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z0=0;
gravity=zeros(401);
for x0=linspace(0,10,401)
for yO=linspace(0,10,401)
suml=gbox(x0,y0,z0,2,2.5,0.8,4,7.5,4,1000);
sum2=gbox(x0,y0,z0,6,2.5,1,8,7.5,4,1000);
sum=suml-+sum?2;
gravity(y0*40+1,x0*40+1)=sum;
end
end
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z0=0;
magnetic=zeros(401);
for x0=linspace(0,10,401);
for yO=linspace(0,10,401);
deltata=mbox(x0,y0,z0,2,2.5,0.8,4,7.5,60,0,60,0,1,90);
deltatb=mbox(x0,y0,20,2,2.5,4,4,7.5,60,0,60,0,1,90);
deltat1=deltata-deltatb;
deltata=mbox(x0,y0,z0,6,2.5,0.8,8,7.5,60,0,60,0,1,90);
deltatb=mbox(x0,y0,z0,6,2.5,4,8,7.5,60,0,60,0,1,90);
deltat2=deltata-deltatb;
deltat=deltat1+deltat2;
magnetic(y0*40+1,x0*40+1)=deltat;
end
end
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sum=0;
m=0;
z0=0;
gravityc45=zeros(401);
for x0=linspace(0,20,401)
for yO=linspace(0,20,401)
for k=linspace(1,2.99,2000)
sum=sum-+gbox(x0,y0,z0,10-m,-10,k,40,30,k+0.001,700);
m=m+0.001;
end
gravityc45(y0*20+1,x0%*20+1)=sum;
sum=0;
m=0;
end
end

sum=0;
m=0;
z0=0;
magneticc45=zeros(401);
for x0=linspace(0,20,401);
for yO=linspace(0,20,401);
for k=linspace(1,2.99,2000)
deltata=mbox(x0,y0,z0,10-m,-10,k,40,30,60,0,60,0,1,90);
deltatb=mbox(x0,y0,z0,10-m,-10,k+0.001,40,30,60,0,60,0,1,90);
deltat=deltata-deltatb;
sum=sum-+deltat;
m=m+0.001;
end
magneticc45(y0*20+1,x0*20+1)=sum;
sum=0;
m=0;
end
end
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function g=gbox(x0,y0,z0,x1,y1,z1,x2,y2,72,rho)

% Function gbox computes the vertical attraction of a rectangular prism.

% Inputs:

% Observation point is (x0,y0,z0) and prism extends from x1 to x2, yl to y2, and z1 to z2.
% Density of prism is rho; all distance parameters in units of km; rho in units of kg/m"3.
% Output:

% Vertical attraction of gravity g, in mGal.

if rho~=0

gamma=6.67¢e-11;

si2mg=le5;

km2m=1e3;

x(1)=x0-x1;

y(1)=y0-y1;

z(1)=20-z1;

x(2)=x0-x2;

¥(2)=y0-y2;

7(2)=20-z2;

sum=0;

for i=1:2

for j=1:2
for k=1:2
r=sqrt(x(1)"2+y(j)"2+z(k)"2);
iik=(-DAFCDA 1)k
argl=atan2((x(1)*y(})).(z(k)*));
ifarg1<0
argl=argl+2*pi;

end
arg2=r+y(j);
arg3=r+x(i);
if arg2<=0;

AY



pause;
disp('GBOX: BAD FIELD POINT")

else
arg2=log(arg2);
end
if arg3<=0;
pause;
disp('GBOX: BAD FIELD POINT")
else
arg3=log(arg3);
end
sum=sum-+ijk*(z(k)*argl-x(i)*arg2-y(j)*arg3);
end
end
end
g=rho*gamma*sum*si2mg*km2m;
else
g=0;
end

hdimo jguicn S 31 (ol bl S ylose o dawlxe Y- I
function t=mbox(x0,y0,z0,x1,y1,z1,x2,y2,mi,md, fi,fd,m,theta)

% Function mbox computes the total-field anomaly of an infinitely extended rectangular
prism. Two calls to mbox can provide the anomaly of a prism with finite thickness.

% Inputs:

% Observation point is (x0,y0,z0). Prism extends from x1 to x2, y1 to y2, and z1 to infinity.
% Magnetization defined by inclination mi, declination md an intensity m.

% Ambient field defined by inclination fi and declination fd.

% x axis has declination theta.

% Distance units are irrelevant but must be consistent.

% Angles are in degrees, with inclinations positive below horizontal and declinations
positive east of true % north; Magnetization in A/m.

% Output:

% Total-field anomaly t, in nT.

if m~=0
cm=le-7;
t2nt=1e9;
[mx,my,mz]=dircos(mi,md,theta);
[fx,fy,fz]=dircos(fi,fd,theta);
al2=mx*fy+my*fx;
al3=mx*fz+mz*fx;
a23=my*fz+mz*ty;
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al l=mx*fx;
a22=my*ty;
a33=mz*{z;
x(1)=x1-x0;
x(2)=x2-x0;
y(D)=yl-y0;
¥(2)=y2-y0;
h=z1-z0;
t=0;
hsq=h"2;
for i=1:2
xsq=x(1)"2;
for j=1:2
if i~=j
sign=-1;
else
sign=1;
end
r=sqrt(xsqt+y(j)"2+hsq);
xy=x(1)*y(j);
arg 1 =(r-x()/(r+x(D));
arg2=(r-y(j))/(r+y());
arg3=xsq+r*h+hsq;
argd=r"2+r*h-xsq;
tlog=a23/2*log(argl)+al3/2*log(arg2)-al2*log(r+h);
tatan=-al | *atan(xy/arg3)-a22*atan(xy/arg4)+a33*atan(xy/(r*h));
t=t+sign*(tlog+tatan);
end
end
t=t*m*cm*t2nt;
else
t=0;
end

function [x,y,z]=dircos(incl,decl,azim)

% Function dircos computes direction cosines from inclination and declination.
% Inputs:

% Inclination, declination and azimuth of x axis in degrees.

% Outputs:

% Three direction cosines X,y,z.

rad=0.017453293;
rincl=incl*rad;
rdecl=decl*rad;
razim=azim*rad;
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x=cos(rincl)*cos(rdecl-razim);
y=cos(rincl)*sin(rdecl-razim);
z=sin(rincl);

81 L1456 j1a5! awlxo Y-
function thdr=THDR(grid,xmin,xmax,ymin,ymax)

% Function THDR computes the magnitude of the horizontal gradient of a two-dimensional
function specified on a rectangular grid.

% Inputs:

% Grid is a matrix with nr rows and nc columns.

% xint, yint are the distance between gridded data in direction of x and y in units of km,
respectively.

% Output:

% Magnitude of the horizontal gradient thdr, in mGal/km.

if yint==0
[zx]=gradient(grid,xint);
thdr=abs(zx);

elseif xint==0
[zy]=gradient(grid,yint);
thdr=abs(zy);

else
[zx,zy]=gradient(grid,xint,yint);
thdr=sqrt(zx."2+zy."2);

end
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function [Imax1,lmax2,Imax3,lmax4]=blackly(g,xint,yint)

% Function blackly computes the location of maximum values of a two-dimensional
function. Function is specified on a rectangular grid.

% Inputs:

% g is a matrix with nr rows and nc columns.

% xint,yint are the distance(km) between gridded data in direction of x and y, respectively.
% Output:

% Imax1,Imax2,lmax3,lmax4 contains location of maximum values and their order.

[nr,nc]=size(g);
xmax(1:4)=0;
ymax(1:4)=0;
gmax(1:4)=0;



n=0;
rl=1;
r2=1;
r3=1;
r4=1;
for i=2:(nr-1)
for j=2:(nc-1)
if g(i,j)>e(i-1,) && glij)>g(i+1,)
n=n+1;
d=yint;
a=0.5%(g(i- 1,j)-2* g(i,j)+e(i+1,);
b=0.5%(g(i+1.,j)-g(i- 1,);
ymax(1)=-b*d/(2*a);
xmax(1)=0;
gmax(1)=a*ymax(1)"2+b*ymax(1)+g(i,j);
end
if g(i,j)>e(ij-1) && glij)>e(ii+1)
n=n+1;
d=xint;
a=0.5*(g(i,j-1)-2* g(i,j)+e(ij+1));
b=0.5*(g(1,j+1)-g(1,j-1));
xmax(2)=-b*d/(2*a);
ymax(2)=0;
gmax(2)=a*xmax(2)"2+b*xmax(2)+g(i,j);
end
if g(ij)>e(it1,j-1) && gij)>g(i-1i+1)
n=n+1;
d=sqrt(xint"2+yint"2);
a=0.5*(g(i+1,j-1)-2*g(i,j)g(i- 1j+1);
b=0.5*(g(i-1,j+1)-g(i+1,j-1));
dmax=-b*d/(2*a);
xmax(3)=dmax*(sqrt(2)/2);
ymax(3)=dmax*-(sqrt(2)/2);
gmax(3)=a*dmax"2+b*dmax+g(i]);
end
if g(i,j)>e(i-1i-1) && glij)>g(it1,it)
n=n+1;
d=sqrt(xint"2+yint"2);
a=0.5%(g(i- 1,j-1)-2*g(i,j)+e(i+1j+1);
b=0.5*(g(i+1,j+1)-g(i-1,j-1));
dmax=-b*d/(2*a);
xmax(4)=dmax*(sqrt(2)/2);
ymax(4)=dmax*(sqrt(2)/2);
gmax(4)=a*dmax"2+b*dmax+g(i,j);
end
m=find(gmax==max(gmax));

)



xm=xmax(m(1));
ym=ymax(m(1));
xm=(j-1)*xint+xm;
ym=(i-1)*yint+ym;
if n==1

Imax1(rl,1)=xm;
Imax1(rl,2)=ym;
Imax1(r1,3)=n;
n=0;

rl=rl+1;
xmax=zeros(1,4);
ymax=zeros(1,4);

gmax=zeros(1,4);

elseif n==

Imax2(r2,1)=xm;
Imax2(r2,2)=ym;
Imax2(r2,3)=n;
n=0;

r2=r2+1;
xmax=zeros(1,4);
ymax=zeros(1,4);
gmax=zeros(1,4);

elseif n==

Imax3(r3,1)=xm;
Imax3(r3,2)=ym;
Imax3(r3,3)=n;
n=0;

r3=r3+1;
xmax=zeros(1,4);
ymax=zeros(1,4);
gmax=zeros(1,4);

elseif n==

Imax4(r4,1)=xm;
Imax4(r4,2)=ym;
Imax4(r4,3)=n;
n=0;

r4=r4+1;
xmax=zeros(1,4);
ymax=zeros(1,4);
gmax=zeros(1,4);

end

end
end
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function ASA=ASA2D(p,xint)

% Function ASA2D computes the amplitude of the analytic signal of a function measured
along x axis.

% Inputs:

% p is a matrix with one rows and nc columns.

% xint is the distance between measured data in direction of X in units of km.

% Output:

% Magnitude of the analytic signal, ASA.

nc=length(p);

[zx]=gradient(p,xint);

Fzx=fft(zx);

Fzx=fftshift(Fzx);

F=zeros(1,nc);
F(1:floor(nc/2))=0*Fzx(1:floor(nc/2));
F(ceil(nc/2))=Fzx(ceil(nc/2));
F(ceil(nc/2)+1:nc)=2*Fzx(ceil(nc/2)+1:nc);
Fzx=fttshift(F);

fzx=ifft(Fzx);

ASA=abs(fzx);
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function ASAn=ASA2Dn(p,xint,n)

% Function ASA2Dn computes the amplitude of the nth order derivative of the analytic
signal of a function measured along x axis.

% Inputs:

% p is a matrix with one rows and nx columns.

% xint is the distance between measured data in direction of X in units of km.

% n is the order of derivatives.

% Output:

% Amplitude of the nth order derivative of the analytic signal, ASA.

nc=length(p);
[dx1,dz1]=hildxzn(p,xint,1);
if n>0
dxInx=zeros(n,nc);
for i=1:n
dx1nx(i,:)=gradient(dx1,xint);
dx1=dx1nx(i,:);
end
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dzlnx=zeros(n,nc);
for i=1:n
dz1nx(i,:)=gradient(dz1,xint);
dz1=dz1nx(i,:);
end
ASAn=sqrt(dx1nx(n,:).*dx1nx(n,:)+dzlnx(n,:).*dzlnx(n,:));
else
ASAn=sqrt(dx1.*dx1+dz1.*dzl);
end

function [dxn,dzn]=hildxzn(p,xint,n)

% Function hildxzn computes the nth order horizontal & vertical derivative of a function
measured along x axis.

% Inputs:

% p is a matrix with one rows and nc columns.

% xint is the distance between measured data in direction of x in units of km.

% n is the order of derivatives.

% Outputs:

% nth order horizontal & vertical derivative of a function measured along x axis, dxn &
dzn.

nc=length(p);

dxn=zeros(n,nc);

dzn=zeros(n,nc);

for i=1:n
dxn(i,:)=gradient(p,xint);
as=hilbert(dxn(i,:));
dzn(i,:)=imag(as);
p=dxn(i,:);

end
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function [ASA,dx,dy,dz]=ASA3D(p,xint,yint)

% Function ASA3D computes the amplitude of the analytic signal of a function measured
along X,y axes.

% Inputs:

% p is a matrix with nr rows and nc columns.

% xint is the distance between measured data in direction of x in units of km.

% yint is the distance between measured data in direction of y in units of km.

% Outputs:
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% Horizontal and vertical derivatives, dx, dy, dz.
% Magnitude of the analytic signal, ASA.

[dx,dy]=gradient(p,xint,yint);
dz=verticaln(p,xint,yint,1);
AS A=sqrt(dx.*dx+dy.*dy+dz.*dz);

function dz=verticaln(p,xint,yint,n)
% Function verticaln Computes the nth order vertical derivative.

[nr,nc]=size(p);
nmax=max([nr,nc]);
npts=2"nextpow2(nmax);
cdiff=floor((npts-nc)/2); rdiff=floor((npts-nr)/2);
pl=taper2spline(p);
t=fft2(pl); fz=f;
wnx=2.0*pi/(xint*(npts-1));
wny=2.0*pi/(yint*(npts-1));
t=fttshift(f);
cx=npts/2+1; cy=cx;
for I=1:npts
freqx=(I-cx)*wnx;
for J=1:npts
freqy=(J-cy)*wny;
freq=sqrt(freqx*freqx+freqy*freqy);
fz(L,1)=f(1,])*(freq"n);
end;
end;
fz=fttshift({z); fzinv=ifft2(fz);
dz=real(fzinv(1+rdiff:nr+rdiff, 1 +cdiff:nc+cdiff));

function pt=taper2spline(p)
% Function taper2spline merges edges to the value opposite using a cubic spline.

[nr,nc]=size(p);

nmax=max([nr,nc]);

npts=2"nextpow2(nmax);

cdiff=floor((npts-nc)/2); rdiff=floor((npts-nr)/2);

pt=zeros(npts); pt(rdiff+1:rdiff+nr,cdiff+1:cdiff+nc)=p;

gp=p(:,1:3); [gpxl,junk]=gradient(gp); % sides

gp=p(:,nc-2:nc); [gpx2,junk]=gradient(gp);

x1=0; x2=(2*cdiff)+1;

x=[1100;x1 x2 1 1; xI"2 x272 2*x1 2*x2; x1"3 x2"3 3*x172 3*x2"2];
for I=1:nr;
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y=[p(Lnc) p(L,1) gpx2(L,3) gpx1(L 1)];

c=y/X;

for J=1:cdiff;
pt(I+rdiff,J)=c(1)+(J+cdiff) *c(2)+c(3)* (J+cdiff)"2+c(4)* (J+cdiff)"3;
pt(I+rdiff,J+nctcdiff)=c(1)+J*c(2)+c(3)*J"2+c(4)*I"3;

end;

end;

gp=p(1:3,:); [junk,gpxl]=gradient(gp); % top and bottom

gp=p(nr-2:nr,:); [junk,gpx2]=gradient(gp);

x1=0; x2=(2*rdiff)+1;

x=[1100;x1 x2 1 1; x1"2 x2"2 2*x1 2*x2; x1"3 x2"3 3*x1"2 3*x2"2];

for J=1:nc;

y=[p(ar,J) p(1,J) gpx2(3,J) gpx1(1,))];

c=y/X;

for I=1:rdiff;
pt(I,J+cdiff)=c(1)+(I+rdiff)*c(2)+c(3)*(I-+rdiff) 2+c(4) *(I+rdifH)"3;
pt(I+rdiff+nr, J+cdiff)=c(1)+1*c(2)+c(3) *1"2+c(4)*1"3;

end;

end;

for I=rdiff+nr+1:npts; % Corners
for J=cdiff+nc+1:npts;
if (I-nr-rdiff)>(J-nc-cdiff); pt(L,J)=pt(I,nc+cdiff); else pt(L,J)=pt(nr+rdiff,)); end;
end;
end;

for I=1:rdiff;
for J=1:cdiff;
if I>J; pt(LY)=pt(rdiff+1,]); else pt(LJ)=pt(L,cdiff+1); end;
end;
end;

for I=1:rdiff; % bottom right
for J=cdiff+nc+1:npts;
if I>(npts-J); pt(LI)=pt(rdiff+1,]); else pt(L,J)=pt(L,cdiff+nc); end;
end;
end;

for I=rdiff+nr+1:npts; % top left
for J=1:cdiff;
if (npts-1)>J; pt(LJ)=pt(rdiff+nr,J); else pt(L,J)=pt(L,cdiff+1); end,
end;
end;
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function ASAn=ASA3Dn(p,xint,yint,n)

% Function ASA3Dn computes the amplitude of nth order derivative of analytic signal of a
function measured along x,y axes.

% Inputs:

% p is a matrix with nr rows and nc columns.

% xint is the distance between measured data in direction of X in units of km.

% yint is the distance between measured data in direction of y in units of km.

% n is the order of derivatives.

% Outputs:

% Magnitude of nth order derivative of analytic signal, ASAn.

dzn=verticaln(p,xint,yint,n);
[dx,dy]=gradient(dzn,xint,yint);
dz=verticaln(dzn,xint,yint,1);
ASAn=sqrt(dx.*dx+dy.*dy+dz.*dz);
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function [ta,thdrta,theta,hta,tdx]=Localphase(p,xint,yint)

% Function Localphase computes phase-based filters.

% Inputs:

% p is a matrix with nr rows and nc columns.

% xint & yint are the distance between gridded data in direction of x and y in units of km,
respectively.

% Outputs:

% tilt angle (ta), tilt derivative (thdrta), theta map (theta), hyperbolic tilt angle (hta),
normalized total horizontal derivative (tdx). .

if yint==0
dz1=vertical2Dn(p,xint,1);
dx1=gradient(p,xint);
thdr=abs(dx1);
asa=sqrt(dx1.A2+dz1.72);
ta=atan(dz1./thdr);
[dxta]=gradient(ta,xint);
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thdrta=abs(dxta);
theta=thdr./asa;
htam=real(atanh(dz1./thdr));
nc=length(htam);
hta=zeros(1,nc);

for j=1:nc
if htam(1,j)<0
hta(1,j)=0;
else
hta(1,j)=htam(1,j);
end
end
tdx=atan(thdr./abs(dz1));
else

dzl=verticaln(p,xint,yint,1);
[dx1,dyl]=gradient(p,xint,yint);
thdr=sqrt(dx1."2+dy1.2);
asa=sqrt(dx1.A2+dyl."2+dz1.72);
ta=atan(dz1./thdr);
[dxta,dyta]=gradient(ta,xint,yint);
thdrta=sqrt(dxta.”2+dyta.”2);
theta=thdr./asa;
htam=real(atanh(dz1./thdr));
[nr,nc]=size(htam);
hta=zeros(nr,nc);
for i=1:nr
for j=1:nc
if htam(1,j)<0
hta(i,j)=0;
else
hta(i,j)=htam(i,j);
end
end
end
tdx=atan(thdr./abs(dz1));
end
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function nstd=NSTD(p,xint,yint,wsize)

% Function NSTD computes normalised standard deviation.
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% Inputs;

% p is a matrix with nr rows and nc columns.

% wsize is window size for std calculation. Must be odd & >=3.
% Output:

% matrix of normalised variance values, nstd.

if yint==0
[nc]=length(p);
dz1=vertical2Dn(p,xint,1);
dx1=gradient(p,xint);
w2=floor(wsize/2);
dxv=zeros(1,nc);
dzv=zeros(1,nc);
for J=w2+1:nc-w2;
wx=dx1(J-w2:J+w2);
dxv(J)=std(wx(:));
wz=dz1(J-w2:J+w2);
dzv(J)=std(wz(:));
end
nstd=dzv./(dxv+dzv);
nstd=nstd(w2+1:nc-w2);
else
[r,nc]=size(p);
dzl=verticaln(p,xint,yint,1);
[dx1,dyl]=gradient(p,xint,yint);
w2=floor(wsize/2);
dxv=zeros(nr,nc);
dyv=zeros(nr,nc);
dzv=zeros(nr,nc);
for =w2+1:nr-w2;
for J=w2+1:nc-w2;
wx=dx1(I-w2:1+w2,J-w2:J+w2);
dxv(LJ)=std(wx(:));
wy=dyl(I-w2:1+w2,J-w2:J+w2);
dyv(L)=std(wy(:));
wz=dz1(I-w2:1+w2,J-w2:J+w2);
dzv(LJ)=std(wz(:));
end
end
nstd=dzv./(dxv+dyv+dzv);
nstd=nstd(w2+1:nr-w2,w2+1:nc-w2);
end
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function nvdrthdr=NVDRTHDR(p,xint,yint,n)
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% Function NVDRTHDR computes normalized vertical derivative of the total horizontal

derivative for potential field data.
% Inputs;
% p is a matrix with nr rows and nc columns.

% xint & yint are the distance between gridded data in direction of x and y in units of km,

respectively.

% n is the order of vertical derivative of the total horizontal derivative.

% Output:

% Normalized vertical derivative of the total horizontal derivative, nvdrthdr.

[nr,nc]=size(p);
[dx,dy]=gradient(p,xint,yint);
thdr=sqrt(dx."2+dy."2);
VDRn=verticaln(thdr,xint,yint,n);
pthdr=zeros(nr,nc);
vdrthdr=zeros(nr,nc);
for i=1:nr
for j=1:nc
if VDRn(1,j)<0
pthdr(i,j)=0;
else
pthdr(i,j)=VDRn(i,j);
end
if pthdr(i,j)<=0
vdrthdr(i,j)=0;
else
vdrthdr(i,j)=pthdr(i,j)./thdr(i,j);
end
end
end
vdrthdrmax=max(vdrthdr(:));
nvdrthdr=vdrthdr./vdrthdrmax;

function pnoise=Noise(p,sn)

% Function pnoise adds noise to original data.
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% Inputs:

% p is a matrix with nr rows and nc columns.
% sn is the ratio of signal to noise.

% Output:

% Original dada plus calculated noise, pnoise.

[nr,nc]=size(p);
n=nr*nc;

p2=p."2;
sp2=sum(sum(p2));
std=sqrt(sp2/(n*sn"2));
noise=std*randn(nr,nc);
pnoise=noise+p;






Abstract

Using geophysical methods and measurement of physical properties of subsurface rocks is
a suitable solution for exploration of underground reserves (oil, gas, water, minerals ...).
Gravity and magnetic surveys (potential field methods) are routine geophysical methods for
initial stages of exploration, because of simplicity and low cost. There are several methods

for automatic interpretation of potential field data.

This study uses local phase filters for detection of anomaly boundaries and results will
compare with other filters such as analytic signal, total horizontal derivative, and
normalized standard deviation. All those necessary functions and codes were written using
MATLAB software then, these filters apply to synthetic models. The results show that the
normalized standard deviation filter has been successful in edge detection for gravity and
magnetic data associated with synthetic models. Finally these filters were applied to gravity
and magnetic data of the Saveh sedimentary basin as a case study. Here, similar to the
synthetic data, normalized standard deviation filter shows better results than other filters

and highlights structures such as faults, fold patterns and salt dome more clearly.

Key words: gravity survey, magnetic survey, local phase filters, total horizontal derivative,

analytic signal, normalized standard deviation, horizontal gradient, vertical gradient.
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