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APENDICE A — Algoritmos

A.1 - Escolhendo o detector de Bordas

f=imread( " imagem.tif");

choice=0;

while (choice~=5)

choice=input(°1: Prewitt\n2: Sobel\n3: Laplacian of
Guassian(LoG)\n4: Canny\n5: Exit\n Enter your choice : ");
switch choice

case 1l
PF=edge(f(:,:,1), "prewitt");
PF=edge(f(:,:,2), "prewitt");
PF=edge(f(:,:,3), "prewitt");
figure, imshow(f),title("Original
Image®), Figure, imshow(PF),title("Prewitt Filter™);
case 2
RF=edge(f(:,:,1),"sobel");
RF=edge(f(:,:,2),"sobel");
RF=edge(f(:,:,3), "sobel");
figure, imshow(f),title("Original
Image”), Ffigure, imshow(RF) ,title("Sobel Filter™);
case 3
LF=edge(f(:,:,1),"10g");
LF=edge(f(:,:,2),"10g");
LF=edge(f(:,:,3),"10og");
figure, imshow(f),title("Original
Image™),Figure, imshow(LF) ,title("Laplacian of Gaussian (LoG)
Filter®);
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case 4
CF=edge(f(:,:,1), canny”);
CF=edge(f(:,:,2), "canny”);
CF=edge(f(:,:,3), canny”);
figure, imshow(f),title("Original

Image™), Figure, imshow(CF),title("Canny Filter™);
caseb
display("Program Exited®);

otherwise
display("\nWrong Choice\n%);

end

end

A.2 — Complemento da Imagem

% Aplica o complemento da imagem
I=imread("imagem.tif");

IM2 = IMCOMPLEMENT(I);

imshow (IM2);

A.3 — Deteccgéo de bordas utilizando filtro Canny

I=imread ('imagem.tif');
BW = edge(l(:,:,1), canny");
BW = edge(l(:,:,2), canny");
BW = edge(l(:,:,3), canny");
figure(1), imshow(l)
figure(2), imshow(BW)



A.4- Extracdo de Linhas através da TH utilizando a TR

A extracdo de linhas foi baseada nos algoritmos abaixo:

1° algoritmo
I = imread(‘imagem.tif’);

%or threshold its edges
figure(1),imshow(l);

E = edge(I(:,:,1),'canny’);
E = edge(I(:,:,2),'canny’);
E = edge(l(:,:,3), canny’);
figure(2),imshow(E);

title (‘'Gradient Image’)
imwrite(E,'HoughlineE.jpg','jpg’,'Quality’,70)

%Uso da funcdo radon para computar a TH:

theta = (0:179);

[R,xp] = radon(E,theta);

figure(2)

imagesc(theta,xp,R), colorbar;

xlabel (‘theta (deg)"), ylabel ('rho (pixels from center)’)
title('Line Space’);

plt=1;
for peaks =50:10:110
i = find(R>peaks);
[foo,ind] = sort(-R(i));
k = i(ind(1:size(i)));
[y.x] = ind2sub(size(R),k);

t = -theta(x)*pi/180;

lines = [cos(t) sin(t) -r];
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cx =size(l,2)/2-1;
cy =size(l,1)/2-1;

lines(:,3) = lines(:,3) - lines(:,1)*cx - lines(:,2)*cy;

figure(3+plt)
textl="Gradient image with lines - Accumulator > ',
text2=num2str(peaks);
text=strcat(textl,text2);
imshow(1); title(text);
draw_lines(lines);
plt=plt+1;
end

%%%%%%%%%%%%%%% %% %% %% %% % %% % % %% %% %% %% %% %% %% % %%

function [XX,YY] = draw_lines(L, X, Y, 1t)
ifnargin < 4
It = "-7;
end
ifnargin < 3

ifnargin < 2

It ="-7;
else

It = X;
end
V = axis;

X = V(1:2); Y = V(3:4);

hold on

end
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find(abs(L(:,1)) < abs(L(:,2)));
j = find(abs(L(:,1)) >= abs(L(:,2)));

YY1 = -L(1,1)./L(7,2)*X + -L(1,3).7/L(71,2)*ones(size(X));
XX1 = ones(length(i1),1)*X;

XX2 = -L(J,2)-/Lg,1)*Y + -L(,3)-/L(g,1)*ones(size(Y));
YY2 = ones(length(j),1)*Y;

XX
YY

[XX1" XX2°];
[YY1" YY2"];

[foo.k] = sort([i; J1):
plot(XX(:,k),YY(:,k),It)

ifnargin < 3
hold off

end

2° algoritmo

I = imread(“image.tif");

I=E

title ("Gradient Image”)

imwrite(E, "HoughlineE_jpg”, " jJpg", "Quality”,70)

theta = (0:179)";

[R,xp] = radon(E,theta);

figure(2)

imagesc(theta,xp,R), colorbar;

xlabel (“theta (deg)®), ylabel ("rho (pixels from center)”)
title("Line Space®);

plt=1;
for peaks =100:5:145
i = find(R>peaks);
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[foo,ind] = sort(-R(1));

k = 1(ind(1:size(i)));

[v.x] = ind2sub(size(R),k);

t = -theta(X)*pi1/180;

r = xp(y);

lines = [cos(t) sin(t) -r];

cx = size(l,2)/2-1;

cy = size(1,1)/2-1;

lines(:,3) = lines(:,3) - lines(:,1)*cx - lines(:,2)*cy;
figure(3+plt)
textl="Gradient image with lines - Accumulator > *;
text2=num2str(peaks);
text=strcat(textl, text2);

imshow(l); title(text);
draw_lines(lines);
plt=plt+l;

end

A.5 - Extracédo de linhas utilizando TH

I = imread("imagem.tif");

BW = edge(1(:,:,1),"canny”);
BW = edge(1(:,:,2), canny”);
BW = edge(1(:,:,3), canny”);

[H,theta,rho] =
hough(BW, "ThetaResolution®,0.45, "RhoResolution®,0.7);

imshow(H, [], "XData",theta, "YData" ,rho, ...
"InitialMagnification®, " fit");
xlabel ("\theta"), ylabel("\rho");
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axis on, axis normal, hold on;

P =

houghpeaks(H,12, "threshold",ceil(0.755*max(H(:)))), "NHoodSize"
-3 31;

x = theta(P(:,2));

y = rho(P(:,1));
plot(x,y,"s", color”, "white");

lines = houghlines(BW, theta,rho,P,"FillGap~,15, "MinLength",5);

figure, imshow(l), hold on

max_len = 0;

fork = 1:length(lines)
xy = [lines(k).pointl; lines(k).point2];
plot(xy(:,1),xy(:,2), LineWidth*,2,"Color", "green®);

plot(xy(1,1),xy(1,2),"x","LineWidth",2,"Color~, “yellow");
plot(xy(2,1),xy(2,2),"x","LineWidth*,2,"Color~,“red");

len = norm(lines(k).pointl - lines(k).point2);
it ( len > max_len)
max_len = len;

XYy,

xy_long
end

end

plot(xy_long(:,1),xy _long(:,2), "LineWidth",2,"Color®, "cyan®);
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A.6- Filtragem Morfolégica

1°) A imagem de entrada é a imagem complemento, ver A.2

% Primeiro teste
I=imread(“comple.jpg~);
Tigure(l), imshow(l);

se = strel("disk”,3);
J = imsubtract(imadd(l, imtophat(l,se)), imbothat(l,se));
figure(2), imshow(J)

A.7- Detector de Bordas Externas através Morfologia Matematica

2>A imagem resultante de A.7, serd a imagem de entrada neste

algoritmo

1G= J(:,:,1);

sg=ones(3,3);

%bordas externas para 1G>150
r150=1G>150;
rd150=1mdilate(r150,sq);
r_ext150=rd150&~r150;
figure(l), imshow (r_extl50)
%bordas externas para 1G>210
r210=1G>210;
rd210=imdilate(r210,sq);
r_ext210=rd210&~r210;
figure(2),imshow (r_ext210)
B= r210-[(r210 - r_extl50)+ (r210 - r_ext210)];figure(3d),
imshow(B) ;
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A.8- SUSAN algoritmo

O algoritmo utilizado nesta dissertacdo foi uma adaptacdo do algoritmo descrito

abaixo:

%
%
%
%
%
%
%

File name :
File Type :
Requirements:
Begin :
Last Update :
Author :
Description

functions.

% Copyright
%

%

%

%

%

% License

%

DESCRICAO

edgexample.m
m-file (script file for Matlab)
Matlab Image Processing Toolbox
2006-07-07
2007-03-22
Nicola Asuni
example script for edgemap.m and edgedir.m

: Tecnick.com S.r.1I.
Via Ugo Foscolo n.19
09045 Quartu Sant"Elena (CA)
ITALY
http://www.tecnick.com
info@tecnick.com

- GNU GENERAL PUBLIC LICENSE v.2
http://www.gnu.org/copyleft/gpl .html

function [] = edgexample()

%
%
%
%
%
%

File name :
File Type :
Requirements:
Begin :
Last Update :
Author :

edgexample.m

m-file (script file for Matlab)
Matlab Image Processing Toolbox
2006-07-07

2007-03-22

Nicola Asuni
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% Description : example script for edgemap.m and edgedir.m
functions.

% Copyright : Tecnick.com S.r.1L.

% Via Ugo Foscolo n.19

% 09045 Quartu Sant"Elena (CA)

% ITALY

% http://www.tecnick.com

% info@tecnick.com

% License - GNU GENERAL PUBLIC LICENSE v.2

% http://www.gnu.org/copyleft/gpl.html

0f ===============—======————===————————==-=————————==-=—————=—==-=
% --- parametros de entrada ---

TR = 3;

KR = 9;

NR = 255;

OP = false;

IMG = imread(" IMAGEM™);

figure(l), imshow(IMG);
tl = cputime;
EDG = edgemap(IMG, TR, KR, NR, OP);

fprintf("\nProcessing time: %8.3F sec\n", cputime-tl);

figure(2), imshow(EDG);

figure(l3),
surface(EDG, "FaceColor", "texturemap”, "EdgeColor*, "none”, "CData
Mapping®, "scaled®);

view(135,80);

ANG = edgedir(EDG, KR, OP);
fprintf("\nProcessing time: %8.3F sec\n", cputime-tl);
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Tfigure(4), imshow(ANG);
figure(b),
surface(ANG, "FaceColor”, "texturemap”, "EdgeColor®, "none”, "CData
Mapping®, "scaled®);
view(135,80)

% File name : edgemap.m
% File Type : m-File (script file for Matlab)
% Requirements: Matlab Image Processing Toolbox
% Begin : 2006-07-07
% Last Update : 2007-05-31

% Author : Nicola Asuni

% Description : This function detects image edges using an
improved

% SUSAN technique.

% Copyright : Tecnick.com S.r.1IL.

% Via Ugo Foscolo n.19

% 09045 Quartu Sant"Elena (CA)

% ITALY

% http://www.tecnick.com

% info@tecnick.com

% License - GNU GENERAL PUBLIC LICENSE v.2

% http://www.gnu.org/copyleft/gpl.html

% Version : 1.1.000
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ifT (nargin < 1)

disp(~edgemap function by Nicola Asuni.");

disp("This function returns an edge map.~);

disp(“Usage:
disp("[EDG]
disp("[EDG]
disp("[EDG]
disp("[EDG]
disp("[EDG]
disp("Where:
disp(°IM
disp("TR
disp("KR
=3)7);
disp(°NR

DF
= edgemap(IM)*);
= edgemap(IM, TR)");
= edgemap(IM, TR, KR)™);
= edgemap(IM, TR, KR, NR)");
= edgemap(IM, TR, KR, NR, OP)*);
DE
: source image (RGB or grayscale)®);

: Brightness Threshold (default = 20)7);

USAN Kernel Radius (nucleus excluded) (default

: the EDG matrix will be normalized to this range

of integers (default = 0 = not normalize)");

disp( 0P

ifT true removes from USAN the pixels that are

not directly connected with the nucleus (default = false)");

disp("EDG :
EDG = [1:
return;

end

edge strength image");

% assign default values

if (nargin > 5)

error("Too many arguments®);

end

it (nargin < 5)

OP = false;

end

if (nargin < 4)

NR = 255;
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end

iT (nhargin < 3)
KR = 9;

end

1T (nargin < 2)
TR =5;

end

NCOLORS = ndims(IM);
if (NCOLORS == 3)
% RGB 1mage
IMG = double(rgb2gray(iIM));
elseit (NCOLORS == 2)
IMG = double(IM);
else
error("Unrecognized image type, please use RGB or greyscale
images”);
end
IMG = IMG + 255;

[m,n] = size(IMG);

KW = (2 * KR) + 1;

KM = ones(KW,KW);
fori = -KR:KR
for j = -KR:KR
iIT (round(sgrt((i-~2) + (J-"2))) > KR)
KM(i+KR+1, j+KR+1) = O;
end

end
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end

KAREA = nnz(KM);
GT = 3 * KAREA / 4;

IMG = [repmat(IMG(1,:),KR,1);IMG;repmat(IMG(m,:),KR,1)];
IMG = [repmat(IMG(:,1),1,KR), IMG, repmat(IMG(:,n),1,KR)];
EDG = zeros(m,n);

for i = KR+1:m+KR
for j = KR+1:n+KR
USAN = KM .* exp(-((IMG(i-KR:i+KR, j-KR:j+KR) - IMG(i,j))
/ TR)."6);

if (OP)

USAN_BINARY = ceil(USAN);
USAN = bwselect(USAN BINARY,KR+1,KR+1,8) .* USAN;
end

end

% USAN area
USAN_AREA = sum(sum(USAN));

if (USAN_AREA < GT)
EDG(i-KR, j-KR) = GT - USAN_AREA;
end
end

end

iIT(NR > 0)
NSCALE = NR / max(max(EDG));
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function [ANG]
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EDG = round(NSCALE .* EDG);
if(NR > (2732))

EDG = uint64(EDG);
elseif (NR > (2716))

EDG = uint32(EDG);
elseif (NR > (278))

EDG = uintl6(EDG);
else
EDG = uint8(EDG);
end
end
=== EOF

edgedir(EDG, KR, OP)

0p ==================
% File name : edgedir.m

% Fille Type : m-File (script file for Matlab)

% Requirements: Matlab Image Processing Toolbox

% Begin : 2006-07-07

% Last Update : 2007-05-31

% Author : Nicola Asuni

% Description : This function returns the orientation of image
edges

% using a modified SUSAN technique.

% Copyright : Tecnick.com S.r.1L.

% Via Ugo Foscolo n.19

% 09045 Quartu Sant"Elena (CA)

% ITALY

% http://www.tecnick.com

% info@tecnick.com

% License : GNU GENERAL PUBLIC LICENSE v.2

%

http://www.gnu.org/copyleft/gpl.html



127

% Version :1.1.000

it (nargin < 1)
disp(“edgedir function by Nicola Asuni.");

disp("This function detects edges orientation using the
SUSAN criteria.");

disp("Usage:");

disp("[ANG] = edgedir(EDG)");
disp("[ANG] = edgedir(EDG, KR)");
disp("[ANG] = edgedir(EDG, KR, OP)");

disp(“Where:");
disp("EDG : edge strength image®);

disp("KR : USAN Kernel Radius (nucleus excluded) (default
= 3)7);

disp("OP : if true removes from USAN the pixels that are
not directly connected with the nucleus (default = false)");

disp("ANG : edge directions in radiants normalized iIn the
interval ]0,pi]7);

ANG = [1;

return;

end

if (nargin > 3)
error("Too many arguments®);
end
it (nargin < 3)
OP = false;
end

if (nargin < 2)
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NCOLORS = length(size(EDG));
if (NCOLORS == 3)
EDG = rgb2gray(EDG);
end
MAXVAL = double(max(max(EDG)));
if (MAXVAL > 1)
EDG = double(EDG) / MAXVAL;
end
EDG = EDG + 255;
[m,n] = size(EDG);
KW = (2*KR)+1; % kernel width
KM = ones(KW,KW);
fori1 = -KR:KR
for j = -KR:KR
1T (round(sagre((i-~2) + (3-"2))) > KR)
KM(1+KR+1, J+KR+1) = 0;
end
end

end

KAREA
EDG” =
[zeros(KR,n+(2*KR)) ;zeros(m,KR),EDG, zeros(m,KR) ; zeros(KR,n+(2*
KR))1;

ANG = zeros(m,n);

nnz(KM) ;

D = -KR:KR;
RX = repmat(D, (2*KR)+1,1);
RY = RX";

DSQX = RX .~ 2;

DSQY = DSQX":

for i = KR+1:m+KR
for j = KR+1:n+KR



if (EDG(i,j) > 0)
USAN = KM .* double(EDG(i-KR:i+KR,j-KR:j+KR));
it (OP)
USAN_BINARY = ceil(USAN);
i (Nnnz(USAN_BINARY) < (KAREA - KR))
USAN = bwselect(USAN_BINARY,KR+1,KR+1,8) .* USAN;
end
end
USAN_AREA = sum(sum(USAN));
CDY = -(double(sum(sum(RY .* USAN))) 7/ USAN_AREA);
CDX = (double(sum(sum(RX .* USAN))) 7/ USAN_AREA);

1T (sgrt((abs(CDX) ."2) + (abs(CDY)."2)) < 1)
DX = sum(sum(DSQX .* USAN));
if (DX > 0)
DY = - sum(sum(DSQY .* USAN));
DXY = sum(sum(RX .* RY .* USAN));

EANG = sign(DXY) * atan(DY/DX);
else
EANG = pi/2;
end
else

1T (abs(CDX) > 0)
EANG = (pi/2) + atan(CDY/CDX);
else
EANG = pi;
end
end
EANG = normalizeangle(EANG);
ANG(i-KR, j-KR) = EANG;

end
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end
end
% === EOF
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APENDICE B - Revis&o de Teoria dos Conjuntos

Teoria dos Conjuntos
Conjunto como proprio nome diz e uma colecdo de objetos sem repeticdo. Se um
conjunto ndo e muito grande, este pode ser descrito listando-se os seus elementos
em qualquer ordem, por exemplo:
A={1,2,3, 4}

Se um conjunto e muito grande ou infinito, este pode ser descrito através de
propriedades requeridas de seus membros:

X ={x| x e um n° inteiro, positivo e par}

X € X, se x esta em X, caso contrario x ¢ X.

Combinacao de Conjuntos
Sejam dois conjuntos X e Y:

UNIAO
A unido de dois conjuntos X e Y € o conjunto de elementos que pertencem ou X ou
Y ou ambos:
XuY={x|(x e X)ou (x €Y)}
INTERSECAO

A intersecdo de dois conjuntos X e Y é 0 conjunto de elementos pertencentes a

ambos X e Y:

XnxY={]|(ceX)e(xeY)}

DIFERENCA
A diferenca entre os conjuntos X e Y € o conjunto de elementos que pertencem a X,
mas ndo pertencem a Y:

X-=Y={x|(xeA)e (x €B)}



132

COMPLEMENTO
O complemento do conjunto X é o conjunto dos elementos ndo pertencentes ao
conjunto X. Se nos pensarmos em imagem este poderia corresponder aos pixels

brancos na figura ou na linguagem da teoria dos conjuntos:

DISJUNCAO
Séo disjuntos quando néo existem elementos comuns entre eles.

XNY =0entdo X e Y sao disjunto.

TRANSLACAO
A translacao do conjunto X pelo ponto x € definida, em notacédo de conjuntos, como:

X={y|ly=a+x,xeX}

REFLEXAO
A reflex@o do conjunto X é definida como:

X ={y|y=-X x eX}



