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NFT: Infroduction

¢ MATLAB Toolbox for realistic head modeling and forward
problem solution.

¢ Ability to use available subject information
— T1-weighted 3D MR images

— Digitized sensor (electrode) locations

¢ Implements all steps of head modeling
— Segmentation of MR images
Mesh generation
Warping of a template head model to sensors
Sensor co-registration
Forward problem solution




NFT External Programs

¢ 3rd Party Tools and Libraries Used:
— ASC: High quality triangulation
— Qslim: Mesh Coarsening

— MATITK: MATLAB interface to ITK image
processing toolkit

— METU-BEM: Boundary Element Method
(BEM) Solver

¢ Source code is available for all these
components.




NFT: Operation

T1 MR Images Template Mesh

¢ Choose subject ¢ Choose subject

¢ Generate head model for ¢ Select sensors

subject
_ Segmentation ¢ Warp Template to

— Mesh generation Sensors
¢ Register sensors to mesh ¢ Generate forward model

— Each set of sensors is a
separate session ¢ Generate LFM for

¢ Generate forward model SEeNnsors

¢ Generate LFM for each
session




NFT Main Menu
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Subject Selection

Subject Folder \

Subject Name Session Name

I

¢ Select subject folder
¢ Specify subject name

¢ Specify session name




Subject Selection
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Head Modeling from

From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...

MR image

Segmentation

MR Images

F&rod& Registration

BEM mesh




Preparing the MR Image

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




Image Segmentation

From a magnetic
Resonance Image

Image Segmentation

Filter the image

(Curvature Anisotropic Filtering)

l

Mesh Generation

Thresholding
(Otsu Multiple
Threshold)

Masking

Masking

Source Space Generation

Region
growing

Watershed
segmentation

l
Thresholding

Morphological
operations

l

Morphological
operations

l
Morphological
operations

!

Remove the
eyes

l

Electrode Co-Registrati...

Fill the holes

Outer Skull

1

Scalp

Brain

!
Morphological
operations

!

Inner Skull

Classifies four tissues from T1-weighted images

Scalp, Skull, CSF and Brain
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mentation - load image
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Seg mentation select an image in analyze format
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Segmentation

Run filtering

(x,y,2)= . 128, 128, 128

200
150
100

S0

50 100 150 200 250
Coronal view

z 50 100 150 200 250
Sagittal view

50 100 150 200

Axial view
Display Image

® MR image

Yriltered image
scalpi sk

DBfal rask
Deuterskullrmask
Dlrirersskul| raasH

Save Results

fdata/projectsfzeynepfcomm

CuiBLLEclder onfhome zevnenfiofdeneme

Filezrael |p)zie) I SEG e tati BT

250

Image Segmentation

W Swap LR Check inhomogeneity

1. Anisotropic Filtering

[ Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

| 65 | se |

Cerebellar low point

x | 135
W 135 Set White matter seed point
z 110

Fill level Threshold
04 o1 o4 o1
4. Outer Skull Segmentation

z
110 Set

5. Inner Skull Segmentation

Center of one eye

NEE

|Run anisotropic filtering |

| Run




Segmentation

(X;VJ2)= 128, 128, 128
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Image is filtered!




Segmentation View filtered image
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Seg mentation Click ‘Next’ for scalp segmentation

(X;VJ2)= 128, 128, 128
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Seg mentation Click ‘Run’ for scalp segmentation
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Image Segmentation
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Segmenting scalp...
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Image Segmentation

(X;VJ2)= 128, 128, 128

= Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

[ Number of iterations
et 3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

<3 66 Set Cerebellar low point

X 50 100 150 200 250 X 50 100 150 200 250 % 135

Coronal view Axial view
[ a] v | 135 Set White matter seed point
1 Display Image
z 110
MR image [—O 4 Fill level 0.4 Threshold
(@ Filtered image LY 1 [0, 1]
)Scalp mask 4. Outer Skull Segmentation
== z
L] OBrai) rmask 110 Set Center of one eye
D@utershullrmask .
5. Inner Skull Segmentation
Dlrirersskul| raasH
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(X)YJ2)= 128, 128, 128
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Seg mentation Click ‘Next’ for brain segmentation
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Scalp segmented!




Seg mentation Selection of cerebellar low point
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Segmentation Click ‘Set
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Segmentation

(X)VJ2)= :

50

150, 172, 158

100 150

Coronal view

100 150
Sagittal view

200

200

250

250

50 100 150 200
Axial view

Display Image

MR image

(@ Filtered image

_JScalp mask
DBl rmask
D@utershullrmask
Dlrirersskul| raasH

Save Results

fdata/projectsfzeynepfcomm

CuiBLLEclde onfhome zevnenfiofdeneme

Filtered Image I Segmentation

250

Selection of a WM point

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

[ Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

67 Set Cerebellar low point

x | 135
W 135 Set White matter seed point
z 110
Fill level Threshold
R Y 04 T

4. Outer Skull Segmentation

z
110 Set Center of one eye

5. Inner Skull Segmentation

< Prev ‘ Run |

Scalp segmented!




Segmentation Click ‘Set
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Seg mentation Click ‘Run’ for brain segmentation
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Seg me ntati on Change thresholds if there is need

(X)VJZ)= : 150, 1?2, 158

50 100 150
Coronal view

b

100 150
Sagittal view

N
a
o

200

200

250

250

50 100 150 200 250
Axial view

Display Image

MR image
_Filtered image
_JScalp mask
(® Brain mask

)|

3t

Save Results

fdata/projectsfzeynepfcomm

CuiBLLEclde onfhome zewvnenfiofdeneme

Filtered Image J Segmentation J

X 172
v 158 Set White matter seed point
z 150

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

67 Set Cerebellar low point

Fill level Threshold
0l o 0l o

4. Outer Skull Segmentation

z
110 Set Center of one eye

5. Inner Skull Segmentation

< Prev ‘ Run M

Segmenting brain...




Seg mentation View brain mask
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Seg me ntati on Click ‘Next’ for skull segmentation
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Segmentation
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Brain segmented!




Segmentation Click ‘Set
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Seg me ntatio N Click ‘Run’ for skull segmentation
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Segmenting skull...




Segmentation
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Segmenting skull...




Segmentation
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Segmentation
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Filtered Image I Segmentation

250

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

[ Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

[ 67 | se |

Cerebellar low point

x | 172
W 158 Set White matter seed point
z 150
Fill level Threshold
R Y REE

4. Outer Skull Segmentation

=
95 | set

5. Inner Skull Segmentation

Center of one eye

| Next = |

Skull segmented!

< Prev ‘ Run




Segmentation

View skull segmentation

(X)VJZ)=

b

N
a
o

{150, 67, 95)

100 150
Coronal view

100 150
Sagittal view

200

200

250

250

50

100

150

200

1 250

50 100 150 200
Axial view

Display Image

MR image
_JFiltered image
_JScalp mask
_Brain mask

(® Outer skull maik

)

Save Results

fdata/projectsfzeynepfcomm

Quipupicldey onfhome zewvnen/fio/deneme

Filtered Image J Segmentation J

250

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

[ 67 | se |

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

< Prev ‘ Run J Next =

Skull segmented!




Seg mentation Click ‘Next’ for CSF segmentation

b

N

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

50 100 150
Coronal view

50 100 150
Sagittal view

200

200

250

250

50

100

150

200

1 250

50 100 150 200
Axial view

Display Image

MR image
_JFiltered image
_JScalp mask
_Brain mask

(® Outer skull mask

)

Save Results

fdata/projectsfzeynepfcomm

Quipupicldey onfhome zewvnen/fio/deneme

Filtered Image J Segmentation J

250

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

[ 67 | se |

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

NS

Skull segmented!

< Prev ‘ Run




Seg mentation Click ‘Run’ for CSF segmentation

b

N

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

50 100 150
Coronal view

50 100 150
Sagittal view

200

200

250

250

50

100

150

200

1 250

50 100 150 200
Axial view

Display Image

MR image
_JFiltered image
_JScalp mask
_Brain mask

(® Outer skull mask

)

Save Results

fdata/projectsfzeynepfcomm

Quipupicldey onfhome zewvnen/fio/deneme

Filtered Image J Segmentation J

250

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

[ 67 | se |

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 RL’Rr_'l I

Segmenting CSF...




Segmentation

(X)VJZ)=

b

N
a
o

{150, 67, 95)

100 150
Coronal view

100 150
Sagittal view

200

200

250

250

50

100

150

200

1 250

50 100 150 200
Axial view

Display Image

MR image
_JFiltered image
_JScalp mask
_Brain mask

(® Outer skull mask

lnner skull mask

Save Results

fdata/projectsfzeynepfcomm

Quipupicldey onfhome zewvnen/fio/deneme

Filtered Image J Segmentation J

250

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

[ 67 | se |

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

Run J Next = I

Segmentation complete!

< Prev




Segmentation

View CSF segmentation

b

N

150, 160, 139

100 150
Coronal view

100 150
Sagittal view

50

1] 100

150

200

1 250

100 150
Axial view

Output Folder

Filtered Image J

Display Image

MR image
_JFiltered image
_JScalp mask
_Brain mask
_)Outer skull mask

(® Inner skull mask

Save Results

fdata/projectsfzeynepfcomm
onfhome zewvnen/fio/deneme

Segmentation J

L

Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

5 Number of iterations
3 Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

67 Set Cerebellar low point

X 172
v 158 Set White matter seed point
z 150

Fill level
0l o

Threshold
01

4. Outer Skull Segmentation

=
95 | set

Center of one eye

5. Inner Skull Segmentation

< Prev

Run J Next =

Segmentation complete!




Segmentation Save filtered image

(X)VJZ)= : 150, 160, 139

= Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

|| 5 Number of iterations
,T Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

= 67 Set Cerebellar low point

50 100 150 200 250 50 100 150 200 250 . 172

Coronal view Axial view . A
[(a] ) v | 158 Set White matter seed point
1 Display Image

b
x

z 150

MR image Fill level Threshold
o 01 po, 1 R

_JFiltered image

| . 4. Outer Skull Segmentation

3 _JScalp mask

z
_JBrain mask 95 Set Center of one eye

_J0uter skull mask .
5. Inner Skull Segmentation

(® Inner skull mask

Save Results

Outpbut Folder fdatafprojectsfzeynepfcomm < Prev Run J Next =
v i onfhome zewvnenfiofdeneme

100 150 200 250 Filtered Imagi I Segmentation J
a

Sagittal view

Saving filtered image as SubjectA_filtered.mat

N
a
o




Segmentation

(X)VJZ)= : 150, 160, 139

= Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

|| 5 Number of iterations
,T Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

= 67 Set Cerebellar low point

50 100 150 200 250 50 100 150 200 250 . 172

Coronal view Axial view . A
[(a] ) v | 158 Set White matter seed point
1 Display Image

b
x

z 150

MR image Fill level Threshold
o 01 po, 1 R

_JFiltered image

| . 4. Outer Skull Segmentation

3 _JScalp mask

z
_JBrain mask 95 Set Center of one eye

_J0uter skull mask .
5. Inner Skull Segmentation

(® Inner skull mask

Save Results [}

Outpbut Folder fdatafprojectsfzeynepfcomm < Prev Run J Next =
v i onfhome zewvnenfiofdeneme

100 150 200 250 Filtered Image I Segmentation J

Sagittal view

Filtered image saved as SubjectA_filtered.mat

N
a
o




Seg mentation Save segmentation

(X)VJZ)= : 150, 160, 139

= Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

|| 5 Number of iterations
,T Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

= 67 Set Cerebellar low point

50 100 150 200 250 50 100 150 200 250 . 172

Coronal view Axial view . A
[(a] ) v | 158 Set White matter seed point
1 Display Image

b
x

z 150

MR image Fill level Threshold
o 01 po, 1 R

_JFiltered image

| . 4. Outer Skull Segmentation

3 _JScalp mask

z
_JBrain mask 95 Set Center of one eye

_J0uter skull mask .
5. Inner Skull Segmentation

(® Inner skull mask k

Save Results

Outpbut Folder fdatafprojectsfzeynepfcomm < Prev Run J Next =
v i onfhome zewvnenfiofdeneme

’ﬁ Saving segmentation as SubjectA_segments.mat
100 150 200 250 Filtered Image J Segmentation
Sagittal view

N
a
o




Segmentation

(X)VJZ)= : 150, 160, 139

= Image Segmentation

W Swap LIR Check inhomogeneity

1. Anisotropic Filtering

|| 5 Number of iterations
,T Image diffusion

2. Scalp Segmentation

3. Brain Segmentation

= 67 Set Cerebellar low point

50 100 150 200 250 50 100 150 200 250 . 172

Coronal view Axial view . A
[(a] ) v | 158 Set White matter seed point
1 Display Image

b
x

z 150

MR image Fill level Threshold
o 01 po, 1 R

_JFiltered image

| . 4. Outer Skull Segmentation

3 _JScalp mask

z
_JBrain mask 95 Set Center of one eye

_J0uter skull mask .
5. Inner Skull Segmentation

(@ Inner skull mask [}

Save Results

Outpbut Folder fdatafprojectsfzeynepfcomm < Prev Run J Next =
v i onfhome zewvnenfiofdeneme

’ﬁ Segmentation saved as SubjectA_segments.mat
100 150 200 250 Filtered Image J Segmentation
Sagittal view

N
a
o




Image Segmentation

TCommand Winde 57 x|

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

> dir SubjectA®
SubjectA_mri.mat SubjectA_segments.mat

=» load SubjectA_mri
= Mri

mri =

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]

x5
Kl




Mesh Generation

U NET Mesh generation T mmm”

From a magnetic
Resonance Image

fdatafprojects fzeynepfcommon fhome_zeynepfjofdenemefd

Load Segmentation ene_real{SubjectA_segments

Output Folder fdatafprojects fzeynepfcommonfhome_zeynep/fjofdenemefde
ne real

Image Segmentation

4 # of layers Mesh name: | SubjectA

MeshiGeneration (& Linear 7000 Number of nodes per layer

_JQuadratic

i _|Local mesh refinement
Source Space Generation o0 Edge length/ Start Mesh Generation
Distance between meshes

Status
Electrode Co-Registrati...

Generate Mesh for a 3 or 4 layer head model
Triangulation, correction, coarsening, refinement




Mesh Generation

From a magnetic
Resonance Image

Image Segmentation

Load Segmentation

Output Folder

4 # of layers

fdatafprojects fzeynepfcommon fhome_zeynepfjofdenemefd
ene_real{SubjectA_segments

fdatafprojects fzeynepfcommonfhome_zeynep/fjofdenemefde
ne real

Mesh name: SubjectA

Mesh Generation

Coarsening and correcting...

Number of nodes per layer

Source Space Generation

Electrode Co-Registrati...

_|Local mesh refinement
5.0 Edge length/

Distance between meshes

Start Mesh Generation

Coarsening and correcting Scalp surface...




Mesh Generation

From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Load Segmentation

Output Folder

4 # of layers

(® Linear

_JQuadratic

fdatafprojects fzeynepfcommon fhome_zeynepfjofdenemefd
ene_real{SubjectA_segments

fdatafprojects fzeynepfcommonfhome_zeynep/fjofdenemefde
ne real

Mesh name: SubjectA

7000 Number of nodes per layer

Electrode Co-Registrati...

_|Local mesh refinement
5.0 Edge length/

Distance between meshes

Start Mesh Generation

Mesh saved!




Source Space Generation

From a magnetic
Resonance Image

Image Segmentation

Mesh Folder fdatafprojects fzeynepfcommonfhome_zeynepfjofdeneme/fdene_real

Mesh Generation

g 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




Source Space Generation

From a magnetic
Resonance Image

Image Segmentation

Mesh Folder fdatafprojects fzeynepfcommonfhome_zeynepfjofdeneme/fdene_real

g Crid spacing {(mm})

Min. distance from
the mesh (mm)

Mesh Generation

|
Generate Regular Source Space | SQUrce space saved!

Source Space Generation

Electrode Co-Registrati...




Electrode Co-registration

From a magnetic
Resonance Image

Image Segmentation

Load sensor locations

Mesh Folder

Mesh Generation

Source Space Generation

Electrode file name

fdatafprojectsfzeynepfcommonfhome_zeynepfjofdeneme/dene_real

Translation

Rotation

Electrode Co-Registrati...

Translation

Rotation




Electrode Co-registration

From a magnetic
Resonance Image

Look In: ’D deneme "

Image SEQmentaﬁon £ jop3z.elp ] segmout_sca.mat
B jop3_raw.elp \ [E] segmout_skull.mat
[E] NFT_Sample_Da

lene_real

Va. zip ] sesl.session
[£] ori_sen_loc.mat [E] sesl.tmte

) sensors.sens £ segmout_bra.mat [£] sesl_LFM.mat

Mesh Generation rinclex [£] 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:  |iop3_raw.elp
Files of Type: [AII Files v‘

Open H Cancel \

Electrode Co-Registrati...




Electrode Co-registration

File Edit ¥Yiew Insert Tools Desktop Window Help N
Help me |

From a magnetic Funct. help|
Resonance Image Labels on e

Electrodes

Mesh off
Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...

Mowe right {mm}| 0 Pitch (rad) | 0 Res?ze {x} | 1 Align ﬁducia|5J
Mowve front {mm}| 0 Roll {rad) | 0 Resize {y} | 1 iarp montage |
Mowve up {mmj} | 0 Yaw (rad) | 0 Resize {z} | 1 Cancel| Ok |




Electrode Co-registration

File Edit ¥Yiew Insert Tools Desktop Window Help

Help me |

From a magnetic , Funct. help|
Resonance Image Labels on - .

Electrodes

Mesh off
Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...

Move right {mm}[ o Pitch (rad) |T Resize {x} ,f Align fiduciaIsJ
Move front {mm} | Roll {rad) | 0.25 Resize {y} | 1 WWarp montage|
Move up {mm} [ 5 Yaw(rad) [_1571 Resize{z} ’f Cancel | Ok |




Electrode Co-registration

File Edit ¥iew |nsert Tools Desktop Window Help

NEde | A0 e£- |G| 08| e

From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...




Electrode Co-registration

From a magnetic
Resonance Image

Image Segmentation

Load sensor locations| /data/projects/zeynepfcommon/home_zeynep/fjofdeneme/jop3_raw.el

Mesh Folder fdatafprojectsfzeynepfcommonfhome_zeynepfjofdeneme/dene_real

Mesh Generation

Source Space Generation

Translation 0 2 5

Initial co-registration
Rotation 0 0.25 -1.5708

Electrode Co-Registrati...

Translation
Complete co-registration :
A Rotation

Save initial reg.

Computing translation and rotation parameters...




Electrode Co-registration

File Edit ¥iew |nsert Tools Desktop Window Help

NEde | A0 e£- |G| 08| e

From a magnetic
Resonance Image

Image Segmentation

Mesh Generation

Source Space Generation

Electrode Co-Registrati...




Head Modeling from Electrode
Position Data

From electrode
Position Data

Template Warping

Digitizer locations Template model Warped model

Warp a template mesh to electrode positions
— When no MR images are available
— Non-rigid thin-plate spline warping




Template Warping

Load sensor data
4 # of layers (3or 4)
Output Folder !data,!projecps,‘zeynepfcom mon/home_zeynepfjofdene
mefdene_mni
MNI head model Warped MNI head model
I e
09t 09}
0.8} 08 F
0.7 F 0.7
0.6 0.6+
0.5F 05
04t 04tk
0.3F 0.3k
0.2 0.2
01f 01k
0 1 1 1 1 . 0 1 1 1 1 .
0 0.z 04 0.6 0.8 1 0 0.z 04 0.6 0.8 1
Startwarping




Template Warping

Load sensor data

4 # of layers (3or 4)

Output Folder fdata/projectsfzeynepfcommon/home_zeynepfjofdene
raaldana rani
MNIh) ook In: ID deneme vl model
] —
C3 dene_mni
039 (3 dene_real
jop3.elp
0.8 jop3_r.e|p
0.7}F
06}
05}
04k File Name: |j0p3_raw.e|p |
Files of Type: | (".elp) v‘
0.3}
ol open || cancel |
0.1}k 0.1}k
U 1 1 1 1 ] U 1 1 1 1 J
0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1
Startwarping




Template Warping

4 # of layers (3or 4)

Load sensor data

Output Folder

MNI head model

150 .

100 .

50

-50

-100 ]
-200

-100

-100

fdatafprojectsfzeynepfcommonfhome_zeynep/fjofdene
me/fjop3_raw.elp

fdata/projectsfzeynepfcommon/home_zeynepfjofdene
mefdene_mni

Warped MNI head model

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

0.1}

0 1 1 1

0 0.z 04 0.6

Start Warpir*g

0.8




Template Warping

fdatafprojectsfzeynepfcommonfhome_zeynep/fjofdene

Load sensor data :
me/fjop3_raw.elp

4 # of layers (3or 4)

fdata/projectsfzeynepfcommon/home_zeynepfjofdene

Output Folder

mefdene_mni

MNI head model

Warped MNI head model

150 . 150

100 . 100

50 50

0. 04

-50\ '50\

-100 ) -100 )
-200 -200

-100 -100
0

Mesh Warpeﬁl




Forward Model Generation

¢ Generates the Forward Model from
Meshes

— Uses the Boundary Element Method

¢ Three Structures
— Mesh
— Model (Mesh + Electrical Properties)
— Session (Model + Sensors)




Forward Problem Solution

Forward Model Generation

BEM Mesh Info

SubjectA Mesh Name

Show Mesh

Number of Layers
Number of Nodes

Number of Elements

Number of Nodes fElement

BEM Model

’ SubjectA Model Name

Enter conductivity values:

0.33  Scalp 0.0042 = Skull

0.33 Brain 1.79 CSF

W Modified (Isolated Problem Approach)

Create Model |

Yalue Changed!

Session

sesMNov20_10 Session Name

Load Sensors

(® Mesh Coordinates Load
_Mesh Node List O S—

Yalue Changed!

Load Source Space

Forward Problem Solution

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info

SubjectA Mesh Name

Show Mesh

Number of Layers
Number of Nodes

Number of Elements

Number of Nodes fElement

BEM Model

’ SubjectA Model Name

Enter conductivity values:

0.33  Scalp 0.0042 = Skull

0.33 Brain 1.79 CSF

W Modified (Isolated Problem Approach)

| Create Model |

Cenerating matrices...

Session

sesMNov20_10 Session Name

Load Sensors

(® Mesh Coordinates Load
_Mesh Node List O S—

Yalue Changed!

Load Source Space

Forward Problem Solution

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info

SubjectA Mesh Name

Show Mesh

Number of Layers
Number of Nodes

Number of Elements

Number of Nodes fElement

BEM Model

’ SubjectA Model Name

Enter conductivity values:

0.33  Scalp 0.0042 = Skull

0.33 Brain 1.79 CSF

W Modified (Isolated Problem Approach)

BEM Model Created

Session

sesMNov20_10 Session Name

Load Sensors

(® Mesh Coordinates Load
_Mesh Node List O S—

Yalue Changed!

Load Source Space

Forward Problem Solution

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info BEM Model Session

SubjectA Me mm Select File to Open ' \'Pvzo_lo Session Name
Show Mesh Look In: [D dene_real -I Sensors |

Coordinates poad
SubjectA_sesMNowv20_10_headsensors.sens —k——,

Number of Layer Node List Show Sensors

Number of Node

Number of Eleme

Number of Node Yalue Changed!

File Name: “ ‘

Files of Type: ’ {".5ens) vJ

open || cancel |

Load Source Space

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info BEM Model Session

SubjectA Mei u ' - -t 5 OF ' "Pvzo_lo Session Name

Sh Mesh Look In: [D dene_real vl gensors
M Coordinates Load

Number of Layer . Node List Show Sensors

Number of Node

Number of Eleme

Number of Node Yalue Changed!

File Name: ’SubjettksesNovZO_10_headsensorsAsens ‘

Files of Type: ’ {".5ens) vJ

Load Source Space \70‘39” || Ccance |

. Open selected file |

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info

SubjectA Mesh Name

Show Mesh
4 Number of Layers

12724 Number of Nodes

BEM Model

’ SubjectA Model Name

Enter conductivity values:
0.33  Scalp 0.0042 = Skull

0.33 Brain 1.79 CSF

calculating sensor matrix...

ified (Isolated Problem Approach)

BEM Model Created

Session

sesMNov20_10 Session Name

Load Sensors

(® Mesh Coordinates Load
_Mesh Node List O S—

243 Sensors Loaded

Gene{ate transfer matrix |
Ly
Yalue Changed!

Load Source Space

Forward Problem Solution

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info

SubjectA Mesh Name

Show Mesh

Number of Layers
Number of Nodes

Number of Elements

Number of Nodes fElement

BEM Model

’ SubjectA Model Name

Enter conductivity values:

0.33  Scalp 0.0042 = Skull

0.33 Brain 1.79 CSF

W Modified (Isolated Problem Approach)

BEM Model Loaded

Session

sesMNov20_10 Session Name

Load Sensors

(® Mesh Coordinates Load
_Mesh Node List O S—

243 Sensors Loaded

’ Generate transfer matrix |

Session Loaded

Load Source Space

Forward Problem Solution

Compute Lead Field Matrix

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info BEM Model Session

SubjectA Me mm Select File to Open ' \'Pvzo_lo Session Name
Show Mesh Look In: [D dene_real -I Sensors |

: ; 5 Coordinates Load
SubjectA_sourcespace.dip

Number of Layer Node List Show Sensors

Number of Node

Sensors Loaded

Number of Eleme
erate transfer matrix I

Number of Node Session Loaded

File Name: ’Subjettksourcespace.dip ‘

Files of Type: | (*.dip) -]

Load Source Space ODERJ \ﬂJ

T Open selected file [

Dipoles Loaded For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info

SubjectA Mesh Name

Show Mesh

Number of Layers
Number of Nodes

Number of Elements

Number of Nodes fElement

BEM Model

’ SubjectA Model Name

Enter conductivity values:

0.33  Scalp 0.0042 = Skull

0.33 Brain 1.79 CSF

W Modified (Isolated Problem Approach)

BEM Model Loaded

Session

sesMNov20_10 Session Name

Load Sensors

(® Mesh Coordinates Load
_Mesh Node List O S—

243 Sensors Loaded

Generate transfer matrix |

Session Loaded

Load Source Space

6447  Dipoles Loaded

Forward Problem Solution

Compute Lead Field Matrix

Computing...

For Dipole




Forward Problem Solution

Forward Model Generation

BEM Mesh Info

SubjectA Mesh Name

Show Mesh

Number of Layers
Number of Nodes

Number of Elements

Number of Nodes fElement

BEM Model

’ SubjectA Model Name

Enter conductivity values:

0.33  Scalp 0.0042 = Skull

0.33 Brain 1.79 CSF

W Modified (Isolated Problem Approach)

BEM Model Loaded

Session

sesMNov20_10 Session Name

Load Sensors

(® Mesh Coordinates Load

_Mesh Node List T

243 Sensors Loaded

Generate transfer matrix |

Session Loaded

Load Source Space

6447  Dipoles Loaded

Forward Problem Solution

Compute Lead Field Matrix

LFM Computed

Plot Potential DislribulionJ

For Dipole




Forward Problem Solution

TCommand Winde 57 x|

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

== dir *.sens

SubjectA_sesNov20_10_headsensors.sens
=» Toad SubjecthA_ses
=» whos Subjecth_se

Name Class Attributes

SubjectA_sesNov20_10_headsensors double

== dir *.dip
SubjectA_sourcespace.dip
>» load SubjectA_sourcespace.dip

>»> whos SubjectA_sourcespace
Name Size Bytes Class Attributes

SubjectA_sourcespace 6447x6 309456 double




Forward Problem Solution

Mesh =
Model param. ==

BEM Matrices=—
Sensor locations==

Transfer Matrices ==
Dipole Field=—=

= BEM Matrices

== Transfer Matrices

[# of sensors x # of nodes]

=>| ead Field Matrix

[# of sensors x # of dipoles]




Forward Problem Solver

¢ MATLAB interface to numerical solvers

¢ Boundary Element Method
— EEG Only (for now)
— Supports IPA and Accelerated BEM

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

¢ Other computation done in MATLAB

¢ Generated matrices are stored on disk for future
use.

¢ Other solvers under construction
— Finite Element Method (FEM)




Dipole Fitting

W

( Dipole Fitting

¢ Requires EEGLAB
Integration to access
Component indices.

¢ Uses FieldTrip in
EEGLAB for dipole

fitting.

CTTTTUNFT: Dipole fitting MM
Component ‘ 2
indices

Load sensor locations

fdatafprojects fzeynepfcommonfhome_zeynepfjof
denemelion3 raw.eln

dipole fitting

Plot dipoles




Results on Mesh Complexity
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Source Localization Comparison

¢ BESA sources

¢ MNI head model — electrode co-registration
and sources

¢ Warped MNI head model and electrode co-
registration and sources

¢ Realistic head model and electrode co-
registration

¢ Source localization with 4-layer realistic
head model




rv=0.0663 rv=0.0376
coord_transform =[0 0 0 0 0 0 930 1050 969]




MNI Source Localization

rv=0.0663 rv=0.0376
coord_transform =[0 0 0 0 0 0 930 1050 969]




Warped MNI sources

AN AN

rv=0.0751 rv=0.0297 rv=0.1161
pos=[60.4 -64.4 8.45] pos=[-49.46 -78.44 5.69] pos=[17.0 -81.66 56.5]
mom=[-53.1 43.9 -2.86] mom=[19.3 24.0 11.13] mom=[4.45 30.4 -9.74]




Realistic 4-layer sources




Future Functions

¢ Use T2-weighted and PD images in
segmentation => better CSF segmentation.

¢ Finite Element Method.




