21/08/12 17:46

H:¥matlab_code¥5_2¥mom_inv.m

1/8

70

clear all;
close all;

%% Parameters

j=sqrt (-1);

R=4.8e-2;

H=R/12;

nh=H*1e3;

dv=H"3;

xc=0. 01;yc=0.00;zc=0.01;rc=0.01;
an=Hx (0. 75/pi) " (1/3)
e0=8.854e-12;  muo=pix*de-T7,
er=6.2; sig=0.15;

=2€9; w=2*pi*f; ko=wxsqrt (muokeoxer (1)) ;
N_iter=50;

alp=0.1;

A = —j*wxmuoxkoxH"3/4/pi;

C = —2xj*wsmuo/3/ko" 2% (exp (- jxkoxan) * (1+jxkoxan)-1)-1/3/j/w/eo;

kg=1;

%% Receiving Point
NR=36;

x_rec=[48*ones (1,6) 36 24 12 0 -12 -24 -48xones (1,6) -36 -24 -12 0 12 24];

x_rec=[x_rec 36 36 12 -12 -36 -36 -12 12 12 12 -12 -12]/1000;
y_rec=[24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12 24 12];
y_rec=[y_rec 24 12 24 12 24 12 48+ones (1, 12)]/1000;

z_rec=[-36 -24 -12 0 12 24 48xones(1,6) 36 24 12 0 -12 -24 -48+ones (1,6)];

z_rec=[z_rec -12 12 36 36 12 -12 -36 -36 -12 12 12 -12]1/1000;
fd=[121212101010121212101010];

fd=[fd 20022002020 2];
rr=[x_rec’ y_rec’ z_rec' ];

%W ETYY
X=—R+H/2:H:R-H/2;nx=length (X)
Z=X:nz=nx;
Y=H/2:H:R-H/2;ny=length (Y) ;
Xc=X*1000+50; Zc=Xc:
Yc=Y*1000;
i=0;
for m=1:ny
for I=1:nz
for n=1:nx
i=i+1;
xd (i)=X(n) ;yd (i)=Y (m);zd (i)=Z(l);
end
end

end
NN=i ;
r=[xd(:) yd(:) zd(:)1;
figure(1)
plot3(xd, yd, zd,".")
xlabel ('x");
ylabel ("y");
grid

%% THFR LDFmEARAD

medLabFile = 'mediumLabelList_Resolmm_Casel.txt'; % HESANJLT7 AL

% 77 LT 7AIILERL

filelD = fopen(medLabFile, 'r');

% FLEFineETILHRE

reso_f = fscanf(filelD, %d ,1); % #fEge
% XYZAEMDEILEET 74 ILDLEAS
IF = fscanf (filelD, %d", 1);

KF = fscanf (filelD, %d", 1)

JF = fscanf (filelD, %d", 1)

eps=er (1) *ones (100, 52, 100) ;
sigma=sig(1)*ones (100, 52, 100) ;
sh=zeros (100, 52, 100) ;

for jF = 1:JF

% F1Z (m)
% ZID1TAOKRES

% DS ADIEE )

% LI DEEERE

% HZOHEE L BHE

% MHOLFEE L SBE
BiRH, B

% YR LK

% ERHE/ S A—4

% 5. 207D HED—ED

% 5.210& Y tau(r) ZERE+1

% 0:5 ) —UBBMEHAR, 1 HE
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for kF = 1:KF
for iF = 1:1F

lab = fscanf (filelD, %d",1);
switch (lab)

end
end
end
end

% model visualization

for m=1:ny
for I=1:nz

for n=1:nx

case 1 % fERA

eps (iF, kF, jF+2)=T;
sigma (iF, kF, jF+2)=0.21;
sh(iF, kF, jF+2)=1;

case 2 % ZLAR

eps (iF, kF, jF+2)=35;
sigma (iF, kF, jF+2)=1.05;
sh(iF, kF, jF+2)=2;

case 4 % AA

eps (iF, kF, jF+2)=50;
sigma (iF, kF, jF+2)=1.5;
sh(iF, kF, jF+2)=4;

case b % KJE

eps (iF, kF, jF+2)=35;
sigma(iF, kF, jF+2)=1.05;
sh(iF, kF, jF+2)=3;

xh=round (Xc¢ (n) -nh/2+1:Xc (n) +nh/2) ;

yh=round (Yc (m) -nh/2+1:Yc (m) +nh/2) ;

zh=round (Zc¢ (1) -nh/2+1:Zc (1) +nh/2) ;

ei (n,m, 1)=sum(sum(sum(eps (xh, yh, zh)))) /nh"3;
si(n,m, 1)=sum(sum(sum(sigma (xh, yh, zh))))/nh"3;

end
end
end

[xv,yv, zv]l = meshgrid(Y,X, 2):

i=0;ii=0;nv=[];
for m=1:ny
for I=1:nz

for n=1:nx

%xr=X(n) "2+Y (m) "2+Z (1) "2;
xr=X(n) "2+ (Y (m) +0. 01) "2+Z (1) "2;

i=i+l;
if xr<R"2
fi=ii+l;
nv=[nv i];
tau(ii)=si(n,m, [)-sig(1)+j*xwkeox(ei (n,m, |)-er (1))
em(ii)=ei(n,mI);
sm(ii)=si(n,mI);

end
end
end
end
N=ii;

T=diag([tau tau taul);

taur=tau;

r=[xd(nv)’ yd(nv)' zd(nv)'1;

figure(2)
subplot(2,2,1)

h =slice(xv,yv,zv,ei, X, Y, 2);

alpha( color’)

set (h, EdgeColor’, 'none’, FaceColor’,  interp’, FaceAlpha',’ interp’)
xlabel (y"):ylabel ( x"):zlabel (' z")

%colormap (gray)
colorbar

title( set permittivity’)

subplot (2, 2,2)
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141 h = slice(xv,yv,zv,si, X, Y, 2);
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alpha( color’)
set (h, " EdgeColor
xlabel ('y')  ylab
%colormap (gray)
colorbar

title(' set condu

%% S — B

if kg==1
Gxx=zeros (N
Gyy=zeros (N
Gzz=zeros (N
Gxy=zeros (N
Gxz=zeros (N
Gyx=zeros (N
Gyz=zeros (N
Gzx=zeros (N
Gzy=zeros (N
%Gxx
parfor m=1:N

","none’, FaceColor', interp’, FaceAlpha', interp’)
el(x"):zlabel (' 2")

ctivity')

N)
N);
N);
N)
N);
N)
N);
N)
N);

for n=1:N
if m==n

else

end
end
end

%Gxy
parfor m=1:N

Gxx (m, n)=C;
Gyy (m, n)=C;
Gzz (m, n)=C;

Rmn=norm(r (m, :)-r(n, :));
almn=ko*Rmn;
cxpmn=(r (m, 1)-r (n, 1)) /Rmn;
cxgmn=cxpmn;

B=(almn"2-1-j*almn) +cxpmnkcxgmnk (3—-a lmn”2+3x% j*almn) ;

Gxx (m, n) =Asexp (- j*almn) /almn"3xB;
oxpmn=(r (m, 2)-r (n, 2)) /Rmn;
cxgmn=cxpmn;

B=(almn”2-1-j*almn) +cxpmn*cxgmn* (3—almn”2+3x* j*almn) ;

Gyy (m, n) =Axexp (- j*almn) /almn”3%B;
cxpmn=(r (m, 3)-r (n, 3)) /Rmn;
cxgmn=cxpmn;

B=(almn”2-1-j*almn) +cxpmnxcxgmn* (3—almn”2+3x* j*almn) ;

Gzz (m, n) =Axexp (- j*almn) /almn"3*B;

for n=1:N

ifm

=n

Rmn=norm(r (m, :)-r(n, :));
almn=ko*Rmn;
cxpmn=(r (m, 1)-r (n, 1)) /Rmn;
cxgmn=(r (m, 2)-r (n, 2)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Gxy (m, n) =A%exp (- j*almn) /almn”3xB;
cxamn=(r (m, 3)-r (n, 3)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Gxz (m, n) =A%exp (- j*almn) /almn"3xB;
cxpmn=(r (m, 2)-r (n, 2)) /Rmn;
cxgmn=(r (m, 1)-r (n, 1)) /Rmn;
B=cxpmn*cxgmn* (3—-almn”2+3* j*almn) ;
Gyx (m, n) =A%exp (- j*almn) /almn”3xB;
cxamn=(r (m, 3)-r (n, 3)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Gyz (m, n) =Axexp (- j*almn) /almn"3xB;
cxpmn=(r (m, 3)-r (n, 3)) /Rmn;
cxgmn=(r (m, 1)-r (n, 1)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Gzx (m, n) =Akxexp (- j*almn) /almn"3*B;
cxamn=(r (m, 2)-r (n, 2)) /Rmn;

% 5.207
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B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Gzy (m, n)=A%exp (- j*almn) /almn”3xB;
end
end
end
G=[Gxx Gxy Gxz.Gyx Gyy Gyz: Gzx Gzy Gzz]:

%% ZIERICEET DY — B

Kxx=zeros (NR, N) ;

Kxy=zeros (NR, N) ;

Kxz=zeros (NR, N) ;

Kyx=zeros (NR, N) ;

Kyy=zeros (NR, N) ;

Kyz=zeros (NR, N) ;

Kzx=zeros (NR, N) ;

Kzy=zeros (NR, N) ;

Kzz=zeros (NR,N) ;

parfor m=1:NR

for n=1:N

Rmn=norm(rr (m, :)-r(n, :));
almn=ko*Rmn;
cxpmn=(rr (m, 1)-r (n, 1)) /Rmn;
cxgmn=cxpmn;

B=(almn”2-1-j*almn) +cxpmnxcxgmn* (3—almn”2+3x* j*almn) ;

Kxx (m, n) =A*exp (- j*almn) /almn"3*B;
cxpmn=(rr (m, 2)-r (n, 2)) /Rmn;
cxgmn=cxpmn;

B=(almn"2-1-j*almn) +cxpmn*cxamn* (3—-a lmn”2+3% j*almn) ;

Kyy (m, n) =Asexp (- j*almn) /almn™3xB;
cxpmn=(rr (m, 3)-r (n, 3)) /Rmn;
cxgmn=cxpmn;

B=(almn"2-1-j*almn) +cxpmn*cxamn* (3—-a lmn”2+3% j*almn) ;

Kzz (m, n) =Axexp (- j*almn) /almn"3xB;
Rmn=norm(rr (m, :)-r(n, :));
almn=ko*Rmn;
cxpmn=(rr (m, 1)-r (n, 1)) /Rmn;
oxgmn=(rr (m, 2)-r (n, 2)) /Rmn;
B=cxpmn*cxgmn* (3—-almn”2+3* j*almn) ;
Kxy (m, n) =Axexp (- j*almn) /almn”3xB;
cxamn=(rr (m, 3)-r (n, 3)) /Rmn;
B=cxpmn*cxgmn* (3—-almn”2+3* j*almn) ;
Kxz (m, n) =Asexp (- j*almn) /almn"3xB;
cxpmn=(rr (m, 2)-r (n, 2)) /Rmn;
oxgmn=(rr (m, 1)=r (n, 1)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Kyx (m, n) =A%exp (- j*almn) /almn”3xB;
cxamn=(rr (m, 3)-r (n, 3)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Kyz (m, n) =Asexp (- j*almn) /almn™3xB;
cxpmn=(rr (m, 3)-r (n, 3)) /Rmn;
cxamn=(rr (m, 1)-r (n, 1)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Kzx (m, n) =A*exp (- j*almn) /almn"3*B;
cxamn=(rr (m, 2)-r (n, 2)) /Rmn;
B=cxpmn*cxgmn* (3—-almn”2+3* j*almn) ;
Kzy (m, n) =A%exp (- j*almn) /almn™3xB;
end
end
K=[Kxx Kxy Kxz:Kyx Kyy Kyz: Kzx Kzy Kzz]:
KB=[1;
for k=1:NR
if fd(k)==0
KB=[KB: Kk, :)1;
elseif fd(k)==1
KB=[KB:; K(k+NR, :)1;
else
KB=[KB; K(k+2*NR, :)1;
end
end
save 'green_func_nc2G

% 5.207
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else
load ' green_func_nc2G
end

%% JIERERE

Ei = [exp(—jxkoxsqrt ((r(:, 1)-rr (i, 1)). " 2+(r (:,2)-rr(i,2)). " 2+(r (:,3)-rr (i, 3))."2));

zeros(N,1); zeros(N, 1)1:

Ei = [zeros(N,1); exp(—jxkokxsqrt ((r (:, 1)=rr (i, 1)). "2+(r (:,2)-rr (i,2)). " 2+(r (:,3)-rr (i, 3))."2)); zeros(N,1)1;

Ei = [zeros(N,1); zeros(N,1); exp (-j*koksart ((r :, )=rr (i, 1)). " 2+(r (:, 2 -rr(i,2)). " 2+(r (:,3)-rr (i, 3))."2)) 1;

% AST5
E_i=[1;
for i=1:NR
if fd(i)==0
elseif fd(i)==1
else
end
E_i=[E_i Eil;
end
Gg=gpuArray (G) ;

Tg=gpuArray (T) ;
Eig=gpuArray (E_i) ;

Etg=— (Gg*xTg-eye (3+N, 3xN)) "~1*Eig;
E=gather (Etg) ;
%E=—(GxT-eye (3*N, 3xN) ) "—1*E_i ;

vin,m D=sart (ECii, i)*conj(ECii, i))+ECii+N, i)*conj (E(ii+N, i))+E(ii+2*N, i)*conj (E(ii+2N, i)));

Er=KB*T*E;
Em=reshape (Er, NR*+NR, 1) ;
kv=0;
figure(3)
for i=1:NR
k=0;ii=1;
for m=1:ny
for I=1:nz
for n=1:nx
k=k+1;
vin,m, 1)=0;
if k==nv(ii)
if ii<N
ii=ii+l;
end
end
end
end
end
if mod(i,4)==
kv=kv+1;
subplot (3, 3, kv)
h =slice(xv,yv,zv,v,X,Y,2);
alpha( color")
set (h, EdgeColor’, none’, FaceColor’
%colormap (gray)
xlabel (' x")
ylabel (y")
zlabel (2")
end
end
figure(4)
kv=0;
for I=1:4:NR
kv=kv+1;
subplot (3, 3, kv)
plot (1:NR, abs (Em((I-1)*NR+1:[*NR)))
end

%Emv="[emx;emy;emz] ;

%% EZEE

cc=[1;ccf=[];ccn=[1:

tau=(0+ jxwxeo* (7-er (1)) ) *ones (1, N) ;
erm=norm (tau-taur) ;

T=diag([tau tau taul);

for i=1:N_iter

. interp’, FaceAlpha',’

interp’)
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351 GGg=gpuArray (G) ;

352 E_ig=gpuArray (E_i) ;

353 Tg=gpuArray (T) ;

354 Eg=- (GGg*Tg—eye (3%N, 3*N)) "—1*E_ig;
355 E=gather (Eg) ;

356 %E=-(G*¥T-eye (3xN) ) "=1xE_i;

357 Erit=reshape (KB*T*E, NR*NR, 1) ;

358 dE=Er it-Em;

359 Ec=E;

360 inSG=(eye (3*N) -T*G) "-1;

361 D=[1;PH=[1;dPH=[];

362 for I=1:NR

363 D=[D;KB*inSGxdiag (Ec (3N (1-1)+1:3xNx1))];
364 PH=[PH;Erit (NR* (I-1)+1:NR*1)];
365 dPH=[dPH; dE (NR* (I-1) +1:NR*1) ];
366 end

367 err_PHY=sqrt (sum(dPH. *conj (dPH)) . /sum (PH. *conj (PH))) ;
368 g=alpx (1/N/3%trace (D’ *D) ) *err_PHY. "2;
369 %Q=D" *D+g*eye (3*N) ;

370 %DD=diag (Q) ;DD=DD. "-1;DD=diag (DD) ;
3N %Qt=DD*Q;

372 %c=D" *dPH;

373 %ct=DDx*c;

374 %ds=bicgstab (Qt, ct, 0. 01, 100) ;

375 Dg=gpuArray (D) ;

376 dPHg=gpuArray (dPH) ;

377 dsg=(Dg’ *Dg+g*eye (3xN) ) "—1xDg’ *dPHg ;
378 ds=gather (dsg) ;

379 %ds= (D’ *D+gxeye (3%N)) "=1+D" *dPH;

380 T=T-diag(ds) ;

381 tau=diag (T(1:N, 1:N)) ;

382 epi=imag (tau) /w/eo+er (1) ;

383 sgi=real (tau)+sig(1);

384 for I=1:N

385 if epi(1)<1

386 epi (N=1;

387 elseif epi (1)>65

388 epi (1)=60;

389 end

390 if sgi(1)<0

391 sgi (1)=epi (1)*0.03;

392 elseif sgi (I)>epi (1)*0.035

393 sgi (1)=epi (1)*0.03;

394 elseif sgi (I)<epi (1)*0.025

395 sgi (1)=epi (1)*0.03;

396 end

397 end

398 tau=sgi-sig(1)+j*wkeox (epi-er (1)) ;
399 T=diag([tau; tau; taul);

400 figure(6)

401 subplot(2,1,1)

402 cc=[cc norm(dE) ]

403 semi logy (cc)

404 cf=corrcoef (taur.’,diag(T(1:N, 1:N))):
405 cn=norm(diag (T (1:N, 1:N))—taur.’) /erm;
406 ccf=[ccf abs(cf(2,1))];

407 cen=[cen cnl;

408 subplot(2,1,2)

409 plot(1:i,ccf,’ b, 1:i,ccn,'m');

410 legend (' corr’, error’);

411 end

412

413 %% =R

414 taue=diag (T(1:N,1:N));

415 figure(7)

416 subplot(2,1,1)

417 plot (1:N, imag (taur) /w/eo+er (1), 1:N, imag (taue) /w/eo+er (1), %)
418 title( FFEFE)

419 xlabel ( )LEE)

420

legend (' set’,’ reconstructed’)
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subplot(2,1,2)

plot (1:N, real (taur)+sig(1), 1:N, real (taue)+sig(1), *')
title( BEZHE")

xlabel ( ZILES")

legend (' set’, ' reconstructed’)

i=0;ii=1;
for m=1:ny
for I=1:nz
for n=1:nx
i=i+1;
epv(n,m, 1)=er (1) :sgvin,m I)=sig(1):
if i==nv(ii)
epv(n,m, |)=imag (taue(ii)) /w/eo+er (1) ;
sgv(n,m, I)=real (taue(ii))+sig(1);
if ii<N
fi=ii+l;
end
end
end
end
end
figure(2)
subplot (2, 2, 3)

h = slice(xv,yv, zv,epv, X, Y, Z);

alpha( color’)

set (h, ' EdgeColor’, none’, FaceColor’, interp’,..
"FaceAlpha',’ interp’)

xlabel (y"):ylabel ( x"):zlabel (' z")

colorbar

title( reconstructed permittivity’)

subplot(2,2,4)

h = slice(xv,yv,zv,sgv,X, Y, 2);

alpha (' color’)

set (h, EdgeColor’, "none’, FaceColor’, interp’,..
"FaceAlpha', interp’)

xlabel ('y');ylabel ( x);zlabel (' z")

colorbar

title( reconstructed conductivity’)

Eps=zeros (nx, ny, nz) ;
Sig=zeros (nx, ny, nz) ;
Epi=zeros (nx, ny, nz) ;
Sii=zeros (nx, ny, nz) ;
for I=1inz
for m=1:ny
Eps(:,m, D=epv(:,m, I);
Sig(,m D=sgv(:,m1);
Epi (:,m, D=ei(:,m, I);
Sii(,m D=si(C,m1);
end
end
for m=1:nz
figure()
subplot(2,2,1)
im_out=Epi (:, :,m);
CLIM = [1 60];
imagesc (im_out’, CLIM), colorbar
axis ([1 nx 1 nyl):
title( set permittivity’)
subplot (2, 2,2)
im_out=Sii(:,:,m;
CLIM = [0 2]
imagesc (im_out’, CLIM), colorbar
axis([1 nx 1 nyD);
title( set conductivity')
subplot(2,2,3)
im_out=Eps (:, :,m);
CLIM = [1 60];
imagesc (im_out’, CLIM), colorbar
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491 axis ([1 nx 1 nyl):

492 title( reconstructed permittivity’)
493 subplot (2,2, 4)

494 im_out=Sig(:, :,m);

495 CLIM = [0 2];

496 imagesc (im_out’, CLIM), colorbar
497 axis([1 nx 1 nyl);

498 title( reconstructed conductivity')
499 end

500

501 Eps=zeros (nx, nz, ny);

502 Sig=zeros (nx, nz, ny);

503 Epi=zeros (nx, nz, ny);

504 Sii=zeros(nx, nz, ny);

505 for m=1:ny

506 for I=1:nz

507 Eps(:, I, m)=epv(:,m, 1);
508 Sig(, I, m=sgv(:,ml);

509 Epi (:, I, m=ei (:,m, |);

510 Sii(:, IL,m=siC,ml);

511 end

512 end

513 for m=1:ny

514 figure()

515 subplot (2,2, 1)

516 im_out=Epi (:, :,m);

517 CLIM = [1 60];

518 imagesc (im_out’ , CLIM), colorbar
519 axis([1 nx 1 nzl):

520 title( set permittivity’)

521 subplot (2, 2,2)

522 im_out=Sii(:,:,m;

523 CLIM = [0 2]:

524 imagesc (im_out’ , CLIM), colorbar
525 axis([1 nx 1 nzl):

526 title( set conductivity')

521 subplot (2,2, 3)

528 im_out=Eps (:, :, m);

529 CLIM = [1 60];

530 imagesc (im_out’, CLIM), colorbar
531 axis([1 nx 1 nzl);

532 title( reconstructed permittivity')
533 subplot (2,2, 4)

534 im_out=Sig(:, :,m;

535 CLIM = [0 2]:

536 imagesc (im_out’ , CLIM), colorbar
537 axis([1 nx 1 nzl):

538 title( reconstructed conductivity’)

539 end



