

perform MUSIC scan

void run();

extract resulting parameter matrix

bool getResult(utMatrix_t<double>& outParameters);

switch whether separation between noise and signal subspace is done by number of components or
relative limit.

bool useLimit(bool bUseLimit=true);

set relative limit for singular values, which determine the signal subspace
bool setLimitForSngularValues(double dLimit);

set number of components, which determine the signal subspace

bool setNumber Of Components(int nNumber OfComponents);

Grid Generators

Single Dipoles

Class Name: anGridGeneratorSingleDipoles ¢

A class that can be filled with position and direction parameters of single dipoles. Can be used as a
grid generator which provides a grid for the procedure which determines the linear parameters of

dipole fit methods.

How to create asingle dipole grid generator?

anGridGeneratorSngleDipoles c();
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Important public interface functions

bool addGridNode(utVector _t<double> inPosition, utVector _t<double> NodeSourceDirections);
Regular Spherical Surface Grid

Class Name: anGridGeneratorSurfaceSphere ¢

Generates aregular angular grid on the surface of a sphere. Radius of the sphere and spacing of the
grid points can be set. Additionally a normal or tangential constrained can be set for the direction

associated to sources on grid points.

How to create an spherical surface grid generator?

anGridGenerator SurfaceSphere _c( double inRadius,
utVector_t<double>& inCenter,
double inDelta,
bool inbNormal Congt = false);

The first two parameters describe the sphere (in meters). inDelta gives the spacing of the pointsin a
and J direction in radians. If the flag inbNormalConst is set, the orientation of each grid point is
radial, otherwise the 3 Cartesian directions (X, y, z) will be assigned to each point.

Important public interface functions

generate and return grid (see header file of anAbstractGridGenerator_c for specification of
Grid ¢)

Grid_c& generateGrid()

setsnormal constraint for the direction associated to sources on the grid point

void setNormal Constraint(bool inbNormal Const=true);

sets tangential constraint for the direction associated to sources on the grid point. Two cover al
tangential directionsto source points with orthogona directions are created.

void setTangConstraint(bool inbNormal Const=true);

Regular Spherical Volume Grid

Class Name: anGridGeneratorV olumeSphere ¢

Generates a regular cubic 3 D grid inside of a sphere. Radius of the sphere and spacing of the grid
points can be set.

How to create a spherical volume grid generator?

anGridGeneratorVolumeSphere _c¢( double inRadius,
utVector_t<double>& inCenter,
double inDelta);

The first two parameters describe the sphere ( in meters). inDelta gives the spacing of the points in
meters. Each point is assigned the three canonical Cartesian directions.

Important public interface functions

generate and return grid (see header file of anAbstractGridGenerator_c for specification of
Grid ¢)
Grid_c& generateGrid()
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FEM Volume Grid
Class Name: anVolumeGridGeneratorNeuroFEM_c

This class can be used as grid generator which provides a volume grid for the NeuroFEM simulator.
The volume grid structureis read from afile.

How to create an volume grid generator?

anV olumeGridGeneratorNeuroFEM _c();

Important public interface functions

generate and return grid

Grid_c& generateGrid(anSensor Configuration_c& inSesnsor Configuration);

get influence nodes and directions of the grid

void getlnfluenceNodesNeuroFEM (utMatrix_t<double>& outlnfluenceNodePositions,
utMatrix_t<double>& outlnfluenceNodeDirections);

FEM Surface Grid
Class Name: anSurfaceGridGeneratorNeuroFEM_c

This class can be used as grid generator which provides a surface grid as search space for the inverse
source localization. The surface grid structureis read from afile.

How to create an surface grid generator?

anSurfaceGridGeneratorNeuroFEM_¢( );

Important public interface functions

generate and return grid:

Grid_c& generateGrid();

get influence nodes and directions of the grid:

void getlnfluenceNodesNeuroFEM (utMatrix_t<double>& outlnfluenceNodePositions,
utMatrix_t<double>& outlnfluenceNodeDirections);

Regularizers
Truncated SVD regularizer
Class Name: anRegularizerTruncSVD_c

The singular value decomposition decomposes a matrix into three orthogonal matrices:

inMatrix =U sW>V T

10
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The matrix W is a diagonal matrix containing the singular values of inMatrix, while U and V consist of
the left and right eigenvectors, respectively.

Small singular values (compared to the maximum singular value) of the matrix to be inverted are
responsible for large values in the result and lead to a high sensitivity of the result to noise. To prevent
this, small singular values are set to zero, resulting in a matrix W (. Subsequent the full matrix is
reconstructed by multiplying the matrices:

outMatrix =U sWeV T

How to create atruncated SVD reqularizer?

anRegularizer TruncSVD_c( );
There are no parameters.

Important public interface functions

Pass the settings vector
bool setSettings(const utVector_t<double>& inSettings);

The parameter vector can have 3 members.

The first gives the cutoff criterion: if itis 1, al singular values below a certain absolute value are
discarded; in case it is 2, al the cutoff boundary is given as fraction of the maximum value
(relative).

Perform singular value decomposition (SVD)

int SYD(utMatrix_t<double>& a, utVector_t<double>& w, utMatrix_t<double>& v)

Theinput matrix ais overwritten by the left eigenvectors.

Perform regularization

void run(utMatrix_t<double>& inMatrix,utMatrix_t<double>& outMatrix);

Tikhonov regularizer

Class Name: anRegularizerTikhonov_c

The condition of amatrix is changed by adding a constant to the diagonal elements of the matrix.
outMatrix = inMatrix + / |

/ isdetermined by the quotient of the variance of the noise and the variance of the sources

Both values can only be estimated. In this implementation of the Tikhonov regularizer this happensin
the following way.

Noise variance: S 2

Computed from the signal variance and the signal-to-noise ratio (passed).

Source variance. S JZ

11
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N Matriil ] % MM + 52 inMatrisgi][j]
g2 = 1 ii=0 i,j=0 ,

J ns-1,ns-1
inMatrixi][j]?

i,j=0

M = MeasuredData, ns = NumSensors, nt = NumTimeSteps

How to create a Tikhonov regularizer?

anRegularizer Tikhonov_c(const utMatrix_t<double>& inReferenceData, double inSNR);

Both parameters describe the measurement data (note, that this regularizer is specially designed for
lead field matrices). INSNR describes the noise variance as fraction of the maximum signal amplitude.

Important public interface functions

Perform regularization
void run(utMatrix_t<double>& inMatrix,utMatrix_t<double>& outMatrix);

Weighters
Unary weighter

Class Name: anUnaryWeighter ¢

w =1, i =0,..., Number Sources,

Generates a vector with all elements equal to one. This weighter does not have any influence on the
results of an inverse solution. It can be used if alinear estimation procedure is used without spatial
weighting of source nodes.

How to create an unary weighter?

anUnaryWeighter _c(anAbstractSmulator EEGMEG_c& inSmulator);
The simulator isinherited from the abstract interface and not needed. It can be any dummy.

Important public interface functions

Compute weighting vector

bool computeWeights( Grid_c& inGrid,
utVector _t<double>& WeigthingVector,
utMatrix_t<double> & WeightingMatrix,
utMatrix_t<double> & LeadFieldMatrix);

Again, all arguments except the reference to the weighting vector and the grid are not used . The
grid provides the number of nodes, thus the length of the weighting vector.

12
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L ead field matrix normalization weighter

Class Name: anWeighterL eadfieldNormalization_c

Generally inverse source reconstructions methods using the L2-norm constrained prefer sources close
to the sensors. This can be prevented using a normalization of columns of the lead field matrix. This

weighter creates a vector using following formulas for its elements performing a weighting of the
columns of the lead field matrix.

NumSensors: NumSour ces

i =0,..., NumSources, ns = NumSensors

ns-1
Ymx |Leadfie|dmatrix[j][i]|
j=0

j=

NumSources NumSensors

= |Leadfieldmatrix] j][i]

j=1

LUm=

How to create an lead field normalization we ghter?

anLeadfieldNormalizationWeighter _c(anAbstractS mulatorEEGMEG_c& inSmulator);

Parameters:

inSmulator Simulator to compute leadfield matrix (if not already set)

Important public interface functions

Compute weighting vector

bool computeWeights( Grid_c& inGrid,
utVector_t<double>& WeigthingVector,
utMatrix_t<double> & WeightingMatrix,
utMatrix_t<double> & LeadFieldMatrix);

“Loreta’ (Low Resolution Electromagnetic Tomography) weighter
Class name: anWeighterLoreta ¢

Using the “Loreta” agorithm of al possible solutions the solution with the smallest 2™ spatial
derivative is aobtained [15]. The equation for the determination of the sources is extended by

introducing a L aplace smoothing operator (WB™ BW):
J=(WBTBW) *xL" xReg(L XWB ' BW) * ") ! >xM
The matrices W and B are determined as follows:

W=WAI s » Kronecker product between Wand a 3x3 identity matrix, W consists of a column by
column normalization of the leadfield matrix.

B is adiscrete Laplace operator.

13
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How to create aloreta weighter?

anWeighterLoreta_c(anAbstractSmulator EEGMEG_c& inSmulator,
anAbstr actLaplaceOper ator ElementCalculator_c&
inLaplaceOperator ElementCal cul ator,
utMatrix_t<double>& PrecomputedLoretaWeigthingMatrix);

Parameters:

inSmulator Simulator to compute leadfield matrix (if not already set)

inLaplaceOperator ElementCalculator Needed for the determination of the members of the Laplace
operator (for each grid node)

PrecomputedLoretaWeigthingMatrix  In case a precomputed “loreta’ is present it can be set (to
avoid long lasting computations)

Important public interface functions

compute weighting vector

bool computeWeights( Grid_c& inGrid,
utVector_t<double>& WeigthingVector,
utMatrix_t<double> & WeightingMatrix,
utMatrix_t<double> & LeadFieldMatrix);

cache “loreta” weighting matrix after computation

void cacheWeithingMatrixAfter Computation(bool bCachMatrix = true);
get cached “loreta’ weighting matrix

utMatrix_t<double> getCachedWeightingMatrix()

set “loreta’ weighting matrix

void setWeightingMatrix(utMatrix_t<double>& LoretaWeigthingMatrix)

Abstract calculator for one element of the Laplace operator matrix

Class Name: anAbstractL aplaceOperatorElementCalcul ator_c

Abstract class for the calculation of one dement of the discrete Laplace operator matrix. The Laplace
operator depends on the geometrical properties of neighboring grid points and can be derived for

special grid configurations.

Important public interface functions

compute L aplace operator

virtual double calculatelLaplaceOperator Element(int Nodel,
int Node2,
utVector_t<int>& NodelNeighbours,
utVector_t<double>& NodelPostion,
utMatrix_t<double>&
NodelNeighbour Positions);

14
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Calculator for one element of the Laplace operator matrix for regular 3D grids
Class name: anL aplaceOperatorElementCal culatorRegular3D_c¢

How to create a calculator for one element of the Laplace operator matrix?

anLaplaceOperator ElementCal culator Regular3D_c();

Important public interface functions

compute L aplace operator

virtual double calculatelaplaceOperator Element(int Nodel,
int Node2,
utVector_t<int>& NodelNeighbours,
utVector_t<double>& NodelPostion,
utMatrix_t<double>&
NodelNeighbour Positions);

15
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3.2 Abstract Class Interfaces. Continuous Parameter Space

The second group of inverse procedures uses a continuous parameter space as search space for their
parameters. For the determination of the parameters non-linear optimization procedures are used,
which in turn need a goal function. These goa functions are specific for different source model
options. For a comparison between estimated and measured data goal functions need a simulator and
criteria, which provide a metric how to compare estimated and measured data. An additional search
volume restricts the search space of parameters. Fig. 3.2 gives an overview about the class structure
for inverse methods using a continuous parameter space.

Class Diagram Inverse Toolbox: Continuous Parameter Space

anAbstractAnalyzer
anAbstraTctA nalyzer
Inverse
\ anAbstract anAbstract
Optimizer Goal Function anAbstract
t SimulatorEEGMEG
anAbstractAnalyzer anAbstractOptimizer
*** 1 InverseContinuos | Continuous anAbstract ¢ anAbstract
Goal FunctionEEGMEQ Criteria
[N N
anAnalyzerlnverse | | anOptimizer | 4 4 o [A0GOAIFUNCtiON| 4 ¢ o anAbstract
Dipol eFit Marquardt DipoleRotating SearchVolume
anAnalyzer
AnAbstract Inversel inear
Initial Guess

Legend: | anAbstractClass | = Abstract class T

= Class derivation

=Data
= Implementation class ®—— = Referencetoclass —— = Datareferenced in class

Fig. 3.2 Class structure for the implementation of methods using a discrete search space for their

parameters.

Abstract I nver se Continuous Analyzer

Class Name: anAbstractAnalyzerlnverseContinuous_c

Serves as base class for inverse methods having a continuous parameter space. It has a reference to an
instance of anAbstractOptimizer_c and anAbstractinitial Guess c.

Important public interface functions

execute the method
void run()

16
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Abstract Optimizer

Class Name: anAbstractOptimizer_c

Serves as a base class for al kinds of optimization procedures. It has a reference to an instance of
anAbstractGoal Function_c. All the optimizer does is minimizing this goal function with respect to its

parameters.

Important public interface functions

find optimum of goal function
virtual void run();

get and set the settings vector. This vector is specific for the particular optimization procedure and
therefore its members have a different meaning in each derived class.

virtual bool setSettings(utVector t<double> inSettings);

virtual utVector_t<double>& getSettings();

get and set the stopping criteria vector. The stopping criteria determine, when the optimization
procedure considers the found parameter vectors as optimal. This vector is specific for the
particular optimization procedure and therefore its members have a different meaning in each
derived class.

virtual bool setSopCriteria(utVector_t<double> inSopCriteria);

virtual utVector t<double>& getSopCriteria();

retrieve the optimization quality vector. These values give information on quality criteria of the
optimization, e.g. the goodness of fit. This vector is specific for the particular optimization
procedure and therefore its members have a different meaning in each derived class.
bool getOptimizeQuality(utVector_t<double>& outOptimizeQualityMeasure);

Abstract Optimizer Continuous

Class Name: anAbstractOptimizerContinuous ¢

Serves a base class for all kind of optimization procedures having a continuous parameter space. This
is the most important descendent of anAbstractOptimizer_c.

Important public interface functions

Apart from the functions already defined in its base class, the following additions are present:

another run function to carry out the optimization, thistime the initial parameters (initial guess)
can be passed and the optimized parameters retrieved.
virtual void run(utMatrix_t<double>& inParameter, utMatrix_t<double>& outParameter);

carry out linear optimization. Many non-linear goal functions have implicit linear parameters (e.g.

dipole strength), which need to be calculated after the non-linear iteration has finished.

virtual void linearEstimation( utMatrix_t<double>& OptimizedParameters,
utMatrix_t<double>& linearParameters);
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Abstract Initial Guess
Class Name: anAbstractinitial Guess ¢

Serves as base class for al kinds of initial guesses. Initial guesses are needed as start parameters for
optimization procedures.

Important public interface functions

The class contains interface functions for automatically generating initial parameters aswell asfor
setting them explicitly from outside.

generate an initial guess

virtual utMatrix_t<double> getlinitialGuessParameters(  int InitialGuessParamaters height,
int Initial GuessParamaters |ength);

The parameters give the dimension of theinitial guess. The actua organization of the output

matrix (which member stands for which parameter, e.g. dipole 1, position, x-coordinate) is

determined in the derived classes.

set initial guess from outside

virtual bool setlnitial GuessPositions(utMatrix_t<double>& inParameters);

Abstract Goal Function

Class Name: anAbstractGoal Function_c

Serves as base class for all kind of goa functions. Goal functions are needed by optimization
procedures. They form a very important concept, describing any kind of relationship that represents

the degree of agreement between a hypothesis on the sources and the actual measurement.

Important public interface functions

compute goal function value (goodness of fit) for passed set of parameters.
virtual double computeGoal Function(utMatrix_t<double>& inParameter);
compute linear parameters of the goal function (e.g. dipole strengths), belonging to a certain set of
non-linear parameters (e.g. positions).
virtual void linear Estimation( utMatrix_t<double>& inParameter,
utMatrix_t<double>& linear Parameters);
compute the Jacobi matrix, containing the derivatives of certain values (e.g. the differences of
forward calculations at each sensor position) with respect to each parameter. Parameters, which
are needed for the computation of the Jacobi matrix, but shall not be optimized can be switched off
using the ParamtersUsed matrix with boolean values.
virtual bool computeJacobiMatrix( utMatrix_t<double>& inParameters,
utMatrix_t<double>& SgJacobi,
utVector_t<double>& g,
utMatrix_t<bool>& ParametersUsed);

obtain additional goal function values, e.g. goodness of fit for each time step, etc.
bool getAdditional Goal FunctionValues(utVector _t<double>& outAdditional Val ues);
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Abstract Goal Function EEG/MEG
Class Name: anAbstractGoal FunctionEEGMEG ¢

Serves as a base class for al kinds of goal functions used for inverse procedures for electrical and
magnetic signals. It has references to instances of anAbstractSimulatorEEGMEG _c, which computes a
forward solution. The forward solution is compared with the measured reference data. The
anAbstractGoal FunctionEEGMEG _c has a further reference to an instance of anAbstractCriteria_c to
define how simulated data and measured data are compared.

Important public interface functions

the constructor is “protected”, i.e. not directly accessible (only overloaded in derived classes). It is
shown here anyway, because it makes clear, what ingredients are needed for al goal functions
used for source localization from EEG and MEG.
anAbstractGoal FunctionEEGMEG_¢( const utMatrix_t<double>&  inReferenceData,
anAbstractSmulator EEGMEG_c& inSmulator,
anAbstractCriteria_c& inCriteria,
anAbstractSearchVolume c& inSearchVolume,
anAnalyzerinverselinear_c& inLinear Estimator);
The goal function class uses a simulator to compute the forward solution for a certain source
parameter set, it employs a criterion to compare it to the reference data. The search volume is
used to compute extra penalties in case the positions of the sources are outside. Findly a linear
estimator computes the linear parameters of the goal function.

compute goa function value (goodness of fit) for passed set of parameters. This function passes
the parameters to an anAbstractamulator_c, then passes the obtained forward solution together
with the measurements into an anAbstractCriteria_c object, which computes the goal function
value.

virtual double computeGoal Function(utMatrix_t<double>& inParameter);

compute projection matrix (I — LL™). The norm of the product of projection matrix and reference
datais normally used as goal function value (except for penalties)
virtual void ProjectionMatrix( utMatrix_t<double>& inParameter,

utMatrix_t<double>& outProjectionMatrix);

compute the Jacobi matrix, containing the derivatives of certain values (e.g. the differences of

forward calculations at each sensor position) with respect to each parameter.

virtual bool computeJacobiMatrix( utMatrix_t<double>& inParameters,
utMatrix_t<double>& SgJacobi,
utVector_t<double>& g);

compute a penalty for source leaving the search volume.
double computePenaltySear chVolume(double& DistancetoSurface);

use a penalty to prevent radial sources for MEG. In case of a spherical head model, the center of

the sphere can be used for the computation of the penalty.

void usePenalty NotRadial (bool bUsePenalty, utVector _t<double>& inSphereCenter Pos);
Abstract Criteria

Class Name: anAbstractCriteria ¢

Serves as a base class for dl kind of criteria. Criteria define a metric how data are compared.
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Important public interface functions

compute comparison criterion between two data sets

virtual double computeCriteria(utMatrix_t<double>& Datal, cutMatrix_t<double>& Data2);
Abstract Search Volume
Class Name: anAbstractSearchVolume ¢
Serves as a base class for all kinds of search volumes. Search volumes restrict the search space of
parameters of a continuous parameter space. Methods allow to check whether parameters are inside
the search space and to determine the distance of position parameters to the boundary of the search

space. Pointsinside the search volume have negative distance values.

Important public interface functions

determine if a parameter set is within the bounding volume (usually a position)

virtual bool islnsideSearchVolume(const utVector t<double>& inParameters);

determine the distance of a parameter set (normally a position) to the boundary (where outside
counts positive and inside negative)

virtual double DistanceToSurface(const utVector_t<double>& inParameters);

pass some settings to the class. The meaning of the members of the settings vector is specific for
the particular descendent of this abstract class.

virtual bool setSettings(const utVector _t<double>& inSettings);

3.4 Implementation Classes. Continuous Parameter Space

Analyzer for Dipole Fit:
Class Name: anAnalyzerlnverseDipoleFit_c

Inverse method derived from anAbstractAnalyzerlnverseContinuous ¢ to carry out non-linear dipole
fit. The type of dipolefit (fixed, rotating moving) is determined by the goal function of the optimizer.
The class has references to two other classes: (1) anAbstractinitial Guess_c determines the start values
of the target parameters (e.g. the dipole positions), and (2) anAbstractOptimizerContinuous c yields
the method to optimize these parameters. The latter has in turn references to a goal function, the
forward solution, etc.

How to create adipolefit analyzer?

anAnalyzerInverseDipoleFit_c( int& NumDip,
anAbstractInitial Guess _c& inlnitial Guess,
anAbstractOptimizerContinuous ¢&  inOptimizer);

Important public interface functions

perform dipolefit.

void run();

extract resulting parameter matrix

bool getResult(utMatrix_t<double>& outParameters);
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set settings

void setSettings(const utVector_t<double> & inSettings);

The parameter vector contains parameters which can be transferred to the referenced
anAbstractOptimizer Continuous _c. Thus it contains a concatenation of parameters to set the
stopping criteria and other parameters of the optimizer. These vectors are specific for the
particular optimization procedure and therefore its members have a different meaning for different
optimizers.

Initial Guess

Standard

Class Name: anlnitial GuessStandard ¢

Provides initial guess parameters for an optimization procedure. For dipole fit methods needing
position parameters it provides dipole positions in the following way: For even numbers of dipoles,
initial positions are placed symmetric in both hemispheres. For odd numbers an additional dipoleis set
on the z-axes. Dipole fit methods needing a additional start values for the direction are additionally

provided with two start values describing the direction in polar coordinates.

Important public interface functions

generate an initial guess
utMatrix_t<double> getlnitial GuessParameters(int I nitial GuessParamaters_height ,

intlnitial GuessParamaters_length);
If InitialGuessParamaters_height is 3, the matrix which is returned contains three rows with x, v,
Z position parameters. If Initial GuessParamaters height is 5, the matrix which is returned
contains three rows with x, y, z position parameters and two additional rows containing direction
parameters (polar coordinates). For other values of Initial GuessParamaters _height amatrix is
returned with all parameters equal to 0.001.
set initial guess from outside
bool setlnitial GuessPositions(utMatrix_t<double>& inPositions);
Requires a matrix with 3 rowsto set initial guess positions.

Best of Grid

Class Name: anlnitial GuessBestof Grid_c

For a set of regular placed dipoles a goal function is computed. Dipole parameters of the dipole with
the highest goal function value are then used as initial guess parameters. This procedure leads only to
results if the number of dipoles is one. If the number of dipoles is greater then one, the same initia

guess parameters are created as by using the anlnitial GuessStandard_c.

How to create an initial quess: best of grid?

aninitial GuessBestofGrid_c(  anAbstractGoal FunctionEEGMEG_c& inGoal Function);
Parameters.
inGoal Function Goal Function for EEG/MEG returns vaue, which has to be

optimized by changing dipole positions. Pendlties included in the goal
function ensure that restrictions of the parameter space are fulfilled.
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Important public interface functions

generate an initial guess
utMatrix_t<double> getlnitial GuessParameters( int Initial GuessParamaters height ,

int Initial GuessParamaters |length );
If Initial GuessParamaters height is 3, the matrix which is returned contains three rows with x,y,z
position parameters. Position parameters are determined as described above. If
Initial GuessParamaters_height is 5, the matrix which is returned contains three rows with x,y,z
position parameters and two additiona rows containing direction parameters (polar coordinates).
For other values of Initial GuessParamaters_height amatrix is returned with all parameters equal
to 0.001.

set initial guess from outside
bool setlnitial GuessPositions(utMatrix_t<double>& inPositions);
Requires a matrix with 3 rows to set initial guess positions.

Optimizer

Mar quar dt
Class Name: anOptimizerMarquardt_c

For the optimization of nonlinear parameters the Levenberg Marquardt optimizer is reaized [2],[3].
Stopping criteria of the algorithm, which can be set are: minimum descent of the goal function,
minimum shift of the position between to iterations, minimum rotation between to iterations and
maximum number of iterations. The absolute value of the goa function is not used as a criterion to
stop the optimization procedure. Parameters, which influence the behavior of the optimization
algorithm are lambda, ny and a factor to increase lambda, after one unsuccessful iteration step. Both
stopping criteria and parameters influencing the optimization process can be set, but values, which are
proven to be satisfactory to determine parameters of dipoles, are used by default.

How to create a marquardt optimizer?

anOptimizer Marquardt_c(anAbstractGoal Function_c& inGoal Function);

Parameters:

inGoal Function Parameters have to be optimized w.r.t to a goa function. A goa
function may also include penaties to limit the search space for
parameters.

Important public interface functions

perform parameter optimization

run(  utMatrix_t<double>& inParameter, utMatrix t<double>& outParameter);

Parameters:  inParameter Start parameters for optimization procedure
outParameter Resulting optimized parameters

set optimization procedure settings

bool setSettings(utVector _t<double> inSettings);

The settings vector contains following items: initial lambda, factor to increase lambda, ny

set default procedure settings (approved for source localization)

bool setDefaultSettings();
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set stop criteria of optimization procedure

bool setSopCriteria(utVector_t<double> inStopCriteria);

The stop criteria vector contains following items: Goodness of fit (%) (not used as a stopping
criterion ), minimal descent of the goal function val ue between to optimization steps,
maximum number of iterations, minimum position shift between two iterations, minimum
rotation of the direction between two iterations

set default stopping criteria (approved for source localization)

bool setDefaultSopCriteria();

define only a subset of the parameters to be used for optimization. The other parameters, are
kept constant, but will be used for the determination of the goal function.

void setUsedParameter sDefinition(utMatrix_t<bool> UsedPararmters)

compute additional parameters which can be determined by linear estimation

void linearEstimation( utMatrix_t<double>& OptimizedParameters,
utMatrix_t<double> & linear Parameters);
Parameters:.  OptimizedParameters Parameters determined by Marquardt optimizer
linear Parameters Resulting parameters of linear estimation procedure.

Thelinear estimation procedure is defined inside the
respective goal function.

Simplex
Class Name: anOptimizerSimplex_c

For the optimization of nonlinear parameters the Simplex agorithm is realized [3] as an dternative to
the Levenberg Marquardt optimizer. Stopping criteria of the algorithm, which can be set are: minimum
descent of the goa function, minimum shift of the position between to iterations, minimum rotation
between to iterations and maximum number of iterations. The absolute value of the goa function is
not used as a criterion to stop the optimization procedure. Parameters, which influence the behavior of
the optimization algorithm are a factor to reflect the simplex from the high point and two extrapolation
factors. Both stopping criteria and parameters influencing the optimization process can be set, but
values, which are proven to be satisfactory to determine parameters of dipoles, are used by default.

How to create a simplex optimizer?

anOptimizer Smplex_c(anAbstractGoal Function_c& inGoal Function);

Parameters:

inGoal Function Parameters have to be optimized w.r.t to a goal function. A goa
function may also include pendties to limit the search space for
parameters.

Important public interface functions

perform parameter optimization

run(  utMatrix_t<double>& inParameter, utMatrix t<double>& outParameter);

Parameters.  inParameter Start parameters for optimization procedure
outParameter Resulting optimized parameters

set optimization procedure settings

bool setSettings(utVector _t<double> inSettings);

The settings vector contains following items: factor to reflect the simplex from the high point

two extrapolation factors and a value for the displacement of initial simplex nodes
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set default procedure settings (approved for source localization)

bool setDefaultSettings();

set stop criteria of optimization procedure

bool setSopCriteria(utVector_t<double> inSopCriteria);

The stop criteria vector contains following items. Goodness of fit (%) (not used as a stopping
criterion '), minimal descent of the goal function value between to optimization steps,
maximum number of iterations, minimum position shift between two iterations, minimum
rotation of the direction between two iterations

set default stopping criteria (approved for source localization)

bool setDefaultSopCriteria();

compute additional parameters which can be determined by linear estimation

void linearEstimation( utMatrix_t<double>& OptimizedParameters,
utMatrix_t<double> & linear Parameters);
Parameters.  OptimizedParameters Parameters determined by Marquardt optimizer
linear Parameters Resulting parameters of linear estimation procedure.

The linear estimation procedure is defined inside the
respective goal function.

Goalfunctions

Rotating Dipole Fit

Class Name: anGoal FunctionDipoleRotating_c

Serves as goal function for rotating dipole fit procedures. For al time steps one position is determined
for each dipole by the non-linear optimization procedure. The class contains further a method to
determine directions and magnitudes for each time step for each dipole by linear estimation.

The goal function of the rotating dipole fit can also be used for a moving dipole fit by using the
anAnalyzerinverseDipoleFit_c with a rotating goa function feeding the method for each time step
separately with measured data.

How to create a goal function for arotating dipole fit ?

anGoal FunctionDipoleRotating_c( const utMatrix_t<double>& inReferenceData,
anAbstractSmulator EEGMEG_c& inSmulator,
anAbstractCriteria_c& inCriteria,
anAbstractSearchVolume _c& inSearchVolume,
anAnalyzerInverselinear c& nLinear Estimator);

For adescription of parameters have alook at an anAbstractGoal FunctionEEGMEG _c.

Important public interface functions

perform computation of goal function value

double computeGoal Function(utMatrix_t<double>& inParameter);

Paramters: inParameter Parameters, for which goal function valueis
computed.

get number of parameters, which have to be determined by non-linear optimization procedure

for adipole (returns 3)

GetNumber OfParameter sPer Dip()
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compute projection matrix (specific for goal function type)
ProjectionMatrix( const utMatrix_t<double>&  inParameter,

utMatrix_t<double> & outProjectionMatrix);
compute dipole parameters which can be determined by linear estimation (direction and
magnitude)
linear Estimation( utMatrix_t<double> & inParameter ,
utMatrix_t<double> & linear Parameters);
Parameters:  inParameter Parameters determined by non linear optimizer
linear Parameters Resulting parameters of linear estimation procedure.
Fixed DipoleFit

Class Name: anGoal FunctionDipoleFixed ¢

Serves as goal function for fixed dipole fit procedures. For all time steps one position and one
direction is determined for each dipole by the non-linear optimization procedure. The class contains
further a method to determine the magnitudes for each time step for each dipole by linear estimation.

How to create a goal function for afixed dipolefit?

anGoal FunctionDipoleFixed c( ( const utMatrix_t<double>& inReferenceData,
anAbstractSmulator EEGMEG_c& inSmulator,
anAbstractCriteria_c& inCriteria,
anAbstractSearchVolume _c& inSearchVolume,
anAnalyzerInverselinear c& inLinear Estimator);

For a description of parameters have alook at an anAbstractGoal FunctionEEGMEG _c.

Important public interface functions

perform computation of goal function value

double computeGoal Function(utMatrix_t<double>& inParameter);

Parameters: inParameter Parameters, for which goal function valueis
computed.

get number of parameters, which have to be determined by non-linear optimization procedure

for adipole (returns 5).

GetNumber OfParameter sPer Dip()

compute projection matrix (specific for goal function type)

ProjectionMatrix( const utMatrix_t<double>&  inParameter,

utMatrix_t<double> & outProjectionMatrix);
compute dipole parameters which can be determined by linear estimation (direction and
magnitude).
linear Estimation( utMatrix_t<double>& inParameter ,
utMatrix_t<double> & linear Parameters);
Parameters:  inParameter Parameters determined by non linear optimizer
linear Parameters Resulting parameters of linear estimation procedure.

Compute penalty to prevent radial sourcesfor MEG.
double computePenalty NotRadial (const utMatrix_t<double>& inPos,
const utMatrix_t<double>& inDir);
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Criteria

Minimum Square Error

Class Name: anCriteriumMinimumSquareError_c

Determines the Euclidean norm between two arrays as return value for the criterion:
n-1,m-1 2

Value=  (datalli][j]- dataZ[i][]])

i,j=0

How to create a criterion: minimum square error?

anCriteriaMinimumSguareError_c();

Important public interface functions

compute criteria:
double computeCriteria( utMatrix_t<double> & inDatal,
const utMatrix_t<double>&  inData2);

Parameters:
inDatal Values of first data set
inData2 Va ues of second data set
Search Volumes
Infinite

Class Name: anSearchVolumelnfinite ¢
Parameters are always inside of the search volume.

How to create ainfinite search volume?

anSearchVolumel nfinite_c();

Important public interface functions

check whether parameters are inside search volume (always returns true)
bool islnsideSearchVVolume(const utVector _t<double>& inParameters);
get distance to surface (returns always -10E35)

double DistanceToSurface(const utVector t<double>& inParameters);

Sphere
Class Name: anSearchV olumeSphere ¢
For points inside a sphere, which is determined by its center and its radius, the

isinsideSearchVolume() method returns true. The DistanceToSurface() method returns the distance
between a point and the surface of the sphere. The distance is negative for points inside of the sphere.
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How to create a spherical search volume?

anSearchVolumeSphere c(utVector _t<double> inCenter, double inRadius);

Parameters:
inCenter Center of spherical search volume (x,y,2)
inRadius Radius of spherical search volume

Important public interface functions

check whether parameters are inside spherical search volume

booal islnsideSearchVolume(const utVector_t<double>& inParameters);
get distance to surface

double DistanceToSurface(const utVector _t<double>& inParameters);
set center of sphere

bool setCenter (utVector _t<double>& inCenter);

set radius of spheres

bool setRadius(double& inRadius);

set settings

bool setSettings(const utVector_t<double>& inSettings);

The settings vector contains the following items: radius, center X, center y, center z

Spherewith Boundaries
Class Name: anSearchV olumeWithBoundariesSpheres ¢

A set of spheres around one point can be defined. It can be defined for each spacing between the
spheres whether it belongs to the search volume or not. The isinsideSearchV olume() method returns
true if a point lies between the surfaces of two spheres, for which the spacing is set as a valid search
volume. The DistanceToSurface() method returns the smallest distance to the nearest surface of a
bounding sphere.

How to create a search volume with several spherica boundaries?

anSear chVolumeWithBoundariesSpheres ¢ (utVector_t<double> in_Center,
utVector_t<double>  in_Radii,

utVector_t<int> inValidSearchVolumes);
Parameters:
inCenter Center of spherical search volume (x,y,2)
inRadii Radii of spheres
inValidSearchVolumes every spacing between to spheres can be set as a valid or invalid

search volume by setting values to one or zero.

Important public interface functions

check whether parameters are inside spherical search volume

bool islnsideSearchVolume(const utVector _t<double>& inParameters);
get distance to surface

double DistanceToSurface(const utVector_t<double>& inParameters);
set center of sphere

bool setCenter (utVector_t<double>& inCenter);

27



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

set radii of spheres

bool setRadii(utVector_t<double>& inRadii);
set spaces between spheres as valid or invalid search volumes
bool setValidSearchBoundaries(utVector _t<int>& ininsideValidSearchBoundaries);

3.5 Abstract Class Interfaces: Sensitivity Analysis Package

The analysis of errorsin inverse source reconstructions due to errors, inaccuracies and simplifications
of the forward model is of major interest for the practical use of source reconstruction methods as well
as for the development of new models. The sensitivity andlysis package uses the same class
framework as the inverse toolbox. Thus, it can exploit the flexibility in the selection of algorithms of
the inverse toolbox. To keep the sensitivity analysis package flexible itsalf it uses also the concept of
abstract class interfaces. Additionally a general way to access forward simulator parameters is defined.
Especially methods are provided to set them to a deviant value to be able to estimate the sensitivity of
inverse results by shifting a smulator parameter to a dightly different value. The details of these
methods are described in chapter 3.7, where the simulator classes are described. Applications of the
sengitivity analysis framework can be found in [16,17]. Fig. 3.3 gives an overview about the classes
structure of the sengitivity analysis package.

Class Diagram : Error Estimation Package

anAbstractSource

anSourceParameter
GeneratorlnSearchV olume

Pa;rameterGenerator
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Fig. 3.3 Class structure of the sensitivity analysis package.
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Abstract Error Estimator

Class name: anAbstractErrorEstimator_c

Isin the centre of the sensitivity analysis framework. It controls the sensitivity analysis procedure. All
other classes of this framework are member of this class. Thus, they can be accessed by an

implemented error estimation procedure, which is derived from this class.

Important public interface functions

execute the sensitivity analysis procedure
void run()

get the result of sensitivity analysis including descriptions

bool getResult( std::vector<std::string>& outParameterName,
std::vector<std::string>& outParamter Units,
utVector_t<double>& outParamter Default,
utVector_t<double>& outParamter Changed,
std:: vector<anSourceParameter_¢>& Original SourceParameters,
std:: vector<utBlock_t<double> >& InverseResultParametersandard,
std:: vector<utBlock_t<double> >& InverseResultParameter sDeviant,
std::vector<std::string>& outSmilarityValuesDescription,
utVector_t<double>& outSmilarityValues);

Abstract Source Parameter Generator
Class name: anAbstractSourceParameterGenerator ¢

Serves for the generation of source configurations. This can be for example single dipolar
sources on regularly distributed source positions.

Important public interface functions

get the source parameters
void getSour ceParameter s(std: : vector < anSour ceParameter _c>& outSour ceParameters);

Class name: anSourceParameter_¢

Important public interface functions

get source positions (columns: dipolar sources, rows:. (X,y,z position), layers. time steps
utBlock_t<double>& getSourcePositions();
get source directions (columns: dipolar sources, rows: (X,y,z position), layers. time steps
utBlock_t<double>& getSourceDirections();

Abstract Simulator

Class Name: anAbstractSimulatorEEGMEG ¢

Provides an interface for forward computations of al kinds of simulators. Spheres, BEM,
FEM. There are additionally interfaces to access parameters of the simulator. See chapter 3.7
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Abstract Inverse Analyzer

Class Name: anAbstractAnayzerinverse ¢

All inverse analyzers (dipole fit, linear estimation, scanning methods) are derived from this

class. See chapters 3.1 - 3.5

Abstract Source Similarity Metric

Class Name: anAbstractSourceSimilarityMetric_c

Defines an interface to compare inverse results obtained by standard and deviant simulator
parameters. Implementations can compare for example dipole parameters.

Important public interface functions

compute the similarity metric (returns description).

void computesimilaritymeasure( utBlock t<double>& inParametersl,
utBlock_t<double>& inParameters2,
std::vector<std::string>& outSmilarityMeasureDescription,
utVector_t<double>& outSmilarityMeasure)

3.6 Implementation Classes. Sensitivity Analysis Package

Error estimator for all smulator parameters

Class name: anErrorEstimatorAllSimulatorParameters ¢

Performs a sensitivity analysis procedure for all simulator parameters, which can be set to a deviant

parameter.

How to create an error estimator for all simulator parameters?

anErrorEstimator AllS mulator Parameters_c(anAbstractSmulatorEEGMEG_c& inSmulator,
anAbstractSour ceParameter Generator_c& inSourceParameter Gener ator,
anAbstractAnalyzerInverse c& inAnalyzerinverse,
anAbstractSourceSmilarityMetric_c& inSourceSmilarityMetric,
bool bComputeSandardI nverseResults = true);

Parameters Description:
inSimulator
inSourceParameter Generator
inAnalyzerinvers
inSourceSimilarityMetric

bComputeStandardinverseResults

Simulator for forward computations. Its parameters can be
controlled by the error estimator. Simulator is also used
by the inverse analyzer

Generates probe sources for sensitivity analysis

Inverse analyzer used for inverse result computations
Computes similarity metric between source results for
standard and deviant parameter values.

In some cases the source reconstruction can be assumed
correct for standard simulator parameters. Switch disables the
computation of inverse results for standard simulator
parameters
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Important public interface functions

execute sengitivity analysis.
void run()

get the result of sensitivity analysis including descriptions

bool getResult( std::vector<std::string>& outParameter Name,
std::vector<std::string>& outParamter Units,
utVector_t<double>& outParamter Default,
utVector_t<double>& outParamter Changed,
std:: vector<anSour ceParameter_c>& Original SourceParameters,
std:: vector<utBlock_t<double> >& InverseResultParametersStandard,
std::vector<utBlock t<double> >& InverseResultParametersDeviant,
std::vector< std:: string>& outSimilarityValuesDescription,
utVector_t<double>& outSmilarityValues);

Sour ce parameter generator in search volume

Class name: anSourceParameterGeneratorlnSearchVolume ¢

Generates single dipolar sources on aregular spaced cubic grid inside of a search volume. Sources are
generated for one time step, itsdirections are radial.

How to create a source parameter generator in search volume?

anSour cePar ameter Gener ator InSearchVolume_c(anAbstractSearchVolume _c& inSearchVolume,
double inSourceDistance);
Parameters Description:

inSearchVolume Search volume defines the boundary inside of which dipolar
sources are placed.
inSourceDistance distance between the dipole positions on the cubic grid.

Important public interface functions

get dipolar sources

void getSour ceParameter s(std: : vector < anSour ceParameter _¢>& outSour ceParameters);
Similarity metric to compar e dipole parameters (position, direction, magnitude)
Class name: anSourcePosDirMagSimilarityMetric_c

Compares parameters of single dipolar sources for standard and deviant simulator parameters.
Differences for the position, direction and magnitude of the dipoles are determined.

How to create asimilarity metric to compare dipole parameters.?

anSour cePosDirMagS milarityMetric_c();

Important public interface functions

compute the similarity metric (returns description).
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void computesimilaritymeasure(  utBlock t<double>& inParametersl,
utBlock_t<double>& inParameters2,
std::vector< std::string>& outSmilarityMeasureDescription,
utVector_t<double>& outSmilarityMeasure)

3.7 Smulator Classes

Abstract ClassInterface

Class Name: anAbstractSimulator_c

The purpose of asimulator is to make aforward computation for a given set of parameters. For inverse
methods this forward solution is used for a comparison to measured data. A computegai nmatrix()

method is provided to perform forward computations.

Important public interface functions

compute gain matrix
void computeGainMatrix(const utVector _t<double>& inParameters,
utMatrix_t<double>& outdmbData));
inParameters contains parameters as input for the forward cal culation. OutSimData contains the
simulation results

Abstract Class Interface EEG/MEG

Class Name: anAbstractSimulatorEEGMEG ¢

anAbstractSimulatorEEGMEG _c serves as a base class for all kind of ssimulators for EEG and MEG
forward computations. It contains an overloaded computegainmatrix() method with positions and

directions of sources asinput parameters.

Important public interface functions

compute gain matrix

computeGainMatrix( const utVector_t<double>&  inParameters,
utMatrix_t<double> & outSmData))

Paramter Description:

inParameters contains parameters asinput for the forward calculation.

OutSmData contains the simulation results

compute gain (or lead field) matrix

computeGainMatrix( int Number Points,
const utMatrix_t<double>&  inPos,
const utMatrix_t<double>&  inDir,

utMatrix_t<double> & outSmbData)

Parameter Description

Number Points number of reconstruction points

inPaosition matrix with positions (number of columns = number of positions)
number of rows = 3 (x,y,2)

inDir direction of dipoles (number of columns = number of positions)

(see box below for interpretation)
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Each column stands for one reconstruction point. If the matrix has only one column, this column
appliesto al reconstruction points.
The number of rows determines the direction information provided:

0 rows (matrix is 0 x 0 altogether) at each reconstruction point, 3 dipoles are
created with standard orientationsinto x, y, and
z directions

3 rows at each reconstruction point, 1 dipoleis

created, the directions are given in Cartesian
coordinates (1% row —x, 2™ row —y, 3 row —

2)

Additional members of the simulator for the sensitivity analysis package

To perform sensitivity anaysis studies simulator parameters can be set to adeviant value. To obtain a
unified interface to set these parameters a class for smulator parameters was introduced. This class
gives a comprehensive description of asimulator parameter.

Class name:

anParameterSimulator_c

How to create a simulator parameter?

anParameter Smulator_c(std:: string name, std::string unit,
double min, double max,
double standard, double deviant,
double value);

Parameters Description:

name Name describing parameter

unit Unit of parameter

min Minimal allowed or reasonable parameter value

max Minimal allowed or reasonable parameter value

standard Standard value of the parameter

deviant Deviant value of the parameter, which is used for sensitivity anaysis
value Current value of the parameter

Important public interface functions

set name of parameter

setParamter Name(std: : string &inName);

get name of parameter

std:: string getParameter Name();

set unit of parameter

bool setParameterUnits(std::string &inUnits);
get unit of parameter

std:: string getParameter Units();

set standard value of parameter
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bool setSandard(double inStandard) ;
get standard value of parameter

double getSandard ();

set deviant value of parameter

bool setDeviant(double inDeviant) ;
get standard value of parameter

double getDeviant ();

set minimum value of parameter

bool  setMinimum(double inMinimum) ;
get mimimum value of parameter
double getMinimum();

set maximum value of parameter

bool setMaximum(double inMaximum) ;
get maximum value of parameter

doubl e getMaxi mum();

set current value of parameter

bool setValue(double inStandard) ;
get current value of parameter

double getValue();

activate parameter

bool activate() ;

deactivate parameter

double deactivate();

Use of simulator parametersinside of the Simulator

The simulator contains a vector of parameters. To work with the parameters a set interface functions
are defined.

Important public interface functions to work with simulator parameters

get number of active parameters

int getNumber ofParameters();

retrieve parameter by number

bool ParameterNgetName( int Parameter Number, std::string& outName);
bool ParameterNgetUnit( int Parameter Number, std::string& outUnit);

bool Parameter NgetMinimum( int Parameter Number, double& outMinimum);
bool Parameter NgetMaximum( int Parameter Number, double& outMaxi mum);
bool Parameter NgetSandard( int Parameter Number, double& outStandard);
bool Parameter NgetDeviant( int Parameter Number, double& outDeviant);
bool ParameterNgetValue( int ParameterNumber, double& outValue); set unit of parameter
set parameter by number

bool Parameter NsetStandard( int Parameter Number, double inStandard);
bool ParameterNsetDeviant( int Parameter Number, double inDeviant);

bool Parameter NsetValue( int Parameter Number, double inValue);

bool Parameter NsetToStandard(int Parameter Number);

bool Parameter NsetToDeviant(int Parameter Number); set standard value of parameter
bool setSandard(double inSandard) ;

set parameter by name

bool Parameter Nactivate(std: : string& Name);

bool Parameter NactivateAll();

bool Parameter Ndeactivate(std:: string& Name);

bool Parameter NdeactivateAll();

bool Parameter NsetStandard( std::string& Name, double inStandard);

bool Parameter NsetDeviant( std::string& Name, double inDeviant);



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

bool ParameterNsetValue( std::string& Name, double inValue);
bool Parameter NsetToStandard(std: : string& Name);
bool Parameter NsetToDeviant(std:: string& Name);

Spherical Head M odel

Class Name: anSimulatorEEGSpheres ¢

Implementation class of a simulator using a head model consisting of up to 4 concentric spheres
defined by their center, radii and conductivities. These spheres can be used to represent the following
tissues: scalp, skull, cerebro-spina fluid (CSF), brain . An analytical solution based on Legrendre
polynomialsis used for calculation of EEG potentias[4].

How to create a simulator for a spherical head model ?

anSmulatorEEGSpheres ¢(  anSensorConfiguration_c& inSensorconfiguration ,
utVector _t<double>& inRadii,
utVector_t<double>& inCenter,
utVector_t<double>& inConductivities);

Parameters Description:

inSensorconfiguration Description of the sensor configuration (EEG Electrodes)

inRadii Radii of the spheres (starting from the outermost sphere. Up to 4 Radii can be
Set.

inCenter Center of al spheres(x., Y, 2)

inConductivities Conductivity values for the spheres

Important public interface functions

perform a computation of the simulation results

void computeGainMatrix( int NumberDip,
const utMatrix_t<double>& inPos,
const utMatrix_t<double>& inDir,
utMatrix_t<double>& outSmbData);

For a parameter description see anAbstractSimulatorEEGMEG ¢

set and get radii of spheres

bool setRadii(utVector_t<double>& inRadii);

bool getRadii(utVector t<double>& outRadii);

set and get center of spheres

bool setCenter (utVector_t<double>& inCenter);

bool getCenter(utVector_t<double>& outCenter);

set and get conductivity values

bool setConductivities(utVector_t<double>& inConductivities);
bool getConductivities(utVector_t<double>& outConductivities);
get number of spheres

int getNumber of Soheres();

Class Name: anSimulatorM EGSpheres ¢

Implementation class of asimulator using a head model consisting of one sphere defined by the center.
Theradiusisgiven for each sensor by its position relative to the sensor.

35



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

How to create a simulator for a spherical head model ?

anSmulatorMEGSpheres ¢( anMEGSensor_s& inSensor configuration,
utVector_t<double>& inCenter);

Parameters Description:
inSensorconfiguration Desription of the sensor configuration (gradiometer)

inCenter Center of sphere (x., Y, 2)

Important public interface functions

perform a computation of the simulation results

void computeGainMatrix( int NumberDip,
const utMatrix_t<double>&  inPos,
const utMatrix_t<double>& inDir,
utMatrix_t<double> & outSmbData);

For a parameter description see anAbstractSimulatorEEGMEG ¢

set and get center of sphere
bool setCenter (utVector_t<double>& inCenter);
bool getCenter(utVector_t<double>& outCenter);

Boundary Element Head Model
Class Name: anSimulatorEEGBEM _c¢

The simulator using a boundary element model (BEM) of the head takes the individual, non spherical
shape of the main tissue boundaries within the head into account for the computation of the EEG:
scalp-surface, inside and outside boundary of the skull, surface of the brain. Each boundary is
discretized into triangular elements. The determination of electric potentials of a segment of a
boundary is described in [5].

How to create an EEG simulator for a boundary element head model ?

anSmulatorEEGBEM _c( anSensorConfiguration_c& inSensorconfiguration,
anAbstractGridGenerator_c& inBEM_GridGenerator);

Parameters Description:

inSensorconfiguration Description of the sensor configuration (EEG Electrodes)
inBEM_GridGenerator Grid containing boundary element description of the head model
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Important public interface functions

perform a computation of the simulation results

void computeGainMatrix( int NumberDip,
const utMatrix_t<double>& inPos,
const utMatrix_t<double>& inDir,
utMatrix_t<double> & outSmbData);

For a parameter description see anAbstractSimulatorEEGMEG _c¢
set the electric system matrix
virtual void setSystemMatrix(utMatrix_t<float>& ElectricSystemMatrix);

Class Name: anSimulatorMEGBEM _c

This simulator uses a boundary element model (BEM) of the head, which takes the individual, non
spherical shape of the main tissue boundaries within the head into account for the computation of the
MEG. The BEM model has to consist of at least one tissue boundary (surface of the brain). Each
boundary is discretized into triangular elements. The determination of magnetic fields at the sensorsis
described in [5].

How to create aMEG simulator for a boundary element head model ?

anSmulatorMEGBEM_c(anMEGSensor_s& inSensorconfiguration,
anAbstractGridGenerator_c& inBEM_GridGenerator,
utVector_t<float>& inConductivities);

Parameters Description:

inSensorconfiguration Description of the sensor configuration (EEG Electrodes)
inBEM_GridGenerator Grid containing boundary element description of the head model
inConductivities Conductivity values of the head tissues

Important public interface functions

perform a computation of the simulation results

void computeGainMatrix( int NumberDip,
const utMatrix_t<double>&  inPos,
const utMatrix_t<double>& inDir,
utMatrix_t<double> & outSmbData);

For a parameter description see anAbstractSimulatorEEGMEG ¢
set the system matrix

virtual void setSystemMatrix(utMatrix_t<double>& SystemMatrix);
set conductivity values

bool setConductivities(utVector _t<float> inConductivities);

get conductivity values

bool getConductivities(utVector_t<float>& outConductivities);
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BEM Electrical System Matrix computaion
Class Name: anAnalyzerSystemMatrixComputation_c

For the BEM head model the potential solution is a set of potentia values at the respective vertices of
the grid. In order to find this solution, a so-called e ectric system matrix has to be computed.

How to create an analyzer for the computation of the electric system matrix?

anAnalyzer SystemMatrixComputation_c (anAbstractGridGenerator_c& inBEM_GridGenerator,
utVector_t<float> & conductivities);
Parameters Description:

inBEM_GridGenerator Grid containing boundary element description of the head model
inConductivities Conductivity values for the compartments of the BEM head model

Important public interface functions

perform a computation of the electric system matrix
void run()
get the system matrix
bool getResult(utMatrix_t<double>& outParameters);
BEM Magnetic System Matrix computation
Class Name: anAnalyzerMagSystemM atrixComputation ¢

For the BEM head model the magnetic field solution is a set of magnetic field values at the respective
sensors. [n order to find this solution, a so-called magnetic system matrix has to be computed.

How to create an anayzer for the computation of the magnetic system matrix?

anAnalyzerMagSystemMatrixComputation_c(anAbstractGridGenerator_c& inBEM_GridGenerator,
anMEGSensor_s& inSensorconfiguration,
utMatrix_t<double>& ElectricSystemMatrix);

Parameters Description:

inBEM_GridGenerator Grid containing boundary element description of the head model
inSensorconfiguration Description of the gradiometer properties
ElectricSystemMatrix Electric system matrix

Important public interface functions

perform a computation of the magnetic system matrix
void run()

get the system matrix
bool getResult(utMatrix_t<double>& outParameters);
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Finite Element Head M odel
Class Name: anSimulatorEEGNeuroFEM _c¢
Computes the EEG potential distribution on afinite element grid.

How to create a simulator for afinite e ement head model ?

anSmulator EEGNeuroFEM_c( anSensor Configuration_c& inSensor Configuration,
anVolumeGridGeneratorNeuroFEM_c& inVolumeGridGenerator);

Parameters Description:
inSensorconfiguration Desription of the Sensorconfiguration (EEG Electrodes)

inVolumeGridGenerator Grid generator of afinite element volume grid

Important public interface functions:

perform a computation of the simulation results

void computeGainMatrix( int NumberDip,
const utMatrix_t<double>&  inPos,
const utMatrix_t<double>& inDir,
utMatrix_t<double> & outSmData);

For a parameter description see anAbstractSimulatorEEGMEG _c¢

Simulator using pre-computed leadfield matrix
Class name: anSimulatorEEGPrecomputedL eadfieldMatrix_c

The leadfield matrix gives a description of the relationship between the sources and signal strength at
the sensors. In case a pre-computed leadfield matrix is present, values of the leadfield matrix can
replace forward computation results of a simulator. To be able to work with the leadfield matrix in the
same way as forward computations of a simulator the leadfield matrix can be feed into a simulator and
the smulator can provide the gain-matrix without any further computations.

How to create asimulator using a precomputed |eadfieldmatrix ?

anS mulator EEGPrecomputedLeadfieldMatrix_c(const utMatrix_t<double> & LeadFieldMatrix);
Parameters Description:

LeadFieldMatrix Leadfield matrix
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Important public interface functions

perform a computation of the simulation results

void computeGainMatrix( int NumberDip,
const utMatrix_t<double>& inPos,
const utMatrix_t<double>& inDir,
utMatrix_t<double> & outSmbData);

For a parameter description see anAbstractSimulatorEEGMEG _c¢

3.8 Additional Classes

Sensor configuration
Class Name: anEEGSensorConfiguration_c

Class serves for the description of EEG sensors. Electrodes are described by their label and their
position.

How to create an EEG sensor configuration?

anSensor Configuration_c();
anSensor Configuration _c(anAbstractDataHandler _c& inDataHandler);

Parameters Description:
InDataHandler Link between measured data and input data for numerical methods. It
provides the sensor configuration with sensor positions

Important public interface functions

set sensor type (EEG, MEG, EEG+MEG)

bool setSensor Type(sensortype_e inSensor Type);

get sensor type

sensortype_e getSensor Type();

get number of EEG el ectrodes

int getNumber EEGElIectrodes();

add electrode

bool addEEGEIectrode(std: : string inLabel ,utVector_t<double> inPosition);
remove electrode

bool removeEEGEIectrode(int Index);

get electrode label

std:: string getElectrodelabel (int Index);

get electrode position

utVector_t<double> getEEGElectrodePosition(int Index);

change electrode position

bool changeEEGEIectrodePosition(int Index, utVector_t<double> inPosition);
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Structure Name: anMEGSensor_s

Structure serves for the description of a gradiometer system. Sensors are described by their position
and their direction. Each sensor is further described by parameters of its coils. These parameters are
positions, area, integration points and windings of the coils.

How to create an MEGsensor configuration?

anMEGSensor_s();

Important members and interface functions

3D positions of sensors
utMatrix_t<double> positions;

3D directions of sensors
utMatrix_t<double> directions;
positions of coils

utVector_t<double> coil_positions;

area of coils

utVector_t<double> coil_areas;
windings of coils

utVector_t<int> coil_windings;

2D positions of integration points
utMatrix_t<double> integration_points;
weights of integrations points
utVector_t<double> integration_weights;
transferslocal 2D integration coordinates to global 3D coordinatesutBlock t<double>
computel ntegrationPoints(int Chan);

MEG converter between two sensor arrays
Class: anAnalyzerMEGConvert_c

How to create a MEG converter?

anAnalyzerMEGConvert_c (const anMEGSensor_s& inSensor, const anMEGSensor_s& outSensor)
Parameters Description:

inSensor Sensor of input data

outSensor Sensor of output data

Important members and interface functions

set input MEG data

void setinData (const utMatrix_t<double>& inMEG);
execute conversion

void run();

get output EEG data

utMatrix_t<double> getOutData ();
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Goal function for fitting origin and radius of a sphereinto a cloud of points
Class: anGoal FunctionFitSphere ¢

How to create a goal function for fitting origin and radius of a sphereinto acloud of points ?

anGoal FunctionFitSphere c(utMatrix_t<double>& inReferenceData);

Parameters Description:
inReferenceData matrix containing positions of the cloud of points

Important members and interface functions

compute the goal function value for input parameters
double computeGoal Function(utMatrix_t<double>& inParameter);

DataHandler

Class Name: anAbstractDataHandler ¢

anAbstractDataHandler_c serves as a base class for al kind of data handlers. It serves as link between
measured data with properties like physical units or sampling rate and input data for numerical
methods. The implementation of a data handlers depends on properties of the operating system, file
formats, etc.. Thus no concrete data handler isimplemented in the inverse tool box.

How to create adata handler?

anAbstractDataHandler_c();

Important public interface functions

get an array containing data for a start point and a given interval length
bool GetData(long |Sample, short scSamples, utMatrix_t<double>& inData);
get position and direction information of signal sources
void GetSgnal Sources(utMatrix_t<float>& pos, utMatrix_t<float>& ori, utVector_t<bool>&);
get number of samplesin data set
long GetSampleCount() cons;t
get sampling frequency
float GetSamplingFrequency() const;
get ablock of data, which containsin each layer datafor one event, which is described in an
eventlist
bool GetDataForEventList( const std: : vector<anAnalyzer Averager EventParameters ¢>&
eventlist,
utVector_t<int>& ZeroPos,
utVector_t<int>& NumSamples,
utVector_t<bool>& bEpochCompl ete,
utBlock t<double>& data):
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Signal Processing

Measured data for inverse procedures like EEG and MEG have time dependent properties. To describe
these properties and to perform data processing prior to inverse procedures the toolbox provides signal
processing algorithms,

Data Windowing

Class Name: anAbstractDatawWindow_c

Data windowing algorithms are used for algorithms working with alimited amount of data, to provide
a smooth onset and fading of the input data for the subsequent signal processing. To be able to

exchange windowing methods in a simple way, a abstract class interface is introduced.

Important public interface functions

window data
windowDatalD(const utVector t<double>& inputSamples,
utVector_t<double>& outputSamples);
perform inverse windowing
windowDatal nverselD(const utVector _t<double>& inputSamples,
utVector_t<double>& outputSamples);

Squar e Window
Class Name: anDataWindowSquare ¢

Implementation class derived from anAbstractDatawWindow_c. Windowing using a sgquare window
does nothing to the data. Windowed data are identical to the input data (see formula).

w. =1, j =0,.,N-1, N=Datalength

]

How to create data window?

anDataWindowSguare c();

Important public interface functions

window data
windowDatalD(const utVector_t<double>& inputSamples,
utVector_t<double>& outputSamples);
perform inverse windowing
windowDatal nverselD(const utVector _t<double>& inputSamples,
utVector_t<double>& outputSamples);
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Bartlett Window
Class Name: anDataWindowBartlett_c

Implementation class derived from anAbstractDataWindow _c. Using a Bartlett window data are
multiplied with atriangle using the following formula.

i- LN -

w =1- |—-, ] . N - 1, N =Datalength.

J }é N !

How to create data window?

anDataWindowBartlett_c();

Important public interface functions

window data
windowDatalD(const utVector_t<double>& inputSamples,
utVector _t<double>& outputSampl es);
perform inverse windowing
windowDatal nverselD(const utVector _t<double> & inputSamples,
utVector_t<double>& outputSamples);

Welch Window
Class Name: anDatawWindowWelch ¢

Implementation class derived from anAbstractDataWindow c. Using a Welch window data are
multiplied with a parable using the following formula

) 2
w. =1- ﬂ ’j

J % N

=0,...,N - 1, N =Datalength.

How to create data window?

anDataWindowWelch_c();

Important public interface functions

window data
windowDatalD(const utVector t<double>& inputSamples,
utVector_t<double>& outputSamples);
perform inverse windowing
windowDatal nverselD(const utVector _t<double> & inputSamples,
utVector_t<double>& outputSamples);
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Transformations

Transformations transfer data from one domain to a second domain.

Abstract Analyzer Transformation:

Class Name: anAbstractAnayzerTransform c

anAbstractAnalyzerTransform_c is derived from an anAbstractAnalyzer_c and serves as a base class
for al kind of transformations. To provide the class with measured data it has a reference to an

instance of an anAbstractDataHandler_c.

The constructor of the abstract analyzer for transformations cannot be accessed:

anAbstractAnalyzer Transform_c( anAbstractDataHandler_c&  inDataHandler,
anAbstractDataWindow_c& inDataWindow);

Parameters Description:

inDataHandler serves as an interface to measured data
inDataWindow performs data windowing prior to transformation

Important public interface functions

perform transformation (pure virtual method). |mplementation resides in derived classes
virtual void run() = 0;

get result data

bool getResult(utMatrix_t<double>& outParameters);

acvtivate data windowing (by default windowing is activated)

bool ActivateWindowing();

deactivate windowing

bool DeActivateWindowing();

Abstract Analyzer for Invertible Transformations:

Class Name: anAbstractAnalyzerTransforminvertible ¢

All transformations, which are invertible, are derived from anAbstractAnayzerTransforminvertible c.
It contains additional methods to run transformations and to retrieve the results of inverse

transformations.

The constructor of the abstract analyzer for invertable transformations cannot be accessed:

anAbstractAnalyzer Transforminvertible _c( anAbstractDataHandler c&  inDataHandler,
anAbstractDataWindow_cé& inDataWindow);

Parameters Description:

inDataHandler serves as an interface to measured data
inDataWindow performs data windowing prior to transformation
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Important public interface functions

perform transformation (pure virtual method). Implementation resides in derived classes.
virtual void run() = 0;

get result data

bool getResult(utMatrix_t<double>& outParameters);

perform inverse transformation (pure virtual method). |mplementation resides in derived classes.
virtual void runinverse(utMatrix_t<double>& inData) = 0;

get result data of inverse transformation

bool getlnverseResult(utMatrix_t<double>& outParameters);

acvtivate data windowing (by default windowing is activated)

bool ActivateWindowing();

deactivate windowing

bool DeActivateWindowing();

Fourier Transformation
Class Name: anAnalyzerTransformFFT _c

Is derived from anAbstractAnalyzerTransforminvertible _c. The determination of the results of the fast
Fourier transformation and the inverse fast Fourier transformation is adapted from [3].

How to create fourier transformator?

anAnalyzerTransformFFT_c( anAbstractDataHandler_c&  inDataHandler,
anAbstractDataWindow_cé& inDataWindow);

Parameters Description:

inDataHandler serves as an interface to measured data
inDataWindow performs data windowing prior to transformation

Important public interface functions

perform Fourier transformation

void run();

get result data

bool getResult(utMatrix_t<double>& outParameters);
perform inverse fourier transformation

void runinverse(utMatrix_t<double>& inData) ;

get result data of inverse transformation

bool getlnverseResult(utMatrix_t<double>& outParameters);
acvtivate data windowing (by default windowing is activated)
bool ActivateWindowing();

deactivate windowing

bool DeActivateWindowing();

set settings

void setSettings(const anAnalyzer TransformFFTParameters s& Settings);
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How to create Fourier transformation settings

anAnalyzer TransformFFTParameters_s( long nSartSample,
long nNumberof Samples,
const anFregquencyBands c&  srcFreguencyBands,
double dFreguencyResolution = 0.,

anTransformationResultType e eResultType =
RESULT_POWERSPECTRUM);

Following result types are avail able:

1. RESULT_UNKNOWN,

2. RESULT_POWERSPECTRUM,

3. RESULT_LOGSPECTRUM ,

4. RESULT_DBSPECTRUM,

5. RESULT_AMPLITUDESPECTRUM,
6. RESULT_COMPLEXSPECTRUM.

Aver ager
Class Name: anAnalyzerAverager ¢

Is derived from anAbstractAnalyzer _c. The method averages epochs of signal with respect to certain
trigger points. The getResult() method provides a matrix containing the averaged signal (first set of
columns), the number of epochs taken into account for each data point (on row) and the variance for
each data point (third set of columns). To have access to the data the anAnalyzerAverager_c class has
a reference to an instance of an anAbstractDataHandler ¢ and to a vector of the class
anAnalyzerAveragerEventParameters_c, which is used to describe the starting points and intervals for
the averaging procedure.

How to create an averager ?

anAnalyzer Averager _c(std:: vector<anAnalyzer Aver ager EventParameters ¢>& EventLidt,
anAbstractDataHandler _c& inDataHandler,
bool UseOnlyCompleteEpochs=true);

Parameters Description:

inDataHandler serves as an interface to measured data

EventList description of events (averager zero time, pre- and post stimulus intervals)

UseOnlyCompleteEpoch  flag, which can be set to false, if also incomplete intervals should be
averaged

Important public interface functions

perform averaging

void run();

get result data

bool getResult(utMatrix_t<double>& outParameters);
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Statistics

Abstract Class Interface

Class Name: anAbstractAnalyzerStatistic_c

anAbstractAnalyzerStatistic_c serves as a base class for all dtatistical procedures. It is derived from
anAbstractAnayzer_c. The constructor takes a matrix with data, which can be a set of random

variables or stochastic processes.

The constructor of the abstract analyzer for statistical methods cannot be accessed:

anAbstractAnalyzer Satistic_c( const utMatrix_t<double>&  inData);

Parameters Description:

inData Each row of the matrix contains the values of one random variable or
stochastic process.

Important public interface functions

perform statistics (pure virtual method). Implementation residesin derived classes.
virtual void run() = 0;

get result data

bool getResult(utMatrix_t<double>& outParameters);

Statistic Momentsfor onerandom variable
Class Name: anAnalyzer StatisticM omentsOneRandomV ariable ¢

The run() method of anAnalyzerStatisticM omentsOneRandomVariable ¢ determines the statistic
moments of each row of the matrix set by the constructor. The gtatistic moments (mean, variance,
standard deviation, skewness, kurtosis) are determined using following formulas:

_ N
Mean: X=— X
j=1

Variance: Var (X,...Xy) -1 (x. - ;()

Standard deviation: s (X;...Xy ) =4/Var (x,...xy)

1N X- x 3
Skewness: Skew(x,...Xy) =— ( )
j=1

v x - x
1A e g
N s

Kurtosis: Kurt(x,...Xy) =
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How to create an analyzer that determined the statistic moments of arandom variable ?

anAnalyzer SatisticMomentsOneRandomVariable _c(const utMatrix_t<double>& inData,
anSatisticMomentsResultType e eResultType =
MOMENTS MEAN_VARIANCE_STANDARDDEV);

Parameters Description:
inData Each row of the matrix contains the values of one random variable or
stochastic process.

eResultType Following options for the result type are available:
MOMENTS_UNKNOWN, MOMENTS_MEAN,
MOMENTS MEAN_VARIANCE_STANDARDDEV,
MOMENTS ALL_MOMENTS

Important public interface functions

compute statistic moments

void run() ;

get result data

bool getResult(utMatrix_t<double>& outParameters);

One row of the result matrix contains the statistic moments in the following order:

resultmatrix[i][0] = mean, resultmatrix|i][1] = variance,
resultmatrix[i][2] = standard _ deviation, resultmatrix[i][3] = skewness,
resultmatrix[i][4] = kurtosis,i = 0,...,number _of _random_ variables

Utilities

Vectors, matrices and 3 D data blocks are frequently used by algorithms of the inverse toolbox. Thus,
the inverse toolbox includes facilities to use vectors, matrices and blocks in a secure and efficient way.
Template classes are created to use the same functionality for different data types (int, long, float,
double, etc.)

Vector

Class Name: utVector_t

Template class for vector operations. Includes secure allocation and access, as well as basic
operations.

How to create avector ?

utVector_t();
utVector_t(int, T=0); create empty vector of certain length

Important public interface functions

alocation

void allocate(int);
length

unsigned length() const;
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reference vector element

T& operator[](int);

assign vector to another vector

utVector_t<T>& operator=(const utVector_t<T>&);
fill with one value

utVector_t<T>& operator=(const T&);

add another vector (same size)

utVector _t<T>& operator+=(const utVector_t<T>&);
utVector _t<T> operator+(const utVector t<T>&);
subtract another vector (same size)

utVector_t<T>& operator-=(const utVector_t<T>&);
utVector t<T> operator-(const utVector t<T>&);
scalar multiplication with another vector (same size)

T operator* (const utVector_t<T>&) const;

multiply with scalar

utVector_t<T>& operator*=(const T&);
utVector_t<T> operator*(const T&) const;

equality

bool operator==(const utVector_t<T>&) const;
inequality

bool operator!=(const utVector_t<T>&) const;
euclidian norm

double norm() congt;

sum of elements

double sum() const;

normalise to euclidian norm

void  normalise();

concatenate two vectors

utVector_t<T> operator|(const utVector_t<T>&) congt;

Matrix

Class Name: utMatrix_t

Template class for matrix operations. Includes secure alocation and access, as well as basic
operations.

How to create a matrix ?

utMatrix_t();
utMatrix_t(int,int, T=0); create empty matrix of given dimensions

Important public interface functions

alocation

void allocate(int,int);

horizontal dimension

unsigned length() const;

vertical dimension

unsigned height() const;

get a copy of column

utVector_t<T> column(int) const;

copy vector into ith row of matrix

void setrow(const utVector t<T>&,int);
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copy vector into ith column of matrix

void setcolumn(const utVector_t<T>&,int);

remove the ith row of matrix

void removerow(int);

remove the ith column of matrix

void removecolumn(int);

assign matrix to another matrix

utMatrix_t<T>& operator=(const utMatrix t<T>&);

fill with one value

utMatrix_t<T>& operator=(const T&);

add another matrix (same size)

utMatrix_t<T>& operator+=(const utMatrix t<T>&);

utMatrix_t<T> operator+(const utMatrix t<T>&);

subtract another matrix (same size)

utMatrix_t<T>& operator-=(const utMatrix_t<T>&);

utMatrix_t<T> operator-(const utMatrix_t<T>&);

multiplication of two matrices (specia dimension requirements)
utMatrix_t<T> operator* (const utMatrix_t<T>&) const;

multiplication of amatrix with a diagona matrix (values are stored in a vector) from the right side
void multiplyrightdiagonal (const utVector_t<T>& in,utMatrix_t<T>& out);
multiplication of a matrix with adiagonal matrix (values are stored in a vector) from the |eft side
void multiplyleftdiagonal (const utVector _t<T>& in, utMatrix_t<T>& out);
multiply with scalar

utMatrix_t<T>& operator*=(const T&);

utMatrix_t<T> operator*(const T&) congt;

equality

bool operator==(const utMatrix_t<T>&) const;

inequality

bool operator!=(const utMatrix t<T>&) const;

frobenius norm

double norm() congt;

determine trangpose of a matrix

void transpose();

concatenate horizontally

utMatrix_t<T> operator|(const utMatrix_t<T>&) const;

concatenate vertically

utMatrix_t<T> operator&(const utMatrix t<T>&) const;

Block
Class Name: utBlock_t

Template class for matrix operations. Includes secure alocation and access, as well as basic
operations.

How to create ablock ?

utBlock t();
utBlock_t(int,int,int, T=0); create empty block with given dimensions

51



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

Important public interface functions

allocation

void allocate(int,int,int);

horizontal dimension

unsigned length() const;

vertical dimension

unsigned height() const;

third dimension

unsigned depth() const;

assign block to another block

utBlock t<T>& operator=(const utBlock t<T>&);
fill with one value

utBlock _t<T>& operator=(const T&);

add another block (same size)

utBlock _t<T>& operator+=(const utBlock t<T>&);
utBlock t<T> operator+(const utBlock t<T>&);
subtract another block (same size)

utBlock _t<T>& operator-=(const utBlock t<T>&);
utBlock t<T> operator-(const utBlock t<T>&);
multiply with scalar

utBlock t<T>& operator*=(const T&);
utBlock t<T> operator*(const T&) const;
equality

bool operator==(const utBlock t<T>&) congt;
inequality

bool operator!=(const utBlock t<T>&) congt;
concatenate horizontally

utBlock t<T> operator|(const utBlock t<T>&);
concatenate vertically

utBlock t<T> operator&(const utBlock t<T>&);
concatenate depth

utBlock t<T> operator”(const utBlock t<T>&);
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4. Access to methods of the inver se toolbox

To give access to the classes of the inverse toolbox a multi layer interface is implemented. It provides
a set of user scenarios on three different levels. A user scenario consists of a reasonable combinations
of methods and contains a compl ete source modeling procedure.

In the center is the generic inverse toolbox providing inverse methods as a set of classes.

Thefirst shell (UIF 1) isredlized as a class and provides a set of methods each of them representing
one scenario. Data exchange is done by using pointersto data.

The next level (UIF I1) gives access to the user scenarios with additional file input/output facilities.
Theouter level (UIF 111) will allow to construct a user scenario on acommand line level.

The three user interfaces are isomorphic. A method or command of the two outer levels consist
besides of functions specific to itslevel of just one call of a method of the next deeper layer. The three
user interfaces can be easily extended, asit is described in chapter 4.4

UserinterFace |
Provides Function calls

for resonable combinations
of methods (user scenario),
data exchange by pointers

UserinterFace |1
Provides function calls for
user scenarios, data
exchangeviafilel/O

Inverse
Analyzer,

Generic Toolbox:
Inverse Methods

e ()

UserinterFace 11
Provides access to user
scenarioson a
command line level,
data exchange viafile
110

Fig.4.1 Three shell user interface

4.1 User interfacel

User interface | shall give the opportunity to use the methods of the inverse toolbox in a complete
application. User interface | isimplemented as a class. Methods of UIF | are for example:

uifl linear_estimation_oncortex(parameter_1, parameter_2, ..., parameter_n)

uifl linear_estimation_onbrainsurface(parameter_1, parameter_2, ..., parameter_n)
uifl linear_estimation_inbrainvolume(parameter 1, parameter_2, ..., parameter_n)
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uif1l_movingdipolfit(parameter_1, parameter_2, ..., parameter_n)
uifl rotatingdipolfit(parameter_1, parameter_2, ..., parameter_n)
uifl fixeddipolfit(parameter 1, parameter_2, ..., parameter_n)

Parameters that have to be set invoking a method can be divided into five groups:

1. Parameters, which supply the methods with grids, measured signals and measurement conditions
like electrode positions.

2. Theresult of the source modeling.

3. Parameters, which are used as switches, to select between combinations of agorithms.

4. A class providing additional parametersto define detailed settings of algorithms.

5. For dipole fit methods, the number of dipoles can be set as an additional parameter.

Table 4.1 gives an overview about possible combinations of algorithms, which can be composed on

the level of user interface I. An exact parameter definition for the methods is given in the appendix
part A.

Forward — | Linear- Inverter- Sensor- | Optimizer | Criteria Search- Intial
type inverse type type volume Guess
type (Regu-
larizer)
Linear Spheres L2 TSVD EEG Cortexgrid
estimation | FEM Tikhonow - - Brainsurface- -
BEM grid
Brainvolume-
grid
Leadfield | Spheres - - EEG - - Cortexgrid
matrix FEM Brainsurface-
BEM grid
Brainvolume-
grid
Linear Spheres L2 TSVD EEG Cortexgrid
estimation | FEM Tikhonow - - Brainsurface- -
(with BEM grid
leadfield Brainvolume-
matrix) grid
Goafunc- | Spheres - - EEG - - Cortexgrid
tion scan FEM Brainsurface-
BEM grid
Brainvolume-
grid
MUSIC Spheres - - EEG - - Cortexgrid
scan FEM Brainsurface-
BEM grid
Brainvolume-
grid
Dipolefit | Spheres TSVD EEG Simplex Minumum Entire Brain Stand-
FEM - Tikhonow | MEG Marquardt | Square Error ard
BEM
BEM BEM - - EEG - - - -
System-
matrix
Mag BEM - - MEG - - - -
System-
matrix

Table 4.1 Overview about combinations of algorithms, which are provided by the user interfaces
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4.2 User interfacell
User interface |l provides the same methods as user interface I. On the level of user interface Il

methods are implemented, which can read files providing the methods with data.

Each Method of user interface Il corresponds to one method of user interface I. File input and output
operations are wrapped around the call of the corresponding method of user interface .

Files that can be read by the methods of UIF |1 contain:

reference data (Vistafile format, ASCII file format, ASA file format)
electrodes (Vistafile format, ASA file format)

gradiometers (ASA fileformat)

grids (Vistafile format)

parameter file (format description: see appendix B)

Gradiometers cannot be described using the Vista file format. In this case only the ASA file format is
supported. Gradiometer descriptions are available for most of the commercial MEG systems in the
ASA file format. The ASA gradiometer file can contain a link to file, which contains the magnetic
system matrix used for BEM MEG forward simulators.

The objective of the parameter file is to provide additional information to set detailed properties of
methods of the inverse toolbox.

The output of results of the inverse toolbox is written into a Vista or ASA file. This alows an easy
coupling to the ASA software of A.N.T software B.V.. The ASA file format is ASCII based. Results
can be easily controlled or post processed using other software tools.

Names of methods of user interface Il start with “uif2”. An exact description of the parameters of the
methods of UIF Il is available in the appendix part A.

4.3 User interfacelll

Thethird user interface level provides access to the methods of the inverse toolbox on a command line
level. Commands are invoked with a set of arguments, to specify the execution of the command. User
interface |1l provides the same set of inverse methods as the above described user interfaces.
Commands of user interface 11l have identical properties as methods of the inner levels by calling a
method of UIF Il whichin turn calls amethod of UIF I.

Commands of user interface 11 look like:

ipm_linux_opt -argumentspecifierl argumentl —argumentspecifier2 argument2 ......

Arguments for commands define the type of source modeling, filenames of input and output files and
switches, to select between combinations of algorithms.

Switches defining details of an inverse procedure and file names can be set in an arbitrary order. It is
insured that only reasonable combinations of algorithms can be selected and if possible default
parameters are set, when parameters are omitted.

The following statement gives an example for acommand performing a dipole fit operation:
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ipm_linux_opt -invereseproceduretype uif3_rotatingdipol efit -refdatafile ../eeg/aver agedspike.msr -
headgridfile head.dum -sensorfile ../electrodes/standard.el ¢ -resultfile ../results/rotatingdip.v
-parameterfile ../parameterfiles/spheres.par -forwardtype Sohere -ndip 1

-sear chvolumetype InEntireBrain -intial guesstype Sandard

As for the preceding user interface levels exact definitions of the commands are given in part A of the
appendix.

4.4 Adding user scenarios

Adding new methods to the inverse toolbox or the wish to create new combinations of already
implemented methods evoke the need of creating new user scenarios. This can be done by combining
methods of the inverse toolbox to a new user scenarios. This chapter shall give a brief guideline to
implement a new scenario for the three interface levels.

User interface | is defined as a class. Thus in the corresponding include file a new method has to be
added. To provide an example, a part of the class definition can be found in the appendix part C. The
method must have arguments specifying input and output parameters as for example reference data,
sensor configurations and result data. Additional switches are possible to allow a greater variability of
combinations of methods. Inside the implementation of the methods, a constructor for all classes
which are necessary for the determination of the source parameters has to be invoked. Then the run()
method for the parameter determination can be called, followed by a call of getResult(), which delivers
amatrix with the estimated source parameters asit is shown in the following example.

/| prepare nethod

/1 initialize simulator
anSi mul at or EEGSpheres_c sim(sensorconfig,inRadii, Center,inConductivities);

/1 Initialize searcg vol une
anSear chVol umeSphere_c Sear chVol ume(Center, inRadii[2]);

/1 initialize weighter
anUnar yWei ghter_c wei ghter(sim;

/1 initialize regulatizer
anRegul ari zer TruncSVD_c regul ari zer;

/1 initialize criterium
anCriteriaM ni nunSquar eError_c squareerror;

/1 initialize initial guess
anlni ti al GuessStandard_c initial guess;

/1 initialize grid generator
anGri dGener at or Si ngl eDi pol es_c di pol egri d;

/!l initialize linear estimator
anAnal yzer |l nverselLi near _c |inearestimator(refdata, si mdipolegrid,weighter,regularizer);

/1l initialize goal function
anGoal Functi onDi pol eRotati ng_c goal function(refdata, si msquareerror, searchsol une,
linearestinmator);

/1 initialize optimzer
anOptim zer Marquardt _c optim zer(goal function);

/'l inverse nethos
anAnal yzer | nverseDi pol eFit_c met hod( nundi p, i ni tial guess, optim zer);

/1 run dipole fit and get resultmatrix
ut Matri x_t <doubl e> resul tmatri x;

met hod. run();

met hod. get Resul t (resul tmatri x);

User interface Il is aso realized as a class. Methods of user interface Il create data matrices and
classes from files before calling the method of user interface I. The results can be written in a file
subsequent to the call of the method of UIF I. An exampleis given inside appendix C.
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User Interface 111 uses the argument argc (argument count) and the array of arguments argv (argument
value) of the main function of a program. Thus the values of argv can be used to identify the name of
the scenario and to define names of input and output files as well as switches. To ensure that the array
argv contains reasonable values, their contents should be checked before calling a method of user
interface .

4.5 I nteraction with Neur oFEM

As a basis for the development of the NeuroFEM-software, the software package CAUCHY'97,
described under http://www.rwth-aachen.de/nk/Cauchy/Cauchy.htm and in [7, 11, 13] was taken and
strongly redesigned.

A C++ class-structured software replaces old FORTRAN77 CAUCHY'97 kernel routines and enables
the development of the SIMBIO-software on parallel platforms. The NeuroFEM-simulator has been
derived from the abstract simulator class of the inverse toolbox. A hierarchic class structure is used to
reduce the number of interfaces and to keep them clean of implementation details. The toolbox
provides abstract class interfaces for grid generators, forward simulators using a discrete and continuos
search space. NeuroFEM tools are interfaced to classes that are derived from these abstract classes.

The integrated class structure allows comparisons with boundary-element-based forward simulations
and analytical series expansion formulas for spherical shell geometries, which both are aso derived
from the abstract simulator-class. The goal is an influence-study of tissue anisotropy on the various
inverse algorithms of the ST4.1 toolbox. A dynamical memory management has been introduced
throughout NeuroFEM, which replaces the former static allocations and enables a user-friendly
application on distributed memory platforms. The NeuroFEM-simulator was tested as forward
simulator for the different inverse methods of the inverse toolbox.

In EEG/MEG-source localisation, the source is usually modelled as a mathematical equivalent current
dipole, i.e. a current source and a sink, which are infinitively close together in the human cortical
layer. This point-like equivalent current dipole has been shown to be an adequate model for the
synchronous polarisation of a cortical surface of about 30mm?. The point-like source directly leads to
asingularity in the related potential which has to be treated numerically. One possibility is the "blurred
dipole" where current monopoles are placed at neighbouring FE-mesh nodes around the dipole
location such that the resultant moment matches that of the mathematical dipole [7]. Fig. 4.2
represents a dipole placed at node i (red) of a finite eement mesh and monopole current sources and
sinks (blue spots) on neighbouring nodes. Can be placed everywhere in the 3 D space with no
restriction to the finite element nodes. This enables forward simulations for a continuos parameter
gpace of the inverse reconstruction. The model matches the dipole moment for arbitrary dipole
directions and moments.

Fig. 4.2 Blurred dipole model for arbitrary dipole directions and moments.
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A second dipole model uses the subtraction method where the "singularity-potentid” for a
mathematical dipole in an unbounded homogeneous conductor is calculated anayticaly and the
correction is carried out numerically on the realistic geometry ([12 ,8] ). The correction is calculated
with the FE method so that the sum of "singularity-" and "correction-", the "total-potential”, obeys the
charge continuity law within the head and the Neumann boundary conditions at the surface. The
subtraction method and the node-shift mesh generation approach (see ST1.2. release notes) have been
validated in a 4-layer sphere model where a spherica harmonics series expansion of the dipole
potential can be derived for anisotropically conducting layers [9, 10]. To validate the subtraction
method, we assumed the following isotropic conductivities in the 4 layer model: 0.33, 0.0049, 1.0 and
0.34 SYm. Together with nodeshifted FE-mesh, the magnification error (optimum 1) was 1.053 and the
relative difference measure (optimum 0) 0.023 for 6 electrodes at all extreme sphere surface positions.

To redlise inverse computations in the continuos parameter space the inverse toolbox was strong
coupled to the finite element sol ution software of WP3 (Fig. 4.34). The source parameters computed in
the inverse toolbox are passed to the finite e ement forward simulator in an iterative way. The result of
the smulation is used in the next optimisation step of the inverse agorithm.

In the case of a discrete parameter space, the positions of the sources are known in advance, and all
forward computations can be computed in one call to the finite element solution software. A complete
leadfield matrix for al discrete source positions is computed. This matrix is passed to the inverse
toolbox if the application runs on the same computer (strong coupling), or it is written to a file and
then transferred to the inverse toolbox (loose coupling). The NeuroFEM tool isintegrated in the ST4.1
software rel ease and uses a common user interface with the inverse toolbox. The forward simulation is
an essential part of all inverse computations (Fig. 4.3 b).

Strong coupling with NeuroFEM Software integration of WP3in 4.1

User interface

ST4.1 toolbox
g NeuroFEM Inverse methods
NeuroFEM [&7»|=
1|2l sT41 +other
p— Ny = Paralle PILUTS/ forwerd moddls
i strong i ' PEBBLES
' coupling ! i €q. solver
e |
Source
reconstruction
(a (b)

Fig. 4.3 @) Coupling between NeuroFEM and other parts of the inverse toolbox ST4.1. Methods of
ST4.1 directly call NeuroFEM agorithms (strong coupling). b) Integration of the solver library and the
NeuroFEM toolbox in the inverse toolbox and in the common user interface of St 4.1.

The inverse toolbox provides accurate modelling of the various tissues and anisotropy through
individualised high resolution finite element modelling. This results in large, sparse linear equation
system with many different right-hand-sides (sources). Therefore, the use of appropriate fast solversis
necessary with regard to the solution time and applicability for inverse source localisation.

Preconditioned Krylov-subspace-methods are among the most attractive iterative methods. The FEM
package NeuroFEM, which is developed within this framework provides these up to date modelling
and solution techniques for de FE-simulation. Within this development compare incompl ete threshol d-
factorisation- with multigrid- preconditioners, the latter is known to be an optimal method with respect
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to the operation count and memory. Since the geometric construction of a grid-hierarchy is difficult
(we only have tensor measurements for the finest level), we use a pure algebraic multigrid (AMG)
preconditioner. [6].

Solver Comparison

The performance tests with ILDLT- and AMG-preconditioning, both taking anisotropy into account,
showed no remarkable difference in the solver times. The calculation times of the Jakobi-
preconditioned Krylov-solvers were up to a factor 1.25 longer for the anisotropic models, probably
because of less-clustered eigenvalue spectra. Up to a relative L_2-residual of 10 3, the differences
between the ILDLT- and the AMG-preconditioned Krylov methods are minimal. From 10° up to 10,
the AMG-preconditioned CG method is the fastest in all tested cases and a factor 2 to 3 times faster
than the best-tuned ILDLT-preconditioned Krylov method. Because of the loss of about 3 digits for
the potential from the source to the electrodes, the interesting residuals begin at about 10° (Fig 4.4).

(a) Realistic head-model, node-shifted 2mm-cubes,
order: 323.752 Time (sec.)
1] 50 100 150 200 250 300 350 400 450 B00
1,E+00 4
1,E-01
1,E-02
e N
e W
1,E-05
1,E-06 \ \‘:"‘
1,E-07 \ /XN, - \‘
L E-08 \ N\ i S
1,E-09 LY \\ <
1,E-10 \ \\ \\ P
Rel.Residual
— AMG(1e-2)-CG(17) —— ILDLT{1e-3)-CG(70) —— ILDLT(1e-2)-CG(153)
= ILDLT{1e-3)}-QMR(63) = ILDLT{1e-2)-QMR(150) =— Jakobi-CG({603)
—— Jakobi-QMR(585)

Fig 4.4: Comparison of different preconditioners for CG- and QMR-method : Realistic head model,
rel. residual L2-norm-accuracy up to 10

Par allelisation of NeuroFEM forward simulationsin the serial inver se toolbox

With regard to the inverse problem, acceptable cal culation times can
only be reached through a parallelisation of the presented solvers and
high computation power provided by high performance computers.
To adapt the software to different hardware environments we
implemented three different classes of configurations.

1. Serial (one processor):
The inverse toolbox and the NeuroFEM forward simulator can be
used on a single processor machine (LINUX / SGI)

2. Local user on aparale computer:
In this case, the complete software is installed on a parallél
computer (PC-Cluster / SGI) and the user locally starts the Fig. 4.5 NEC PC-cluster
computation.

3. Remote parallel computer:
The simulation software isinstalled on a remote computer (PC-Cluster). The user can start either a
complete inverse computation on the remote computer or just do the FEM computation of the
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leadfield matrix on the remote computer. The inverse computations can then be don on a local
computer to give amore flexible use of the inverse toolbox.

The strong coupling of the serial inverse toolbox with the parallel NeuroFEM software was realised
within the user interface shells. NeuroFEM is an MPI paralel HPC library. In one set-up step, the
FEM geometry (partitioned elements) is distributed to the processors. This process is realised by the
root process. The local stiffness matrices are computed on each processor and the forward solution is
computed with the parallel AMG or PILUTS solver library using the provided number of processors.
Inverse toolbox is a seria library which is kept free from MPI functions. The 3- shell user interface
links with the parallel NeuroFEM forward simulator to the serial inverse tool to realise iterative cal to
the forward simulator or to do one call with al dipole positions (leadfield matrix). The interface shell
starts the inverse tools on “root” process, and the forward simulator on al processors. Each iterative
forward simulation step is computed on the paralel platform, and the optimised source parameters
(fast) are computed only on the root and then passed to the other processors by the parallel NeuroFEM
simulator (Fig. 4.6).

Serial part

l—?

Parallel NeuroFEM
P J MPI couplin

Fig 4.6 Coupling of the serial inverse toolbox to the parallel NeuroFEM software.

Parallel Performance: NeuroFEM+AMG

The parallelisation of the inverse source locaisation for a redistic tetrahedra finite element head
model with 118229 nodes shows an almost linear speed-up on a moderate number of processors. The
results are shown for a parallel SGI ORIGIN computer and for the NEC PC-Cluster (Fig 4.7). On the
SGI computer the speedup was 75 for parAMG solver (7.5 through AMG-CG<->Jacohi-CG, 10
through parallelisation) [20,21,22]. The computation time for one forward simulation could be reduced
to 1.5 sec using 12 processors of a PC-Cluster using the paralel algebraic multigrid preconditioned
CG solver [23].
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time Tetrahedra head model: Comparison of parallel SGI ORIGIN: Speedup results for tetrahedra
(log., in sec.) solvers up to rel.accuracy 1e-08 headmodel, 118229 nodes
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Fig 4.7 Speedup results for parallel source smulations on a SGI and a LINUX PC-Cluster

4.6 Error reporting

The command line application of UIF3 returns a zero by a successful execution and —1 if the execution
failed. To enable a more sophisticated error reporting error messages are appended to the parameter
filein case of errors during the inverse procedure. If no parameter file is specified by the command
line arguments, afile named “error.par” will be created for error reporting. Error messages consist as
shown in the example of following items: error code, error type, origin of the error, error description.

[Errors]

code= 02201

type= fatal

origin= NeuroFemSimulatedAnealing
description= No convergence!

These error messages should be read from the parameter file and displayed to the user viathe
graphical user interface.
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5. Documentation

Thefind release of ST 4.1 is documented in this release notes. Thisincludes a description of the class
library, user interfaces, coupling to NeuroFEM, organization of the release and application examples.
The distribution of the release contains further a documentation using HTML. The HTML-
documentation includes:

an overview about implemented methods containing references to the literature,
agraphical representation of the class structure with links to the class definitions,
acomplete class list with links to the class definitions,

a cookbook, how to work with the class interfaces,

adescription of the user interfaces including a complete parameter list.

grLODdDE

6. Directory Structure

Figure 6.1 shows the directory organization of the current release of the inverse toolbox. All
directories are subdirectories of simbio_ipm_ver2001 04 30.
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Fig. 6.1 Directory structure of the st4.1 release “simbio_ipm_ver2002 09 30"

An overview over the contents of the directoriesis given in table 6.1.
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Directory Name

Description

analysislinclude

class definitions of inverse toolbox

bin binary directory: contains binary for uif3
example/eeg contains an example EEG files
example/meg contains an example MEG file

example/electrodes

contains example eectrode files

example/gradiometers

contains example MEG gradiometer file

example/bem

contains example BEM headmodels

example/fem

contains example FEM head model and scripts
for dipolefit methods using a FEM head model
(must be started in this directory !!)

example/results

contains exampl e result files

example/scripts

contains example script files

example/parameterfiles

contains exampl e parameter files

htmldoc

contains html documentation

lib contains libraries of the inverse toolbox,
NeuroFEM, Fortran libraries, and avistalibrary

uif contains source and include files of user
interfaces. Additionally aMakefileis provided

utilities/include class definitions of template classes for vectors,
matrices and blocks.

vista contains source and include files for vistafilei/o

Tab. 6.1 Description of the directories delivered with the inverse toolbox of ST 4.1.
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7. Examples

a) Application of methods of the inver se toolbox towar ds an epileptic spike

a) b)
c) d)
e) f)

Fig. 7.1 Overview about the application of the inverse toolbox towards an averaged epileptic spike: a)
EEG of an averaged spike. b) Dipole fit result overlaid on MRI image. c) Goal function scan
on brain surface d) MUSIC scan metric overlaid on MRI. €) Linear estimation on brain
surface. f) Linear estimation in brain volume using “Loreta’ weighting overlaid on MRI. For
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the computations a BEM forward model was used. Visudlization of a), b), d), f) was
performed with the new ASA software of ANT, ¢) and €) with the VM software of WP 5 of
the SimBio project.

Fig. 7.1 shows an averaged spike signal of a patient suffering from epilepsy. Spikes were aligned w.r.t
to the maximum peak amplitude for the averaging procedure. The subsequent images show application
of the main types of inverse procedures reaized inside of the inverse toolbox towards the average
spike. A discussion of the characteristics of the inverse methods and an interpretation of the results
towards the measured data is beyond the scope of this release notes. Thus, only a classification of the
methods is given. Fig 7.1 b) shows a dipole fit result for the spike. It uses the assumption of a point
like source. Position parameters are determined using a nonlinear optimization algorithm in a
continuous parameter space. All other images show inverse results using a discrete parameter space.
Fig 7.1 ¢) shows the result of a goa function scan for a rotating dipole on positions on the brain
surface. MUSIC scan results for scan points on a regular 3D grid are presented in fig 7.1 d). The last
two images give linear estimation results for distributed sources with source positions either on the
brain surface (fig. 7.1 €)) or on aregular 3D grid (fig. 7.1 f)). The solution for the sources distributed
on aregular 3D grid uses the “Loreta’ agorithm, which provides the smoothest result in space. All
methods indicate an origin of the spike in the |left hemisphere superior to the temporal lobe. They show
small differencesin the position. But differences concerning the extent of the reconstructed sources are
more obvious. Reasons for these differences are for some extent inherent to the used methods. But
they also depend on properties of the input data (e. g. number of recording channels, signal to noise
ratio, sensor configuration). Thus, for the selection of a proper inverse method and afina judgment of
the results knowledge about characteristics of the measurement environment, the inverse methods and
also of other diagnostic methods (e.g. morphologic-, functional imaging, neurological examination)
has to be taken into account. To be able to take these aspects into account a huge variety of state of the
art inverse procedures are provided inside of the inverse toolbox, which can be used in aflexible and
modular way.

b) Sensitivity of source localization towar ds different conductivity ratiosin BEM models

The uncertainty of inverse results due to errors, simplifications and inaccuracies of the head model
used for forward calculation is an important issue as well for the practical use of inverse source
reconstruction methods as for developers of new, probably more sophisticated models. A first
application of the sensitivity analysis package was the application to the investigation of the
displacement of dipole localizations due to different conductivity ratios used in a realistic boundary
element (BEM) model [16]. The actual in vivo tissue conductivities are difficult to obtain [18], [19].
The results of the cited papers using sophisticated methods for the estimation of the bone conductivity
indicate that the commonly used conductivity ratio of 1-1/80-1 probably has to be corrected to aratio
of 1-1/15-1. This huge difference in the conductivity ratios may lead to substantial differences in
inverse results. Thus, differences in dipole localizations between both conductivity ratios were
determined for a huge number of regularly spaced source positions for 2 electrode configurations (31
electrodes and 31 plus 8 additional eectrodes inferior to the standard 10-20 positions). Results of this
study are displayed in figure 7.2 and 7.3. Main findings were: The conductivity ratio of 1-1/80-1
resulted in dipole localizations closer to the brain surface. Using the electrode set up with 31
electrodes a greater displacement is obvious for source positions in the inferior part of the brain than
for the electrode configuration with additional inferior electrode positions. For the temporal lobes, an
area of major interest for clinical source reconstruction applications, maximum source displacements
were 4.2 cm (31 electrodes) in comparison to 2.6 cm (39 electrodes).
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a) c)

=90 mm =40 mm

b) d)

Fig. 7.2 Displacement of dipole localizations using a conductivity ratio of 1-1/80-1 instead of 1-1/15-1: a)
Displacements for al source positions inside of the brain boundary of the BEM model for the
electrode configuration with 31 electrodes, b) displacements are overlaid to corresponding MRI slice
showing high localization errors inside of the temporal lobe, ¢) same as @) but for the electrode
configuration using 8 additional electrodes inferior to the standard 10-20 positions, d) same as ¢) but
using the eectrode configuration with additional electrodes. Localization displacements inside of the
temporal lobe are reduced.

The results show that errors due to the different ratios are far from being negligible. Thus, further
investigations to obtain reliable tissue properties should be encouraged. At least the increase of
localization errors in the inferior part of the brain can be reduced to some amount by applying
additional electrodes inferior to the positions of the standard 10-20 system. This shows that the
sengitivity analysis toolbox can be used to derive results, which give practical useful advice to
diminish source localization errors.
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a)

b)

Dipole localization displacement: < 5mm - <10 mm <15 mm <20 mm > 20 mm -

Fig. 7.3 3D-mapping of the localization displacements for the two electrode configurations: a) 31
electrodes, b) 39 electrodes. High values for the localization displacements are shown inside
of the temporal lobe, frontal lobe and the cerebellum.

) Sensitivity of source localization towar ds conductivity anisotropy in high resolution FEM

In EEG/MEG source |ocalization the human head is modeled as a volume conductor. The skull and the
white matter are known to have anisotropic conductivity with a ratio of up to 1:10. Recently,
formalisms have been described for relating the effective electrical conductivity tensor of white matter
tissue to the effective water diffusion tensor as measured by diffusion tensor magnetic resonance
imaging (DT-MRI). First studies show that skull and white matter conductivity anisotropy have an
influence on the forward solutions for EEG and MEG [21, 24].

This study presents methods for creating redistically shaped high-resolution finite element volume
conductor models of the human head with compartments with anisotropic conductivity. Further, this
study shows the influence of tissue anisotropy on the forward and inverse problem in EEG/MEG
source localization.

A prerequisite for a realistic volume conductor model is the segmentation of head tissues with
different conductivity properties. We used a bimodal T1-/PD-MRI approach, yieding in particular an
improved segmentation of the inner skull surface. Fig. 7.4 (left) shows an axial dice of the segmented
5-tissue head model from bimodal MRI [21].
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Fig 7.4 Axia dice of the 5-tissue segmentation result (left). Smooth spongiosa surface on underlying
T1-MRI (right).

Generation of an anisotropic skull layer

The radia direction of the low-conducting anisotropic skull compartment is computed perpendicular
to a smooth segmentation of the outer spongiosa surface using a deformable model [21] (Fig. 7.4,
right). The skull conductivity tensor eigenvectors were generated from the radid and the two
tangential directions of the surface. We used conductivity tensorss = S| S’ with S the eigenvector
matrix and simulated eigenvalues | =diag(l tang,! tang:l rad) (Table 1). | o IS the conductivity tensor
eigenvalue for radial and | g for tangential direction.

Skull White matter
Ratio I rad I tang I trans I long
11 0.0042 [0.0042 |0.14 0.14
1.2 0.0026 |0.0053 |0.111 |0.222
1.5 0.00143 |0.0072 |0.0818 |0.41
110 0.000905] 0.00905| 0.065 | 0.65

Table 7.1: Skull and white matter conductivity tensor eigenvalue settings (in S/m). The tensor volume
is kept constant for the different anisotropy ratios [21].

Generation of an anisotropic white matter layer

8 DT-MRI measurement sessions, each with 4 axialy oriented, 5 mm thick slices with in-plane
resolution of 2~ 2 mm2 were carried out. Co-registered T1-MRimages allowed the registration of the
DT-MR dataon the 3D T1-MR data set.

Fig 7.5 Trace of the diffusion tensor of the 8 registered DT-MRI sessions (left). Fractional anisotropy
index of the DT-MRI, masked with the white matter mask of the 5-tissue segmentation result (right).

Fig. 7.5 (left) shows the trace of the diffusion tensors. Since water diffusion coefficients in CSF are
much larger than in the brain, alarge contrast is achieved at the brain surface. Fig. 7.5 (right) shows a
map of the fractional anisotropy index of the registered DT data. The highest FA value was found in
the splenium of the corpus callosum (0.74). We used conductivity tensors with simulated eigenvalues
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| =diag(l long,l trans,| trans) (Table 7.1). | long is the eigenvalue longitudinal and | trans transversal to
the fiber directions.

FE modeling

We generated a surface-based high-resolution tetrahedral FE tessellation of the relevant 5
compartments, using CURRY [2]. Isotropic conductivity tensors were assigned to skin (0.33 S/m),
CSF (1.79 S/m), brain gray matter (0.33 S/m) and ventricular system (1.79 S/m). An anisotropic
conductivity tensor was assigned each finite element in the skull and the white matter compartment
(Fig. 7.6). Tensor validation and visualization was carried out with the SIMBIO visualization module
(see release notes WPS).

Fig 7.6 Conductivity tensors in the barycenters of skull elements (left) and white matter elements
(right).

The resulting model consists of 147287 nodes and 892115 tetrahedra elements. For solving the sparse,
large scale, linear FE equation system with many different right-hand-sides, we make use of our
paralel NeuroFEM software, which is based on a parallel algebraic multigrid solver [22]. The
NeuroFEM computation platform used here is an architecturaly simple Linux PC-cluster with a
switched Fast Ethernet connection.

Neur oFEM sour ce simulation

The result of an EEG forward solution for one dipole in the isotropic FE model is presented in Fig.
7.7. Theisopotential lines are concentrated in the low conducting skull layer.
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Fig 7.7 Realistic 5-tissue-model: Isopotential-lines from -2 V to 2V on an axial layer of the isotropic
FE mesh (left); surface isopotential lines (right)

| order to show the influence of the anisotropie on the forward solution we preset source simulations
for two different dipole positions. The influence of the anisotropie depends on the location of the
dipole, and one can expect errors in the localization depth and strength due to the tissue anisotropie
(fig. 7.8).

Fig 7.8 Influence of the anisotropie on the NeuroFEM forward solution. The left column shows two
dipole positions at different locations. The middle column shows the potential distribution from the
isotropic FE model. The right column shows the potential distribution from the anisotropic FE model.

The influence of anisotropy to single dipole EEG source localization was computed for 43 neocortical
sources with large radial (Fig. 7.9, left) and for 46 sources with large tangentia orientated components
(Fig. 7.9, middle and right). The EEG forward simulation in a 1:10 anisotropic (both, WM and skull)
volume conductors was used as reference data for the inverse dipole fit procedure in the isotropic FE-
model. For inverse localization, we used a single dipole fit Nelder-Mead ssimplex algorithm from the
SimBio inverse source localization toolbox. For the radial sources, the largest localization error is
10.2mm, the average 5.1mm (Fig. 7.9, left), for the tangential it is 17.1mm and 8.8mm respectively
(Fig. 7.9, middle and right). Tangential sources have in particular localization errorsin depth. They are
localized too deep in the temporal lobe (Fig. 7.9, middle) and too superficial in particular in parietal
and occipital areas (Fig. 7.9, right).
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Fig 7.9 EEG locadlization errors due to 1:10 anisotropy of skull and WM compartment. The poleis at
the position of the simulated dipole, it points to its inverse localization result. Simulated dipoles with
large radia (left) and large tangential orientation component (middle and right). Errors are presented
on underlying (transparent) WM and inner skull surfaces.

Our results demonstrate that skull and white matter anisotropy has a big influence on moving
single dipole source localization results.

Forward calculation and inverse localization errors indicate the necessity of the chosen
complex realistic head model.
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Appendix A: Commands and par ametersfor user interfaces

List of methods and parameter s of user interfacel

1. Inverse methods:

Linear Estimation:

uifl linear_estimation_oncortex(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemMatrix,
inForwardType, inlnverseType, inlnverterType)

uifl_linear_estimation_onbrainsurface(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemMatrix,
inForwardType, ininverseType, inlnverterType)

uifl_linear_estimation_inbrainvolume(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemMatrix,
inForwardType, inlnverseType, inlnverterType)

Compute Leadfield Matrix

uifl_leadfieldmatrix(inSearchSpaceGrid, inHeadGrid, inSensorConfiguration, inSensorType,
inParameters, outResult, inBEM SystemM atrix, inForwardType)

Linear Estimation with precomputed L eadfield Matrix

uifl linear_estimation_oncortex_with leadfield(inReferenceData, inSearchSpaceGrid,
inSensorConfiguration, inSensorType, inLeadFieldMatrix, inParameters, outResult,
inForwardType, inlnverseType, inlnverterType)

uifl linear estimation_onbrainsurface with |eadfield(inReferenceData, inSearchSpaceGrid,
inSensorConfiguration, inSensorType, inLeadFieldMatrix, inParameters, outResult,
inForwardType, ininverseType, inlnverterType)

uifl linear estimation_inbrainvolume with |eadfield(inReferenceData, inSearchSpaceGrid,
inSensorConfiguration, inSensorType, inLeadFieldMatrix, inParameters, outResult,
inForwardType, inlnverseType, inlnverterType)

Goalfunction Scan

uifl goalfunctionscan_oncortex(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemM atrix,
inForwardType)

uifl_goafunctionscan_onbrainsurface(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemM atrix,
inForwardType)

uifl_goafunctionscan_inbrainvolume(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemM atrix,
inForwardType)

MUSIC

uifl_MUSIC_oncortex(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemM atrix,
inForwardType)

uifl_MUSIC_onbrainsurface (inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemMatrix,
inForwardType)

uifl MUSIC _ inbrainvolume(inReferenceData, inSearchSpaceGrid, inHeadGrid,
inSensorConfiguration, inSensorType, inParameters, outResult, inBEM SystemMatrix,
inForwardType)

Dipole Fit:

uif1_movingdipolfit(inReferenceData, inHeadGrid, inSensorConfiguration,
inM EGSensorConfiguration, inSensorType, outResult, inBEM SystemMatrix,
inMagBEM SystemM atrix, inParameters, nDipoles, inForwardType, inOptimizerType,
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inCriterialype, inlnverterType, inSearchV olumeType, inlntial GuessType)

uifl_rotatingdipolfit(inReferenceData, inHeadGrid, inSensorConfiguration,

inM EGSensorConfiguration, inSensorType, outResult, inBEM SystemM atrix,
inMagBEM SystemM atrix, inParameters, nDipoles, inForwardType, inOptimizerType,
inCriterialype, ininverterType, inSearchV olumeType, inintial GuessType)

uifl_fixeddipolfit(inReferenceData, inHeadGrid, inSensorConfiguration,

inM EGSensorConfiguration, inSensorType, outResult, inBEM SystemMatrix,
inMagBEM SystemM atrix, inParameters, nDipoles, inForwardType, inOptimizerType,
inCriterialype, ininverterType, inSearchV olumeType, inintial GuessType)

Compute BEM Electric System Matrix

uifl BEMsystemmatrix(inBEMHeadGrid, outBEM SystemMatrix, inParameters)

Compute BEM Magnetic System Matrix

uifl_BEMmagsystemmatrix(inBEMHeadGrid, inM EGSensorConfiguration,
inBEM SystemM atrix, outBEM SystemM atrix)

All methods return a boolean value, indicating either a successful execution or afailure.

2. Parametersl|

Parameter Type Description
inReferenceData utMatrix_t<double> Matrix containing the reference
data
inSearchSpaceGrid Class derived from: class containing search space grid
anAbstractGridGenerator ¢
inHeadGrid Class derived from: class containing head model (grid)

anAbstractGridGenerator_c

inSensorConfiguration

SensorConfiguration

class containing the description of
the sensor configuration

InSensorType sensortype e type of sensors: EEG, MEG
{sensortype EEG, sensortype MEG}
InLeadFieldMatrix utMatrix_t<double> Matrix containing precomputed
leadfield matrix
InParameters class InverseParameters ¢ Class containing settings for

{
public:
InverseParameters c();
virtual ~InverseParameters c();
public:
spheres ¢

m_SpheresSettings,
eegbem_c

m_BEM Settings;
optimizer_c

m_OptimizerSettings;
initialguess ¢

m_Initial GuessSettings;
tsvd ¢

m_TSVDSettings;
tikhonov_c

m_TikhonovSettings;
music_c

m_MUSICSettings;
searchvolume ¢

m_SearchV olumeSettings;
NeuroFEMGrid ¢

m_NeuroFEM GridSettings,
NeuroFEMSim_c

m_NeuroFEM SimSettings,
NeuroFEM InverseGeneral_c

m_NeuroFEM InversGeneral -
Settings,
NeuroFEMAnnealing_c

m_NeuroFEM AnnealingSettings;

inverse methods
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NeuroFEM Regularization_c
m_NeuroFEM Regul arizationSettings,
NeuroFEMTSVD_c
m_NeuroFEM TSV DSettings;} ;

class spheres ¢
{
public:

spheres_c();

virtual ~ spheres _c();
public:
int m_NumSpheres;
utVector_t<double> m_Radii;
utVector_t<double> m_Conductivities;
utVector_t<double> m_Center;
bool m_bUpdatedSettings;
h

class containing parameters of
spherical head model

class eegbem ¢
{
public:
eegbem_c();
virtual ~ eegbem_c();
public:
std::string m_MatrixFileName;
bool m_bUpdatedSettings,
b

Class containing BEM settings

class optimizer_c
{
public:

optimizer_c();

virtual ~optimizer_c();
public:
double m_goodnessoffit;
double m_minimaldescent;
int m_maximumnumberofiterations;
double m_minimumshift;
double m_minimumrotation;
bool m_bUpdatedSettings,

Class containing optimizer settings

b
classinitialguess ¢ Class containing initial guess
{ settings
public:
initialguess_c();
virtua ~initialguess _c();
public:
int m_numinitial guesspos;

utVector_t<double> posx;
utVector_t<double> posy;
utVector_t<double> posz;
bool m_bUpdatedSettings;

b
classtsvd_c Class containing truncated SVD
{ settings
public:
tsvd_c();
virtual ~tsvd_c();
public:

int m_cutoffcriterium;
double m_abscutoff;

double m_relcutoff;

bool m_bUpdatedSettings;} ;

classtikhonov_c

public:
tikhonov_c();
virtual ~ tikhonov_c();
public:
double m_SNR;
bool m_bUpdatedSettings,

Class containing Tikhonov
regularizer settings
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1

classmusic_c
{
public: music_c();

virtual ~music_c();

public:

int m_nSignal SubSpaceSeparationMode;
double m_dLimit;

int m_nNumberOf Components,

bool m_bUpdatedSettings;

b

Class containing MUSI C settings

class NeuroFEMSim_c

public:

NeuroFEMSim_c();

virtual ~NeuroFEMSim_c();
public:
int m_analyticsolution;
int m_degreeofintegration;
double m_toleranceforwardsol ution;
int m_solvermethod,;
double m_simul ationdipol ethreshhold;
double m_simulationepsilondirac;
double m_dipolesmoothness;
int m_dipolemodelorder;
double m_dipolemodelscale;
double m_dipolemodellambda;
double m_dipolemodeldistance;
bool m_bUpdatedSettings;

1

Class containing NeuroFEM
simulator settings

class NeuroFEM Solver_c
{
public:

NeuroFEM Solver_c();

virtual ~NeuroFEM Solver_c();
public:
std::string m_pebbel sparameterfilename;
std::string m_pilutssparameterfilename;
bool m_bUpdatedSettings;
h

class NeuroFEM InverseGeneral _c

{

public:

NeuroFEM InverseGeneral_c();

virtual ~NeuroFEM InverseGeneral _c();
public:

double m_toleranceinversesolution;
bool m_bUpdatedSettings;} ;

Class containing NeuroFEM
general inverse settings

class NeuroFEMAnnealing_c
{
public:

NeuroFEM Annealing_c();

virtual ~NeuroFEMAnnealing_c();
public:

int  m_numberofdipoles;

double m_starttemperature;
double m_decreasingfactor;

int  m_maximumnumberofsteps;
bool m_bUpdatedSettings;

1

Class containing NeuroFEM
simulated annealing settings

class NeuroFEM Regularization_c

public:

NeuroFEM Regul arization_c();

virtual ~NeuroFEM Regularization_c();
public:

double m_lambdainverse;

double m _lambdaend,;

Class containing NeuroFEM
regularization settings
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double m_lambdaincrement;
double m_desirecechisquare;
bool m_bUpdatedSettings;
b

class NeuroFEMTSVD_c Class containing NeuroFEM
{ TSVD settings
public:

NeuroFEMTSVD_c();

virtua ~NeuroFEMTSVD_c();
public:
int m_svdworkarray;
double m_r_parameter;
bool m_bUpdatedSettings;

1

outResult utMatrix_t<double> Matrix containing the result

inBEM SystemM atrix utMatrix_t<float> Matrix containing the BEM electric
system matrix

OUtBEM SystemM atrix utMatrix_t<float> Matrix containing the BEM electric
system matrix

inMagBEM SystemM atrix utMatrix_t<double> Matrix containing the BEM
magnetic system matrix

outM agBEM SystemM atrix utMatrix_t<double> Matrix containing the BEM
magnetic system matrix

nDipoles Int Number of dipolesfor dipole fit

3. Parameters |1 (switches)

Parameter Possible Values Default

inForwardType forwardtype Sphere forwardtype BEM
forwardtype BEM
forwardtype FEM

inlnverterType invertertype Tikhonow, invertertype TruncatedSVD
invertertype TruncatedSVD

inlnverseType linearinversetype L2 linearinversetype L2

inOptimizerType optimizertype_MarquardtOptimizer | optimizertype Marquardt
optimizertype SimplexOptimizer Optimizer

inCriterialype criteriatype_MinimumSquareError criteriatype_MinimumSquare

Error
inSearchVolumeType | searchvolumetype InEntireBrain searchvolumetype InEntireBrain
Inintial GuessType intialguesstype Standard intialguesstype Standard

List of methods and parameter s of user interfacell

1. Inverse M ethods:

Linear Estimation:

uif2 linear_estimation_oncortex(inReferenceDataFileName, inCortexGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType, inlnverseType, inlnverterType)

uif2_linear_estimation_onbrainsurface(inReferenceDatalileName, inBrainSurfaceGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType, inlnverseType, ininverterType)

uif2_linear_estimation_inbrainvolume(inReferenceDatakileName, inBrainV olumeGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inLeadFieldFileName,
inParameterFileName, outResultFilename, inForwardType, inlnverseType, inlnverterType)

Compute Leadfield Matrix

uif2_leadfieldmatrix_oncortex( inCortexGridFileName, inHeadGridFileName,
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inSensorConfigurationFileName, inParameterFileName, outL eadFieldMatrixFilename,
inForwardType)

uif2_leadfieldmatrix_onbrai nsurface(inBrainSurfaceGridFileName, inHeadGridFileName,
inSensorConfigurationFileName, inParameterFileName, outL eadFi el dM atrixFilename,
inForwardType)

uif2_leadfieldmatrix_inbrainvolume(inBrainVolumeGridFileName, inHeadGridFileName,
inSensorConfigurationFileName, inParameterFileName, outL eadFi el dM atrixFilename,
inForwardType)

Linear Estimation with precomputed L eadfield Matrix

uif2_linear_estimation_oncortex_with_|eadfield(inReferenceDataFileName,
inCortexGridFileName, inSensorConfigurationFileName, inLeadFieldFileName,
inParameterFileName, outResultFilename, inForwardType, inlnverseType, inlnverterType)

uif2_linear_estimation_onbrainsurface_with_|eadfield(inReferenceDataFileName,
inBrainSurfaceGridFileName, inSensorConfigurationFileName, inLeadFieldFileName,
inParameterFileName, outResultFilename, inForwardType, inlnverseType, inlnverterType)

uif2 linear_estimation_inbrainvolume with |eadfield(inReferenceDataFileName,
inBrainV olumeGridFileName, inSensorConfigurationFileName, inLeadFieldFileName,
inParameterFileName, outResultFilename, inForwardType, inlnverseType, inlnverterType)

Goalfunction Scan

uif2_goa functionscan_oncortex(inReferenceDataFileName, inCortexGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType)

uif2_goalfunctionscan_onbrainsurface(inReferenceDataFileName, inBrainSurfaceGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType)

uif2_goalfunctionscan_inbrainvolume(inReferenceDataFileName, inBrainV olumeGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType)

MUSIC

uif2 MUSIC_oncortex(inReferenceDataFileName, inCortexGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType)

uif2_MUSIC_onbrainsurface(inReferenceDataFileName, inBrainSurfaceGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType)

uif2_MUSIC_ inbrainvolume(inReferenceDataFileName, inBrainV olumeGridFileName,
inHeadGridFileName, inSensorConfigurationFileName, inParameterFileName,
outResultFilename, inForwardType)

DipoleFit:

uif2_movingdipolfit(inReferenceDataFileName, inHeadGridFileName,
inSensorConfigurationFileName, inSensorType, inParameterFileName, outResultFilename,
nDipoles, inForwardType, inOptimizerType, inCriteriaType, inlnverterType

inSearchV olumeType, inintial GuessType)

uif2_rotatingdipolfit(inReferenceDataFileName, inHeadGridFileName,
inSensorConfigurationFileName, inSensorType, inParameterFileName, outResultFilename,
nDipoles, inForwardType, inOptimizerType, inCriteriaType, inlnverterType

inSearchV olumeType, inlntial GuessType)

uif2_fixeddipolfit(inReferenceDataFileName, inHeadGridFileName,
inSensorConfigurationFileName, inSensorType, inParameterFileName, outResultFilename,
nDipoles, inForwardType, inOptimizerType, inCriterialType, ininverterType

inSearchV olumeType, inlntial GuessType)

Compute BEM Electric System Matrix

uif2 BEMsystemmatrix(BEM HeadGridFileName, inParameterFileName)

Compute BEM Magnetic System Matrix

uif2 BEMsystemmatrix(BEM HeadGridFileName, inSensorConfigurationFileName,
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outMagSystemM atrixResultFilename)

Additional methodsfor filel/O

bool uif2_read ReferenceData(const std::string inReferenceDatalileName,
utMatrix_t<double>& inReferenceData, ReferenceDataSettings c& inReferenceDataSettings,
anEEGSensorConfiguration_c& inSensorConfiguration, forwardtype e inForwardType,
SignalFileType e FileType)

bool uif2_read SensorConfiguration(const std::string inSensorConfigurationFileName,
anEEGSensorConfiguration_c& inSensorConfiguration, sensortype_e& inSensorType,
ElectrodeFileType e FileType)

bool uif2_read MEGSensorConfiguration(const std::string inSensorConfigurationFileName,
anMEGSensor_s& inSensorConfiguration, utMatrix_t<double>& SystemM atrix)

bool uif2 read ParameterFile(const std::string inParameterFileName, ReferenceDataSettings c&
inRefDataSettings, FileFormatSettings_c& inFileFormatSettings, InverseParameters c&
inlnverseParameters)

bool uif2 write ResultData(const std::string outResultFilename, utMatrix_t<double>&
outResult, Model Type e Model Type, int nDipoles, ResultFileType_e FileType, int nElements,
int* ElementNodes, int inVolume)

bool uif2_write L eadFieldMatrix(const std::string outL eadFieldMatrixFileName,
utMatrix_t<double>& outLeadFieldMatrix, int nSourceDir, ResultFileType e FileType)

bool uif2 read LeadFieldMatrix(const std::string inLeadFieldMatrixFileName,
utMatrix_t<double>& inLeadFieldMatrix, MatrixFileType e FileType)

bool uif2_add BEM SystemMatrixToVistaGrid(const std::string BEM GridFileName, const
utMatrix_t<double>& BEM SystemMatrix)

bool uif2_get BEM SystemMatrixFromVistaFile(const std::string BEM GridFileName,
utMatrix_t<float>& BEM SystemM atrix)

bool uif2_write BEMMagSystemMatrix (const std::string MagSystemM atrixFileName,
utMatrix_t<double>& BEMM agSystemM atrix)

bool uif2_append_ErrorMessage(const std::string inParameterFileName, int code, const
std::string type, const std::string origin, const std::string description)

| nput-Output File Types

enum SignalFileType e ASCllIn ASAIn
Vistaln
ASAIn

enum ElectrodeFileType e VistaElec ASAElec
ASAElec

enum ResultFileType e VistaOut VistaOut
ASAOut
CauchyOut
VistaASAOut

MatrixFileType_e Vista, VistaOut
ASA
Cauchy

GridFileType e VistaGrid VistaGrid
CauchyGrid

80



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

2. Parameters|

Parameter Type | Description Default File
Format

InReferenceDataFileName string | Filename of file containing the ASA
reference data

InCortexGridFileName string | Filename of file containing the Vista
description of the cortex grid

InBrainSurfaceGridFileName string | Filename of file containing the Vista
description of the brain surface
grid

InBrainV olumeGridFileName string | Filename of file containing the Vista
description of the brain volume
grid

InHeadGridFileName string | Filename of file containing the Vista
description of the head grid
(needed for simulator)

inSensorConfigurationFileName | string | Filename of file containing the ASA
reference data

outResultFilename string | Filename of file containing the Vista
results

inLeadFieldFileName string | Filename of file containing the Vista
leadfiel dmatrix

outL eadFieldFileName string | Filename of file containing the Vista
|eadfieldmatrix

outMagSystemM atrixResult- string | Filename of file containing the ASA

Filename BEM magnetic system matrix

inParameterFileName string | Filename of file containig settings | See Appendix
of methods B

3. Parameters |l (switches)

Parameter Possible Values Default

inForwardType forwardtype Sphere forwardtype BEM
forwardtype BEM
forwardtype FEM

innverterType invertertype Tikhonow, invertertype TruncatedSVD
invertertype TruncatedSVD

inlnverseType linearinversetype L2 linearinversetype L2

inOptimizerType optimizertype_MarquardtOptimizer | optimizertype Marquardt
optimizertype SimplexOptimizer Optimizer

inCriteriaType criteriatype_MinimumSquareError criteriatype_MinimumSquare

Error
inSearchVolumeType | searchvolumetype InEntireBrain searchvolumetype InEntireBrain

Inintial GuessType intial guesstype Standard intial guesstype Standard
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List of command arqguments of user interfacelll

1. Inverse M ethods:

Linear Estimation:

-invereseproceduretype uif3_linear_estimation_oncortex -refdatafile inReferenceDataFileName -
searchspacegridfile inCortexGridFileName -headgridfile inHeadGridFileName -sensorfile
inSensor Configur ationFileName -parameterfile inParameter FileName -resultfile
outResultFilename -forwardtype inForwardType -inversetype inlnverseType -invertertype
inlnverterType

-invereseproceduretype uif3_linear_estimation_onbrainsurface -refdatafile
inReferenceDataFileName -searchspacegridfile inBrainSurfaceGridFileName -headgridfile
inHeadGridFileName -sensorfile inSensor Configur ationFileName -parameterfile

inParameter FileName -resultfile outResultFilename -forwardtype inForwardType -inversetype
inlnverseType -invertertype inlnverterType

-invereseproceduretype uif3_linear_estimation_inbrainvolume -refdatafile
inReferenceDatalileName -searchspacegridfile inBrainVolumeGridFileName -headgridfile
inHeadGridFileName -sensorfil e inSensor Configur ationFileName -parameterfile

inParameter FileName -resultfile outResultFilename -forwardtype inForwardType -inversetype
inlnverseType -invertertype inlnverterType

Compute Leadfield Matrix

-invereseproceduretype uif3_|eadfieldmatrix_oncortex -headgridfile inHeadGridFilename -
searchspacegridfile inCortexGridFileName -sensorfile inSensor Configur ationFileName -
leadfiel dfile outLeadFiel dMatrixFilename -parameterfil e inParameter FileName -forwardtype
inForwardType

-invereseproceduretype uif3_|eadfieldmatrix_onbrainsurface -headgridfile inHeadGridFilename
-searchspacegridfile inBrainSurfaceGridFileName -sensorfile inSensor Configur ationFileName -
leadfieldfile outLeadFiel dMatrixFilename -parameterfil e inParameter FileName -forwardtype
inForwardType

-invereseproceduretype uif3_leadfieldmatrix_inbrainvolume-headgridfile inHeadGridFilename -
searchspacegridfile inBrainVolumeGridFileName -sensorfile inSensor Configur ationFileName -
leadfieldfile outLeadFiel dMatrixFilename -parameterfil e inParameter FileName -forwardtype
inForwardType

Linear Estimation with precomputed L eadfield Matrix

-invereseproceduretype uif3_linear_estimation_oncortex_with_leadfield -refdatafile
inReferenceDatalileName -searchspacegridfile inCortexGridFileName -sensorfile

inSensor ConfigurationFileName -leadfid dfile inLeadFieldFileName -parameterfile
inParameter FileName -resultfile outResultFilename -forwardtype inForwardType -inversetype
inlnverseType -invertertype inlnverterType

-invereseproceduretype uif3_linear_estimation_onbrainsurface with_leadfield -refdatafile
inReferenceDataFileName -searchspacegridfile inBrainSurfaceGridFileName -sensorfile
inSensor ConfigurationFileName -leadfieldfile inLeadFieldFileName -parameterfile
inParameter FileName -resultfile outResultFilename -forwardtype inForwardType -inversetype
inlnverseType -invertertype inlnverterType

-invereseproceduretype uif3_linear_estimation_inbrainvolume_with_leadfield -refdatafile
inReferenceDataFileName -searchspacegridfile inBrainVolumeGridFileName -sensorfile
inSensor ConfigurationFileName -leadfid dfile inLeadFieldFileName -parameterfile
inParameter FileName -resultfile outResultFilename -forwardtype inForwardType -inversetype
inlnverseType -invertertype inlnverterType

Goalfunction Scan

-invereseproceduretype uif3_goalfunctionscan_oncortex -refdatafile inReferenceDataFileName -
searchspacegridfile inCortexGridFileName -headgridfile inHeadGridFileName -sensorfile
inSensor Configur ationFileName -parameterfile inParameter FileName -resultfile
outResultFilename -forwardtype inForwardType

-invereseproceduretype uif3_goalfunctionscan onbrainsurface -refdatafile
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inReferenceDatalileName -searchspacegridfile inCortexGridFileName -headgridfile
inHeadGridFileName -sensorfile inSensor Configur ationFileName -parameterfile
inParameter FileName -resultfile outResultFilename -forwardtype inForwardType

-invereseproceduretype uif3_goalfunctionscan_inbrainvolume -refdatafile
inReferenceDatalileName -searchspacegridfile inCortexGridFileName -headgridfile
inHeadGridFileName -sensorfile inSensor Configur ationFileName -parameterfile
inParameter FileName -resultfile outResultFilename -forwardtype inForwardType

MUSIC

-invereseproceduretype uif3_MUSIC_oncortex -refdatafile inReferenceDataFileName -
searchspacegridfile inCortexGridFileName -headgridfile inHeadGridFileName -sensorfile
inSensor ConfigurationFileName -parameterfile inParameter FileName -resultfile
outResultFilename -forwardtype inForwardType

-invereseproceduretype uif3_MUSIC_onbrainsurface -refdatafile inReferenceDataFileName -
searchspacegridfile inCortexGridFileName -headgridfile inHeadGridFileName -sensorfile
inSensor ConfigurationFileName -parameterfile inParameter FileName -resultfile
outResultFilename -forwardtype inForwardType

-invereseproceduretype uif3_MUSIC_inbrainvolume -refdatefile inReferenceDataFileName -
searchspacegridfile inCortexGridFileName -headgridfile inHeadGridFileName -sensorfile
inSensor ConfigurationFileName -parameterfile inParameter FileName -resultfile
outResultFilename -forwardtype inForwardType

DipoleFit:

-invereseproceduretype uif3_movingdipol efit -refdatafile inReferenceDataFileName -
headgridfile inHeadGridFileName -sensorfile inSensor Configur ationFileName -sensortype
inSensortype -parameterfile inParameter FileName -resultfile outResultFilename —nDip nDipoles
-forwardtype inForwardType -optimizertype inOptimizerType -criteriatype inCriteriaT ype -
invertertype inlnverterType -searchvolumetype inSearchV olumeType -intia guesstype

inlntial GuessType

-invereseproceduretype uif3_rotatingdipol efit -refdatafile inReferenceDataFileName -
headgridfile inHeadGridFileName -sensorfile inSensor Configur ationFileName -sensortype
inSensortype -parameterfile inParameter FileName -resultfile outResultFilename —nDip nDipoles
-forwardtype inForwardType -optimizertype inOptimizerType -criteriatype inCriterial ype -
invertertype inlnverterType -searchvolumetype inSearchV olumeType -intia guesstype

inlntial GuessType

-invereseproceduretype uif3_fixeddipol efit -refdatafile inReferenceDataFileName -headgridfile
inHeadGridFileName -sensorfile inSensor ConfigurationFileName -sensortype inSensortype -
parameterfile inParameter FileName -resultfil e outResultFilename —nDip nDipoles -forwardtype
inForwardType -optimizertype inOptimizerType -criteriatype inCriteriaT ype -invertertype
inlnverter Type -searchvolumetype inSearchV olumeType -intia guesstype inintial GuessType

Compute BEM Electric System Matrix

-invereseproceduretype uif3_BEMsystemmatrix headgridfile inHeadGridFileName-
parameterfile inParameter FileName

Compute BEM Magnetic System Matrix

-invereseproceduretype uif3_BEMsystemmatrix headgridfile inHeadGridFileName-sensorfile
inSensor ConfigurationFileName -resultfile outResultFilename

83



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

2. Valuesfor arguments used as switches

Parameter Possible Values Default
inSensorType EEG EEG
MEG
inForwardType Sphere BEM
FEM
BEM
ininverseType L2 L2
inlnverter Type Tikhonow TruncatedSVD
TruncatedSVD
inOptimizerType Marquardt Marquardt
BEM
inCriterialype MinimumSquareError MinimumSquareError
inSearchV olumeType InEntireBrain InEntireBrain
inlntial GuessType Standard Standard




SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

Appendix B Description of parameter file

The parameter file is divided into sections. Each section starts with a section keyword in brackets
[sectionkeyword]. This keyword is followed by a set of lines consisting of a keyword followed by “="
and the value which shall be assigned to a variable, which is determined by the keyword.

Lines containing a comment begin with a“#”.

The following list contains the sections of the parameter file and the keywords and data types to
determine properties of methods indicated by the section keyword. Keyword and data must be
separated by a“ “. If more than one value belongs to keyword, values must be given in the following
line separated by “ “. It is not mandatory to set all possible values, which can be set by the parameter
file. Parameters not set in the parameter file are set to default values.

New sections or new section members will be documented in supplements to this release notes.

Parameter file:

[ReferenceDatal

# Number of samplesin ReferenceDataFile
numsamples= int

# Number of channelsin ReferenceDataFile
numchan= int

# Startsample for inverse procedure
startsample= int

# Stopsample for inverse procedure
stopsample= int

[SphereSimulator]

# Number of spheres
numspheres= int

# Radii of spherical head model
radii=

floatvalue floatvalue ...

# Conductivities of speherical head model
conductivites=

floatvalue floatvalue ...
floatvalue floatvalue ...

# Center of spheres

centerx= floatvalue

centery= floatvalue

centerz= floatvalue

[NeuroFEM Simul ator]

# GENERAL PARAMETERS

# residuum of the forward solution

toleranceforwardsol ution= floatvalue

# SOLVER (1:Jakobi-CG, 2:1C(0)-CG, 3:AMG-CG, 4:PILUTS(ILDLT)-CG)
solvermethod= int

# degree of Gaussian integration (2 is recommended)

degreeofintegration= int

# different analytical solutions for the EEG problem

analytical solution= int

# SOURCE SIMULATION

# threshold (percentage of the greatest dipole strength) of al dipolesto appear in the result files
dipol ethreshold= floatvalue
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# blurring single loads to adjacent nodes by means of the Gaussian (normal) distribution
sourcesimul ationepsilondirac= floatvalue

# DIPOLE MODELING

# dipole modelling; weighting of the source distribution with the power of the declared value
dipolemodelingsmoothness= int

# power of the dipole momentsto be considered

dipolemodelingorder= int

# necessary internal scaling factor; should be larger than twice the element edge length
dipolemodelingscale= int

# Lagrangian multiplier for the (inverse) dipole modelling

dipolemodelinglambda= floatvalue

# source-sink separation of the analytical dipole model

dipolemodelingdistance= floatvalue

# use rango dipole model

dipolemodelingrango= int

# Monopole/Dipole

# calculation of the potential distribution for spherical, homogeneous structures by means of a
analytical description

analyticaldipole= int

# forward solution computation with monopoles or dipoles

dipolesources= int

# spread anoda load to adjacent nodes

sourcesimulation= int

#to compare analytical and numerical solutions, an integral average value of the potential is subtracted
#from the analytical results because they are not related to a mean potential (in contrast to the
numerical solution)

averagecorrection= int

[NeuroFEM GridGenerator]

# Number of materials

nummaterials= int

# Conductivities of fem head model conductivities=

floatvalue floatval ue floatval ue floatval ue. floatval ue floatval ue

labels=

intintintintintintint

# Permeability filein CAUCHY format

ca_perm= ca_perm.knw

# if the geometry-file isbuilt up in a certain way, it allows assignment of conductivitiesin an el ement
intervall

# -1- for sorted conductivities

sortedconductivities= int

# -1- for anisotropic conductivities

anisotropicconductivities= int

# NeuroFEM Solver

# parameter file for Pebbles solver

pebbles= pebbles.inp

# choice of Pilutsiterative solver

pilutssolver= int
#********************************************************************
#* The file contains the solver control parameters

#* for the program "cgXXX".

#* Comment lines have a"*" in the second column.
#********************************************************************
#1.d-10 *** Residual norm divided by the

#* *** jnitial residua norm

#********************************************************************
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#6 *** Preconditioning

# 0. none

#* 1. diagonal scaling

#* 2. ICT with preceding diagonal scaling

#* 3: LDLT with preceding diagonal scaling

#* 4. Distributed Schur complement preconditioning using ILDLT
#* with preceding diagonal scaling

#* 5. Complete local LDLAT and then interface iteration until
#* residual norm divided by the initial residual norm < criterion
#* 6. Distributed Schur complement preconditioning using ILDLT
#* with preceding diagona scaling, number of interface iterations
#* isnot considered, interface iteration always until residual

#* norm divided by the initial residual norm < (criterion/100)'
#*

#200 *** fill-in parameter

#*

#2 *** defines the meaning of the

#* *** fill-in parameter

#* *** 0: maximum nonzeros per columnis

#* *** given by the fill-in parameter

#* *** 1. maximum nonzeros per columnis

#* *** given by the fill-in parameter

#* *** plus the number of origina

#* *** nonzerosin that column

#x *x** 20 arbitrary fill-in per column,

# *** ("fill-in parameter” * order)

#* *** possible non-zeros in the strictly

#* *** |ower triangular part of the

#* *** Cholesky factorisation

#*

#1.0d-4 *** threshold for dropping

#*

#0.0d0 *** replaces pivots less than this

#* *** yalue within the ICT construction

#0 *** O0: D of LDLAT not changed

#* *** 1. D=abs( D) for D of LDLAT

#50 *** Number of inner iterations for

#* *** digtributed Schur complement

#* *** preconditioning

#********************************************************************

#5000 *** Maximum iterations for CG
#********************************************************************
#1 *** Fill-in reducing reordering;

# *** 0. no, 1. yes

#*

#0 *** Symmetry of the sparsity pattern

#* 0. symmetric

#* 1. non-symmetric
#********************************************************************
#1 *** Choice of theright hand side

#* 0: row sum -> solution (1, 1, ..., DT for testing

#* 1. user specified, input parameter
#********************************************************************
#0 *** Starting vector for the solver

# 0:(0,0,..,0"T

#* 1: right hand side/ diagonal
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#* 2: given asinput parameter to the solver routine

#* 3: x_0=M~"-1b (M: incomplete factorisation preconditioner)
#********************************************************************
usepilutssettings= int

pilutsresidualnorm= floatvalue

pilutspreconditioning= int

pilutsfillinparameter= int

pilutsmeaningoffillin=int

pilutsthreshold= floatvalue

pilutsreplacespivots= floatvalue

pilutschange_|dIt=int

pilutsiterationsschurcomplement= int

pilutsmaxiterationscg= int

pilutsfillinreducing= int

pilutssymmetry= int

pilutsrhs= int

pilutsstartingvector= int

[NeuroFEM InverseGeneral]
# residuum of the inverse solution
tolerance nversesolution= floatvalue

[NeuroFEMAnnealing]

# inasimulated annealing calculation it gives the number of n dipolesto be searched;
# in aFOCUSS procedure the stopping criteria for the number of remaining dipoles
numberofdipoles= int

# determines the start level of the SA-procedure

starttemperature= floatvalue

# decreasing factor

decreasingfactoroftemp= floatvalue

# number of the overall iterations of a SA procedure

maxi mumannealingsteps= int

[NeuroFEM Regularization]

# Lagrangian multiplier / in the functional A+/B;
# start value for the convergence test
lambdainverse= floatvalue

# final value for the convergence test

lambdaend= floatvalue

# factor for the convergence test
lambdaincrement= floatvalue

# c? value to reach while doing alambda iteration
desiredchisquarevalue= floatvalue

[NeuroFEMTSVD]

# memory space size for aSVD calculation
svdworkarray= nt

# r-parameter

rparameter= floatvalue
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[Initial Guess]

# Number of initial guess positions
numinitial guesspos=

# Initial guess positions

posx=

floatvalue floatvalue ....

posy=

floatvalue floatvalue ....

posz=

floatvalue floatvalue .....

[SearchV olume]

#radius of spherical search volume
searchvolumeradius= 0.07618
#center of spherical search volume
#center

searchvolumecenterx= 0.004474
searchvolumecentery= 0.004474
searchvolumecenterz= 0.04897

[Optimizer]

# Goodness of fit

goodnessoffit= floatvalue

# Minimal descent of goal function
minimal descent= floatvalue

# Maximum number of iterations
maxi mumnumberofiterations= int
# Minimum shift of positions
minimumshift= floatvalue

# Minimum rotation of Moment
minimumrotation= floatvalue

[RegularizationTSV D]

# cutoff criterium 1=absolut, 2=relativ
cutoffcriterium= int

# absolut cutoff value for TSVD
abscutoff= float

# relativ cutoff value for TSVD
relcutoff= float

[RegularizationTikhonov]
# estimated signal to noiseratio
estimatedSNR= float

[MUSIC]

# 1= Use estimated relative noise power, 2= Use number of signal subspace components
signal subspaceseparation= int

# estimated relative noise subspace power

limit= float

# estimated number of signals subspace components

numbercomponents= int

[FileFormats]
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#LeadfieldMatrix input file: 1= Vista, 2= ASA
Leadfiddin=int

#BEM Systemmatrix input file: 1= Vista, 2= ASA
BEM SystemMatrixIn= int

#ReferenceDatafile: 1= Vista, 2= ASA, 3= ASCII
ReferenceDataln= int

#SensorConfiguration file: 1= Vista, 2= ASA
Sensorconfigurationin=int

#FEM HeadGrid: 1= Vista, 2= CAUCHY
FEMHeadGridIn= int

#Source Space Grid: 1= Vista, 2= CAUCHY
SourceSpaceln= int

#Dipole Fileln: 1= Vista, 2= ASA

Dipoleln=int

#Result file: 1= Vista, 2= ASA, 3=Vista+ ASA, 4 = Cauchy
ResultOut= int

[Error]
# Error code
code = string
# Error type
type = string
# Origin of error
origin = string
# Error description
description = string
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Appendix C: Examplesfor the creation of new user scenarios

| mplementation example of user interfacel:

Class definition

//$1 06.02.2001 Matthias D. created
#ifndef UF1L c H

#define __UF1l c H

// UFl c.h: interface for the UFl1 c class.
/
/

~ ——

TEEEEEEEE iy

#include <utilities/include/utvector t.h>
#include <utilities/include/utmatrix_t.h>
#include <utilities/include/utblock t.h>

/1 Include files of analysis tool box

#i ncl ude <anal ysi s/incl ude/ anregul ari zertruncsvd_c. h>

#i ncl ude <anal ysi s/incl ude/ anregul ari zerti khonov_c. h>

#i ncl ude <anal ysi s/include/ancriterian ni munsquareerror_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ansear chvol unesphere_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ansear chvol unei nfinite_c. h>

#i ncl ude <anal ysi s/i ncl ude/ anopti m zermar quardt _c. h>

#i ncl ude <anal ysi s/i ncl ude/ anopti ni zersi npl ex_c. h>

#i ncl ude <anal ysi s/i ncl ude/ angoal functi ondi pol erotating_c. h>

#i ncl ude <anal ysi s/i ncl ude/ angoal functi ondi pol ef i xed_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ansensor confi guration_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ansi mul at or eegspheres_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ansi mul at or regspheres_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ansi mul at or eeghem c. h>

#i ncl ude <anal ysi s/i ncl ude/ ansi mul at or megbem c. h>

#i ncl ude <anal ysi s/i ncl ude/ ananal yzer syst emmat ri xconput ati on_c. h>
#i ncl ude <anal ysi s/i ncl ude/ ansi mul at or eegpr econmput edl eadfi el dmatri x_c. h>
#i ncl ude <anal ysi s/include/ aninitial guessstandard_c. h>

#i ncl ude <anal ysi s/ incl ude/ ananal yzeri nver sedi pol efit_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ananal yzeri nverselinear_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ananal yzeri nver senusi c_c. h>

#i ncl ude <anal ysi s/i ncl ude/ ananal yzeri nver segoal functi onscan_c. h>
#i ncl ude <anal ysi s/i ncl ude/ anunar ywei ghter_c. h>

#i ncl ude <anal ysi s/i ncl ude/ anwei ght er | eadfi el dnormal i zati on_c. h>
#i ncl ude <anal ysi s/i ncl ude/ angri dgener at or si ngl edi pol es_c. h>

#i ncl ude <neur of enl i ncl ude/ angri dgener at or neur of em c. h>

#i ncl ude <neurof em i ncl ude/ angri dgeneratorvista_c. h>

#i ncl ude <neur of enl i ncl ude/ anabst r act si nul at or eegneur of em c. h>

#i ncl ude <neurof enti ncl ude/ neur of em h>

/11l enunerators are used for switches to determ ne details of the nethods

enum f orwar dt ype_e {forwardtype_Sphere, forwardtype BEM forwardtype_FEM;

enum | i nearinversetype_e {linearinversetype_L2, |inearinversetype_Loreta};
enuminvertertype_e {invertertype_Ti khonow, invertertype_TruncatedSVD};

enum optim zertype_e {optim zertype_Si npl exOpti m zer,

optim zertype_Marquardt Optim zer, optim zertype_Si mul at edAnneal i ng};
enumcriteriatype_e {criteriatype_M ni nunSquareError, criteriatype_Maxi munEntropi e,
criteriatype_Maxi munProbabi lity};

enum sear chvol unet ype_e {searchvol unetype_I nEntireBrain};

enum i ntial guesstype_e {intial guesstype_Standard};

class UFl c
{
public:
U Fl_c();
virtual ~U F1_c();

/I Continuous Paraneter Space: User Functions for dipole(s)

91



SimBio Deliverable: Inverse Problem Methodology (IPM): Release Notes

bool wuifl_rotatingdipolfit(const utMtrix_t<doubl e>& i nRef erenceDat a,

Classimplementation

/1 Matrix containing reference (neasured) dat

anAbstract GidCGenerator _c& inHeadGid, // Head Gid

anEEGSensor Confi gurati on_c inSensor Confi guration,

/1 Configurstion of the sensors (el ectrodes)

anMEGSensor _s i nMEGSensor Confi gurati on,

/1 Configurstion of the sensors (MEG gradi oneter)

sensortype_e inSensorType, // Switch for the sel ecetion
of the sensortype

ut Mat ri x_t <doubl e>& out Resul t, /1 Resultmatrix
ut Matri x_t <fl oat >& i nBEMSyst emvat ri X, /1l BEM system
/1 matrix

ut Mat ri x_t <doubl e>& i nMagBEMSyst emvat ri x,
// BEM system matrix for MEG
I nverseParanmeters_c& inParaneters,
/1 Cass Containing Settings of Inverse Mthods
int nDipoles = 1, /1 Number of Dipoles
forwardtype_e i nForwardType = forwardtype_BEM
/1 Switch for the selecetion of forward nodel
optim zertype_e inQOptimzerType =
optim zertype_Marquardt Opti m zer, /1 Switch for
//the selection of the optimn zer
criteriatype_e inCriteriaType =
criteriatype_M ni nunSquar eError,
/1 Switch for the selection of criteria
invertertype_e inlnverterType =
invertertype_Truncat edSVD,
/1 Type of regularization, Default: Truncated
/1 Si ngul ar Val ue Deconposition
sear chvol unet ype_e i nSear chVol uneType =
sear chvol unmet ype_l nEntireBrain, /1 Switch for the
sel ection of the search volunme type
i ntial guesstype_e inlntial GuessType
=i nti al guesstype_St andard) ;

bool U F1_c::uifl rotatingdipolfit(const utMatrix_t<doubl e>& i nRef erencebDat a,

{

anAbstract Gi dCGenerator_c& i nHeadG i d,
anEEGSensor Confi gurati on_c inSensor Configuration,
anMEGSensor _s i nMEGSensor Confi gurati on,
sensortype_e inSensor Type,
ut Mat ri x_t <doubl e>& out Resul t,
ut Matri x_t <fl oat >& i nBEMSyst enmvat ri X,

ut Mat ri x_t <doubl e>& i nMagBEMSyst emvat ri x,
I nver seParaneters_c& inParaneters,
i nt nbDi pol es,

f orwar dt ype_e i nForwar dType,
optim zertype_e inOptim zer Type,
criteriatype_e inCriteriaType,
invertertype_e inlnverterType,
sear chvol unet ype_e i nSear chVol uneType,
i ntial guesstype_e inlntial GuessType)

/1 Selection of type of forward nodel
anAbstract Si mul at or EEGVEG ¢ *si meNULL;

ut Vect or _t <fl oat >

Conductivities(inParaneters. m SpheresSettings. m Conductivities.length());

ut Matri x_t<fl oat>

MagBEMSyst endvat ri x(i nMagBEMSyst envat ri x. hei ght (), i nMagBEMByst emvatri x. | ength());

swi t ch(i nSensor Type)

case sensortype_EEG

switch (inForwardType)

case forwardtype_Sphere:

si m= new anSi nmul at or EEGSpher es_c(i nSensor Confi gurati on,

i nPar anet ers. m SpheresSettings. mRadii,
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i nPar anet ers. m SpheresSettings. m Center,
i nPar anet ers. m SpheresSettings. m Conductivities)
br eak;

case forwardtype_BEM

1

sim = new anSi nul at or EEGBEM c(i nSensor Confi gurati on, i nHeadG'i d);

if (inBEMSystemvatri x. exist())

sim >set Systemvat ri x(i nBEMSyst emvat ri x) ;
if (!sim>isValidSinulator())

delete sim
return fal se;

el se

{
delete sim
return fal se;

br eak;

case forwardtype_FEM
si m = new NEUROFEMSI MULATOR(i nSensor Conf i gur ati on,
i nHeadG'i d, inParameters. m Neur oFEMSI nSetti ngs);
br eak;

defaul t:
return fal se;

br eak;

case sensortype_ MG
switch (inForwardType)

case forwardtype_Sphere:
sim = new anSi nul at or MEGSpher es_c(i nMEGSensor Conf i gur ati on,
i nPar anet ers. m SpheresSettings. m Center);
br eak;

case forwardtype_BEM
for(int i=0; i< Conductivities.length();i++)
Conductivities[i] =
i nPar anet ers. m SpheresSetti ngs. m Conductivities[i];
sim = new anSi nul at or MEGBEM c(i nMEGSensor Conf i gurati on,
i nHeadGid, Conductivities);
i f (inMVagBEMBystemMVatri x. exist())

for(int I=0; |I< inMagBEMSystemMatrix.|length();I ++)
for (int h=0;h<i nMagBEMSyst emVat ri x. hei ght () ; h++)

MagBEMBystenvatri x[ h][I] = inMagBEMSystemMatrix[h][I];

si m >set Syst envat ri x( MagBEMByst emvat ri X) ;
if (!'sim>isValidSimulator())

{

delete sim

return fal se;
el se

{
delete sim
return fal se;

br eak;

case forwardtype_FEM
return false;

defaul t:
return fal se;

br eak;
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/1l Selection of type of criteria
anAbstractCriteria_c *crit=NULL;

switch (inCriteriaType)
{

case criteriatype_M ni munSquar eError:
crit = new anCriteriaM ni munSquar eError_c;

br eak;
defaul t:
delete sim
return false;
}
/1 Selection of type of search vol une
anAbst ract Sear chVol une_c *vol =NULL;

ut Vect or _t <doubl e> Sear chVol uneSet t i ngs,;
swi tch (inSearchVol umeType)

case searchvol unetype_I nEnti reBrain:

i f(inParaneters. m SearchVol uneSetti ngs. m bUpdat edSetti ngs)

printf("\'n Search Vol une present\n");
vol = new anSear chVol uneSphere_c;
Sear chVol uneSettings. al | ocate(4);

Sear chVol unmeSet t i ngs[ 0] =i nPar anet er s. m Sear chVol umeSet ti ngs. m r adi us;
Sear chVol unmeSet ti ngs[ 1] =i nPar anet er s. m Sear chVol unmeSet ti ngs. m center[0];
Sear chVol umeSet ti ngs[ 2] =i nPar anet ers. m Sear chVol umeSetti ngs. m center[1];

Sear chVol unmeSet ti ngs[ 3] =i nPar anet ers. m Sear chVol umeSetti ngs. m center[2];

vol - >set Set ti ngs( Sear chVol umeSetti ngs);

el se
vol = new anSear chVol unel nfinite_c;
}
br eak;
defaul t:
delete sim

delete crit;
return fal se;

/1 Selection of Regularization
anAbstract Regul ari zer _c *reg=NULL;
ut Vect or _t <doubl e> Regul ari zer Setti ngs;

switch (inlnverterType)

case invertertype_Ti khonow
reg = new anRegul ari zer Ti khonov_c(i nRef er enceDat a,

i nPar anet ers. m Ti khonovSettings. m SNR ) ;

br eak;

case invertertype_Truncat edSVD:
reg = new anRegul ari zer TruncSVD_c;
i f(inParanmeters. m TSVDSettings. m bUpdat edSetti ngs)

Regul ari zer Settings. al |l ocate(3);

Regul ari zer Settings[ 0] =

i nParaneters. m TSVDSettings. mcutoffcriterium
Regul ari zer Setti ngs[ 1]
Regul ari zer Set ti ngs| 2]
reg->set Setti ngs(Regul ari zer Setti ngs);

br eak;

defaul t:
delete sim
delete crit;
del ete vol;

i nParanet ers. m TSVDSet ti ngs. m abscut of f;
i nParaneters. m TSVDSetti ngs. mrel cut of f;
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return fal se;

/1 initialize Gid Generator
anG i dGener at or Si ngl eDi pol es_c di pol egri d;

/1 intitialize weighter
anUnar yWei ghter _c wei ghter(*sinj; /1 define
wei ght er

/1 initialize |linear estimator
anAnal yzer | nver selLi near _c
i nearesti mat or (i nRef erenceDat a, *si m di pol egri d, wei ghter, *reg);

/1 initialize goal function
anGoal Functi onDi pol eRotating_c
goal functi on(i nRef erenceDat a, *sim *crit,*vol,linearestimator);

/1 Selection of type of forward otpim zer
anAbstract Opti m zer Conti nuous_c *opt =NULL,;

switch (inOptimn zerType)
{

case optim zertype_Si npl exOptim zer:
opt = new anOptim zer Si npl ex_c(goal function);
br eak;
return fal se;

case optim zertype_Marquardt Optim zer:
opt = new anOpti m zer Mar quar dt _c(goal functi on);
br eak;

defaul t:
delete sim
delete crit;
del ete vol ;
del ete reg;
return fal se;

if(inParaneters. m Optim zerSettings. m bUpdat edSetti ngs)
{ utVector_t<double> StopCriteria;

StopCriteria.allocate(5);
StopCriteria[0] =i nParaneters. m Optim zerSettings. m goodnessoffit;
StopCriterial1l] =i nParanmeters. m Opti m zer Settings. m m ni nal descent;
StopCriterial 2] =inParanmeters. m Optim zerSettings. m maxi mummunberofiterations;
StopCriteria[3]=inParanmeters. m Optim zerSettings. m m ni nunshi ft;
StopCriterial 4] =inParanmeters. m Optim zerSettings. m m ni nunrotation;
opt->setStopCriteria(StopCriteria);

/1 Initial Guess
anAbstractlnitial Guess_c *i nguess=NULL;

switch (inlntial GuessType)

case intial guesstype_Standard:
i nguess = new anlnitial GuessSt andard_c;
br eak;
defaul t:
delete sim
delete crit;
del ete vol ;
del ete reg;
del ete opt;
return fal se;

}

/1 Set Settings for Initial Quess
if(inParaneters.mlnitial GuessSettings. mbUpdatedSettings)
{ utMatrix_t<doubl e> inPositions;

inPositions.allocate(3,inParaneters. mlnitial GuessSettings. mnum nitial guesspos);
for(int i=0;i<inPositions.length();i++)
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inPositions[O][i] = inParaneters.mlnitial GuessSettings.posx[il];
inPositions[1][i] inParaneters. mlnitial GuessSettings. posy[i];
inPositions[2][i] inParaneters. m | nitial GuessSettings.posz[i];

i nguess->setlnitial GuessPositions(inPositions);

/1 anAnal yzer| nverseFit
anAnal yzer | nverseDi pol eFit_c i nversefit(nDi pol es, *i nguess, *opt);

/1 Rotating Dipole Fit
inversefit.run();
inversefit.getResult(outResult);

delete sim
delete crit;
del ete vol ;

del et e i nguess;
del ete opt;

del ete reg;

return inversefit.getExecutionState();
l
TEEEEEErrrrrr i/ eEnd of method uifl_rotatingdipolfit/// /1111111111111

| mplementation example of user interfacell:

Class definition

class UF2 c

{
public:
U F2_c();
virtual ~U F2_c();

bool uif2_rotatingdipolfit(string inReferenceDataFil eNaneg,
/1 Inputfilenane: File containing reference
/1l (neasured) data
string i nHeadG i dFi | eNane,
/1 Inputfilename: File with description of the head grid
string inSensor ConfigurationFil eNane,
/1 InputFile:Configurstion of the sensors
/1 (el ectrodes, MEG gradi oneter)
sensortype_e inSensor Type // Sensor Type EEG MEG
string inParaneterFil eNane,
[l InputFilenane: ParaneterFile
string out Resul t Fil enane,
/1 QutputFilenam File with Resul tmatri x
int nDipoles = 1,
/1 Nunmber of Dipoles
f orwar dtype_e i nForwardType = forwardtype_BEM
Il Switch for the selecetion of forward nodel
optim zertype_e inOptim zerType =
optim zertype_Marquardt Optim zer,
/1 Switch for the selection of the optimzer
criteriatype_e inCriteriaType =
criteriatype_M ni nunSquar eError,
/1 Switch for the selection of criteria
invertertype_e inlnverterType =
invertertype_Truncat edSVD,
/1l Type of regul arization, Def aul t: Truncated
/1 Singular Val ue Deconposition
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sear chvol unmet ype_e i nSear chVol uneType =

sear chvol unet ype_l nEntireBrain,

/1 Switch for the selection of the search volunme type
i ntial guesstype_e inlntial GuessType =

i ntial guesstype_Standard);

/1 Switch for the selection of initialguess

Classimplementation

bool U F2_c::uif2_rotatingdipolfit(string inReferenceDataFi|eNane,
/1 Inputfilename: File containing reference
/1 (neasured) data
string i nHeadG i dFi | eNane,
[/ Inputfilename: File with description of the
/1 head grid
string inSensor ConfigurationFil eNane,
/1 InputFile:Configurstion of the sensors
/'l (el ectrodes, MEG gradi oneter)
sensortype_e inSensorType // Sensor Type EEG/IMEG
string inParaneterFil eNane,
[l InputFilenane: ParaneterFile
string out Resul t Fil enane,
/1 QutputFilenam File with Resul tmatri x
i nt nDi pol es,
/1 Nunber of Dipoles
f orwar dt ype_e i nForwar dType,
Il Switch for the selecetion of forward nodel
optim zertype_e inOptim zer Type,
/]l Switch for the selection of the optim zer
criteriatype_e inCriteriaType,
/] Switch for the selection of criteria
invertertype_e inlnverterType,
/1 Type of regularization, Defaul t:
/1 Truncated Singul ar Val ue Deconposition
sear chvol unet ype_e i nSear chVol uneType,
/1 Switch for the selection of the
/1 search volunme type
i ntial guesstype_e inlntial GuessType)
/1 Switch for the selection of initialguess

{
anAbstract GidGenerator_c *inHeadGid = NULL;

/| Decode Paraneterfile

Ref erenceDat aSettings_c ReferenceDat aSettings;
Fi | eFor mat Settings_c Fi | eFor mats;

I nverseParaneters_c Par anet ers;

if (luif2_read_ParaneterFile(inParaneterFil eName, ReferenceDataSettings,
Fil eFormats, Paraneters)) {

ui f 2_append_Error Message(i nPar anet er Fi | eNane, 204, "war ni ng",
"uif2_rotatingdipolfit","Could not read Paraneter File");}

/'l Read SensorConfiguration fromFile
anEEGSensor Confi gurati on_c i nSensor Confi guration;

anMEGSensor _s i nMEGSensor Conf i gurati on;
ut Matri x_t<fl oat> BEMSyst emvat ri x;
ut Mat ri x_t <doubl e> MEGBEMSyst emvat ri Xx;

if (inSensorType == sensortype_EEQ

if (luif2_read_SensorConfiguration(inSensorConfigurationFil eNane,
i nSensor Confi guration, inSensorType,
Fi | eFormat s. m eSensor confi gurationln))
{ui f2_append_Error Message(i nPar anet er Fi | eName, 201, "fatal ",
"uif2_rotatingdipolfit","Could not read Sensor Configuration");
return fal se;}

}

el se

if ('uif2_read_MEGSensor Confi guration(inSensorConfigurationFil eName,
i nMEGSensor Confi gurati on,
VEGBEMSyst envat ri X))
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ui f 2_append_Error Message(i nParanet er Fi | eNane, 201,"fatal",
"uif2_rotatingdipolfit","Could not read Sensor Configuration");
return false;}

}

/! Read Referencedata
ut Matri x_t <doubl e> i nRef er enceDat a;
if (luif2_read_ReferenceData(inReferencebDataFi| eNane, inReferenceData,
Ref er enceDat aSet ti ngs, inSensor Configurati on,
i nForwar dType, Fil eFormats. m eRef erenceDat al n))

ui f 2_append_Error Message(i nParanet er Fi | eNane, 202,"fatal",
"uif2_rotatingdipolfit","Could not read Reference Data");
return fal se;}

HeadGid for FEM Head Mbdel

/
if (inForwardType == forwardtype_FEM

/
f

inHeadGid = new VOLUVEGRI DGENERATOR(i nHeadGri dFi | eNanme, i nSensor Configuration,
Par amet ers. m Neur oFEM& i dSet ti ngs. m Conductivities);

/1 BEM system matri x
if ((inForwardType == forwardtype BEM ) && (inSensorType == sensortype_EEQ))

bool bVali dBEMSystenmvatri x =
ui f2_get BEMSyst enmVatri xFronVi st aFi | e(i nHeadG i dFi | eNane,
BEMSyst enmvat ri x) ;
if (!bVali dBEMSystemvatri x)

{ uif2_append_ErrorMessage(i nParaneterFi | eNane, 206,"fatal",
"uif2_rotatingdipolfit","Could not read BEM system natri x");
return fal se;}

i nHeadG i d = new anBEMa i dGener at or Vi sta_c(i nHeadG i dFi | eNane) ;

}

ut Mat ri x_t <doubl e> out Resul t;

bool bResult = m U F1.uifl_rotatingdipolfit(inReferenceData,
*i nHeadG i d,
i nSensor Confi gurati on,
i nMEGSensor Confi gurati on,
i nSensor Type,
out Resul t,
BEMSyst emvat ri x,
VEGBEMSyst enVat ri x,
Par anet ers,
nDi pol es,
i nForwar dType,
inOptim zer Type,
inCriteriaType,
i nl nverterType,
i nSear chVol unmeType,
inlntial GuessType);

if (!'bResult) { ui f 2_append_Error Message(i nPar anet er Fi | eNane, 200, "fatal ",
"uif2_rotatingdipolefit","Inverse Procedure failed");
return fal se;}

te Result
if2_wite_Resul tData(out Resul tFil enane, out Result, Model _Rotating, nDi poles,
Fil eFormats. m eResul t Qut))

~

ui f 2_append_Error Message(i nPar anet er Fi | eNane, 205,"fatal",
"uif2_rotatingdipolefit","Could not wite Result Data");
return fal se;}

del ete i nHeadG'i d;
return bResult;
}

/1
THEEDEErrrrr i1 end of method uif2_rotatingdipolfit /771111111111 TTITTT00000
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I mplementation example of user interfacelll:

#include "uif3_c.h"

/1 Inverse Procedure Type
enum i nver seproceduretype_e {
i nver seproceduretype_| eadfi el dmatri x_oncort ex,

nver seprocedur et ype_| eadfi el dnmatri x_onbr ai nsur f ace,

nver seprocedur et ype_| eadfi el dmatri x_i nbrai nvol une,

nver seproceduretype_l i near_estimati on_oncort ex,

nver seproceduretype_l i near_esti mati on_onbrai nsurface,

nver seproceduretype_l i near_estimati on_i nbrai nvol une,

nver seproceduretype_l i near_estimati on_oncortex_w th_| eadfi el dmatri x,

nver seproceduretype_l i near_estimati on_onbrai nsurface_wi th_| eadfiel dnatri x,
nver seproceduretype_linear_estimation_i nbrai nvol une_with_| eadfieldmatrix,
nver seprocedur et ype_goal functi onscan_oncort ex,

nver sepr ocedur et ype_goal f uncti onscan_onbr ai nsur f ace,

nver seprocedur et ype_goal functi onscan_i nbrai nvol une,

nver seprocedur et ype_MJSI C_oncort ex,

nver seprocedur et ype_MJSI C_onbr ai nsur f ace,

nver sepr ocedur et ype_MJSI C_i nbrai nvol une,

nver seprocedur et ype_novi ngdi pol fit,

nver seprocedur et ype_rotati ngdi pol fit,

nver seprocedur et ype_fi xeddi pol fit,

nver seprocedur et ype_BEMsyst enmat ri x

nver seprocedur et ype_BEMVagsyst emmat ri x

b
i nver seproceduretype_e inlnverseProcedureType;
bool Validl nverseProcedure = fal se;
/1 Number of Dipoles
int nDip;
/1 Switches to define inverse procedure
forwardtype_e i nForwar dType = f or war dt ype_BEM
linearinversetype_e inlnverseType = linearinversetype_L2;
invertertype_e i nlnverterType = invertertype_Truncat edSVD,
optim zertype_e i nOptimzerType = optim zertype_Marquardt Opti m zer;
criteriatype_e inCriteriaType = criteriatype_M ni nunSquar eError;
sear chvol unetype_e i nSear chVol uneType = searchvol unetype_I nEnti reBrai n;
intial guesstype_e inlntial GuessType = intial guesstype_Standard;
sensortype_e i nSensor Type= sensortype_EEG
bool forwardtypeset = fal se;
bool |inearinversetypeset = fal se;
bool invertertypeset = fal se;
bool optim zertypeset = fal se;
bool criteriatypeset = fal se;
bool searchvol unet ypset = fal se;
bool intial guesstypeset = fal se;
bool sensortypeset = fal se;

/1 Input/Quptut File Names
char* Ref erenceDat aFi | eNang;
char* HeadG i dFi | eNane;

char* SearchSpaceG i dFi | eNane;
char* LeadFi el divatri xFi | eNane;
char* Sensor Fi | eNane;

char* Resul t Fi | eNane;

char* ParaneterFil eName="error.par";

bool Ref er enceDat aFi | eNanmePr esent = fal se;
bool HeadG i dFil eNanePresent = fal se;
bool SearchSpaceG i dFi | eNanePresent = fal se;
bool LeadFi el dvatri xFi | eNanePresent = fal se;

bool Sensor Fi | eNanePr esent = fal se;
bool ResultFil eNanePresent = fal se;
bool Par anet er Fi | eNamePr esent = fal se;
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/] User Interface 2;
U F2_c uif2;

/1 Method to interpete argv
bool decodeKeyword(char* keyword);
bool decodeKeywords(char* keywordl, char* keyword2);

THLLEEEEEL bbb
111

// Main Function

NN NN NN NN NN NNy

int main(int argc, char* argv[])

/1 return value of inverse procedure
bool bsuccess = fal se

#i f def PARALLEL
/] init the parallel program
int myid = initParallel(argc, argv);
i f(nmyi d==0)
/] execute inverse tool box only on root processor

cout << "Parallel programstarted : Enter any nunber to continue ";
int nb; cin >> nb;
/1 decode keywords

/1 last 4 argunments are ignored... par. program adds par argunments !!
for(int i =1; i < argc - 5; i++)

#el se
for(int i = 1; i < argc-1; i++)

#endi f

char* keywordl = argv[i];
char* keyword2 = argv[i +1];
decodeKeywor ds( keywor d1, keyword2);

f (ValidlnverseProcedure)

FELEEEEEE iy

/1 Rotating Dipole Fit
if (inlnverseProcedureType == inverseproceduretype_rotatingdipolfit)

{
i f (Ref erenceDat aFi | eNamePresent && HeadGri dFi | eNanePresent &&
Sensor Fi | eNamePr esent && Resul t Fi | eNamePr esent)

{

i f(!forwardtypeset) printf("\nNo forward type set.
I nstead deafult is used: BEM n") ;

if(!optimzertypeset) printf("\nNo optimn zer type
set. Instead deafult is used: Marquardt\n");

if(!lcriteriatypeset) printf("\nNo criteria type
set. Instead deafult is used: M ninmunSquareError\n");

if(!invertertypeset) printf("\nNo inverter type

set. Instead deafult is used: TruncatedSvD\n");

i f(!searchvolumetypset) printf("\nNo search vol une set.
Instead deafult is used: |InEntireBrain\n");
if(!intialguesstypeset) printf("\nNo initial guess set.
Instead deafult is used: Standard\n");
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/1 Start inverse procedure
bsuccess=ui f 2. ui f 2_rotati ngdi pol fit(ReferenceDat aFi | eNane,
HeadG i dFi | eNane,
Sensor Fi | eNane,
i nSensor Type
Par amet er Fi | eNaneg,
Resul t Fi | eNane,
nDi p,
i nForwar dType
i nOptim zer Type
inCriteriaType,
i nl nverterType,
i nSear chVol umeType
inlntial GuessType);
i f(!bsuccess)uif?2.uif2 append_ErrorMessage(Paranet er Fi | eNane,
300, "fatal ", "uif3_rotatingdipolefit”,
"inverse procedure failed");

el se
printf("\nNot all necessary file nanes set !\n");
ui f 2. ui f2_append_Err or Message( Par anet er Fi | eNane,
301, "fatal", "uif3_rotatingdipolefit","not all necessary
file names present”);

}bool decodeKeywor d(char* keyword)
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