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clear all;
close all;

%% Parameters

j=sqrt (-1);

H=5e-2;

dv=H"3;

an=Hx (0. 75/pi) " (1/3) ;

e0=8.854e-12;  muo=pix*de-T,

er=[5 10 12 15]; sig=[0.02 0.05 0.07 0.1];
f=1.0e9; w=2*pi*f. ko=wxsqrt (muoxeoxer (1)),
N_iter=10;

alp=0.1;

A = —j*wxmuoxkoxH"3/4/pi;

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

%% Receiving Point

NR=36;

xa=-0.375:0.15:0. 375;ya=xa; za=0. 15;
[X,Y] = meshgrid(xa, ya);

x_rec=reshape (X, NR, 1) ;y_rec=reshape (Y, NR, 1) ; z_rec=za*ones (NR, 1) ;

rr=[x_rec y_rec z_rec];
fd=zeros (NR, 1) ;

%W REETILOETY Y

% EERER

xv=-0.375:0.05:0. 375; yv=xv;zv=-0.125:0. 05:-0. 025;

nx=length (xv) ;ny=length (yv) ;nz=length(zv) ;

[X,Y,Z] = meshgrid(xv, yv, zv) ;

NN=nx*ny*nz;

xd=reshape (X, NN, 1) ; yd=reshape (Y, NN, 1) ; zd=reshape (Z, NN, 1) ;

r=[xd yd zd]:

figure(1)

plot3(xd, yd, zd, . ") ;hold on

plot3(x_rec,y_rec,z_rec,' 0')

xlabel ('x");

ylabel ("y");

grid

Y ATOxTH FEEZE

tn1=[68:70 84:86 100:102]+256;

tn2=[60:61 76:77 91:94]+512;

tn3=[153:155 168 172 184 188 200 204 217:219];

% AV FTRMERE

tau=(sig (1) +j*wkeox (er (1)-1))*ones (1, NN) ;

tau (tn1)=(sig(2)+j*wkeox (er (2)-1))*ones (1, length (tn1)) ;

tau (tn2)=(sig(3) +j*wxeox (er (3)-1)) *ones (1, length (tn2)) :

tau (tn3) =(sig (4) +j*wkeox (er (4)-1))*ones (1, length (tn3)) ;

T=diag([tau tau taul);

taur=tau;

sgv=real (reshape (tau, nx, ny, nz)) ;

epv=imag (reshape (tau, nx, ny, nz)) /w/eo+1;

% ETILDRT

figure(2)

subplot(2,2,1)

h =sliceX,Y,Z epv, xv, yv, zv)

alpha (' color’)

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

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

colorbar

title( REFEER")

subplot (2, 2,2)

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

alpha( color’)

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

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

colorbar

title( BREEEE")
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n
12
13

% U — R

%GxX
for m=1

‘NN

for n=1:NN
if m==n

end
end

%Gxy

for m=1:

else

end

NN

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

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

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

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

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

Gyy (m, n) =Axexp (- j*almn) /almn”3xB;
oxpmn=(r (m, 3)-r (n, 3)) /Rmn;
cXgmn=cxpmn ;

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

Gzz (m, n)=Axexp (- j*almn) /almn™3xB;

for n=1:NN
if m™=n

end
end

end

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

G=[Gxx Gxy Gxz.Gyx Gyy Gyz: Gzx Gzy Gzz]:

%% ZIERICET DY U — B
for m=1:NR
for n=1:NN
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) =Axexp (- j*almn) /almn"3*B;
oxpmn=(rr (m, 2)-r (n, 2)) /Rmn;
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14 cxgmn=cxpmn;

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

143 Kyy (m, n) =Asexp (- j*almn) /almn"3xB;

144 oxpmn=(rr (m, 3)-r (n, 3)) /Rmn;

145 cxgmn=cxpmn;

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

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

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

149 almn=ko*Rmn;

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

151 oxgmn=(rr (m, 2)-r (n, 2)) /Rmn;

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

153 Kxy (m, n) =Asexp (- j*almn) /almn"3xB;

154 oxgmn=(rr (m, 3)-r (n, 3)) /Rmn;

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

156 Kxz (m, n) =A*exp (- j*almn) /almn"3*B;

157 cxpmn=(rr (m, 2)-r (n, 2)) /Rmn;

158 oxgmn=(rr (m, 1)=r (n, 1)) /Rmn;

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

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

161 oxgmn=(rr (m, 3)-r (n, 3)) /Rmn;

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

163 Kyz (m, n) =A*xexp (- j*almn) /almn"3*B;

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

165 oxgmn=(rr (m, 1)=r (n, 1)) /Rmn;

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

167 Kzx (m, n) =A*exp (- j*almn) /almn"3*B;

168 oxgmn=(rr (m, 2)-r (n, 2)) /Rmn;

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

170 Kzy (m, n) =A*exp (- j*almn) /almn"3*B;

1 end

172 end

173 K=[Kxx Kxy Kxz:Kyx Kyy Kyz: Kzx Kzy Kzz].

174 KB=[1;

175 for k=1:NR

176 if fd(k)==0

177 KB=[KB; Kk, :)]1;

178 elseif fd(k)=

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

180 else

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

182 end

183 end

184

185 %% &R E

186 Em=[1;kv=0;G_inv=(GxT-eye (3*NN, 3*NN)) "-1;

187 figure(3)

188 for i=1:NR

189 % ASTH

190 if fd(i)==0

191 Ei = [exp(—jxkokxsart ((r (:, )=rr (i, 1))."2+(r (:,2)-rr(i,2)). 2+(r (:,3)-rr(i,3))."2)); zeros(NN, 1); zeros(NN, 1)1;
192 elseif fd(i)==

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

195 Ei = [zeros(NN, 1); zeros (NN, 1); exp (-j*koxsart ((r :, 1)=rr (i, 1)). " 2+(r :,2)-rr(i,2)). " 2+(r (:,3)-rr (i,3))."2))1;
196 end

197 E=-G_inv*Ei; b
198 Er=KB*T=E; % ZIERDEELR
199 Em=[Em. Erl;

200 Eav=reshape (sqrt (E (1:NN) . *conj (E (1:NN))+E (NN+1:2xNN) . *con j (E (NN+1:2xNN) ) +E (2%NN+1:3*NN) . *con j (E (2%NN+1:3*NN) ) ), nx, ny, nz) ;
201 if mod(i,4)==

202 kv=kv+1;

203 subplot (3, 3, kv)

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

205 alpha( color’)

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

207 xlabel ( x")

208 ylabel (y")

209 zlabel (2")

210

end



21/08/12 17:46

H:¥mat|ab_code¥5_2¥ug.m

4/5

21
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
2217
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
2170
2N
272
213
274
275
2176
2717
218
279
280

end

h FHAREDERE

snr=

sqrt (10000) ;

% ERESTOHRE
n=sqrt (min (Em. xconj (Em)) /snr)* (randn (length (Em), 1) +1i*randn (length (Em), 1)) /sqrt (2) ;
EM=Em+n;
cc=corrcoef (EM, Em) ;
cc=cc(2,1);

Em=EM;

figure(4)
kv=0;

for

end

[=1:4:NR

kv=kv+1;

subplot (3, 3, kv)

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

%% EREE

cc=[1;

tau=

(sig (1) +]j*wkeox* (er (1)-1))*ones (1, NN) ;

T=diag([tau tau taul);

for

end

i=1:N_iter
Erit=[1:D=[1;
G_inv=(GxT-eye (3*%NN)) "-1;
1G=(eye (3*NN) -T*G) "-1;
for ii=1:NR

if fd(ii)==0

% SNR

h MFEESOHELR
h MEEBIET DRILKRDIESHEE

% MO RS X b

Ei = [exp(—j*kokxsqrt ((r (:, D=rrQii, 1)). " 2+(r (:,2)-rr(ii,2)). 2+(r (:,3)-rr(ii,3)).72)); zeros(NN, 1); zeros(NN, 1)];

elseif fd(ii)==

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

else

Ei = [zeros(NN, 1); zeros(NN, 1); exp(-j*koxsqrt ((r C:, 1)=rr(ii, 1)). " 2+(r (:,2)=-rr (ii,2)). " 2+(r (:,3)-rr(ii,3))."2)1;

end
E=—G_invxEi,
ev=diag (E) x[eye (NN) ;eye (NN) ;eye (NN) 1 ;
D=[D;KBxIGxev];
Er=KB*Tx*E;
Erit=[Erit; Er];
end
dE=Er it-Em;

figure(5)
kv=0;
for I=1:4:\R
kv=kv+1;
subplot (3, 3, kv)
plot (1:N\R, abs (dE ((1-1) *NR+1: 1*NR)))
end
figure(6)
cc=[cc norm(dE)];
semi logy (cc)

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

g=alp* (1/NN*trace (D’ *D) ) xerr_PHY. "2;
ds=(D’ *D+gxeye (NN) ) "—1xD’ *dE;

T=T-diag([ds; ds; ds]);

W% TR
taue=diag (T (1:NN, 1T:NN)) ;
figure(7)

subplot (2,2, 1)

plot (1:NN, imag (taur) /w/eo+1)
title( REFEER")
xlabel ( ZILHEE")
subplot(2,2,2)

plot (1:NN, real (taur))
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title( REEEE")

xlabel ( ZILEES")
subplot (2, 2, 3)

plot (1:NN, imag (taue) /w/eo+1)
title( #EFEER')
xlabel ( ZILEE")
subplot(2,2,4)

plot (1:NN, real (taue))
title( #EEEXR')
xlabel ( ZILEE")

sgv=real (reshape (taue, nx, ny,nz)) :

epv=imag (reshape (taue, nx, ny, nz)) /w/eo+1;

figure(2)

subplot(2,2,3)

h =sliceX,Y,Z epv, xv, yv, zv) ;
alpha( color’)

set (h, EdgeColor’, "none’, FaceColor’

"FaceAlpha',’ interp’)
xlabel (y");ylabel ( x");zlabel ('z")
colorbar
title( EEFEXR")
subplot (2,2, 4)
h = slice(X,Y,Z sgv, xv, yv, zv) ;
alpha( color’)

set (h, EdgeColor’, none’, FaceColor’

"FaceAlpha',’ interp’)
xlabel (y"):ylabel ( x"):zlabel (' z")
colorbar
title( EEEEE")

,interp’, ..

"interp’



