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clear all;
close all;

%% Parameters

j=sart(-1);

R=4.8e-2;

H=R/12;

nh=H*1e3;

dv=H"3;

xc=-0.025;yc=0. 015;z¢=-0. 01;rc=0.01;
an=Hx (0. 75/pi) " (1/3)

e0=8.854e-12;  muo=pix*de-T7,
er=6.5561; sig=0.13965;

=2.e9; w=2xpixf,;
eb=er+sig. / (j*wkeo) ;

ko=wxsqrt (muo*eoxeb) ;

N_iter=50;

A = —j*wxmuoxkoxH"3/4/pi;

C = —2xj*wkmuo/3/ko" 2x (exp (- jxko*an) * (1+j*koxan)-1)-1/3/j/w/eo;
alp=0.;

dth=0.001;

dn=100;

kp=2;
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if kp>=1
ku=0;

else
ku=1;

end

it kp>0
kn=0;

else
kn=1;

end

ke=0;

kg=0;

%% Receiving Point

NR=36;

x_rec=[48xones (1,6) 36 24 12 0 -12 -24 -48%ones (1,6) -36 -24 -12 0 12 24];
x_rec=[x_rec 36 36 12 -12 -36 -36 -12 12 12 12 -12 -12]1/1000;

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 48*ones(1,6) 36 24 12 0 -12 -24 -48xones(1,6)];
z_rec=[z_rec -12 12 36 36 12 -12 -36 -36 -12 12 12 -12]1/1000;
fd=(1212121010101212121010107;

fd=[fd 20022002020 2];

rr=[x_rec’ y_rec’ z_rec']:

W ETYUY
X=—R+H/2:H:R-H/2:nx=length (X)
7=X;nz=nx;
Y=H/2:H:R-H/2:ny=1ength (Y) ;
Xc=Xx1000+50; Zc=Xc;
Ye=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)=Z2(l);
end
end

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

% F1Z (m)
% ZID1TAOKRES

% DS ADIEE )

% LI DEEERE

% MEQHEE L BUE
% MHOLFEE L SBE

% BIRE, KE

% #EYIRLE

% 5. 207D HRED—HED

% 5.210& Ytau(r) ZErE+1

b 2T NTORAELEZFER. 1SmZFERALLGK

% Oler&sigZMILICEE, 1sigERBICFHE
% 0:4 ) —UBIMFHEARAL, 11EE

% TUoTFDTHILEZR
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124 [xv, yv, zv] = meshgrid(Y, X, 2);

125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

ylabel ("y");
grid

%% TFR bDEFRAHAH

medLabFile = 'mediumLabellList_Resolmm_Casel.txt'; % HEHSNILT 7SIl

% 727 bLTT7AILERL

filelD = fopen(medLabFile, 'r’

% FLEFineETILHRE

reso_f = fscanf(filelD, %d ,1);

% SHRRRE

% XYZAMDEILEZE T 74 ILh 55EAR D

IF
KF
JF
eps=erx*ones (100, 52, 100) ;

sigma=sig*ones (100, 52, 100) ;

sh=zeros (100, 52, 100) ;
for jF = 1:JF
for kF = 1:KF
for iF = 1:1F

fscanf (filelD, %d, 1);
fscanf (filelD, %d", 1)
fscanf (filelD, %d", 1)

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

switch (lab)

case 1 % fgRA

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)=1.2;

case 4 % MA

eps (iF, kF, jF+2)=60;
sigma(iF, kF, jF+2)=1.8;
sh(iF, kF, jF+2)=4;

case 5 U KIS

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

end
end
end
end

% model visualization
for m=1:ny
for I=1:nz
for n=1:nx

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, |)=sum(sum(sum(sigma (xh, yh, zh))))/nh"3;

end
end
end

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

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+j*xwxeox(ei (n,m, |)-er);
em(ii)=ei(n,m )
sm(ii)=si(n,mI);

end
end
end
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140 end

141 N=ii;

142 T=diag([tau tau taul):

143 taur=tau;

144 r=[xd(nv)’ yd(nv)’ zd(nv)'];

145 figure(2)

146 subplot(2,2,1)

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

148 alpha( color’)

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

151 xlabel ('y'):ylabel ('x):zlabel ('z")
152 colorbar

153 title( set permittivity’)

154 subplot(2,2,2)

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

156 alpha( color’)

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

159 xlabel ('y'):;ylabel ('x');zlabel ( z")
160 colorbar

161 title( set conductivity’)

162

163 %% ') — 2 BE%

164 if keg==1

165 Gxx=zeros (N, N) :

166 Gyy=zeros (N, N) ;

167 Gzz=zeros (N, N) ;

168 Gxy=zeros (N, N) :

169 Gxz=zeros (N, N) ;

170 Gyx=zeros (N, N) :

1M Gyz=zeros (N, N) ;

172 Gzx=zeros (N, N) ;

173 Gzy=zeros (N, N) ;

174 %Gxx

175 parfor m=1:N

176 for n=1:N

177 if m==n

178 Gxx (m, n)=GC;

179 Gyy (m, n)=C;

180 Gzz (m, n)=C;

181 else

182 Rmn=norm(r (m, :)-r(n, :));

183 almn=ko*Rmn;

184 cxpmn=(r (m, 1)-r (n, 1)) /Rmn;

185 cxgmn=cxpmn;

186 B=(almn”2-1-j*almn) +cxpmnxcxgmn* (3—almn”2+3x* j*almn) ;
187 Gxx (m, n) =Akxexp (- j*almn) /almn"3*B; % 5.207
188 cxpmn=(r (m, 2)-r (n, 2)) /Rmn;

189 cxgmn=cxpmn;

190 B=(almn”2-1-j*almn) +cxpmnkcxgmnk (3—-a lmn”2+3x% j*almn) ;
191 Gyy (m, n) =Asexp (- j*almn) /almn™3xB;

192 cxpmn=(r (m, 3)-r (n, 3)) /Rmn;

193 cxgmn=cxpmn;

194 B=(almn”2-1-j*almn) +cxpmnkcxgmnk (3—-a lmn”2+3x% j*almn) ;
195 Gzz (m, n)=A%exp (- j*almn) /almn™3xB;

196 end

197 end

198 end

199

200 %Gxy

201 for m=1:N

202 for n=1:N

203 if m™=n

204 Rmn=norm(r (m, :)-r(n, :));

205 almn=ko*Rmn;

206 cxpmn=(r (m, 1)-r (n, 1)) /Rmn;

207 cxamn=(r (m, 2)-r (n, 2)) /Rmn;

208 B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;

209 Gxy (m, n) =Asexp (- j*almn) /almn”3xB;
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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) =Akexp (- j*almn) /almn”3xB;
cxamn=(r (m, 3)-r (n, 3)) /Rmn;
B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
Gyz (m, n)=A%exp (- j*almn) /almn"3xB;
oxpmn=(r (m, 3)-r (n, 3)) /Rmn;
cxamn=(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;
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];

%W ZERICET YU —UBEK

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

Kxx (m, n) =Asexp (- j*almn) /almn™3xB;
cxpmn=(rr (m, 2)-r (n, 2)) /Rmn;
cxgmn=cxpmn;

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

Kyy (m, n)=Axexp (- jxalmn) /almn"3*B;
cxpmn=(rr (m, 3)-r (n, 3)) /Rmn;
cxgmn=cxpmn;

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

Kzz (m, n) =A*exp (- j*almn) /almn"3*B;
Rmn=norm(rr (m, :)-r(n, :));
almn=ko*Rmn;
cxpmn=(rr (m, 1)-r (n, 1)) /Rmn;
cxamn=(rr (m, 2)-r (n, 2)) /Rmn;

B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;

Kxy (m, n) =Asexp (- j*almn) /almn"3xB;
cxamn=(rr (m, 3)-r (n, 3)) /Rmn;

B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;

Kxz (m, n) =A*exp (- j*almn) /almn"3*B;
cxpmn=(rr (m, 2)-r (n, 2)) /Rmn;
cxamn=(rr (m, 1)-r (n, 1)) /Rmn;

B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;

Kyx (m, n) =Asexp (- j*almn) /almn™3xB;
cxamn=(rr (m, 3)-r (n, 3)) /Rmn;

B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;

Kyz (m, n)=Axexp (- 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) =Asexp (- j*almn) /almn™3xB;
cxamn=(rr (m, 2)-r (n, 2)) /Rmn;

B=cxpmn*cxgmn* (3-almn”2+3* j*almn) ;
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280 Kzy (m, n) =Asexp (- j*almn) /almn”3xB;
281 end

282 end

283 K=[Kxx Kxy Kxz;Kyx Kyy Kyz; Kzx Kzy Kzz];
284 KB=[1:;

285 for k=1:NR

286 if fd(k)==0

287 KB=[KB; Kk, :)];

288 elseif fd(k)==1

289 KB=[KB:; K(k+NR, :)1;

290 else

291 KB=[KB; K(k+2*NR, :)1;

292 end

293 end

294 save 'green_func_2G

295 else

296 load ' green_func_nc2G

297 end

298

299 %% lERRE

300 % ASTHR

301 E_i=[];

302 for i=1:NR

303 if fd(i)==0

304 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;
305 elseif fd(i)==

306 Ei = [zeros(N,1); exp(—jxkoxsqrt ((r (:, 1)=rr (i, 1)). " 2+(r :, 2)-rr(i,2)). " 2+(r (:,3)-rr(i,3))."2)); zeros(N,1)]1;
307 else

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

310 E_i=[E_i Eil;

311 end

312 Gg=gpuArray (G) ;

313 Tg=gpuArray (T) ;

314 Eig=gpuArray (E_i) :

315 Etg=—(Gg*Tg-eye (3N, 3xN)) "~1*Eig;
316 E=gather (Etg) ;

317 Er=KB*T*E;

318 Em=reshape (Er, NR*NR, 1) ;

319 kv=0;

320 figure(3)

321 for i=1:NR

322 k=0;ii=1;

323 for m=1:ny

324 for I=1:nz

325 for n=1:nx

326 k=k+1;

321 v(n,m 1)=0;

328 if k==nv(ii)

329 vin,m, )=sqrt (E(ii, i)*conj (ECii, i))+ECii+N, i)*conj (E(ii+N, i))+E(ii+2*N, i)*conj (E(ii+2*N, i)));
330 if ii<N

331 fi=ii+l;

332 end

333 end

334 end

335 end

336 end

337 if mod(i,4)==

338 kv=kv+1;

339 subplot (3, 3, kv)

340 h =slice(xv,yv,zv,v,X,Y,2);
341 alpha( color")

342 set (h,’ EdgeColor’, "none’, FaceColor’',  interp’, FaceAlpha',’ interp’)
343 xlabel ( x")

344 ylabel (y")

345 zlabel (z")

346 end

347 end

348

349 figure(4)
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kv=0;
for [=1:4:NR

kv=kv+1;

subplot (3, 3, kv)

plot (1:NR, abs (Em((I-1)*NR+1: [*NR)))
end

%% EZEE
cc=[1;ccf1=[]1;ccf2=[1;cen1=[]1;ccn2=[1;
epi=7*xones (N, 1) ;sgi=0. 21*ones (N, 1) ;
tau=(sgi-sig+j*wkeox (epi—er)) ;
enm=norm(epi-em." ) :
snm=norm(sgi-sm.") :
T=diag([tau.’ tau.’ tau.']);
for i=1:N_iter
GGg=gpuArray (G) ;
E_ig=gpuArray (E_i) :
Tg=gpuArray (T) ;
Eg=- (GGg*Tg-eye (3*N, 3+N)) "-1+E_ig;
E=gather (Eg) ;
Ec=reshape (E, 3%NR*N, 1) ;
Er=KB+T*E;
Erit=reshape (Er, NRNR, 1) ;
dE=Er it-Em;

figure(5)
kv=0;
for I=1:4:\R
kv=kv+1;
subplot (3, 3, kv)
plot (1:NR, abs (dE ((1-1) *NR+1: 1*NR)))
end
figure (6)
subplot(2,1,1)
cc=[cc norm(dE)];
semi logy (cc)
cf1=corrcoef (epi. ', em);
cf2=corrcoef (sgi.’, sm);
cnl=norm(em. —epi)/enm;
cn2=norm(sm. "’ -sgi)/snm;

%if i>1

% if ¢f1(2,1)<ccf1(i-1)
% N_iter=i-1;

% break

% end

%end

ccf1=[ccf1 abs (cf1(2,1))];

ccf2=[ccf2 abs(cf2(2,1))1;

cenl=[cenl cnl];

cen2=[ccn2 cn2];

subplot(2,1,2)
plot(1:i,ccfl,’ b, 1:i,ccf2,'r', 1:i,cenl, k', 1:i,ccn2,'m') ;
legend ( corr_ep’, corr_sig’, error_ep', error_sig');

D=[1;dPH=[1;
for 1=1:NR-kn
if kp>1
=1
else
=1
end
Eb=Ec (3N (1-1) +1:3%Nx|) . " ;
Eb=Eb (ones (1,NR), ) ;

KE=KB. *Eb;
Ke=KE (I 1+ku:NR, 1:N)+KE (I I+ku:NR, N+1:2xN) +KE (I [+ku:NR, 2%N+1:3*N) ;
if ke==0
aa=[real (Ke) real (j*wxeoxKe) ; imag (Ke) imag (j*wxeoxKe)];
else

aa=[0. 03xreal (Ke) +real (j*xwxeoxKe) ;0. 03ximag (Ke) +imag (j*wkeo*Ke) ] ;

end
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D=[D;aa];

dPH=[dPH; real (dE ((1-1) #NR+1 [+ku: [*NR)) ; imag (dE ((1=1) #NR+1 [+ku: [*NR)) 1;

end
err_PHY=sqrt (sum (dPH. *conj (dPH)). /sum(Erit. *conj (Erit)));

if ke==0
g=alpx (1/ (2*N) *trace (D’ *D) ) xerr_PHY. "2;
Q=D" #D+gxeye (2*N) ;
else
g=alp*(1/ (N)*trace (D' *D) ) *err_PHY. "2;
Q=D" *D+gxeye (N) ;
end
DD=diag (Q) ;DD=DD. "-1;DD=diag (DD) ;
Qt=DDxQ;
c=D" *dPH;
ct=DDx*c;
ds=bicgstab (Qt, ct, dth, dn) ;
it ke==
epi=epi-ds (N+1:2+N) ;
sgi=sgi-ds (1:N) ;
for I=1:N
if epi (H<1
epi (1)=1;
elseif epi(l)>65
epi (1)=60;
end
if sgi(l)<0
sgi (1)=epi (1)*0. 03;
elseif sgi (I)>epi (1)*0.035
sgi (1)=epi (1)*0. 03;
elseif sgi (I)<epi (1)*0.025
sgi (1)=epi (1)*0. 03;
end
end
else
epi=epi-ds;
sgi=sgi-0. 03xds;
for I=1:N
if epi(1)<1
epi (1)=1;
elseif epi(1)>58
epi (1)=58;
end
if sgi(l)<0
sgi (1)=0;
elseif sgi(l)>4
sgi (1)=4;
end
end
end
tau=(sgi-sig+j*wkeox (epi—er)) ;

T=diag([tau.’ tau.
end

W% TR
figure(7)
subplot(2,1,1)

plot(1:N,em,'b", 1:N, epi,

title( FFEE")
xlabel ( ZILEE)
subplot(2,1,2)

plot(1:N, sm,'b", 1:N, sgi,

title( BE=HE")
xlabel ( ZILES)

i=0;ii=1;
for m=1:ny
for I=1:nz
for n=1:nx
i=i+1;

tau.'1);

r*')

r¥’)
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epv(n,m, I)=er;sgv(n,m |)=sig;

if i==nv(ii)
epv(n,m, 1)=epi(ii);
sgv(n,m, 1)=sgi(ii);
it iiN

fi=ii+1;

end

end

end
end
end

figure(2)

subplot(2,2,3)

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

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’)

[ef1(2,1) ¢f2(2,1) cnl cn2 cc(N_iter)]

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 nyl);
title( set conductivity')
subplot (2, 2, 3)
im_out=Eps (:, :,m);
CLIM = [1 60];
imagesc (im_out’, CLIM), colorbar
axis([1 nx 1 nyl);
title( reconstructed permittivity')
subplot (2,2, 4)
im_out=Sig(:, :,m);
CLIM = [0 2]:
imagesc (im_out’ , CLIM), colorbar
axis ([1 nx 1 nyl):
title( reconstructed conductivity’)
end
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560

561 Eps=zeros(nx, nz, ny);
562 Sig=zeros (nx, nz, ny);
563 Epi=zeros (nx, nz, ny);
564 Sii=zeros(nx, nz, ny);
565 for m=1:ny

566 for I=1:nz

567 Eps(:, I, m)=epv(:,m, 1);
568 Sig(, I, m=sgv(:,m1);
569 Epi (:, I,m)=ei (:,m, |);
570 Sii(:, ILm=siC,mI);
571 end

572 end

573 for m=1:ny
574 figure()
575 subplot (2,2, 1)

576 im_out=Epi (:, :,m);
577 CLIM = [1 60];
578 imagesc (im_out’, CLIM), colorbar

579 axis([1 nx 1 nzl);
580 title( set permittivity’)
581 subplot (2, 2,2)

582 im_out=Sii(:,:,m;
583 CLIM = [0 2]:
584 imagesc (im_out’ , CLIM), colorbar

585 axis([1 nx 1 nzl):
586 title( set conductivity')
587 subplot (2,2, 3)

588 im_out=Eps (:, :, m);
589 CLIM = [1 60];
590 imagesc (im_out’, CLIM), colorbar

591 axis([1 nx 1 nzl);

592 title( reconstructed permittivity')
593 subplot (2,2, 4)

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

595 CLIM = [0 2]:

596 imagesc (im_out’, CLIM), colorbar

597 axis([1 nx 1 nzl):

598 title( reconstructed conductivity’)
599 end

600

601 save 'case_1" c¢fl ¢f2 cnl cn2 cc epi sgi



