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%% Geometry

geom2D = rect2 ( '0.5' , '0.25' , 'base' , 'center' , 'pos' ,{ '0' , '0' }, 'rot' , '0' );

clear s;

s.objs = { geom2D};

s.name = { 'geom2D' };

s.tags = { 'geom2D' };

fem.draw = struct ( ' s' ,s );

fem.geom = geomcsg (fem );

%% Meshing

fem.mesh = meshinit (fem , 'hauto' ,5);

fem.mesh = meshrefine (fem , 'mcase' ,0, 'rmethod' , 'regular' );
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Calculating Capacitance

For the parallel plate capacitance, ὅ
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Calculating Capacitance

C vs. d C vs. A



Maxwellôs equations
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Domain equations (assuming Coulomb gauge)
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Electrical boundary conditions
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COMSOL Quasi-static Electromagnetic (AC/DC Module)



Domain and mesh generation
%% Making Phantom Geometry

cylin = cylinder3('0.0500','0.14','pos',{ '0','0','0'}, 'axis',{ '0','0','1'}, 'rot','45');

cylin1 = cylinder3('0.055','0.14','pos',{ '0','0','0'}, 'axis',{ '0','0','1'}, 'rot','45');

surf = geomcomp({cylin1,cylin}, 'ns',{ 'cylin1','cylin'}, 'sf','cylin1-cylin','face','none','edge','all');

clear cylin1;

blck1 = block3('0.15','0.05','0.05','base','center','pos',{ '0','0','0.14/2'}, 'axis',{ '0','0','1'}, 'rot','0');

blck2 = rotate(blck1,pi/2,[0,0,1],[0,0,0]);

ele1 = geomcomp({surf,blck1},'ns',{ 'surf','blck1'}, 'sf','surf*blck1','face','none','edge','all');

ele2 = geomcomp({surf,blck2},'ns',{ 'surf','blck2'}, 'sf','surf*blck2','face','none','edge','all');

phantom = geomcomp({cylin,ele1,ele2},'ns',{ 'cylin','ele1','ele2'}, 'sf','cylin+ele1+ele2','face','none','edge','all');

clear blck1blck2surfele1ele2cylin;

phantom = geomdel(phantom);

%% Adding anomaly

GeomObj= rect2('0.03','0.03','base','center','pos',{ '0','0'}, 'rot','0');

GeomObj= fillet(GeomObj,'radii',0.0050,'point',[1,2,3,4]);

GeomObj= extrude(GeomObj,'distance',0.05,'scale',[1;1],'displ',[0;0],'twist',0,'face','none','wrkpln',[0 1 0;0 0 1;0 0 0]);

GeomObj= move(GeomObj,[0,0,0.14/2-.05/2]);

phantom = geomcomp({ phantom,GeomObj}, 'ns',{ 'phantom','GeomObj'}, 'sf','phantom+GeomObj','face','none','edge','all');

%% Making structure for geometry

clear s;

s.objs={phantom};

s.name={'phantom'};

s.tags={ 'phantom'};

fem.draw=struct('s',s);

fem.geom=geomcsg(fem);

%% Mesh

fem.mesh=meshinit(fem,'hauto',3,'point',[],'edge',[],'face',[],'subdomain',2);

fem.mesh=meshinit(fem,'hauto',4,'point',[],'edge',[],'face',[],'subdomain',1,'meshstart',fem.mesh);



List of useful functions for COMSOL Modeling

Description Mat lab function Example

Block block3 block3(lx,ly,lz,'base','center','pos',{x,y,z}, 'axis',{ '0','0','1'}, 'rot','0')

Sphere sphere3 sphere3(rd,'pos',{x,y,z}, 'axis',{ '0','0','1'}, 'rot','0')

Cylinder cylinder3 cylinder3(rd,ht,'pos',{x,y,z}, 'axis',{ '0','0','1'}, 'rot','0')

Cone cone3 cone3(rd,l,alpha,'pos',{x,y,z}, 'axis',{ '0','0','1'}, 'rot','0')

Ellipsoid ellipsoid3 ellipsoid3(ax,ay,az,'pos',{x,y,z}, 'axis',{ '0','0','1'}, 'rot','0')

Line curve3 curve3([x1,x2],[y1,y2],[z1,z2])

Point in 3D point3 point3(x,y,z)

2D Block rect2 rect2(length,width,'base','center','pos',[x,y])

2D ellipsoid ellip2 ellip2(0.4,0.2,'base','center','pos',[x,y])

Move Move the object move(geom,[x,y,z])

Scale Scale the object scale(geom,x_scale,y_scale,z_scale,x,y,z)

Mirror Mirror the object mirror(geom,[x,y,z],[Xn,Yn,Zn])

Union Addition of two or more objectsgeom1+geom2

Substraction Substruction betwen two objectsgeom1-geom2

Intersection Intesection of the two objectsgeom1*geom2

Rotation Rotation of the objects rotate(geom,alpha,[0,1,0],[0,0,0]);

Revolution Revolve 2D object into 3D space revolve(geom,'angles',[0,angle],'revaxis',[1 0;0 1],'wrkpln',[0 1 0;0 0 1;0 0 0])

Extrude Extrude the 2D object to 3D extrude(geom,'distance',distance,'scale',[1;1],'displ',[0;0],'twist',[twist_angle],'face','none','wrkpln',[0 1 0;0 0 1;0 0 0])

Coerce to curve Edges from the solid object geomcoerce('curve',{geom})



clear all; clc; close all;

load mri;

i = [2 6 12 17 22 27]; %slices to make the model

th = [1 1 1 1 1 1]; %image binarization 

kf = [0.11 0.10 0.112 0.115 0.129 0.165]; 

% Calculating the contour

for k = 1:6

[c{k},r] = flim2curve(D(:,:,1,i(k)),{ th(k),[]}, 'KeepFrac',kf(k));

end

%Making 2D solid object

for k = 1:6

c{k} = solid2(c{k});

end

s = c{3};

e1 = {1 1 1 1 1 1}; %analyzing the connective component map 

dvr = {repmat(12.5,1,5),zeros(2,6),zeros(6)};

%Stack the 2D geometry and loft them to make 3D geometry

geom= loft(c,'loftedge',e1,'loftsecpos',dvr,'loftSecPos',...

{[ 0 4 8 12 16 20;0 4 8 12 16 20;0 4 8 12 16 é    

20],[],[]}, 'loftweights',repmat(0.1,2,5));

%scale them in order to make proper dimension 

geom= scale(geom,0.008,0.008,0.008,0,0,0); 

Example of lofting geometry in COMSOL



ÅIn orderto solvelinearsystemCOMSOLhasseveralsolvers:

VDirectSolver

VConjugategradientsolver(CGS)

VGMRESSolver

VFGMRESSolver

VBiCGStab

VGeometricMulti -grid (GMG)

ÅAn exampleof GMG Solver

fem.sol=femstatic(fem,'solcomp',{ 'V'}, ...

'outcomp',{ 'V'}, 'blocksize','auto','linsolver','gmg','mgcycle','f','presmooth','vanka', ...

'presmoothpar',{ 'vankasolv','direct','vankarelax',0.9,'seconditer',2,'vankavars',{ 'psi','V'}}, ...

'postsmooth','vanka','postsmoothpar',{ 'vankasolv','direct','vankarelax',0.9,...

'seconditer',2,'vankavars', { 'psi','V'}}, 'csolver','pardiso','mcase',[0 1]); 

COMSOL Solver



EIT Forward Problem
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Neighboring injection Diagonal injection
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%% Finding the topology of the boundary point electrodes 

toplogical_Info = flgeomse(fem.geom);

updown_Info = flgeomud(fem.geom);

[~, col1] = find(updown_Info==0);

[~, col2] = find(updown_Info==2);

topology = toplogical_Info(:,col1);

updown = updown_Info(:,col1);        

clear updown_Info;

indx1 = updown(1,:) == 0; indx2 = updown(1,:) == 1;

pnt_num1 = topology(1,indx1); pnt_num2 = topology(1,indx2);

pnt_numbers= [pnt_num1,20,fliplr(pnt_num2(2:end))];

clear indx1 indx2 pnt_num1 pnt_num2;

%% Defining the current injection patterns for neighboring injection 

InjEleNum = (circshift (pnt_numbers',-k))';  % Injection electrode number

pnt_grp1 = InjEleNum (1);                    % +ve injection

pnt_grp2 = InjEleNum (2);                    % -ve injection

pnt_grp3 = InjEleNum (3:end);                % no injection

pnt_grp4 = toplogical_Info(:,col2); pnt_grp4 = unique(pnt_grp4(:)); pnt_grp4 = pnt_grp4';

pnt_ind = ones(1,20); 

pnt_ind(pnt_grp1) = 2; pnt_ind(pnt_grp2) = 3; pnt_ind(pnt_grp3) = 1; pnt_ind(pnt_grp4) = 1;

clear pnt_grp1 pnt_grp2 pnt_grp3 pnt_grp4 InjEleNum ;

%% Defining the current injection patterns for diagonal injection

InjEleNum = (circshift (pnt_numbers',-k))';   % Injection electrode number

pnt_grp1 = InjEleNum (1);                        % +ve injection

pnt_grp2 = InjEleNum (end/2+1);                  % -ve injection

pnt_grp3 = InjEleNum (2:end/2,end/2+1:end); % no injection

pnt_grp4 = toplogical_Info(:,col2); pnt_grp4 = unique(pnt_grp4(:)); pnt_grp4 = pnt_grp4';

pnt_ind = ones(1,20); 

pnt_ind(pnt_grp1) = 2; pnt_ind(pnt_grp2) = 3; pnt_ind(pnt_grp3) = 1; pnt_ind(pnt_grp4) = 1;

clear pnt_grp1 pnt_grp2 pnt_grp3 pnt_grp4 InjEleNum ;

%% Defining the boundary conditions

bnd_ind = ones(1,20); 

bnd_ind(col2) = 2;

clear col1 col2;



Neighboring injection Diagonal injection 

Voltage distribution



Measured boundary voltages (Neighboring injection)
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Difference boundary voltages (Neighboring injection)
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Measured boundary voltages (Diagonal injection)
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Difference boundary voltages (Diagonal injection)
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Sensitivity on anomaly conductivity changes
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MREIT Forward Problem

ÅThe MREIT forward model is subject to following mixed boundary value

problem,

ÅThe current density then can be obtain as, 
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ÅMagnetic flux density  inside domain is given by Bi-SavartôsLaw,
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MREIT Forward Problem

%% Some input parameters for interpolating the solution

imSize= 128; slices = 5;

%% Post-process the data over a "mesh" for multiple slices

fov =  0.12;

x1 = -fov/2 +(0:imSize-1)*fov/imSize;

y1 = -fov/2 +(0:imSize-1)*fov/imSize; y1=rot90(y1,1);

ht =  0.5;

z1 = (1:slices)*ht/(slices);

[x1,y1,z1]=meshgrid(x1,y1,z1);

xx=[x1(:),y1(:),z1(:)]';

%% Interpolation of COMSOL solution 

vol=postinterp(fem,'V' ,xx,'ext' ,0);

u = reshape(vol,imSize,imSize,slices); u(isnan(u)) = 0
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Current density calculation
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system('F:\FFT_Bz_Code\CRHABSLaw.exe .\Tem 

0.12 128 0.0105 5 3'); 


