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NFT

+ A complete framework for accurate forward
problem solution.

+ Easy-to-use MATLAB environment with GUI
and command-line functions.

+ Ability to use available subject information
—T1-weighted 3D MR images
— Digitized sensor (electrode) locations



Comparison with Dipfit

+ The realistic model in Dipfit is a three-layer
MNI head model represented with 3000
vertices.

— The forward matrices are pre-calculated, so there
is no need for FP calculations.

+ NFT generates subject-specific models.

— NFT does model generation and forward problem
calculations.

— More accurate.



Starting NFT

+ To start from EEGLAB
EEGLAB -> Tools -> NFT

+ To start as a standalone toolbox
addpath NFT directory
Type ‘NFT’ in Matlab
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Head Modeling

From a magnetic From electrode
Resonance Image Position Data

Image Segmentation

Mesh Generation

Template Warping

FP Solution with BEM FP Solution with FEM

Dipole Fitting




Subject Selection

Subject Folder ‘

Subject Name Session Name

+ Select subject folder
+ Specify subject name

+ Specify session name
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From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...

BEM mesh

Segmentation



Preparing the MR Image

¢ Using FreeSurfer
— Inhomogeneity correction
— Convert to 1x1x1 volume
— Arrange direction of the image
— Save in analyze format
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From a magnetic
Resonance Image

Image Segmentation

Image Segmentation

Filter the image

(Curvature Anisotropic Filtering)

Mesh Generation

Source Space Generation

Electrode Co-Registrati...
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Classifies four tissues from T1-weighted images

Scalp, Skull, CSF and Brain
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Image Segmentation

NFT: MR segmentation
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Image is filtered!
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Scalp segmented!
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fdata/projectsfzeynepfcomm

CuiBLLEclde onfhome zevnenfiofdeneme

Filtered Image ‘ Segmentation

250

Image Segmentation

W Swap L|R Check inhomogeneity

1. Anisotropic Filtering

[ Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

[ 67 | set |

Cerebellar low point

x | 172
W 158 Set White matter seed point
150
Fill level Threshold
R Y 01 g, 1

4. Outer Skull Segmentation

=
95 | set

5. Inner Skull Segmentation

Center of one eye

| Next = |

Skull segmented!

< Prev l Run
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Segmentation
i Miew skull segmentation

File Y

(xy,2)= (150, 67, 95 )
Image Segmentation

o W Swap LR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

100
150

200 3. Brain Segmentation

67 Set Cerebellar low point

50 100 150 200 250 50 100 150 200 250 . 172
Coronal view Axial view

> 20

b
x

v 158 Set White matter seed point
Display Image
z 150

IMR i i
MR image ,T Fléglel\iel ,T Th{(e)sfl?ld
_Filtered image ’ ’

: 4. Outer Skull Segmentation
_)Scalp mask

z
_JBrain mask 95 Set Center of one eye

(® Outer skull mask .
L3 5. Inner Skull Segmentation

Save Results

fdatafprojectsfzeynepfcomm < Prev ‘ Run | Next =
onfhome zevnen/fiofdeneme

Output Folder
Skull segmented!

100 150 200 250 Filtered Image l Segmentation
Sagittal view

N
a
o
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Segmentation
- Click ‘Next' for CSF segmentation

File Y

(xy,2)= (150, 67, 95 )
Image Segmentation

W Swap LR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

100
150

200 3. Brain Segmentation

67 Set Cerebellar low point

~ | a5
- 50 100 150 200 250 o 50 100 150 200 250 « | 172
Coronal view Axial view
[ - v 158 Set White matter seed point
¥ Display Image
z 150
50 _MRimage Fill level Threshold
o LR () RER (T
_JFiltered image
4. Outer Skull Segmentation
100 _JScalp mask
z

_JBrain mask 95 Set Center of one eye

150 (® Outer skull mask .
5. Inner Skull Segmentation

)

2l Save Results
Output Folder Jdata/projectsfzeynep/comm < Prevy ‘ Run A
onfhome zevnen/fiofdeneme

250 Skull segmented!

= 50 100 150 200 250 Filtered Image l Segmentation
Sagittal view
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Segmentation
i Click Run’ for CSF segmentation

N

(xy,2)= (150, 67, 95 )
=y Image Segmentation

W Swap LR Check inhomogeneity

50
1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

100
150

3. Brain Segmentation

- 67 Set Cerebellar low point
1 250 4

50 100 150 200 250 o 50 100 150 200 250 . 172
Coronal view Axial view

200

b

v 158 Set White matter seed point
Display Image
z 150

IMR i i
MR image ,T F|Egle1\3el ,T Th{(e)sfl?ld
_Filtered image ’ ’

4. Outer Skull Segmentation
_JScalp mask

z
_JBrain mask 95 Set Center of one eye

(® Outer skull mask .
5. Inner Skull Segmentation

Save Results

Output Folder fdata/projectsfzeynepfcomm < Prev RU\” I

onfhome zewvnenfiofdeneme
Segmenting CSF...

Filtered Image l Segmentation

100 150 200 250
Sagittal view

N
a
o
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Segmentation

(xy,2)= (150,67, 95)

100
150

200

1 250 -
- 50 100 150 200 250 o 50 100 150 200 250
Coronal view Axial view

¥ Display Image
50 MR image
_JFiltered image
100 _)Scalp mask
_JBrain mask
150 (® Outer skull mask
_Inner skull mask
20 Save Results [
Output Folder Jdata/projectsfzeynep/comm
s onfhome zewvnen/fio/deneme

Filtered Image l Segmentation

100 150 200 250
Sagittal view

Image Segmentation

W Swap LR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

W Set

Cerebellar low point

X 172
v 158 Set White matter seed point
z 150

Fill level Threshold
0l o 0l o

4. Outer Skull Segmentation

=
95 | set

5. Inner Skull Segmentation

Center of one eye

I Next = I

Segmentation complete!

< Prev Run
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Segmentation
e \ oW COE seamentation

File
(X;VJZ)= . 150, 160, 139
= B

50
(72 100
150

200

> 20

50 100 150 200 250
Coronal view

b

100 150 200 250
Sagittal view

N
a
o

50 100 150 200
Axial view

Display Image

MR image
_JFiltered image
_JScalp mask
_JBrain mask
_JOuter skull mask

(® Inner skull mask

Save Results

fdata/projectsfzeynepfcomm

Quipupicldey onfhome zewvnen/fio/deneme

Filtered Image l Segmentation

250

L

Image Segmentation

W Swap LR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

W Set

Cerebellar low point

X 172
v 158 Set White matter seed point
z 150
Fill level Threshold
| 01 o B

4. Outer Skull Segmentation

=
95 | set

5. Inner Skull Segmentation

Center of one eye

< Prev Run Next =

Segmentation complete!

N
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Segmentation

(X;VJZ)= . 150, 160, 139
[= Image Segmentation

W Swap LR Check inhomogeneity

50
1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

(72 100

150

3. Brain Segmentation

- — 7 Cerebellar low point
= - e | 6 Set P!

50 100 150 200 250 o 50 100 150 200 250 . 172
Coronal view Axial view

200

b

v 158 Set White matter seed point
Display Image
z 150

IMR i i
MR image ,T F|Egle1\3el ,T Th{(e)sfl?ld
_Filtered image ’ ’

4. Outer Skull Segmentation
_JScalp mask

z
_JBrain mask 95 Set Center of one eye

_JOuter skull mask .
5. Inner Skull Segmentation

(® Inner skull mask

Save Results

fdata/projectsfzeynepfcomm < Prev Run
onfhome zewvnen/fio/deneme

100 150 200 250 Filtered Imagi I Segmentation
a

Sagittal view

Next =

Output Folder
Saving filtered image as SubjectA_filtered.mat

N
a
o
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Segmentation

(X;VJZ)= . 150, 160, 139

50

(7] 100

150

200

E2

> 20

. 150 200 250
Axial view

100 150 200 250 50 100

Coronal view

X
a
=]

X

Display Image

MR image
_JFiltered image
_JScalp mask
_JBrain mask
_JOuter skull mask

(® Inner skull mask

Save Results [}

fdata/projectsfzeynepfcomm

QulpuLFolder onfhome zewvnenfiofdeneme

Filtered Image I

Segmentation

50 100 150 200 250
Sagittal view

N

Image Segmentation

W Swap LR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

W Set

Cerebellar low point

X 172
v 158 Set White matter seed point
z 150

Fill level Threshold
01 o 01 o
4. Outer Skull Segmentation

=
95 | set

5. Inner Skull Segmentation

Center of one eye

< Prev Run Next =

Filtered image saved as SubjectA_filtered.mat
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Segmentation

(X;VJZ)= . 150, 160, 139
[= Image Segmentation

W Swap LR Check inhomogeneity

50
1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

(72 100

150

3. Brain Segmentation

- — 7 Cerebellar low point
= - e | 6 Set P!

50 100 150 200 250 o 50 100 150 200 250 . 172
Coronal view Axial view

200

b

v 158 Set White matter seed point
Display Image
z 150

IMR i i
MR image ,T F|Egle1\3el ,T Th{(e)sfl?ld
_Filtered image ’ ’

4. Outer Skull Segmentation
_JScalp mask

z
_JBrain mask 95 Set Center of one eye

_JOuter skull mask .
5. Inner Skull Segmentation

(® Inner skull mask [}

Save Results

Output Folder fdata/projectsfzeynepfcomm < Prev Run Next =
onfhome zevnen/fiofdeneme ) ' ‘
Saving segmentation as SubjectA_segments.mat
= 50 100 150 200 250 Filtered Image l Segmentation I

Sagittal view
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Segmentation

(X;VJZ)= . 150, 160, 139
[= Image Segmentation

o W Swap LR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

(7] 100

150

3. Brain Segmentation

[ vj 67 Set Cerebellar low point

50 100 150 200 250 . 172
Axial view

200

> 20

100 150 200 250
Coronal view

X
a
=]

X

v 158 Set White matter seed point
Display Image
z 150

IMR i i
MR image ,T Fléglel\iel ,T Th{(e)sfl?ld
_Filtered image ’ ’

' 4. Outer Skull Segmentation
_)Scalp mask

z
_JBrain mask 95 Set Center of one eye

_JOuter skull mask .
5. Inner Skull Segmentation

(® Inner skull mask 3

Save Results

Output Folder fdata/projectsfzeynepfcomm < Prev Run Next =
onfhome zevnen/fiofdeneme ' )
Segmentation saved as SubjectA_segments.mat
= 50 100 150 200 250 Filtered Image l Segmentation I

Sagittal view
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Image Segmentation

U d 4 TOW -y =

(i) New to MATLAB? Watch this Video, see Demaos, or read Getting Started. X

>»> dir SubjectA®
SubjectA_mri.mat SubjectA_segnents.mat

=» load SubjecthA_mri
== M

mri = L3

dim: [256 256 256]
xgrid: [1x256 double]
yogrid: [1x256 double]
zgrid: [1x256 double]
anatomy: [256x256x256 double]
transform: [4x4 double]

hdr: []
>» load SubjectA_segments
== Segn
Segm =

scalpmask: [256x256x256 logicall
brainmask: [256x256x256 logicall -
outerskulimask: [256x256x256 Tlogical]
innerskulimask: [256x256x256 Togical]

fx 5> |
[«] P [ »]

<]
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Mesh Generation

)] NFET: Mesh generation

Load Segmentation |
Output Folder \

# of layers Mesh name SubjectA

7000

|. Local mesh refinement |

Edge length/ Start Mesh Generation
. Distance between meshes

Generate linear FEM mesh \ Generate quadratic FEM mesh \

Generate Mesh for a 3 or 4 layer head model

Source Space Generation

Electrode Co-Registrati...
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Source Space Generation

From a magnetic
Resonance Image

Image Segmentation

Mesh Folder fdata/projectsfzeynep/commonfhome_zeynep/jofdeneme/dene_real

Mesh Generation

3 Crid spacing {(mm})

- Generate Regular Source Space
Min. distance from

the mesh (mm)

Source Space Generation|

Electrode Co-Registrati...

Generates a simple source space:
Regular Grid inside the brain
With a given spacing and distance to the mesh
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NFT: Source space generation

Image Segmentation

Mesh Generation

Generate Regular Source Space

Electrode Co-Registrati...
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Electrode Co-registration

NFT: Electrode co-registration

| | - | b |
Image Segmentation Mesh Folder \
Mesh Generation Initial co-registration

Source Space Generation Complete co-registration

Save initial reg. Save complete reg. \
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Select File to Open e o)

Look In: |C3 deneme +| [&] (] [cH

lmage Segmematlon ) jopz.elp [£) segmout_sca.mat
B jop3_raw.elp £ segmout_skull.mat
[E) NFT_Sample_Data.zip £ ses1.session
[£) ori_sen_loc.mat ) sesl.tmte
) ensors.sens [£] segmout_bra.mat £ ses1_LFM.mat
Mesh Generation rindex ) segmout_corr.mat [E) test_assign.m
ng.mat ) segmout_csf.mat £ test_assign.m~
e.dip ) segmout_filt.mat £ vertices.mat

[«]

Source Space Generation | File Name:  |jop3_raw.elp
Files of Type: | All Files

| Open J| Cancel‘l

Save initial reg. Save complete reg. \
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Electrode Co-registration

File Edit Yiew |nsert Tools

Mesh Generation

Source Space Generation
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From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...
4

File  Edit ¥iew

Mesh offJ

Movwve right {mm}
Mowe front {mm}
Mowve up {mmj}

Insert  Tools

Desktop  Window Help

-
hd »

0 Pitch (rad) 0 Resize {x}

A | Roll(rad)
[ Yaw (rad)

0.25 Resize {y}
_1.571 Resize{z}

Help me

Funct. held

Align fiduciaIsJ

Warp montage

_Warp montage |
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From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...

File Edit Yiew

Dade|h

Insert Tools Desktop Window Help

FEREr AR
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Electrode Co-registration

NFT: Electrode co-registration

Load sensor Iocations\
Image Segmentation Mesh Folder \

Mesh Generation Initial co-registration

Source Space Generation Complete co-registration

L3

Save initial reg. \ Save complete reg. \




’.A N\
[ 5
Swartz | ¥

4

Center for
Computational
Neuroscience

Electrode Co-registration

. Figure:
File Edit Yiew Insert Tools Desktop Window Help N
Dade | M BRUPRL- 2|08 | 0D

From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...
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From electrode
Position Data

d Modeling from Electrode

Position Data

Template Warping
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Warped model

Digitizer locations Template model

Warp a template mesh to electrode positions

— When no MR images are available
— Non-rigid thin-plate spline warping
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NFT: Template head model warping

Load sensor data J
Output Folder J

MNI head model

| 4 # of layers (3or 4)

fdata/projectsfzeynepfcommon/home_zeynepfjofdene
mefdena_mni

Warped MNI head model

Stant warping

03r 08f
08+ 08+
0.7+ 0.7+
06| 06|
05 05t
04r 04+t
0.3} 0.3
0.zr 02t
01 01}
0 I ! ! ! | 0 ! ! ! I
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.3
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Template Warping

Load sensor data

| 4 # of layers (3or 4)

Output Folder J fdata/projectsfzeynepfcommon/home_zeynepfjofdene

raaldana rani

Select File to Open

1 MNILh} | g0k In: |[‘D deneme v| @ 1 model
3 dene_mni
0.3 3 dene_real
] jop3.elp
08y
0.7+
06
05F
04 L File Name: |Jop3_raw.elp |
Files of Type: | (*.elp) -
03+
02tk Open I I Cancel |
01+ 01k
U 1 1 1 1 ] U 1 1 1 1 ]
0 0.e 04 0.6 0.8 1 0 0.z 04 0.6 0.8 1

Start warping
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NFT: Template head model warping

MNI head model

150

100

50

-100.]
-200

-100

e | o e fdata/projects fzeynepfcommon/home_zeynepfjo/dene
mefjop3_raw.elp
4 # of layers (3or 4)
Output Folder fdatafprojectsfzeynepfcommonfhome_zeynepfjofdene
mejfdene_mni

Warped MNI head model

09}
08}
0.7}
06}
05
04}
03}
02

0.1}

_ U 1 1 L 1 ]
-50 1 0 0.2 04 0.6 0.8 1

Start Warpirs J
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NFT: Template head model warping

e | o e fdata/projects fzeynepfcommon/home_zeynepfjo/dene
mefjop3_raw.elp
Output Folder fdatafprojectsfzeynepfcommonfhome_zeynepfjofdene
mejfdene_mni

4 # of layers (3or 4)

MNI head model Warped MNI head model

150 150

100 . 100

50 30

0. 0.

-30 N -50 ~

-100 ) -100
-200 -200

-100 -100
0

Mesh Warpegg




Forward Problem Solver

o MATLAB interface to numerical solvers

+ Boundary Element Method or Finite Element
Method

— EEG Only (for now)

— Interfaces to the Matrix generator executable
written in C++

o Other computation done in MATLAB

¢ Generated matrices are stored on disk for
future use.
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NFT: Forward problem solution
File N

SubjectA lesh Name SubjectA =l Name seshNov20_10

Load Sensors

053 0.0042 I (® Mesh Coordinates
_Mesh Node List

v

Create Model Generate transfer matrix |

Load Source Space ‘ Compute Lead Field Matrix\ Plot Potential Distribution \

\ -
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NFT: Forward problem solution
File N

SubjectA
e 1ductivi alues Load Sensors

053 0.0042 I (® Mesh Coordinates
_Mesh Node List

Create Model Generate transfer matrix |

Load Source Space ‘ Compute Lead Field Matrix\ Plot Potential Distribution \
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NFT: Forward problem solution
File N

o SR AL T Load Sensors
o (® Mesh Coordinates
: _Mesh Node List
v

Create Model | [\ Generate transfer matrix |

Load Source Space ‘ Compute Lead Field Matrix\ Plot Potential Distribution \
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File

sSion

Select File to Open _'Vm
Look In: |C3 dene_real M Sensors

Coordinates
[E] SubjectA_sesNov20_10_headsensors.sens
Node List

erate transfer matrix

File Name: ||

Files of Type: | (".sens)

Load Source Space \ QRen Jl Sancel J Potential Distribution \
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sSion

Select File to Open _'Fm Session

Look In: |ﬁ dene_real

vJ Sensors
Coordinates

Node List

B SubjectA_sesMNov20_10_headsensors.sens

File Name:  |SubjectA_sesNov20_10_headsensors.sens

Files of Type: | (".sens)

Load Source Space \ Cancel
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File "

o e

Load Sensors

0.0042 oKL (® Mesh Coordinates

_Mesh Node List

—v

Load Source Space ‘ Compute Lead Field Matrix\ Plot Potential Distribution \
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NFT: Forward problem solution
File N

SubjectA
e TR S Load Sensors
0.0042 © KL (® Mesh Coordinates
: _Mesh Node List

243 2ns

Create Model | Generate transfer matrix

v

Load Source Space ‘ Compute Lead Field Matrix‘ Plot Potential Distribution \
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Load Source Space \

Select File to Open

Look In: |ﬁ dene_real

B SubjectA_sourcespace.dip

File Name: |Subjectksourcespace.dip

Files of Type: | (".dip)

Sensors
Coordinates
Node List
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File

NFT: Forward problem solution

Load Source Space ‘

v

Create Model |

Compute Lead Field Matrix [\

Load Sensors
(® Mesh Coordinates
_Mesh Node List

243 2ns

Generate transfer matrix

Plot Potential Distribution \
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File

NFT: Forward problem solution

Load Source Space \

DAe!

_J,,

Create Model |

Compute Lead Field Matrix

10|

sesMNov20_10

Load Sensors
(® Mesh Coordinates
_Mesh Node List

Generate transfer matrix

Plot Potential Distribution '




+ Tetgen for mesh generation
— Uses BEM meshes as boundaries

o METU-FEM to generate transfer matrix
— Compiled from source
— Requires PETSc for matrix operations

¢ metufem .mex file for forward solutions in
MATLAB

¢ Instructions available under README.FEM file.
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Forward Problem Solution with FEIVI

)] NET: Forward problem solution —-0Ox
|

File

SubjectA.1.msh 2 sesNov20_10 2s'S

'

Load Source Space Compute Lead Field Matrix




Dipole Fitting

Dipole Fitting

¢ Requires EEGLAB
integration to access
Component indices.

Component ‘ 2
indices

Load sensor locations J

denemefion3 raw.alb

fdata/projects fzeynepfcommon/fhome_zeynep/jof

|

o Uses FleldTrlp in dipole fitting
EEGLAB for dipole
fitting.
Plot dipoles




Output

+ Dipole source localization is saved in EEG
structure, under EEG.etc.nft.

+ After source localization with NFT, you can
continue using EEGLAB;

EEG.dipfit.model = EEG.etc.nft.model;



NFT download and reference

o http://www.sccn.ucsd.edu/nft

o Akalin Acar Z, Makeig S, Neuroelectromagnetic
Forward Head Modeling Toolbox, J. of
Neuroscience Methods, vol 190(2), 258-270,
2010.



