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z0=0;

gravity=zeros(401);

for x0=linspace(0,10,401)

for yO=linspace(0,10,401)

suml1=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+sumz2;
gravity(y0*40+1,x0*40+1)=sum;

end
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1 49 4764.242 0.008 -1 -2.8 10:49:29 4/23/2014 296163.1 4026563 1700.654
3k 50 4764.253 0.013 -3.9 1:3 11:02:20 4/23/2014 296164.8 4026563 1700.537
1 51 4764.296 0.009 0 11 11:05:54 4/23/2014 296166.2 4026563 1700.529
1 52 4764.296 0.011 =9 =11 11:10:35 4/23/2014 296167.6 4026563 1700.562
1 23 4764.235 0.009 -1.3 -2 11:13:18 4/23/2014 296169.1 4026563 1700.62
1 54 4764.256 0.006 =21 2.5 11:15:44 4/23/2014 296170.7 4026563 1700.73 >_
1 55 4764.2 0.01 0.9 0.1 11:17:41 4/23/2014 296172.2 4026563 1700.855
1 56 4764.17 0.022 1.2 -3 11:19:59 4/23/2014 296173.7 4026563 1700.962
1 57 4764.174 0.01 -3.2 -4.5 11:23:08 4/23/2014 296175.2 4026563 1701.094
Base Base 4762.661 0.006 -6.9 -2.7 11:29:52 4/23/2014 296123 4026579 1708
e =
—
Base Base 4752.604 0.016 =19 -2 4:52:55 4/24/2014 296129 4026579 1708
1 58 4754.074 0.017 0.1 3.5 5:01:41 4/24/2014 296176.7 4026563 1701.225
1 59 4754.062 0.011 4.2 3.2 5:03:36 4/24/2014 296178.3 4026563 1701.3
1 60 4754.062 0.012 2.2 -1.6 5:06:15 4/24/2014 296179.8 4026563 1701.387
1 61 4754.028 0.01 17 -0.9 5:09:30 4/24/2014 296181.3 4026563 1701.502 -
1 62 4754.011 0.01 3.4 =15 5:14:36 4/24/2014 296182.9 4026563 1701.59
1 63 4753.966 0.01 -3.3 0 5:16:54 4/24/2014 296184.4 4026563 1701.681
1 64 4753.943 0.01 2.3 1 5:19:00 4/24/2014 296185.9 4026563 1701.805
1 65 4753.906 0.01 -4.6 -1.9 5:21:22 4/24/2014 296187.4 4026564 1701.963 _J
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sl jodicn S5 51 (LU @B adle dlone il
function g=gbox(x0,y0,z0,x1,y1,z1,x2,y2,z2,rho)
%function gbox computes the vertical attraction of a regtangular prism
%inputs:
%observation point is (x0,y0,z0)and prism extends from x1 to x2,y1 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 grvity in mgal
if rho~=0
gamma=6.67e-11,
si2mg=1e5;
km2m=1e3;
X(1)=x0-x1;
y(1)=y0-y1;
z(1)=z0-z1,
X(2)=x0-x2;
y(2)=y0-y2;
2(2)=z20-z2,
sum=0;
fori=1:2
for j=1:2
for k=1:2
r=sqrt(x(i)*2 + y(j)*2 +z(k)"2);
Jk=(-1)MN*(-1)N*(-1)7K;
argl=atan2((x(i)*y()).(z(k)*));
if argl<0
argl=argl+2*pi,
end
arg2=r+y(j);
arg3=r+x(i);
if arg2<=0;
pause;
disp(GBOX: BAD FIELD POINT")
else
arg2=log(arg2);
end
0



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
z0=0;
gravity=zeros(1001);
for x0=linspace(0,1,1001)
for yO=linspace(0,1,1001)
suml=gbox(x0,y0,z0,.5,.3,.007,.6,.304,.01,1000);
sum2=gbox(x0,y0,z0,.56,.3,.007,.564,.404,.01,1000);
sum=suml+sumz2;
gravity(y0*1000+1,x0*1000+1)=sum;
end
end
imagesc(gravity)

Woolo 4 3295 (109381 1

function pnoise=noise(p,sn)

%fuction pnoise adds noise to original data
%inputs:

% p is a matrix nr rows and nc cloumns
%sn is the ration of signal to noise

%out put:

%pnoise = original data + calculation noise
[nr,nc]=size(p);

n=nr*nc;

p2=p."2;

sp2=sum(sum(p2));

47



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

o & ‘“}?‘L&’" 4%9|)*) ‘U’.élg‘ ‘“0:’,’ ’5’ VP ’il_o.c 9 ‘512.0 }lé ‘Su)‘;l'ffé “"f‘“’lm ‘C
(wle’ W‘ é.w )iLD-C L Al G‘J{‘LO)" 4-19‘} L}S ‘5-83‘

function [ta,thdrta,theta, GDO]=Localphase(p,xint,yint,te,fi)
%function localphase computes phase-based filter

%input:

%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

%output

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

%te: is the azimuth(degree) in the horizontal plane

0 <te <180

%fi: is the elevation(degree) in the vertical plane

0 <fi <90

if yint==0

dzl=vertical2Dn(p,xint,1);
dx1=gradient(p,xint);
thdr=abs(dx1);
asa=sqrt(dx1.22+dz1./2);
ti1t%%%% %% %% %% %%%%%%%%%
ta=atan(dz1./thdr);
[dxta]=gradient(ta,xint);
thdrta=abs(dxta);
theta=thdr./asa;
htam=real(atanh(dz1./thdr));
nc=length(htam);
hta=zeros(1,nc);

for j=1:nc
v



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

else
dzl=verticaln(p,xint,yint,1);
dz2=verticaln(p,xint,yint,2);
[dx1,dyl]=gradient(p,xint,yint);
thdr=sqrt(dx1.A2+dy1./2);
asa=sqrt(dx1.A2+dy1.22+dz1./2);
ta=atan(dz1./thdr);
tx=atan(dx1./sqrt(dyl./2+dz1./2));
ty=atan(dyl./sqrt(dyl./2+dz1./2));
[dxta,dyta]=gradient(ta,xint,yint);
thdrta=sqrt(dxta.2+dyta.”2);
theta=thdr./asa;
Ax=dx1./asa;
Ay=dy1./asa;
Az=dzl./asa; A=(dx1.*sind(te)+dyl.*cosd(te)).*cosd(fi)+dz1.*sind(fi);
GDO=A /asg;
htam=real(atanh(dz1./thdr));
[nr,nc]=size(htam);
hta=zeros(nr,nc);
for i=1:nr
for j=1:nc
if htam(i,j)<O0
hta(i,j)=0;
else
hta(i,j)=htam(i,j);
end
end
end
tdx=atan(thdr./abs(dzl));
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end
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%Display results
%0/0%0/0%%%********************* part 1 Iocal phaz
f=figure();clf;set(f,'Name','data *); set(f,'NumberTitle','off");imagesc(p);
axis equal; axis tight; axis on; axis xy;
title('Data’);xlabel('m’);ylabel('m’,'rotation’,+90)
colorbar(‘location’,'eastoutside’)

f=figure(2);clf;set(f, Name', Total horizontal derivation ');

set(f, NumberTitle','off");

imagesc(thdr); axis equal; axis tight; axis on; axis xy; title("Total horizontal
derivation’);xlabel('m");ylabel('m’,'rotation’,+90)

f=figure(3);

set(f,'Name','tilt "); set(f,NumberTitle','off");
ax(3)=imagesc(ta); axis equal; axis tight; axis on; axis xy;
title('Tilt");xlabel('m");ylabel('m’,'rotation’,+90)

f=figure(%);

set(f,'Name', Tilt Derivative '); set(f,NumberTitle','off");
imagesc(thdrta); axis equal; axis tight; axis on; axis xy; title('Tilt
Derivative");xlabel('m");ylabel('m’,'rotation’,+90)

f=figure(®) ;
set(f,'Name','First-order vertical derivative '); set(f,NumberTitle','off');

imagesc(dzl); axis equal; axis tight; axis on; axis xy; title('First-order
vertical derivative');xlabel('m’);ylabel('m’,'rotation’,+90)

f=figure(?) ;

set(f,'Name','secend-order vertical derivative '); set(f,'NumberTitle','off");
Imagesc(dz2); axis equal; axis tight; axis on; axis xy; title('Secend-order
vertical derivative');xlabel('m’);ylabel('m’,'rotation’,+90)

f=figure(V) ;
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set(f,Name','(THETA):Theta map ‘); set(f,'NumberTitle','off");
imagesc(theta); axis equal; axis tight; axis on; axis xy;
title((THETA): Theta map");xlabel('m’);ylabel('m’,'rotation’,+90)

f=figure(?) ;
set(f,'Name','amplitude analytic signal '); set(f,'NumberTitle','off');

Imagesc(asa); axis equal; axis tight; axis on; axis xy; title(" Amplitude
analytic signal’);xlabel('m’);ylabel('m’,'rotation’,+90)

f=figure(?);

set(f,'Name','(GDO)generalized derivative operator.teta=0 .fi=0");
set(f,'NumberTitle','off");

imagesc(GDO); axis equal; axis tight; axis on; axis
xy;title('(GDO)Generalized derivative
operator');xlabel('m");ylabel('m’,'rotation’,+90)
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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);
f=fft2(pl);fz=f;
wnx=2.0*pi/(xint*(npts-1));
wny=2.0*pi/(yint*(npts-1));
f=fftshift(f);
cxX=npts/2+1;cy=cx;
for I=1:npts

fregx=(I-cx)*wnx;

for J=1:npts



freqy=(J-cy)*wny;
freg=sqrt(fregx*fregx+freqy*freqy);
fz(1,9)=f(1,J)*(freq™n);
end;
end;
fz=fftshift(fz);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=Ffloor((npts-nr)/2);
pt=zeros(npts);pt(rdiff+1:rdiff+nr,cdiff+1:cdiff+nc)=p;
gp=p(:,1:3);[gpx1,junk]=gradient(gp);
%sides
gp=p(:,nc-2:nc); [gpx2,junk]=gradient(gp);
x1=0; x2=(2*cdiff)+1;
X=[1100;x1 x211; x1"2 x2"2 2*x1 2*x2; X1"3 x2"3 3*x1"2 3*x2"2];
for I=1:nr;
y=[p(l,nc) p(1,1) gpx2(1,3) gpx1(1,1)];
c=y/X;
for J=1:cdiff;
pt(1+rdiff,J)=c(1)+(J+cdiff)*c(2)+c(3)* (J+cdiff)"2+c(4)* (I +cdiff)"3;
pt(1+rdiff,J+nc+cdiff)=c(1)+J*c(2)+c(3)*I"2+c(4)*IN3;
end;
end;

gp=p(1:3,)); [junk,gpx1]=gradient(gp); % top and bottom
gp=p(nr-2:nr,:); [junk,gpx2]=gradient(gp);
x1=0; x2=(2*rdiff)+1;
X=[1100;x1 x211; x1"2 x2"2 2*x1 2*x2; X1"3 x2"3 3*x1"2 3*x2"2];
for J=1:nc;

y=[p(nr,J) p(1,J) gpx2(3,J) gpxl(lx,J)\];



c=y/X;
for 1=1:rdiff;
pt(l,J+cdiff)=c(1)+(1+rdiff)*c(2)+c(3)*(1+rdiff)*2+c(4)* (1+rdiff)"3;
pt(I+rdiff+nr,J+cdiff)=c(1)+1*c(2)+c(3)*1"2+c(4)*I"3;
end,
end,

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

for 1=1:rdiff;
for J=1:cdiff;
if 1>J; pt(1,J)=pt(rdiff+1,J); else pt(l,J)=pt(l,cdiff+1); end;
end;
end;

for I=1:rdiff; % bottom right
for J=cdiff+nc+1:npts;
if 1I>(npts-J); pt(l,J)=pt(rdiff+1,J); 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(l,J)=pt(rdiff+nr,J); else pt(l,J)=pt(l,cdiff+1); 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

%lnput :

%P IS a matrix with nr rows and nc columns
%xint is the distance between gridded data in direction of x in
%unit 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=fftshift(F);

fzx=ifft(Fzx);

ASA=abs(fzx);

end
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Abstract:

Images formed out of the interpretation of ground gravity data are used to discover
mineral resources, cavities, hydrocarbon reserves, etc. In these images, it is crucial to
detect the boundaries and edges of gravity data which are the result of gravity difference
at those points. Presence of noise and aliasing makes it difficult to interpret these images;
therefore, the effect of disturbing factors such as sources of noise and the impacts of
depth, source slope, and the overlap between sources which impedes correct
interpretation must be undermined or modified by using different filters. Different filters,
of which no single one can have all the characteristics of others, are used in edge detection
of potential field anomalies.

This study develops the generalized derivative operator filter to detect the boundary of
anomalous sources such as empty underground spaces which are caused by gravity
difference at those points. The results of application of this filter to the gravity data are
compared to the results obtained using other filters such as analytical signals, total
horizontal derivative, theta map, etc.

For this purpose, first the required codes and functions are obtained using MATLAB
software and, afterwards, the filters are applied to synthetic models so that the capabilities
of each of the filters in detecting the boundaries of anomalous sources are determined. By
applying the filters to the gravity data obtained by the synthetic models, it is found that
the generalized derivative operator filter yields good results in comparison to other filters.
Considering that filters have different efficiencies when dealing with actual gravity data,
the study carries out gravimetric operations on Dehmolla Educational Mine Tunnel,
Shahrood, Iran. It should be noted that in this study empty spaces are the dimensions and
boundary of Dehmolla Educational Mine Tunnel which can be studied as an actual
underground cylindrical model. After correcting the data obtained, by applying different
filters to the gravity data of Dehmolla Educational Mine Tunnel, it is found that the
generalized derivative operator filter generalizes some of the effects of analytical signal
filters, total horizontal derivative, theta map, etc.

The filter’s characteristics which distinguish it from other filters include its controllable
directional sensitivity and high resistance to noise. The disadvantages of the filter include
failure to precisely detect the edges and boundaries of anomalous sources in relation to
the total horizontal derivative filter.

Keywords: Gravimetry, Generalized derivative operator filter, Edge detection,
Gravity Anomaly, Educational mine tunnel Dehmolla-shahrood.
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