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for i=(0.06:0.01:0.5)

[91, wl] = subclust(cl_theta2',(i));

[92, w2] = subclust(cl_theta2',(i+0.01));

[g3, w3] = subclust(cl_theta2',(i+0.02));

if numel(ql)==numel(g2)&& numel(ql)==numel(g3) && numel(g2)==numel(g3)
q=q1;
break;

end

end
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function [x , y] = doortarin_noghat(p1,p2)
dist = zeros(length(p1),length(p2));
for m = 1:length(pl)
for n = 1:length(p2)
dist(m,n) = sqrt((p1(m)-p1(n))*2 + (p2(m)-p2(n))"2);
end
end
[x,y] = find(dist == max(dist(:)));
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function out = scanline(s,f,cl_ps,cl_pf)
out = zeros(1,length(cl_ps));
for x = 1:length(cl_ps)
if isempty(polyxpoly([cl_ps(x,2) cl_pf(x,2)],[cl_ps(x,1) cl_pf(x,1)],[s(1)
f(D1.[s(2) f(2)D)) ==
out(x) = 0;
else
out(x) = 1;
end
end

end
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for x = 1:length(cl)
if isempty(polyxpoly([cl_ps(x,2) cl_pf(x,2)],[cl_ps(x,1)
cl_pf(x,1)],[s1(2) f1(1)],[s1(2) f1(2)]))==1
intersect(x,1) = 0; intersect(x,2) = 0;
else
[intersect(x,1), intersect(x,2)] = polyxpoly([cl_ps(X,2)
cl_pf(x,2)],[cl_ps(x,1) cl_pf(x,1)],[s1(2) f1(21)],[s1(2) f1(2)]);
end
end
ind = outt .* cl;
for x = 1:max(cl)
temp = intersect;
temp(ind ~=x,:) = [];
temp = sort(temp);
df_final = zeros(1,size(temp,1));
if isempty(temp)==0
if size(temp,1) > 1
df(:,1) = diff(temp(:,1));
df(:,2) = diff(temp(:,2));
df = df ~2;
df_final = sqrt(df(:,1) + df(:,2));
feature_spacing_set(x) = mean(df_final);

else
df(:,1) = temp(:,1);
df(:,2) = temp(:,2);
feature_spacing_set(x) = 0;
end

else
feature_spacing_set(x) = 0;

end
end
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count=0;
for i=1:max(cl)
for j=1:length(cl_theta)
if cl(j)==i
count=count+1;
cl_theta_mean(i)=cl_theta(j)+cl_theta_mean(i);
end

end
cl_theta_mean(i)=cl_theta_mean(i)/count;

count=0;

end

shib_scanline=atan((f1(2)-s1(2))/(f1(1)-s1(1)));

shib_scanline=(shib_scanline);

if shib_scanline<0
shib_scanline=shib_scanline+pi;

end

cl_mean_theta_degree=cl_theta_mean;

cl_theta_mean=cl_theta_mean*pi/180;
shib_scanline_thetamean=zeros(1,length(cl_theta_mean));

for i=1:length(cl_theta_mean)
shib_scanline_thetamean(i)=cl_theta_mean(i)-shib_scanline;
if shib_scanline_thetamean(i)<0

shib_scanline_thetamean(i)=shib_scanline_thetamean(i)+pi;

end

end

feature_spacing_normal_set=zeros(1,length(feature_spacing_set));

for i=1:length(feature_spacing_set)
if feature_spacing_set(i)==0
feature_spacing_normal_set(i)=0;
else
feature_spacing_normal_set(i)=feature_spacing_set(i)*sin(

shib_scanline_thetamean(i));

end

end
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function out = scancircular(circle,cl_ps,cl_pf)

% lines and scanwindow ---> ghat nakonad(biroon) =1 dar yek noghte ghat konad
% =2 dar 2 noghte ghat konad =3 ghat nakonad(dakhel) =4
for x = 1:size(cl_ps,1)
[m, n] = polyxpoly([cl_ps(x,2) cl_pf(x,2)],[cl_ps(x,1)
cl_pf(x,1)],circle(1,:),circle(2,));
if length(m) ==1
out(x) = 2;
elseif length(m) ==2
out(x) = 3;
elseif isempty(m)
if inpolygon(cl_ps(x,2),cl_ps(x,1),circle(1,:),circle(2,:)) == 1
out(x) = 4;
else
out(x) = 1;
end
end
end
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function out = scanwindow(p1,p2,p3,p4,cl_ps,cl_pf)

% lines and scanwindow ---> ghat nakonad(biroon) =1 dar yek noghte ghat konad
% =2 dar 2 noghte ghat konad =3 ghat nakonad(dakhel) = 4
for x = 1:size(cl_ps,1)
[m n] = polyxpoly([cl_ps(x,2) cl_pf(x,2)],[cl_ps(x,1) cl_pf(x,1)].[p1(1) p2(1)
p3(1) p4(1) p1(1)],[p1(2) p2(2) p3(2) p4(2) p1(2)])
if length(m) ==
out(x) = 2;
elseif length(m) ==
out(x) = 3;
elseif isempty(m)
if inpolygon(cl_ps(x,2),cl_ps(x,1),[p1(1) p2(1) p3(1) p4(1) p1(1)].[p1(2) p2(2)
P3(2) p4(2) P1(2)]) ==
out(x) = 4;
else
out(x) = 1;
end
end
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function neighbors_m=GetNeighborPixel(f,y,x,h)
minx=max(1,x-h);

miny=max(1,y-h);

maxx=min((size(f,1)),(x+h));
maxy=min((size(f,2)),(y+h));
neighbors_m=sum(sum(f(minx:maxx,miny:maxy)));
neighbors_m=neighbors_m-f(x,y);

end
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for i=1:size(distance_end,1)
for j=1:size(distance_end,2)
if distance_end(i,j)~=0 && distance_end(i,j)<=30 && c_haade_end(i,j)<=10
dis_shib_end(i,j)=distance_end(i,));
end
end
end
clear moghayese vasl moghayese2 nm2 nm;
moghayese=zeros(1,2);
vasl=zeros(1,size(distance_end,1));
for i=1:size(dis_shib_end,1)
[~,nm]=find(dis_shib_end(i,:)>0);
if numel(nm)==0
vasl(i)=i;
end
if numel(nm)==1
vasl(i)=nm;
end
if numel(nm)>=2
moghayese=c_haade_end(i,nm);
moghayese2=min(moghayese);
[~,nm2]=find(c_haade_end(i,:)==moghayese2);
if nm2(1)==i
vasl(i)=nm2(2);
else vasl(i)=nm2(1);
end
end
end
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Abstract:

The aim of geometrical explanation of Rock Mass Discontinuities is to careate a 3D
model enabling us to define defining the basis for discontinuities. Often there is no access
to underground level, in this situation the outcrops are used to gain information of
engineering and structural characteristics of rock mass. In this research, image processing
which is a safe, quick, low-cost and automated method is used to obtain geometrical
parameters of Mean spacing, Density, Mean Trace Length (MTL) and fracture intensity.
In this research the two algorithms of Hough Transform and Determining neighboring
degree are developed to recognize the trace of discontinuities in quarry mines. In Hough
Transform algorithm, first through applying median filter to the image, noises and
microfracture are decreased and then using Canny Edge Detector, edges are revealed and
short edges are removed by labeling connected components. Then, the lines indicating
the lines of discontinuities are recognized using Hough Transform and the results from
Hough transform are improved and Set Joints are recognized using Fuzzy-C Mean (FCM)
and Subtractive Clustering. Ultimately, the results from image processing are compared
with field results from Scanline Sampling, including scanline and circular scanline
(Mauldon et al. Method) and window sampling, including window sampling, Square
window sampling (Mauldon Method) and circular window sampling (Mauldon Method
& Zhang & Einstein Method). In neighboring degree algorithm such as Hough Transform
Algorithm, existing Noises and microfracture are decreased by applying filter median to
image and then using Canny edge detector, existing edges are revealed and short edges
are removed by labeling connected components. Thinning Operation was performed on
the targeted picture and then the neighboring degree of lineament pixels was specified,
the short lines are removed by labeling connected components afterwards, and
discontinuity lines are defined according to neighboring degree. Finally, the separated
lines are connected together.By comparing the results from different defined images with
images with little lines and soft texture, both algorithms were able to determine traces
well, however, neighboring degree algorithm presents better results as an outcome in

complex images with higher number of traces.

Keyword: Image Processing, Rock Mass Discontinuities, Mean Spacing, Density, Mean

Trace Length, Intensity Fracture, Scanline Sampling, Window Sampling, Circular

Scanline
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