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�

Potencial [V] 

Fp1  -1.26·10-6 F3 -2.07·10-6

F7    -0.66·10-6  FZ -2.19·10-6

T7    0.36·10-6   F4 -1.14·10-6

P7 0.97·10-6    C3 -0.24·10-6

O1   1.11·10-6   CZ -0.64·10-6

O2 0.97·10-6   C4 -0.21·10-6

P8 0.64·10-6   P3 0.91·10-6

T8 0.17·10-6   PZ 0.75·10-6

F8 -0.41·10-6   P4 0.63·10-6

Fp2 -1·10-6  

�
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%--------------------------------------------------------------------- 

% Sphere.m 

% Head Model: Sphere (R=10 cm) 

%             Electrodes acording to the 10-20 standar system 

%             19 sensores+ 2 references 

%--------------------------------------------------------------------- 

hold on 

sphere % draw a sphere with radio 1 dm. 

circle=rsmak('circle',1,[0,0]); 

fnplt(circle); 

�

%From Polar to Cartesian coordinate------------------------------- 

%Data values calculated with perimeter 60 cm  

[x,y,z]=sph2cart(0,(360-24.91)/180*pi,1);%Naison 

[x20,y20,z20]=sph2cart(0,(180+24.91)/180*pi,1);%Inion 

[x21,y21,z21]=sph2cart(pi/2,(180+24.91)/180*pi,1);%A1 (reference) 

[x22,y22,z22]=sph2cart(pi/2,(360-24.91)/180*pi,1);%A2 (reference) 

[x23,y23,z23]=sph2cart(pi/2,pi/2,1)%C0 
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[x2,y2,z2]=sph2cart(0,44.04/180*pi,1)%F0 

[x3,y3,z3]=sph2cart(0,135.96/180*pi,1)%P0 

[x4,y4,z4]=sph2cart(18/180*pi,-1.93/180*pi,1);%FP1 

[x5,y5,z5]=sph2cart(54/180*pi,-1.93/180*pi,1);%F7 

[x6,y6,z6]=sph2cart(pi/2,-1.93/180*pi,1);%T3 

[x7,y7,z7]=sph2cart(-54/180*pi,(180+1.93)/180*pi,1);%T5 

[x8,y8,z8]=sph2cart(-18/180*pi,(180+1.93)/180*pi,1);%O1 

[x9,y9,z9]=sph2cart(-18/180*pi,-1.93/180*pi,1);%FP2

[x10,y10,z10]=sph2cart(-54/180*pi,-1.93/180*pi,1);%F8 

[x11,y11,z11]=sph2cart(pi/2,181.93/180*pi,1);%T4 

[x12,y12,z12]=sph2cart(54/180*pi,(180+1.93)/180*pi,1);%T6 

[x13,y13,z13]=sph2cart(18/180*pi,(180+1.93)/180*pi,1);%O2 

[x14,y14,z14]=sph2cart(pi/2,44.04/180*pi,1);%C4 

[x15,y15,z15]=sph2cart(pi/2,135.96/180*pi,1);%C3 

[x16,y16,z16]=sph2cart(36/180*pi,(33.88)/180*pi,1);%F3  

[x17,y17,z17]=sph2cart(-36/180*pi,(33.88)/180*pi,1);%F4 

[x18,y18,z18]=sph2cart(36/180*pi,(180-33.88)/180*pi,1);%P4 

[x19,y19,z19]=sph2cart(-36/180*pi,(180-33.88)/180*pi,1);%P3 

%--------------------------------------------------------------------- 

plot3(x,y,z,'ro'); 

plot3(x2,y2,z2,'r*'); 

plot3(x22,y22,z22,'r*'); 

plot3(x23,y23,z23,'r*'); 

plot3(x3,y3,z3,'r*'); 

plot3(x4,y4,z4,'r*'); 

plot3(x5,y5,z5,'r*'); 

plot3(x10,y10,z10,'r*'); 

plot3(x12,y12,z12,'r*'); 

plot3(x9,y9,z9,'r*'); 

plot3(x17,y17,z17,'r*'); 

plot3(x15,y15,z15,'r*'); 

plot3(x11,y11,z11,'r*'); 

plot3(x13,y13,z13,'r*'); 

plot3(x8,y8,z8,'r*'); 

plot3(x16,y16,z16,'r*'); 

plot3(x14,y14,z14,'r*'); 

plot3(x6,y6,z6,'r*'); 

plot3(x7,y7,z7,'r*'); 

plot3(x18,y18,z18,'r*'); 

plot3(x19,y19,z19,'r*'); 

plot3(x20,y20,z20,'r*'); 

plot3(x21,y21,z21,'r*'); 

hold off 
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%--------------------------------------------------------------------- 

% Esf_efi.m  

% Four layers head model voltage response. 

% Used approximation: "An efficient algorithm for computing multishell  

% spherical volume conductor models in EEG dipole source localization"      

% Mingui Sun, Member IEEE [10] 

%--------------------------------------------------------------------- 

close all 

clear all 

format long 

%Sensors position %--------------------------------------------------- 

[x_n,y_n,z_n]=sph2cart(0,(360-24.91)/180*pi,1);%Naison 

[x_i,y_i,z_i]=sph2cart(0,(180+24.91)/180*pi,1);%Inion 

%A1(reference 

[x_ref1,y_ref1,z_ref1]=sph2cart(pi/2,(180+24.91)/180*pi,1); 

%A2(reference) 

[x_ref2,y_ref2,z_ref2]=sph2cart(pi/2,(360-24.91)/180*pi,1);  

[x1,y1,z1]=sph2cart(pi/2,pi/2,1)%C0 

[x2,y2,z2]=sph2cart(0,44.04/180*pi,1)%F0 

[x3,y3,z3]=sph2cart(0,135.96/180*pi,1);%P0 

[x4,y4,z4]=sph2cart(18/180*pi,-1.93/180*pi,1);%FP1 

[x5,y5,z5]=sph2cart(54/180*pi,-1.93/180*pi,1);%F7 

[x6,y6,z6]=sph2cart(pi/2,-1.93/180*pi,1);%T3 

[x7,y7,z7]=sph2cart(-54/180*pi,(180+1.93)/180*pi,1);%T5 

[x8,y8,z8]=sph2cart(-18/180*pi,(180+1.93)/180*pi,1);%O1 

[x9,y9,z9]=sph2cart(-18/180*pi,-1.93/180*pi,1);%FP2

[x10,y10,z10]=sph2cart(-54/180*pi,-1.93/180*pi,1);%F8 

[x11,y11,z11]=sph2cart(pi/2,181.93/180*pi,1);%T4 

[x12,y12,z12]=sph2cart(54/180*pi,(180+1.93)/180*pi,1);%T6 

[x13,y13,z13]=sph2cart(18/180*pi,(180+1.93)/180*pi,1);%O2 

[x14,y14,z14]=sph2cart(pi/2,44.04/180*pi,1);%C4 

[x15,y15,z15]=sph2cart(pi/2,135.96/180*pi,1);%C3 

[x16,y16,z16]=sph2cart(36/180*pi,(31.88)/180*pi,1);%F3  

[x17,y17,z17]=sph2cart(-36/180*pi,(31.88)/180*pi,1);%F4 

[x18,y18,z18]=sph2cart(36/180*pi,(180-31.88)/180*pi,1);%P4 

[x19,y19,z19]=sph2cart(-36/180*pi,(180-31.88)/180*pi,1)%P3 

sensors=[x1 y1 z1;x2 y2 z2;x3 y3 z3;x4 y4 z4;x5 y5 z5;x6 y6 z6;x7 y7 z7;x8 

y8 z8;x9 y9 z9;x10 y10 z10;x11 y11 z11;x12 y12 z12;x13 y13 z13;x14 y14 

z14;x15 y15 z15;x16 y16 z16;x17 y17 z17;x18 y18 z18;x19 y19 z19]; 
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%Input --------------------------------------------------------------- 

r=[-0.77 0.42 -0.13];% r=(rx,ry,rz) dipole location vetor  

m=[-0.10*(300e-3) 0.52*(300e-3) 0.85*(300e-3)];% m=(mx,my,mz) current 

dipole moment (mA.cm) 

% Shpere model-------------------------------------------------------- 

 R1=8.5;  %Brain radio(cm) 

 R2=8.7;  %CFS(cerebrospinal fluid) radio(cm) 

 R3=9.4;  %Skull radio(cm) 

 R4=10;   %Scalp radio(cm) 

 r=r.*R4; 

 sigma1=33;     %Brain conductivity (mho.cm) 

 sigma2=100;    %CFS conductivity (mho.cm) 

 sigma3=0.42;   %Skull conductivity (mho.cm) 

 sigma4=33;     %Scalp conductivity (mho.cm) 

% N and K should be chosen as small as possible according to (27)----- 

N=3; 

K=3; 

% Evaluating cn (equation (2) and (3))-------------------------------- 

n=(1:300); 

x=(2*n+1); 

F=(... 

    (R3/R4).^x.*... 

    ((((R1/R4).^x).*n.*((sigma1/sigma2)-1).*((sigma2/sigma3)-1).*(n+1))+   

 (((R2/R4).^x).*((sigma1/sigma2).*n+n+1).*((sigma2/sigma3).*n+n+1))).* 

    (((sigma3/sigma4).*n+n+1)+(n+1).*((sigma3/sigma4)-1).*((R3/R4).^x) )... 

    )+... 

  (... 

    ((n+1).*((R2/R4).^x)).*... 

    ((((R1/R4).^x).*((sigma1/sigma2)-1).*((sigma2/sigma3).*n+  

 (sigma2/sigma3)+n))+(((R2/R4).^x).*((sigma1/sigma2).*n+n+1).* 

 ((sigma2/sigma3)-1))).*... 

    ((n.*((sigma3/sigma4)-1))+( ((sigma3/sigma4).*n+(sigma3/sigma4)+n).* 

 ((R3/R4).^x)) )); 

cn=((x.^4).*( ( (R2/R4)*(R3/R4) ).^x))./F; 

plot(n(1:50),cn(1:50),'+') 

title('cn'); 

xlabel('Index n'); 

figure 

f(1,:)=0.85.^(n(2:51)); 
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cn_f=cn(1:50).*f; 

plot(n(1:50),cn_f,'+'); 

xlabel ('Index n'); 

% Evaluating ak (equation (30)). Case K=3----------------------------- 

mm=(N+1:300);% infinitive 

ohm=(mm.*(2.*mm-1))./((R1/R4).^(2.*mm)); 

cnn=cn(mm); 

b0=sum(cnn./ohm); 

b1=sum((cnn.*mm)./ohm); 

b2=sum((cnn.*(mm.^2))./ohm); 

b3=sum((cnn.*(mm.^3))./ohm); 

b=[b0;b1;b2;b3]; % vector b 

a0=sum(1./ohm); 

a1=sum(mm./ohm); 

a2=sum(mm.^2./ohm); 

a3=sum(mm.^3./ohm); 

a4=sum(mm.^4./ohm); 

a5=sum(mm.^5./ohm); 

a6=sum(mm.^6./ohm); 

A=[a0 a1 a2 a3;a1 a2 a3 a4; a2 a3 a4 a5; a3 a4 a5 a6]; %Matrix A 

a=inv(A)*b; % Ax=b system of ecuations (30);  

            % x=a=[a0;a1;a2;a3]= ak coefficients 

a=a'; %vector 

%Evaluating cn' (equation 6) ----------------------------------------- 

p=(1:N); 

indi=(0:K); 

cnPrima_0=0; 

cnPrima_1=cn(1)-sum(a); 

cnPrima_2=cn(2)-sum(a.*((2).^indi)); 

cnPrima_3=cn(3)-sum(a.*((3).^indi)); 

cnPrima=[cnPrima_1 cnPrima_2 cnPrima_3];  

% Calculate Potencial V (mv)------------------------------------------ 

for i=1:19 %number of sensors 

     

sx=sensors(i,1);%s=(sx,sy,sz) surface point (cm) 

sy=sensors(i,2); 

sz=sensors(i,3); 

mult2=R4/(sqrt(sx^2+sy^2+sz^2));% mod s = R4 
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sx=mult2*sx; 

sy=mult2*sy; 

sz=mult2*sz; 

s=[sx sy sz]; %vector sensor 

C=1/(4*pi*sigma4); 

R2=sum(s.*s); % R^2=sx^2+sy^2+sz^2 

R=sqrt(R2);   % R=sqrt(sx^2+sy^2+sz^2)=mod_s 

mod_r=sqrt(sum(r.*r));% |r| 

f=mod_r/R; 

%Legendre polynomials----------------- 

q=sum(r.*s); 

x=q/(mod_r*R); %x=cos(teta), teta=angle between r and s 

P1=x;    

P2=0.5*(3*x^2-1); 

P3=0.5*(5*x^3-3*x); 

%Associated Legendre polynomials------ 

P11=sqrt(1-x^2); 

P12=3*x*P11; 

P13=(3/2)*(5*(x^2)-1)*P11; 

%Lk coefficients---------------------- 

aux=sqrt(1-2*x*f+f^2); 

L0=((1/aux)-1)/f; 

L1=(x-f)*(1/aux^3); 

L2=(x+ (x^2)*f - x*(f^2)- 2*f +f^3)*(1/aux^5); 

L3=(x- 4*f + 5*(x^2)*f - 9*x*(f^2) + 10*(f^3)+ (f^2)*(x^3) - 2*(x^2)*(f^3) 

- x*(f^4) - f^5)*(1/aux^7); 

% Mk coefficients-------------------- 

M0=(1+aux)/(aux*(1-f*x+aux))*P11; 

M1=(1/aux^3)*P11; 

M2=(1/aux^5)*(1+f*x-2*f^2)*P11; 

M3=(1/aux^7)*(1- 10*(f^2)+ 4*(f^2)+ 5*f*x - (f^3)*x + (f^2)*x^2)*P11; 

T=s*sum(r.*r)-r*sum(r.*s); 

aux=sum(T.*T); 

mod_t=sqrt(aux); 

if (aux==0) 

    to=0; 

else 

    to=sum(m.*T)/mod_t; % t0 vector, include m.to 

end 
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ro=sum(m.*r)/mod_r; % r0 vector, include m.ro 

if (f==0)  %case A: central dipole, when f=0 

V(i)=cn(1)*C*(sum(m.*s))/(R2*R); % ecuation (31) 

else       %case B= radial dipole 

vr=(cnPrima(1)*P1)+(cnPrima(2)*f*P2)+(cnPrima(3)*f^2*P3)+(a(1)*L0)+(a(2)*L1

)+(a(3)*L2)+(a(4)*L3); 

vf=(cnPrima(1)*P11)+(cnPrima(2)*P12*f/2)+(cnPrima(3)*P13*(f^2)/3)+(a(1)*M0)

+(a(2)*M1)+(a(3)*M2)+(a(4)*M3); 

V(i)=C*(to*vf+ro*vr)/R2; 

end; 

end  

figure; 

hold on 

plot(0,'*'); 

plot(V,'o'); 

hold off 
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10.0  0.0  0.1  0.1  0.1 0 10 -1 1 -1 1 100 Srun Cost Best 0.9 5 6 5 

//Example Setting File PSO.RUN 

NUMBER_OF_AGENTS 

SCALEMULT 

E_CUTOFF 

MAXV_1 

MAXV_2 

MAXX 

IRang_L, IRang_R 

Rad_Rang_L, Rad_Rang_R 

Moment_Rang_L,Moment_Rang_R 

MAXITER 

results_file 

Cost_file 

Best_file 

weight 

fun_type: 0-Shaffer f6 

   1-Sphere 

   2-Rosenbrock 

   3-generalized Rastrigrin 

   4-generalized Griewank 

   5-Potencial Min Cost 

DIMENSION 

run_no  
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%
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sphere_model(xx[0][a],xx[1][a],xx[2][a], 

xx[3][a],xx[4][a],xx[5][a]);�

-����������<�
�

If sphere_model(xx)<sphere_model(gbest),  
then gbest=a;�

-����������<�
�

If sphere_model(xx)<sphere_model(pbestx), 

Then pbestx=xx;�

�

-��������
�����#vx$<�
���#;$�

-������
����
��#xx$<�
���#=$�

5�4���	������#a+1$<�

MYFUN.C
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Minval=sphere_model(rx,ry,rz,

mx,my,mz);
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/* 

The original program optimizes five benchmark functions using swarm 

algorithm asynchronous version by Yuhui Shi, May 15, 1998. 

Modified by Laura Prada with a new optimization problem: sphere_model 

function.  

*/ 

#include "headfile.h" 

#include "global.h" 

#include "mem_loc.h" 

#include <math.h> 

#include "myfun.h" 

#include "randomlib.h" 

#include "sphcarte.h" 

/* ******************** main() ******************** */ 

main (int argc, char *argv[]) 

{ 

  int  NUMBER_OF_AGENTS; 

  int  MAXITER; 

  float E_CUTOFF,  MAXV_1,MAXV_2, MAXX,  SCALEMULT;

  float weight, weight_up; 

  int run_no;  //numbre of runs 

  FILE *fp, *frun; 

  char runfile[60], resfile[60]; 

  char temp[10]; 

  char tempfile[60]; 

  double minval=0.0; 

  int DIMENSION; 

  int fun_type;  

  //0:Schaffer f6, 1:sphere, 2:Rosenbrock, 3:generalized Rastrigrin 

  //4:generalized Griewank, 5:Sphere_model 

   

  float IRang_L, IRang_R;  // initialization rang: left and right  

      range 

  float Rad_Rang_L,Rad_Rang_R; 

  float Moment_Rang_L,Moment_Rang_R; 

  float error,error_num,error_den,real_rx,real_ry,real_rz,real_mx,                  

   real_my,real_mz; 

  int a,b; 
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  int i; 

  int iter; 

  int gbest; 

  int firsttime; 

  int tmp,finish; 

  float aux0,aux1,aux2; 

  time_t tt; 

/* ********************************************************* 

 Open runfile 

********************************************************* */ 

 if (argc<2) 

 { 

  printf("Need to specify runfile"); 

  exit(1); 

 } 

 strcpy(runfile,argv[1]); 

 if ((frun=fopen(runfile,"r"))==NULL) 

 { 

  printf("Cant read file"); 

  exit(1); 

 } 

/* N  G  S  E  V  X  M  U  Res */ 

  

fscanf(frun, "%d %f %f  %f %f %f %f %f %f %f %f %f %d  %s %f %d %d 

%d",&NUMBER_OF_AGENTS,  &SCALEMULT, &E_CUTOFF,&MAXV_1,&MAXV_2, 

&MAXX,&IRang_L,&IRang_R,&Rad_Rang_L,&Rad_Rang_R,&Moment_Rang_L,&Moment_Rang

_R, &MAXITER,  tempfile,&weight, &fun_type,&DIMENSION,&run_no); 

fclose(frun); 

FVectorAllocate(&pbest,            NUMBER_OF_AGENTS); 

FVectorAllocate(&maxx,             DIMENSION); 

FMatrixAllocate(&vx,     DIMENSION,NUMBER_OF_AGENTS); 

FMatrixAllocate(&xx,     DIMENSION,NUMBER_OF_AGENTS); 

FMatrixAllocate(&tx,     DIMENSION,NUMBER_OF_AGENTS); 

FMatrixAllocate(&pbestx, DIMENSION,NUMBER_OF_AGENTS); 

for (a=0;a<DIMENSION;a++) 

 { 

  maxx[a]=MAXX;          /* range of xx[]  */ 

 } 
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time(&tt); 

printf("begin time: %s\n",ctime(&tt)); 

//loop for runs 

for (i=0;i<run_no;i++) 

 { 

 firsttime=1; //first iteration of this run 

 iter=0; 

 gbest=0;  //initialy assume the first particle as the gbest 

/* *************************************************************** 

 This loop initializes the individual agents  for each run 

**************************************************************** */ 

for (a=0;a<NUMBER_OF_AGENTS;a++) 

 { 

      if (fun_type==5) 

        { 

 xx[0][a] =Rad_Rang_R*RandomUniform(); //initialize Radial Position rx 

 if (RandomUniform() > 0.5) xx[0][a]=-xx[0][a]; 

 xx[1][a] =Rad_Rang_R*RandomUniform(); //initialize Radial Position ry 

 if (RandomUniform() > 0.5) xx[1][a]=-xx[1][a]; 

 xx[2][a]=Rad_Rang_R *RandomUniform();//initialize Radial Position rz 

 if (RandomUniform() > 0.5) xx[2][a]=-xx[2][a]; 

 xx[3][a]=Moment_Rang_R*RandomUniform();//initialize dipole moment mx 

 if (RandomUniform() > 0.5) xx[3][a]=-xx[3][a]; 

 xx[4][a]=Moment_Rang_R*RandomUniform();//initialize dipole moment my 

 if (RandomUniform() > 0.5) xx[4][a]=-xx[4][a]; 

 xx[5][a]=Moment_Rang_R*RandomUniform();//initialize dipole moment mz 

 if (RandomUniform() > 0.5) xx[5][a]=-xx[5][a]; 

 for (b=0;b<2;b++) // b<DIMENSION 

    { 

     pbestx[b][a]=xx[b][a]; 

     if (b==0) 

       { 

        vx[b][a] = Rad_Rang_R*RandomUniform(); 

        if (RandomUniform() > 0.5) vx[b][a]=-vx[b][a]; 

        vx[b+1][a]=Rad_Rang_R*RandomUniform(); 

        if (RandomUniform() > 0.5) vx[b+1][a]=-vx[b+1][a]; 

        vx[b+2][a]=Rad_Rang_R*RandomUniform(); 

        if (RandomUniform()> 0.5) vx[b+2][a]=-vx[b+2][a]; 

        } 
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      if (b==1) 

        { 

         vx[b+2][a] = Moment_Rang_R*RandomUniform(); 

         if (RandomUniform() > 0.5) vx[b+2][a]=-vx[b+2][a]; 

         vx[b+3][a]=Moment_Rang_R*RandomUniform(); 

         if (RandomUniform() > 0.5) vx[b+3][a]=-vx[b+3][a]; 

         vx[b+4][a]=Moment_Rang_R*RandomUniform(); 

         if (RandomUniform() > 0.5) vx[b+4][a]=-vx[b+4][a]; 

         } 

      }//end for 

      }//end if (fun_type==5) 

             

 else //for benchmark functions 

            { 

  for (b=0;b<DIMENSION;b++) 

  { 

  xx[b][a] = (float) ((IRang_R - IRang_L)*(rand()/32767.0) +  

 IRang_L); 

  pbestx[b][a]=xx[b][a]; 

  vx[b][a] = MAXV_1*(rand()/32767.0); 

            if ((rand()/32767.0) > 0.5) vx[b][a]=-vx[b][a]; 

       }//end for 

             }//end else 

 }//end for 

/* ******************************************************* 

 Main Work Loop for each run here 

******************************************************** */ 

/********************************************************* 

 Get the output result file name 

**********************************************************/ 

   

if (i>=10) 

{ 

int temdec=i/10; 

temdec=temdec+48; 

strcpy(temp,(char*)&temdec); 

tmp=i%10 +48; 

strcat(temp,(char*)&tmp); 

} 

else 

{ 

int tmp=i+48; 
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strcpy(temp,(char*)&tmp); 

} 

strcpy(resfile,tempfile); 

strcat(resfile,temp); 

strcat(resfile,".txt"); 

/********************************************************* 

 Open file for output best agent index vs iteration

******************************************************** */ 

if ((fp=fopen(resfile,"w"))==NULL) 

{ 

printf("Cant write file"); 

exit(1); 

} 

finish=0; 

fprintf(fp, "Random initialization as follows:\n");

for (a=0;a<NUMBER_OF_AGENTS;a++) 

{ 

/* ******************************************************* 

 Record the initial coordinates 

******************************************************** */ 

for (b=0;b<DIMENSION;b++) 

{ 

fprintf(fp, "%f ", xx[b][a]); //record the position

} 

fprintf(fp, "\n"); 

} 

fprintf(fp, "\n"); 

do 

{ 

iter++; 

if (iter >32760) iter=0;   /* so it doesnt crash the data type */ 

//update inertia weight 

//weight_up = (weight-0.4) * (MAXITER - iter) /MAXITER +0.4;     

//time variant weight, linear from weight to 0.4 

weight_up=weight;  //constant inertia weight 

for (a=0;a<NUMBER_OF_AGENTS;a++) 
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{ 

/* ******************************************************* 

 Cost Funciton Evaluations 

 Error is returned by function routines 

******************************************************** */ 

switch (fun_type) 

{ 

 case 0:    

  minval=f6(a); 

  break; 

 case 1: 

  minval=sphere(a,DIMENSION); 

  break; 

 case 2: 

  minval=rosenbrock(a,DIMENSION); 

  break; 

 case 3: 

  minval=rastrigrin(a,DIMENSION); 

  break; 

 case 4: 

  minval=griewank(a,DIMENSION); 

  break; 

 case 5: 

            minval=sphere_model(xx[0][a],xx[1][a],xx[2][a],   

        xx[3][a],xx[4][a],xx[5][a]); 

            fprintf(fp," min val= %f",minval); 

            break; 

 default: 

  printf("\n Not a valid function type\n"); 

  exit(1); 

} 

if (firsttime==1) pbest[a]=minval; 

if (minval < pbest[a]) //update pbest 

{ 

pbest[a]=minval; 

for (b=0;b<DIMENSION;b++) pbestx[b][a]=xx[b][a]; 

if (pbest[a] < pbest[gbest]) gbest=a; //update gbest 

} 

/* asynchronous version */ 

for (b=0;b<DIMENSION;b++) 

{ 
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//velocity update 

vx[b][a] = weight_up*vx[b][a] + 1.49*(RandomUniform())*(pbestx[b][a]-

xx[b][a]) +1.49*(RandomUniform())*(pbestx[b][gbest]-xx[b][a]); 

//velocity limit 

if ((b==0)||(b==1)|| (b==2)) 

{ 

if (vx[b][a]>MAXV_1) 

 vx[b][a]=MAXV_1; 

else if (vx[b][a]<-MAXV_1) 

 vx[b][a]=-MAXV_1; 

} 

if ((b==3)||(b==4)||(b==5) 

{ 

if (vx[b][a]>MAXV_2) 

 vx[b][a]=MAXV_2; 

else if (vx[b][a]<-MAXV_2) 

 vx[b][a]=-MAXV_2; 

} 

} 

/****************************************** 

 Tx allows simultaneous updates 

*******************************************/ 

for (b=0; b<DIMENSION;b++) 

{ 

tx[b][a]=xx[b][a]+vx[b][a]; 

if (fun_type==5) 

{  

//to check if the particle hit the boundary 

if ((b==0)||(b==1) || (b==2)) 

{ 

if (tx[b][a] < Rad_Rang_L || tx[b][a] > Rad_Rang_R)

{ 

   vx[b][a]=0; //absorbing wall 

   tx[b][a]=xx[b][a]+vx[b][a]; 

 } 

 }//end inner if 

 if ((b==3)||(b==4) ||(b==5)) 

 { 

 if (tx[b][a]< Moment_Rang_L || tx[b][a]> Moment_Rang_R) 

 { 

    vx[b][a]=0; //absorbing wall 

    tx[b][a]=xx[b][a]+vx[b][a]; 
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  } 

  }//end inner if 

}//end outer if(fun_type==5) 

}//end for 

}/ END OF a LOOP  

/* ************************************************** 

 Update positions 

*************************************************** */ 

for (a=0;a<NUMBER_OF_AGENTS;a++) 

{ 

/* ************************************************** 

 Define new coordinates 

*************************************************** */ 

for (b=0;b<DIMENSION;b++) 

{ 

xx[b][a] =tx[b][a]; 

fprintf(fp,"%f   ",xx[b][a]); 

} 

fprintf(fp, "\n"); 

} /* end a loop  */ 

/* ************************************************** 

 In case iterations become greater than 32767 

*************************************************** */ 

if (firsttime!=1) 

{ 

if (iter==32766) iter=0; 

} 

/* ************************************************** 

 Terminate on criterion 

*************************************************** */ 

//output best index vs iteration 

if (fun_type==0) 

{ 

fprintf(fp,"%f\n",1.0-pbest[gbest]); 

} 

else 

{ 

fprintf(fp,"Global Min Cost:  %f\n\ Position: ",pbest[gbest]); 

for (b=0;b<DIMENSION;b++) 

fprintf(fp, "%f ", pbestx[b][gbest]); 

fprintf(fp, "\n\n"); 

} 
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if ((pbest[gbest] <= E_CUTOFF) || (iter >= MAXITER)) 

{ 

fclose(fp); 

printf("%d run finished!\n",i); 

finish=1; 

} 

firsttime=0; 

}/* **************** End of do-loop *************** */ 

while (! finish); 

} 

/*************************************************** 

 Root mean square error 

/************************************************* */ 

real_rx= -0.77; 

real_ry= 0.42; //change values(X-Y) 

real_rz= -0.13; 

real_mx= -0.1; 

real_my= 0.52; 

real_mz= 0.85; 

// Error Orientation+Position 

error_num1=pow((real_rx-pbestx[0][gbest]),2)+pow((real_ry-

pbestx[1][gbest]),2) + pow((real_rz-pbestx[2][gbest]),2)+ pow((real_mx-

pbestx[3][gbest]),2)+pow((real_my-pbestx[4][gbest]),2) +pow((real_mz-

pbestx[5][gbest]),2); 

error1=sqrt(error_num1)*100; 

//Error Position 

error_num2=pow((real_rx-pbestx[0][gbest]),2)+pow((real_ry-

pbestx[1][gbest]),2) + pow((real_rz-pbestx[2][gbest]),2); 

error2=sqrt(error_num2)*100; 

//Error Orientation 

error_num3=pow((real_mx-pbestx[3][gbest]),2)+pow((real_my-

pbestx[4][gbest]),2) + pow((real_mz-pbestx[5][gbest]),2); 

error3=sqrt(error_num3)*100; 

printf("error_orienta+position (%) = %f\n",error1);

printf("error_position (%) = %f\n",error2); 

printf("error_orientation (%)= %f \n", error3); 

/*************************************************** 
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time(&tt); 

printf("end time: %s\n",ctime(&tt)); 

//release the memory allocated for PSO 

free(pbest); 

free(maxx); 

FMatrixFree(vx, DIMENSION); 

FMatrixFree(xx, DIMENSION); 

FMatrixFree(tx, DIMENSION); 

FMatrixFree(pbestx, DIMENSION); 

return 0; 

} 
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/* 

The 6D cost function: sphere_model. 

Written by Laura Prada.  

*/ 

#include "headfile.h" 

#include "extern.h" 

#include "myfun.h" 

#include "sphcarte.h" 

#define pi 3.14159264 

#include <math.h> 

double sphere_model(double rx,double ry,double rz,double mx, double 

my,double mz) 

{ 

/******************************************************************* 

 Calculate the potencial for a dipole with positon r (rx ry rz)[cm]  

 and dipole moment m (mx my mz) [mA.cm]  

/*******************************************************************/ 

float sensors[19][3]; 

//Sensors' position. Satandar system 10-20: perimeter 28.5 cm 

sensors[0][0]=sph2cart_x(90,90,1);//C0 

sensors[0][1]=sph2cart_y(90,90,1); 

sensors[0][2]=sph2cart_z(90,90,1); 

sensors[1][0]=sph2cart_x(0,44.04,1);//F0 

sensors[1][1]=sph2cart_y(0,44.04,1); 

sensors[1][2]=sph2cart_z(0,44.04,1); 

sensors[2][0]=sph2cart_x(0,135.96,1);//P0 

sensors[2][1]=sph2cart_y(0,135.96,1); 

sensors[2][2]=sph2cart_z(0,135.96,1); 

sensors[3][0]=sph2cart_x(18,-1.93,1);//FP1 

sensors[3][1]=sph2cart_y(18,-1.93,1); 

sensors[3][2]=sph2cart_z(18,-1.93,1); 

sensors[4][0]=sph2cart_x(54,-1.93,1);//F7 

sensors[4][1]=sph2cart_y(54,-1.93,1); 
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sensors[4][2]=sph2cart_z(54,-1.93,1); 

sensors[5][0]=sph2cart_x(90,-1.93,1);//T3 

sensors[5][1]=sph2cart_y(90,-1.93,1); 

sensors[5][2]=sph2cart_z(90,-1.93,1); 

sensors[6][0]=sph2cart_x(-54,(180+1.93),1);//T5 

sensors[6][1]=sph2cart_y(-54,(180+1.93),1); 

sensors[6][2]=sph2cart_z(-54,(180+1.93),1); 

sensors[7][0]=sph2cart_x(-18,(180+1.93),1);//O1 

sensors[7][1]=sph2cart_y(-18,(180+1.93),1); 

sensors[7][2]=sph2cart_z(-18,(180+1.93),1); 

sensors[8][0]=sph2cart_x(-18,-1.93,1);//FP2 

sensors[8][1]=sph2cart_y(-18,-1.93,1); 

sensors[8][2]=sph2cart_z(-18,-1.93,1); 

sensors[9][0]=sph2cart_x(-54,-1.93,1);//F8 

sensors[9][1]=sph2cart_y(-54,-1.93,1); 

sensors[9][2]=sph2cart_z(-54,-1.93,1); 

sensors[10][0]=sph2cart_x(90,181.93,1);//T4 

sensors[10][1]=sph2cart_y(90,181.93,1); 

sensors[10][2]=sph2cart_z(90,181.93,1); 

sensors[11][0]=sph2cart_x(54,(180+1.93),1);//T6 

sensors[11][1]=sph2cart_y(54,(180+1.93),1); 

sensors[11][2]=sph2cart_z(54,(180+1.93),1); 

sensors[12][0]=sph2cart_x(18,(180+1.93),1);//O2 

sensors[12][1]=sph2cart_y(18,(180+1.93),1); 

sensors[12][2]=sph2cart_z(18,(180+1.93),1); 

sensors[13][0]=sph2cart_x(90,44.04,1);//C4 

sensors[13][1]=sph2cart_y(90,44.04,1); 

sensors[13][2]=sph2cart_z(90,44.04,1); 

sensors[14][0]=sph2cart_x(90,135.96,1);//C3 

sensors[14][1]=sph2cart_y(90,135.96,1); 

sensors[14][2]=sph2cart_z(90,135.96,1); 

sensors[15][0]=sph2cart_x(36,(31.88),1);//F3 

sensors[15][1]=sph2cart_y(36,(31.88),1); 
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sensors[15][2]=sph2cart_z(36,(31.88),1); 

sensors[16][0]=sph2cart_x(-36,(31.88),1);//F4 

sensors[16][1]=sph2cart_y(-36,(31.88),1); 

sensors[16][2]=sph2cart_z(-36,(31.88),1); 

sensors[17][0]=sph2cart_x(36,(180-31.88),1);//P4 

sensors[17][1]=sph2cart_y(36,(180-31.88),1); 

sensors[17][2]=sph2cart_z(36,(180-31.88),1); 

sensors[18][0]=sph2cart_x(-36,(180-31.88),1);//P3 

sensors[18][1]=sph2cart_y(-36,(180-31.88),1); 

sensors[18][2]=sph2cart_z(-36,(180-31.88),1); 

//Head model----------------------------------- 

float R1=8.5;   // Brain radio(cm) 

float R2=8.7;   // CFS(cerebrospinal fluid) radio(cm) 

float R3=9.4;   // Skull radio(cm) 

float R4=10;    // Scalp radio(cm) 

float r[3],m[3]; 

r[0]=rx*R4; 

r[1]=ry*R4; 

r[2]=rz*R4; 

m[0]=mx*30e-3; 

m[1]=my*30e-3; 

m[2]=mz*30e-3; 

float sigma1=33;  // Brain conductivity (mho.cm) 

float sigma2=100; // CFS conductivity (mho.cm) 

float sigma3=0.42; // Skull conductivity (mho.cm) 

float sigma4=33;   // Scalp conductivity (mho.cm) 

//N and K should be chosen as small as possible according to (27) 

int N=3; 

int K=3; 

//Data------------------------------------------ 

int p,xx,yy,i,k,j,n,mm,x,y,nn,x1,y1,w,q; 

float s[3],T[3],cnPrima[3],V_Sensors[19]; 

float result,mult2,C,R22,R,mod_r,f,P1,P2,P3,P11,P12,P13,aux,L0,L1,L2, 

 L3,M0,M1,M2,M3,Y,mod_t,to,ro,fact1,fact2,fact3,qq,x_poli,vr,vf; 

float F[300],cn[300],ohm[300],cnn[300]; 

float b[4],A[4][8],ak[4],Inv_A[4][4],r_vec[3],rs_vec[3]; 
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// Evaluating cn (equation (2) and (3))--------- 

for (n=0;n<300;n++) 

{ 

nn=n+1; 

x=(2*nn+1); 

F[n]=( pow((R3/R4),x)*( ((pow((R1/R4),x))*nn*( (sigma1/sigma2)-1 )*( 

(sigma2/sigma3)-1 )*(nn+1)) + ( (pow((R2/R4),x))*( (sigma1/sigma2)*nn+nn+1 

)*( (sigma2/sigma3)*nn+nn+1)))*( ((sigma3/sigma4)*nn+nn+1)+(nn+1)*( 

(sigma3/sigma4)-1 )*(pow((R3/R4),x)) ))+(( (nn+1)*(pow((R2/R4),x)) )*( 

((pow((R1/R4),x))*( (sigma1/sigma2)-1 )*( 

(sigma2/sigma3)*nn+(sigma2/sigma3)+nn))+ ( (pow((R2/R4),x))*( 

(sigma1/sigma2)*nn+nn+1)*((sigma2/sigma3)-1)))*( (nn*((sigma3/sigma4)-1)) + 

( ((sigma3/sigma4)*nn+(sigma3/sigma4)+nn)*(pow((R3/R4),x))) )); 

cn[n]=((pow(x,4))*( pow(( (R2/R4)*(R3/R4) ),x)))/F[n]; 

} 

// Evaluating ak (equation (30)). Case K=3-------- 

for(mm=(N+1);mm<301;mm++) // infinitiv (300 itera.)

{ 

ohm[mm-N-1]=(mm*(2*mm-1))/(pow((R1/R4),(2*mm))); 

cnn[mm-N-1]=cn[mm-1]; 

} 

b[0]=0; 

b[1]=0; 

b[2]=0; 

b[3]=0; 

A[0][0]=0; 

A[0][1]=0; 

A[0][2]=0; 

A[0][3]=0; 

A[1][3]=0; 

A[2][3]=0; 

A[3][3]=0; 

mm=N; 

for (i=0;i<299-N;i++) 

{ 

mm=mm+1; 

b[0]=b[0]+(cnn[i]/ohm[i]);  // vector b 

b[1]=b[1]+((cnn[i]*mm)/ohm[i]); 

b[2]=b[2]+((cnn[i]*(pow(mm,2)))/ohm[i]); 

b[3]=b[3]+((cnn[i]*(pow(mm,3)))/ohm[i]); 
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A[0][0]=A[0][0]+(1/ohm[i]); 

A[0][1]=A[0][1]+(mm/ohm[i]); 

A[0][2]=A[0][2]+(pow(mm,2)/ohm[i]); 

A[0][3]=A[0][3]+(pow(mm,3)/ohm[i]); 

A[1][3]=A[1][3]+(pow(mm,4)/ohm[i]); 

A[2][3]=A[2][3]+(pow(mm,5)/ohm[i]); 

A[3][3]=A[3][3]+(pow(mm,6)/ohm[i]); 

} 

A[1][0]=A[0][1]; 

A[1][1]=A[0][2]; 

A[1][2]=A[0][3]; 

A[2][0]=A[0][2]; 

A[2][1]=A[0][3]; 

A[2][2]=A[1][3]; 

A[3][0]=A[0][3]; 

A[3][1]=A[1][3]; 

A[3][2]=A[2][3]; 

// Inverse of A: Inv_A------------------------- 

n=4; //dimension matrix 

for (int xx=0;xx< n;xx++) 

{ 

for (int yy=0;yy< n;yy++) 

{ 

if (yy==xx) 

A[xx][yy+n]= 1; 

else 

A[xx][yy+n]= 0; 

} 

} 

float c ; 

int cont,sepudo; 

for (x=0;x<n;x++) 

{ 

cont = 0; 

sepudo = 1; 

do//  

{ 

cont++; 

c=A[x][x]; 

if (c == 0) 

if (cont+x <= n) 

{ 

for (int yyy =0;yyy<=n;yyy++)//cambiar(x,x+cont); 

{ 
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float aux = A[x][yyy]; 

A[x][yyy] = A[x+cont][yyy]; 

A[x+cont][yyy] = aux; 

}//for 2 

c = A[x][x]; 

}//if 1 

else 

sepudo = 0; 

} 

while( (c == 0) && sepudo); 

if (sepudo) 

{ 

for (y =x;y<2*n;y++) 

A[x][y] = A[x][y] / c; 

for( x1 = x+1;x1<n;x1++) 

{ 

c = A[x1][x]; 

for (y1 = x;y1<2*n;y1++) 

A[x1][y1] = A[x1][y1] - c * A[x][y1]; 

} 

for (x1 = x-1;x1>=0;x1--) 

{ 

c = A[x1][x]; 

for (y1 = x;y1<2*n;y1++) 

A[x1][y1] = A[x1][y1] - c * A[x][y1]; 

} 

} 

}// end for 1 

for (q=0;q<4;q++) 

    for (w=4;w<8;w++) 

        Inv_A[q][w-4]=A[q][w]; 

// Ax=b system of equations (30)--------------- 

//x=a=[a0;a1;a2;a3]= ak coefficients 

for(i=0;i<4;i++) 

{ 

   for(j=0;j<1;j++) 

   { 

      ak[i]=0; 

      for(k=0;k<4;k++) 

         ak[i]+=Inv_A[i][k]*b[k]; 

    } 

} 
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//Evaluating cn' (equation (6)) ------------------ 

fact1=0; 

fact2=0; 

fact3=0; 

for (p=0;p<4;p++) 

{ 

fact1=fact1+ak[p]; 

fact2=fact2+ak[p]*pow(2,p); 

fact3=fact3+ak[p]*pow(3,p); 

} 

cnPrima[0]=cn[0]-fact1; 

cnPrima[1]=cn[1]-fact2; 

cnPrima[2]=cn[2]-fact3; 

// Calculate Potencial V (v)( equation (19)) ------

for (i=0;i<19;i++) //number of sensors ...19 

{ //ini for sensor 

mult2=R4/(sqrt( 

pow(sensors[i][0],2)+pow(sensors[i][1],2)+pow(sensors[i][2],2) ));// mod s 

= R4 

s[0]=mult2*sensors[i][0]; 

s[1]=mult2*sensors[i][1]; 

s[2]=mult2*sensors[i][2]; 

C=1/(4*pi*sigma4); 

R22=pow(s[0],2)+pow(s[1],2)+pow(s[2],2); // R^2=sx^2+sy^2+sz^2 

R=sqrt(R22);   //R=sqrt(sx^2+sy^2+sz^2)=mod_s 

mod_r=sqrt(pow(r[0],2)+pow(r[1],2)+pow(r[2],2));// |r| 

f=mod_r/R; 

//Legendre polynomials------------------------- 

qq=r[0]*s[0]+r[1]*s[1]+r[2]*s[2]; 

x_poli=qq/(mod_r*R); //x=cos(teta),teta=angle between r and s 

P1=x_poli; 

P2=0.5*(3*pow(x_poli,2)-1); 

P3=0.5*(5*pow(x_poli,3)-3*x_poli); 

//Associated Legendre polynomials-------------- 

P11=sqrt(1-pow(x_poli,2)); 

P12=3*x_poli*P11; 

P13=1.5*( 5* pow(x_poli,2) -1 )*P11; 

//Lk coefficients------------------------------ 

aux=sqrt(1-2*x_poli*f+pow(f,2)); 

L0=((1/aux)-1)/f; 
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L1=(x_poli-f)*(1/(pow(aux,3))); 

L2=(x_poli+ (pow(x_poli,2))*f - x_poli*(pow(f,2))- 2*f   

+pow(f,3))*(1/pow(aux,5)); 

L3=(x_poli- 4*f + 5*(pow(x_poli,2))*f - 9*x_poli*(pow(f,2)) + 

10*(pow(f,3))+ (pow(f,2))*(pow(x_poli,3)) - 2*(pow(x_poli,2))*(pow(f,3)) - 

x_poli*(pow(f,4)) - pow(f,5))*(1/pow(aux,7)); 

// Mk coefficients----------------------------- 

M0=(1+aux)/(aux*(1-f*x_poli+aux))*P11; 

M1=(1/pow(aux,3))*P11; 

M2=(1/pow(aux,5))*(1+f*x_poli-2*pow(f,2))*P11; 

M3=(1/pow(aux,7))*(1- 10*(pow(f,2))+ 4*(pow(f,2))+ 5*f*x_poli - 

(pow(f,3))*x_poli + (pow(f,2))*pow(x_poli,2))*P11; 

r_vec[0]=(r[0]*r[0]+r[1]*r[1]+r[2]*r[2])*s[0]; 

r_vec[1]=(r[0]*r[0]+r[1]*r[1]+r[2]*r[2])*s[1]; 

r_vec[2]=(r[0]*r[0]+r[1]*r[1]+r[2]*r[2])*s[2]; 

rs_vec[0]=(r[0]*s[0]+r[1]*s[1]+r[2]*s[2])*r[0]; 

rs_vec[1]=(r[0]*s[0]+r[1]*s[1]+r[2]*s[2])*r[1]; 

rs_vec[2]=(r[0]*s[0]+r[1]*s[1]+r[2]*s[2])*r[2]; 

T[0]=r_vec[0] -rs_vec[0]; //equation Appendix (pag 704) 

T[1]=r_vec[1] -rs_vec[1]; 

T[2]=r_vec[2] -rs_vec[2]; 

aux=T[0]*T[0]+T[1]*T[1]+T[2]*T[2]; 

mod_t=sqrt(aux); 

if (aux==0) 

to=0; 

else 

to=(m[0]*T[0]+m[1]*T[1]+m[2]*T[2])/mod_t; // t0 vector, include m.to 

ro=(m[0]*r[0]+m[1]*r[1]+m[2]*r[2])/mod_r; // r0 vector, include m.ro 

if (f==0)  //case A: central dipole, when f=0 

// equation (31)  

V_Sensors[i]=cn[0]*C*100*(m[0]*s[0]+m[1]*s[1]+m[2]*s[2]);  

else       //case B= radial dipole 

{ 

vr=(cnPrima[0]*P1)+(cnPrima[1]*f*P2)+(cnPrima[2]*pow(f,2)*P3)+(ak[0]*L0)+(a

k[1]*L1)+(ak[2]*L2)+(ak[3]*L3); 

vf=(cnPrima[0]*P11)+(cnPrima[1]*P12*f/2)+(cnPrima[2]*P13*(pow(f,2))/3)+(ak[

0]*M0)+(ak[1]*M1)+(ak[2]*M2)+(ak[3]*M3); 

V_Sensors[i]=C*1000*((to*vf)+(ro*vr)); // V_sensors*1e-5  

V_Sensors[i]=C*1000*((to*vf)+(ro*vr))/R22; 
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} 

}//en for sensor 

/********************************************************** 

 Original Position - Potential Measured 

 Dipole simulator values (reference simulator!!)*1e-5   

********************************************************* */ 

//Case 1: r(0 0 0), m(0 0.63 0.78), 31nA.m, ecc 0 

//double V_Simulator[19]= {1.16*1e-1,1.47*1e-1, 0.14*1e-1, 0.84*1e-1 

,0.51*1e-1 ,-0.04*1e-1, -0.59*1e-1, -0.92*1e-1, 0.84*1e-1, 0.51*1e-1, -

0.04*1e-1, -0.59*1e-1, -0.92*1e-1, 0.80*1e-1, 0.80*1e-1, 1.20*1e-1, 

1.20*1e-1, -0.05*1e-1, -0.05*1e-1}; 

//Case 2: r(0 0.5 0.3), m(0 0.63 0.78), 31nA.m, ecc 0.58 

//double V_Simulator[19]={1.05*1e-1, 2.93*1e-1, -0.14*1e-1 ,0.82*1e-1 

,0.17*1e-1 ,-0.33*1e-1 ,-0.60*1e-1, -0.71*1e-1, 0.82*1e-1, 0.17*1e-1, -

0.33*1e-1, -0.60*1e-1, -0.71*1e-1, 0.51*1e-1, 0.51*1e-1, 1.62*1e-1, 

1.62*1e-1 ,-0.27*1e-1, -0.27*1e-1}; 

//Case 3: r(-0.25 0.20 -0.25), m(0 -0.71 0.71), 30nA.m, ecc 0.4 

//double V_Simulator[19]= {0.90*1e-1, 0.16*1e-1, 1.14*1e-1, -0.91*1e-1, -

0.39*1e-1, 0.11*1e-1, 0.53*1e-1, 0.83*1e-1, -1.16*1e-1, -0.67*1e-1, 

0.27*1e-1, 0.84*1e-1, 0.97*1e-1, 0.60*1e-1, 0.88*1e-1, 0.01*1e-1, 0.04*1e-

1, 1.17*1e-1 ,0.90*1e-1}; 

// Case 4: r(-0.25 0.24 0.42), m(0 -0.89 -0.45), 30nA.m, ecc 0.53 

//double V_Simulator[19]={-0.65*1e-1, -2.27*1e-1, 0.79*1e-1, -1.04*1e-1, -

0.43*1e-1, 0.18*1e-1, 0.66*1e-1, 1.01*1e-1, -1.30*1e-1, -0.69*1e-1, 

0.37*1e-1, 1.01*1e-1, 1.16*1e-1, -0.21*1e-1, -0.29*1e-1, -1.18*1e-1, -

2.15*1e-1, 0.96*1e-1, 0.66*1e-1}; 

//Case 5: r(0 0.5 0.6), m(0 0.69 0.72),30 nA.m, ecc 0.72 

//double V_Simulator[19]= {0.99*1e-1, 4.72*1e-1, -0.40*1e-1, 0.59*1e-1, 

0.07*1e-1, -0.39*1e-1, -0.65*1e-1, -0.76*1e-1, 0.59*1e-1, 0.07*1e-1, -

0.39*1e-1, -0.65*1e-1, -0.76*1e-1, 0.28*1e-1, 0.28*1e-1, 1.47*1e-1, 

1.47*1e-1, -0.48*1e-1 ,-0.48*1e-1}; 

//Case 6: r(0 -0.59 0.52), m(0 0.61 0.79),30 nA.m, ecc 0.78 

//double V_Simulator[19]={1.97*1e-1 ,1.08*1e-1, 0.94*1e-1 ,0.40*1e-1 

,0.27*1e-1 ,-0.06*1e-1 ,-0.73*1e-1 ,-1.72*1e-1 ,0.40*1e-1 ,0.27*1e-1 ,-

0.06*1e-1 ,-0.73*1e-1 ,-1.72*1e-1, 0.99*1e-1 ,0.99*1e-1 ,0.82*1e-1, 0.82 

*1e-1,-0.16*1e-1, -0.16*1e-1 }; 
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//Case 7: r(0 -0.7 0.36), m(0.57 0.52 0.64),30 nA.m, ecc 0.8 

//double V_Simulator[19]={1.31*1e-1 ,0.82*1e-1, 1.18*1e-1 ,0.49*1e-1 

,0.66*1e-1 ,0.70*1e-1 ,0.39*1e-1 ,-1.03*1e-1 ,0.24*1e-1 ,-0.11*1e-1 ,-

0.63*1e-1 ,-1.45*1e-1, -2.40*1e-1 ,1.44*1e-1 ,0.15*1e-1, 0.94*1e-1 

,0.37*1e-1, -1.02*1e-1, 1.37*1e-1}; 

//Case 8: r(-0.05 -0.07 0.54), m(0.68 -0.68 -0.26),30 nA.m, ecc 0.54 

//double V_Simulator[19]= {-0.73*1e-1, -1.27*1e-1, 1*1e-1, -0.44*1e-1 

,0.25*1e-1 ,0.89*1e-1, 1.29*1e-1, 1.24*1e-1, -0.96*1e-1, -1.13*1e-1, -

0.84*1e-1, -0.12*1e-1, 0.70*1e-1, 0.80*1e-1, -1.55*1e-1, -0.27*1e-1, -

1.65*1e-1, 0.04*1e-1, 1.49*1e-1}; 

//Case 9:r(0.45 0.50 0.56), m(0.58 -0.73 -0.34),30 nA.m, ecc 0.87 

//double V_Simulator[19]={-0.51*1e-1 ,-2.79*1e-1, 0.48*1e-1, -0.99*1e-1, 

0.63*1e-1, 1.44*1e-1, 1.25*1e-1, 0.85*1e-1, -1.22*1e-1, -0.82*1e-1, -

0.37*1e-1, 0.05*1e-1, 0.45*1e-1, 1.38*1e-1, -0.66*1e-1 ,-1.90*1e-1 ,-

1.52*1e-1, 0.10*1e-1, 1.07*1e-1}; 

//Case 10:r(0.42 -0.77 -0.13), m(0.52 -0.10 0.85),30 nA.m, ecc 0.89 

//double V_Simulator[19]={0.79*1e-1, 0.32*1e-1 ,1.18*1e-1, -0.02*1e-1, 

0.27*1e-1, 0.78*1e-1, 1.99*1e-1, 1.14*1e-1, -0.22*1e-1, -0.37*1e-1, -

0.5*1e-1 ,-0.59*1e-1, -0.52*1e-1, 1.26*1e-1, 0.12*1e-1, 0.48*1e-1, 0.01*1e-

1, 0.19*1e-1, 2.37*1e-1}; 

//Case 11:r(0.55 0.52 0.57), m(0.55 -0.68 -0.49),30 nA.m, ecc 0.94 

double V_Simulator[19]= {-0.79*1e-1, -2.70*1e-1, 0.31*1e-1, -0.83*1e-1, 

0.85*1e-1, 1.58*1e-1, 1.24*1e-1 ,0.80*1e-1, -1.02*1e-1, -0.68*1e-1, -

0.31*1e-1, 0.05*1e-1, 0.41*1e-1, 1.10*1e-1, -0.68*1e-1, -3.51*1e-1, -

1.38*1e-1, 0.02*1e-1, 0.92*1e-1}; 

/******************************************** 

 Cost Function 

******************************************* */ 

result=0; 

for (i=0;i<19;i++) 

{ 

result=result+(100*V_Sensors[i]-100*V_Simulator[i])*(100*V_Sensors[i]-

100*V_Simulator[i]); // result*1e-14  

} 

printf("%f \n",result); 

return result; 
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