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clear; tic; close all; 
x=51; y=51;                         %Pixel dimensions 
U1=10; U2=-10;                      %Potential at boundaries 
[Sx,Sy,Sz,I]=deal(sparse(x*y,1));   %Predefine for quicker calculation 
R=spalloc(x*y,x*y,6*x*y); k=0;           
  
Rho=1;          %bulk resistivity in Ohm*cm 
R_defect=10;    %Defect resistivity 
  

 
noise=0;       %swtich noise on/off 
T=[]; 
r=1; n=20;                              %radius of circular defects and 
number of defects in the random array                                         
% [T] = T_generator_circle(x,y,r);      %circular defect 
% [T] = T_generator_step(x,y);      %step defect 
% [T] = T_generator_array(x,y);  %array of circular defects 
[T] = T_generator_random(x,y,n);  %random distribution of 
circular defects 
% R_defect=T_generator_kidney(x,y);[T] = zeros(x,y);k=1;  %kidney defect 

 
t=find(T==0);                           %find the resistors to be 
replaced 
  
if x>1 
    Rx=Rho*ones(y,x);                   %resistors in x-direction 
    Rx(t)=Rstufex;                      %set resistor to step resistance 
    for i=1:numel(t) 
        if t(i)<(x-1)*y && k<1                  
    Rx(t(i)+y)=Rstufex;                 %set also resistors after node 
to step resistance 
        end 
    end 
    Rx(:,1)=[]; 
    Sx=1./Rx';                          %calculate conductivity 
end 
  
if y>1 
    Ry=Rho*ones(x,y);                   %resistors in y-direction 
    Ry(t)=Rstufey;                      %set resistor to step resistance 
    for i=1:numel(t) 
        if mod(t(i),x)>0 && k<1 
    Ry(t(i)+1)=Rstufey;                 %set also resistors after node 
to step resistance 
        end 
    end 
Ry(1,:)=[]; 
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    Sy=1./Ry';                          %calculate conductivity 
end 
  
for a=1:x*y                             %filling of resistance matrix 
        if mod(a,y)>0                   %connection to nodes in +x-
direction, if applicable 
            R(a,a+1)=Sx(a-floor((a-1)/y)); 
            R(a,a)=R(a,a)-Sx(a-floor((a-1)/y)); 
        end 
        if mod(a-1,y)>0                 %connection to nodes in -x-
direction, if applicable 
            R(a,a-1)=Sx(a-1-floor((a-1)/y)); 
            R(a,a)=R(a,a)-Sx(a-1-floor((a-1)/y)); 
        end 
        if  a-1<(x-1)*y                 %connection to nodes in +y-
direction, if applicable 
            R(a,a+x)=Sy(a); 
            R(a,a)=R(a,a)-Sy(a); 
        end 
        if a-1>=x                       %connection to nodes in -y-
direction, if applicable 
            R(a,a-x)=Sy(a-x); 
            R(a,a)=R(a,a)-Sy(a-x); 
        end 
end 
  
% ______________________data set 1______________________________________ 
I(1:y)=1;                               %current source 1 
I(y*(x-1)+1:x*y,1)=1;                   %current source 2 
  
Rb=R; 
for i=[(x*(y-1)+1):x*y] 
R(i,:)=0;                               %set potential at boundary 1 
independent of reistances 
R(i,i)=1/U1;%                           %instead use U1 for voltage at 
that boundary 
end 
for i=[1:y] 
R(i,:)=0;                               %set potential at boundary 2 
independent of reistances 
R(i,i)=1/U2;                            %instead use U2 for voltage at 
that boundary 
end 
tic; 
  
V1=full(R\I);                           %solve linear equation system 
  
V1=reshape(V1,x,y);                     %matrix representation of 
potentials 
V1=permute(V1,[2 1]) ;                  %put in corresct order 
  

 
% _________________________________data set 2___________________________ 
I(:,:)=0; 
I(1:x:(x-1)*y+1)=1;                     %current source 1                  
I(x:x:x*y)=1;                           %current source 2  
 
R=Rb; 
for i=[1:x:(x-1)*y+1] 
R(i,:)=0;                               %set potential at boundary 1 
independent of reistances 
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R(i,i)=1/U2;                            %instead use U2 for voltage at 
that boundary 
end 
for i=x:x:x*y 
R(i,:)=0;                               %set potential at boundary 2 
independent of reistances 
R(i,i)=1/U1;                            %instead use U1 for voltage at 
that boundary 
end 
  
V2=full(R\I);                           %solve linear equation system 
V2=reshape(V2,x,y);                     %matrix representation of 
potentials 
V2=permute(V2,[2 1]) ;                  %put in corresct order 
  
Vn1=V1;Vn2=V1;Vn3=V2;Vn4=V2; 
% ____________________________________end of data set 2________________ 
DeltaV=1; 
for i=[1:x*y]                           %add noise to potential data 
    Vn1(i)=V1(i)+noise*(rand-0.5)/DeltaV/100;         
    Vn2(i)=V2(i)+noise*(rand-0.5)/DeltaV/100; 
    Vn3(i)=V1(i)+noise*(rand-0.5)/DeltaV/100;                      
    Vn4(i)=V2(i)+noise*(rand-0.5)/DeltaV/100; 
end 
  
PaperSize=[50 10]; 
h=figure; 
set(h,'PaperSize', PaperSize, 'Resize', 'off', 
'units','centimeters','outerposition',[0 5 PaperSize(1)+0.2 
PaperSize(2)+2.2]);  
  
subplot(1,5,1); 
surf(Vn2) 
xlabel('x'); 
ylabel('y'); 
  
subplot(1,5,2); 
surf(Vn1) 
xlabel('x'); 
ylabel('y'); 
  
subplot(1,5,3); 
imagesc(flipud(Rx)) 
xlabel('x'); 
ylabel('y'); 
axis square; 
title('Rx') 
  
subplot(1,5,4); 
imagesc(flipud(Ry)) 
xlabel('x'); 
ylabel('y'); 
axis square; 
title('Ry') 
  
dlmwrite('V_1.txt',Vn1,'delimiter',' ','precision',100); 
dlmwrite('V_2.txt',Vn2,'delimiter',' ','precision',100); 
dlmwrite('V_3.txt',Vn3,'delimiter',' ','precision',100); 
dlmwrite('V_4.txt',Vn4,'delimiter',' ','precision',100); 
dlmwrite('S_x.txt',Sx,'delimiter',' ','precision',100); 
dlmwrite('S_y.txt',Sy,'delimiter',' ','precision',100); 
toc 
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function [ T ] = Tgenerator( x,y ) 
s=0; 
T=ones(x,y); 
for(i=[ceil(2*x/5.)]) 
    for j=1:floor(size(T,2)/5.+1) 
    T(i,j)=0; 
    end 
    for j=floor(size(T,2)/5.)+1:floor(2*size(T,2)/5.) 
    T(i+j-floor(size(T,2)/5.),j+1)=0; 
    end 
    for j=floor(2*size(T,2)/5.)+1:floor(3*size(T,2)/5.) 
    T(i+floor(size(T,2)/5.),j)=0; 
    end 
    for j=floor(3*size(T,2)/5.)+1:floor(4*size(T,2)/5.) 
    T(i-j+floor(4*size(T,2)/5.)+1,j)=0; 
    end 
    for j=floor(4*size(T,2)/5.)+1:size(T,2) 
    T(i,j)=0; 
    end 
    T=flipud(T); 
end 
end 
  

function [ T ] = Tgenerator( x,y,r ) 
s=0; 
T=ones(x,y); 
x0=ceil(x/2); 
y0=ceil(y/2); 
for i=1:x 
    for j=1:y 
        if (i-x0)^2+(j-y0)^2<r^2 
            T(i,j)=0; 
        end 
    end 
end 
end 
 



123 

 

 

 

function [ T ] = Tgenerator( x,y,r ) 
s=0; 
T=ones(x,y); 
for i=1:x      
    for j=1:y 
        if mod(i,8)==0 && mod(j,8)==0 
            T(i-1,j-1)=0; 
        else 
             
        end 
    end 
end 
end 

function [ T ] = Tgenerator( x,y,n ) 
i=0; 
T=ones(x,y); 
while i<n      
        x0=ceil(rand*(x-1))+1; 
        y0=ceil(rand*(y-1))+1; 
        if x0<x && y0<y && T(x0,y0)==1 && T(x0+1,y0)==1 && T(x0-1,y0)==1 
&& T(x0,y0+1)==1 && T(x0,y0-1)==1 
            T(x0,y0)=0; 
            i=i+1; 
        end 
end 
end 
 

function [ R ] = Tgenerator( x0,y0 ) 
a=1.2;                          %size in x-direction   
b=1.2;                          %size in y-direction   
dx=(x0+2)/a;                    %step-size in x-direction 
dy=(x0+2)/b;                    %step-size in y-direction 
  
for i=1:x0 
    for j=1:y0 
        x=7*(i/(dx))-3.4*a;     %re-scaling of x 
        y=7*(j/(dy)-0.6*b);     %re-scaling of y 
        sigma(i,j)=(1+5*exp(-(x-y)^2-2*(x+y)^2)+3*exp(-3*(x-1)^2-
(y+1)^2))^-1; 
    end 
end 
R=1./sigma';    %Inversion and rotation of the matrix 
end 
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clear; tic; close all; 
  
M = dlmread('A151119.193814.Poti100.markup_490nm.txt');  %load mask file 
  
M=M(1:end,1:end)'; 
  
x=size(M,1); y=x;           %Pixel Dimensions 
U1=-0.05e-3; U2=10e-3;      %Potential at left and right boundary 
[Sx,Sy,Sz,I]=deal(sparse(x*y,1)); 
R=spalloc(x*y,x*y,6*x*y);   %Predefine to increase speed 
  
Rs=1;                       %Sheet resistance in Ohm/sq. 
Rdefekt=1e10; 
  
t=find(M~=0); 
  
if x>1 
    Rx=Rs*ones(y,x);             %Resistors in x-direction     
    Rx(t)=Rdefekt; 
    Rx(:,1)=[]; 
    Sx=1./Rx'; 
end 
  
if y>1 
    Ry=Rs*ones(x,y);             %Resistors in y-direction     
    Ry(t)=Rdefekt; 
    Ry(1,:)=[]; 
    Sy=1./Ry'; 
end 
  
for a=1:x*y                               %fill resistance matrix 
        if mod(a,y)>0                     %connection to nodes in +x-
direction, if applicable 
            R(a,a+1)=Sx(a-floor((a-1)/y)); 
            R(a,a)=R(a,a)-Sx(a-floor((a-1)/y)); 
        end 
        if mod(a-1,y)>0                   %connection to nodes in -x-
direction, if applicable 
            R(a,a-1)=Sx(a-1-floor((a-1)/y)); 
            R(a,a)=R(a,a)-Sx(a-1-floor((a-1)/y)); 
        end 
        if  a-1<(x-1)*y                   %connection to nodes in +y-
direction, if applicable 
            R(a,a+x)=Sy(a); 
            R(a,a)=R(a,a)-Sy(a); 
        end 
        if a-1>=x                         %connection to nodes in -y-
direction, if applicable 
            R(a,a-x)=Sy(a-x); 
            R(a,a)=R(a,a)-Sy(a-x); 
        end 
end 
  
I(1:y)=1;                                           %current source 1              
I(y*(x-1)+1:x*y)=1;                                 %current source 2 



125 

 

Rb=R; 
for i=1:y 
R(i,:)=0;                                           %set potential at 
boundary 1 independent of reistances 
R(i,i)=1/U1;                                        %instead use U1 for 
voltage at that boundary 
end 
for i=y*(x-1)+1:x*y 
R(i,:)=0;                                            %set potential at 
boundary 2 independent of reistances 
R(i,i)=1/U2;                               %instead use U2 for 
voltage at that boundary 
end 
  
V=full(R\I);                                         %solve linear 
equation system 
  
V=reshape(V,x,y);                                    %matrix 
representation of potentials 
 
%______subtract background slope______ 
S=ones(x,y);       E=(U2-U1)/((x-1)); 
for n=1:x 
S(:,n)=U2+E*(n-1); 
end 
D=V-S; 
 
%_______plot________ 
PaperSize=[30 10]; 
h=figure(1); 
set(h,'PaperSize', PaperSize, 'Resize', 'off', 
'units','centimeters','outerposition',[0 15 PaperSize(1)+0.2 
PaperSize(2)+2.2]);  
  
subplot(1,3,1); 
imagesc(D) 
xlabel('x'); 
ylabel('y'); 
axis square; 
dlmwrite('CalcPot.txt',D,'delimiter',' ','precision',100); 
  
subplot(1,3,2); 
imagesc(Sx) 
xlabel('x'); 
ylabel('y'); 
axis square; 
title('Sx') 
  
subplot(1,3,3); 
imagesc(Sy) 
xlabel('x'); 
ylabel('y'); 
axis square; 
title('Sy') 
toc 
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clear; tic; close all; 
x=50; y=x; z=3;   %pixel dimensions 
d=1;             %size of simulation in meter 
dx=d/x;          %mesh spacing in meter 
U1=1; U2=-1;     %potential at current injection points 
[Sx,Sy,Sz,I]=deal(sparse(x*y*z,1)); %Predefine for quicker calculation  
R=spalloc(x*y*z,x*y*z,6*x*y*z);     %Predefine for quicker calculation 
  
Rs=1e-5;          %surface sheet resistance in Ohm/sq. 
Rho=1;           %Bulk resistance in Ohm*cm 
Rkoppel=1;     %coupling resistance between surface and bulk in Ohm 
cm^2 
Tx=0.5;         %relative x-position of current injection 
Ty=0.3;         %relative y-position of current injection 
  
if x>1 
    Rx=Rho*x^2/d*ones(y,x,z);           %calculate resistors values in 
x-direction 
    Rx=permute(Rx,[2 1 3]);             %bring resistor values in 
correct order 
    Sx=reshape(1./Rx,[],1);             %calculate x-conductivity 
end 
  
if y>1 
    Ry=Rho*x^2/d*ones(y,x,z);           %calculate resistors values in 
y-direction 
    Ry=permute(Ry,[2 1 3]);             %bring resistor values in 
correct order 
    Sy=reshape(1./Ry,[],1);             %calculate y-conductivity 
end 
  
if z>1 
    Rz(:,:,1)=Rkoppel*x^2/(x*y*d)*ones(y,x,1);  %calculate resistor 
values 
    Rz(:,:,2:z)=Rho*x^2/d*ones(y,x,z-1);        %resistors in z-
direction 
    Rz=permute(Rz,[2 1 3]);                     %bring values in correct 
order 
    Sz=reshape(1./Rz,[],1);                     %calculate z-
conductivity 
end 
 
for a=1:x*y*z                               %filling of resistance 
matrix 
        if(mod(a,x)>0)                      %connection to nodes in +x-
direction, if applicable 
            R(a,a+1)=Sx(a,1); 
            R(a,a)=R(a,a)-Sx(a,1); 
        end 
        if(mod(a-1,x)>0)                    %connection to nodes in -x-
direction, if applicable 
            R(a,a-1)=Sx(a-1); 
            R(a,a)=R(a,a)-Sx(a-1); 
        end 
        if(mod(a-1,x*y)<x*y-x)              %connection to nodes in +y-
direction, if applicable 
            R(a,a+x)=Sy(a+x); 
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        R(a,a)=R(a,a)-Sy(a+x); 
        end 
        end 
        if(mod(a-1,x*y)>=x)                 %connection to nodes in -y-
direction, if applicable 
            R(a,a-x)=Sy(a-x); 
            R(a,a)=R(a,a)-Sy(a-x); 
        end 
        if(a<=x*y*z-x*y)                    %connection to nodes in +z-
direction, if applicable 
            R(a,a+x*y)=Sz(a); 
            R(a,a)=R(a,a)-Sz(a); 
        end 
        if(a>x*y)                           %connection to nodes in -z-
direction, if applicable 
            R(a,a-x*y)=Sz(a-x*y); 
            R(a,a)=R(a,a)-Sz(a-x*y); 
        end 
end 
  
Tipx=round(Ty*y*x)+round(Tx*x);              %position of current 
injection 1 
Tipy=round((y-Ty*y-1)*x)+round(Tx*x);        %position of current 
injection 2 
  
I(Tipx,1)=1;                                 %current source 1           
I(Tipy,1)=1;                                 %current source 2 
  
Rb=R; 
  
R(Tipx,:)=0;            %set potential at boundary 1 independent of 
surrounding reistors 
R(Tipx,Tipx)=1/U1;      %instead use U1 for voltage at the position of 
current source 1 
R(Tipy,:)=0;            %set potential at boundary 2 independent of 
surrounding reistors 
R(Tipy,Tipy)=1/U2;      %instead use U2 for voltage at the position of 
current source 2 
  
V=full(R\I);            %solve linear equation system 
  
I=Rb(Tipx,:)*V(:) 
  
V=reshape(V,x,y,z);     %matrix representation of potentials 
V=permute(V,[2 1 3]) ;  %put in corresct order 
  
PaperSize=[40 10]; 
h=figure; 
set(h,'PaperSize', PaperSize, 'Resize', 'off', 
'units','centimeters','outerposition',[0 5 PaperSize(1)+0.2 
PaperSize(2)+2.2]);  
  
subplot(1,2,1); 
  
for i=1:size(V,3)      %plot matrix as stacked potential planes 
[~,h] = contourf(V(:,:,i),x*2,'LineStyle','none'); 
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hold on; 
hh = get(h,'Children');             
for j=1:numel(hh) 
    zdata = ones(size(get(hh(j),'XData')));  %shift z values to plot 
stacked planes 
    set(hh(j), 'ZData',1*(1-i*zdata)); 
end 
end 
title('Local Potential') 
colorbar; 
cb = colorbar('vert'); 
zlab = get(cb,'ylabel'); 
set(zlab,'String','Potential (V)'); 
caxis([U2 U1]); 
hold off; 
view(80,20); 
axis('square'); 
  
subplot(1,2,2); 
plot(permute(V(:,ceil(0.5*x),:),[1 3 2]))   %plot sections of the 
potential planes 
title('Section') 
xlabel('x (a.u.)'); 
ylabel('Potential (V)'); 
 
toc 
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clear; close all; tic; 
V1= dlmread('V_1.txt'); %load potential distribution 1 
V2= dlmread('V_2.txt'); %load potential distribution 2 
Sx_ref= dlmread('S_x.txt'); %load original resistivity distribution 1 
Sy_ref= dlmread('S_y.txt'); %load original resistivity distribution 1 
x=size(V2,1);               %x-size of the loaded data set 
y=size(V2,2);               %x-size of the loaded data set 
dV=spalloc(2*numel(V2),numel(V2),4*numel(V2)); %predefine for quicker 
calculation 
  
  
for i=1:size(V1,1)-1 
for j=1:size(V1,1)-1 
    V1(i+1,j)-V1(i,j) + V1(i+1,j+1)-V1(i+1,j) + V1(i,j+1)-V1(i+1,j+1) + 
V1(i,j+1)-V1(i,j) 
end 
end 
% ______________________data set 1________________________________ 
[dV] = dVmatrix(V1,x,y); %set up matrix V  
  
double ddV1; 
ddV1=dV;                    
% ______________________data set 2________________________________ 
[dV] = dVmatrix(V2,x,y); %set up matrix V  
  
double ddV2; 
ddV2=dV;            
%_______________________combine data sets_________________________ 
ddV=[ddV1; ddV2];  %combine the potentials of the two data set  
  
Sx=ones((x-1)*y,1);     %predefine vector of vertical resistors 
Sy=ones(x*(y-1),1);     %predefine vector of horizontal resistors 
Rt=[Sx(1:end)' Sy(1:end)']'; %combine x- and y-conductivities  
  
%_______________________Left side of LEQ__________________________ 
  
C1=ddV1*Rt;     
C1=reshape(C1,x,y); 
C1(2:x-1,:)=0; 
C1=reshape(C1,numel(C1),1); 
C2=ddV2*Rt; 
C2(x+1:(x-1)*y)=0; 
C=[C1;C2]; 
  
A=-1*eye(size(ddV,2),size(ddV,2)); 
b=zeros(size(ddV,2),1)'; 
  
f=zeros(size(ddV,2),1); 
  
S = linprog(f,A,b,ddV,C); 
size(S) 
  
%_____solved LEQ -> analyze data__________   
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Sx=S(1:x*y); 
Sy=S(x*y+1:end); 
Rt=[Sx(1:end)' Sy(1:end)']'; 
  
l=reshape(Rt(1:(x-1)*y),x,y-1); 
m=reshape(Rt(((x-1)*y+1):end),x-1,y); 
  
Sx_ref=flipud(Sx_ref'); 
DeltaSx=(Sx_ref-l).^2; 
DeltaSx=sum(sum(DeltaSx)); 
  
Sy_ref=flipud(Sy_ref'); 
DeltaSy=(Sy_ref-m).^2; 
DeltaSy=sum(sum(DeltaSy)); 
  
sigmaS=sqrt(1/(2*x*y-1)*(DeltaSy+DeltaSx)) 
  
d=(V1(end,1)-V1(1,1))/(x-1); 
  
for i=1:x 
    D1(i,:)=V1(i,:)-d*i; 
end 
  
%_____Plot_______________________________ 
PaperSize=[40 10]; 
h=figure; 
set(h,'PaperSize', PaperSize, 'Resize', 'off', 
'units','centimeters','outerposition',[0 5 PaperSize(1)+0.2 
PaperSize(2)+2.2]);  
  
subplot(1,4,1); 
surf(V1); 
xlabel('x'); 
ylabel('y'); 
axis square; 
  
subplot(1,4,2); 
surf(V2); 
xlabel('x'); 
ylabel('y'); 
axis square; 
  
subplot(1,4,3); 
imagesc(flipud(l)) 
xlabel('x'); 
ylabel('y'); 
set(gca, 'Clim', [0 1]) 
title('Rx') 
axis square; 
  
subplot(1,4,4); 
imagesc(flipud(m)) 
xlabel('x'); 
ylabel('y'); 
set(gca, 'Clim', [0 1]) 
title('Ry') 
axis square; 
toc 
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function [ dV ] = dVmatrix( V, x, y ) 
dVx=zeros(x*y,x*(y-1));                 %horizontal voltage differences 
dVy=zeros(x*y,x*(y-1));                 %vertical voltage differences 
kill=[]; 
  
for(j=1:numel(V)) 
     
    if j+1<=numel(V)                     %connection to nodes in +y-
direction, if applicable 
        dVy(j,j)=V(j+1)-V(j); 
    end 
    if j-1>0                             %connection to nodes in -y-
direction, if applicable 
        dVy(j,j-1)=V(j-1)-V(j); 
    end 
    if mod(j,x)==0 && j<x*y 
        kill=[kill j]; 
    end 
     
    if j>0 && j<=numel(V)-y              %connection to nodes in +x-
direction, if applicable 
        dVx(j,j)=V(j+x)-V(j); 
    end 
     
    if j>y && j<=numel(V)                %connection to nodes in -x-
direction, if applicable  
        dVx(j,j-x)=V(j-x)-V(j); 
    end 
end 
dVy(:,kill)=[]; 
dV=[dVx dVy]; 
end 
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