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Abstract

Cross Borehole Ground Penetrating Radar has been used extensively in both unsaturated
and saturated zone researches. In this study, we try to develop a straight-ray inversion program.
Simple models with intercalated sand and clay layers are used to verify the accuracy of the
inverted images. The inverted images resolve layer structures better than the images inverted
with the commercial code, GeotomCG. In addition, we use the transient infiltration model as well
as the finite-difference time-domain modeling to simulate the response of the electromagnetic
waves and synthesize the radar signals. The radar signals are then processed with both inversion
codes, GeotomCG and the one we developed. The results are compared in order to identify a
possible solution to promote the resolution and accuracy of the inverted images. Through the
images inverted with our code show better agreement with the attenuation values in the input
model. The damped least square algorithm loses resolution in the images. Therefore, One should
try to figure out the best combination of the damped value in order to promote the resolution and
accuracy of the inverted images.
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WHek— B F 2 F F 8 Matlab #2530

clear

t0=clock;

% spatial discretisation

Dr =0.25;

% Read the measured attenuation from observation file
[Xt,Zt,Xr,Zr,FTIME]=textread('raytime.txt','%n%*n%n%n%*n%n%n");
[ATT]=textread('rayatt.txt','%*n%*n%*n%*n%*n%*n%n’);

% Calculate the total number of ray paths
nequat=length(FTIME);

% Calculate the model size(number of cells in x- and z- direction)
nx=1+abs(Xt(1)-Xr(1))/Dr;

nz=1+abs(max(Zr)-min(Zr))/Dr;

nmod=nx*nz;

% Setup the model vector (univorm model with attenuation=0.7 Np/m)
inimod=5;

iniatt=0.74;

MODT=inimod*ones(hmod,1);

MODA=iniatt*ones(nmod,1);

SOLT=ones(nmod,1);

SOLA=ones(nmod,1);

% Build the invertion matrix space
AMAT=sparse(zeros(nequat,nmod));

% Doing the forward modeling and build the equation matrix
for s=1:nequat;
% define flags (Zt(s) and Zr(s) are negative)
Si=1+Xt(s)/Dr;
Sj=fix(1-Zt(s)/Dr);
Ri=fix(1+Xr(s)/Dr);
Rj=fix(1-Zr(s)/Dr);
ncelli=1+fix(abs((Xr(s)-Xt(s))/Dr));
% Search the ray path and write the A matrix (for theta<=45 degrees)
theta=atan((Sj-Rj)/abs(Ri-Si));
sflag=sign(theta);
jeount=1,
for i=1:ncelli
if theta>=0
if (i-0.5)*tan(theta)<=(jcount-0.5)
J=Sj-(jcount-1);

ifi==1
dis=(0.5/cos(theta))*Dr;
elseif i==ncelli
dis=(0.5/cos(theta))*Dr;
else
dis=(1/cos(theta))*Dr;
end



vflag=i+nx*(j-1);
AMAT (s,vflag)=dis;
else
J=Sj-(jcount-1);
M=(i-0.5)*tan(theta)-jcount+0.5;
N=M/tan(theta);
disa=Dr*(1-N)/cos(theta);
vflaga=i+nx*(j-1);
AMAT (s,vflaga)=disa;
disb=Dr*N/cos(theta);
vflagb=i+nx*(j-2);
AMAT (s,vflagb)=disb;
jecount=jcount+1;
end
else
if (i-0.5)*tan(-theta)<=(jcount-0.5)
j=Sj+(jcount-1);
if i==1
dis=(0.5/cos(theta))*Dr;
elseif i==ncelli
dis=(0.5/cos(theta))*Dr;
else
dis=(1/cos(theta))*Dr;
end
vflag=i+nx*(j-1);
AMAT (s,vflag)=dis;
else
J=Sj+(jcount-1);
M=(i-0.5)*tan(-theta)-jcount+0.5;
N=M/tan(-theta);
disa=Dr*(1-N)/cos(theta);
vflaga=i+nx*(j-1);
AMAT (s,vflaga)=disa;
disb=Dr*N/cos(theta);
vflagb=i+nx*j;
AMAT (s,vflagb)=disb;
jcount=jcount+1;
end
end
end
end

% Do the LSQR calculation

% Damping Matrix
DMAT=diag(1*ones(hmod,1),0);
% Forming left hand side matrix
ATOT=[AMAT;DMAT;DMAT];
ATOT2=[AMAT;DMAT];

% Forming right hand side vector
CONV=zeros(hmod,1);



RHST=[FTIME;MODT];
RHSA=[ATT;CONV;MODA];

% Do the LSQR calculation
MODT=Isqr(ATOT2,RHST,[],200,[],[],MODT);
MODA-=Isqr(ATOT,RHSA[],200,[],[], MODA);

SOLT=MODT;
SOLA=MODA;
for qg=3:nz-2

for pp=3:nx-2

SOLT(pp+nx*(qg-1))=(MODT (pp+nx*(qg-2))+MODT (pp+nx*qq)+MODT (pp+nx*(
qg-1)+1)+MODT (pp+nx*(qg-1)-1)+MODT (pp+nx*(qg-1)))/5;

SOLA(pp+nx*(qg-1))=(MODA(pp+nx*(qg-2))+MODA(pp+nx*qq)+MODA(pp+nx*
(9g-1)+1)+MODA((pp+nx*(qg-1)-1)+MODA(pp+nx*(qg-1)))/5;
end
end
% Data smoothing for left and right edges
for kk=1:nz
SOLT(2+nx*(kk-1))=(MODT (2+nx*(kk-1))+MODT (3+nx*(kk-1)))/2;
SOLT(nx*kk-1)=(MODT (nx*kk-1)+MODT (nx*kk-2))/2;
SOLT(1+nx*(kk-1))=SOLT(2+nx*(kk-1));
SOLT (nx*kk)=SOLT (nx*kk-1);
SOLA(2+nx*(kk-1))=(MODA(2+nx*(kk-1))+MODA(3+nx*(kk-1)))/2;
SOLA(nx*kk-1)=(MODA(nx*kk-1)+MODA(nx*kk-2))/2;
SOLA(1+nx*(kk-1))=SOLA(2+nx*(kk-1));
SOLA(nx*kk)=SOLA(nx*kk-1);
end

% Output the solution
Fid = fopen('inv_tt.txt','a’);
for p=1:nz;
for g=1:nx;
vecount=q+(p-1)*nx;
fprintf(Fid,'%g %g %g\n',(q-1)*Dr,(1-p)*Dr,SOLT (vecount));
end
end
fclose(Fid);

Fid = fopen('invatt.txt','a");
for p=1:nz;
for g=1:nx;
vecount=g+(p-1)*nx;
fprintf(Fid,'%g %g %g\n',(q-1)*Dr,(1-p)*Dr,SOLA(vecount));
end
end
fclose(Fid);



