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Mat MyCanny (Mat src, int upperThreshold, int lowerThreshold,
double size = 3)

{
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Mat workImg = Mat (src);
workImg = src.clone();

// Step 1: Noise reduction
cv::GaussianBlur (src, workImg, cv::3ize (5, 5), 1.4);
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// Step 2: Calculating gradient magnizudes and directicons
Mat magX = Mat (src.rows, src.cols, CV_32F);

Mat magY = Mat (src.rows, src.cols, CV_32F);

cv::Sobel (workImg, magX, CV_32F, 1, 0, size);

cv::Sobel (workImg, magY, CV_32F, 0, 1, size);

Mat direczion = Met (worklmg.rows, worklImg.cols, CV_32T);
cv::divide (mag¥, magX, direction);
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Mat sum = Mat(wecrkImg.rows, workImg.cols, CV_64F)7
Mat prodX = Mat (workImg.rows, workImg.cols, CV 64F);
Mat prodY = Mat (workImg.rows, workImg.cols, CV_64F);
cv::multiply(magX, magX, prodX);

cv::multiply(magY, mag¥, prodY);

sum = prodX + prodY¥;

cv::sqgrt (sum, sum);
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Mat returnImg = Mat(src.rows, src.cols, CV_8U);

returnImg.setTo{cv::Scalar(0)) // Initialie image to
return to zero

// Initialize iterators
cv::MatlIterator <float>itMag = sum.begin<float>();

cv::MatlIterator <float>itDirection = direction.begin<float>();
cv::MatlIterator <unsigned char>itRet = returnlImg.begin<unsigned
char> () ;

cv::MatlIterator <float>itend = sum.end<float>();
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for (;itMag!=itend;++itDirection, ++itRet, ++itMagqg)
éonst cv::Foint pos = itRet.pos();

float currentDirection = atan(*itDirection) * 180 / 3.142;
while (currentDirection<0) currentDirection+=180;

*itDirection = currentDirection;

if (*itMag<upperThreshold) continue;
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bool f.zg = true;
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if (currentDirection>112.5 && currentDirection <=.37.
{
if(pos.y>0 && pos.x<workImg.cols-1 &&
*itMag<=sum.at<float>(pos.y-1, pos.x+1l)) flag = false;
if (pos.y<workImg.rows-1 && pos.x>0 &&
*itMag<=sum.at<float> (pos.y+l, pos.x-1)) flag
1

false;
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else if (currentDirection>67.5 && currentDirection <= 112.5)
{
if (pos.y>0 && *itMag<=sum.at<float>(pos.y-1, pos.x)) flag =
false;
if{(por.vaworkImg. rows—1 && *itMag<=sum.at<Iloat> (pcs.v+tl,
pos.x)) flag = false; }
else if (currentDirection > 22.5 && currentDirection <= 67.5) {

if(pos.y>0 && pos.x>0 && *itMag<=sum.at<float>(pos.y-1,
pos.x-1)) flag = false;

if (pos.y<workImg.rows-1 && pos.x<workImg.cols-1 &&
*itMag<=sum.at<float>(pos.y+l, pos.x+1l)) flag = false; }
else {

if (pos.x>0 && *itMag<=sum.at<float>(pos.y, pos.x-1)) flag =
false;

if (pos.x<workImg.cols-1 && *itMag<=sum.at<float> (pos.y,
pos.x+1l)) flag = false; }
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if(flag)
{
*1tRet = 255;
}
}
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// Step 4: Hysterysis threshold
bocl imegeChanged = true;

int i=0;

while (imageChanged)

{
imageChanged = false;
printf ("Iteration %d\
",o1)s

i++;

© ez ol By L ) Gy 81 slis e (false) Lle o ImageChanged Lo ail> Fors 0
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itMey = sur.begin<float>();

itDirection = direction.begin<float>y);

itRet = returnImg.begin<unsigned char>();

itend = sum.end<float>();

for (;itMag'!=itend;++itMag, ++itDirection, ++itRet)
{

:;ﬁ&maiéjlzmoti:l;ﬂxﬂl)%d}» s

cv::Point pos = itRet.pos();

if(pos.x<2 || pos.x>src.cols-2 || pos.y<Z || pos.y>src.rows-2)
continue;

float currentDirection = *itDirection;
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// Do we hzve a pixel we already know as an edga?
if (*itRet==255)

{
*itRet=(unsigned char) 64;
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if (currentDirection>112.5 && currentDirection <= 157.5)

{

if(pos.y>0 && pos.x>0)

{

if (lowerThreshold<=sum.at<float>(pos.y-1l, pos.x-1) &&
returnImg.at<unsigned char>(pos.y-1, pos.x-1)!=64 &&
direction.at<float>(pos.y-1, pos.x-1) > 112.5 &&
direction.at<float>(pos.y-1l, pos.x-1) <= 157.5 &&
sum.at<float>(pos.y-1, pos.x-1) > sum.at<float>(pos.y-2, pos.x)
&&

sum.at<float>(pos.y-1, pos.x-1l) > sum.at<float>(pos.y, pos.x-—
2))

{

returnimg.ptr<unsigned char>(pos.y-1, pos.x-1)[0] = 255;
imageChanged = true;

}

}

if (pos.y<workImg.rows-1 && pos.x<workImg.cols-1)

{

if (lowerThreshold<=sum.at<float>(cv::Point (pos.x+1l, pos.y+l))
&&

returnImg.at<unsigned char> (pos.y+l, pos.x+1l) !=64 &&
direction.at<float>(pos.y+l, pos.x+1l) > 112.5 &&
direction.at<float>(pos.y+l, pos.x+1l) <= 157.5 &&
sum.at<float>(pos.y-1, pos.x-1) > sum.at<float>(pos.yt2, pos.x)
&&

sum.at<float>(pos.y-1l, pos.x-1l) > sum.at<float>(pos.y,
pPos.x+t2))

{

returnImg.ptr<unsigned char>(pos.y+1l, pos.x+1) [0] = 255;
imageChanged = true;

P}
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else if (currentDirection>67.5 && currentDirection <= 112.5)
{
if (pos.x>0)
{

if (lowerThreshold<=sum.at<float> (cv::Point (pos.x-1, pos.y)) &&
returnImg.at<unsigned char> (pos.y, pos.x-1)!=64 &&
direction.at<float>(pos.y, pos.x-1) > 67.5 &&
cdirecticn.at<float>(pos.y, pos.x-1) <= 112.5 &
sum.at<float>(pos.y, pos.x-1) > sum.cat<flcat> {pos.y-1,
pos.x-1) && sum.at<float>(pos.y, pos.x-1) >
sum.at<float>(pos.y+l, pos.x-1))
{
returnImg.ptr<unsigned char>(pos.y, pos.x-1)[0] = 255;
imageChanged = true;
}
}
if (pos.x<workImg.cols-1)

{

if (lowerThreshold<=sum.at<float>(cv::Point (pos.x+1l, pos.y)) &&
returnImg.at<unsigned char> (pos.y, pos.x+1l)!=64 &&
direction.at<float>(pos.y, pos.x+1l) > 67.5 &&
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direction.at<float>(pos.y, pos.x+1l) <= 112.5 &&
sum.at<float>(pos.y, pos.x+l) > sum.at<float>(pos.y-1,
pos.x+1l) && sum.at<float>(pos.y, pos.xt+l) >
sum.at<float> (pos.y+l, pos.x+1))
{
returnImg.ptr<unsigned char>(pos.y, pos.x+1)[0] = 255;
imageChanged = true;
}
}
}
else if (currentDirection > 22.5 && currentDirection <= 67.5)
{
if(pos.y>0 && pos.x<workImg.cols-1)
{

if (lowerThreshold<=sum.at<float>(cv::Point (pos.x+1l, pos.y-1))
&& returnImg.at<unsigned char>(pos.y-1, pos.x+l) !=64 &&
direction.at<float>(pos.y-1, pos.x+l) > 22.5 &&
direction.at<float>(pos.y-1, pos.x+l) <= 67.5 &&
sum.at<float>(pos.y-1, pos.x+1l) > sum.at<float>(pos.y-2, pos.x)
&& sum.at<float>(pos.y-1l, pos.xtl) > sum.at<float>(pos.y,
PoOs . wt2)
{
returnImg.ptr<unsigned char>(pos.y-1, pos.x+1) [0] = 255;
imageChanged = true;
}
}
if (pos.y<workImg.rows-1 && pos.x>0)
{

if (lowerThreshold<=sum.at<float>(cv::Point (pos.x-1, pos.y+l))
&& returnImg.at<unsigned char>(pos.y+l, pos.x-1)!=64 &&
direction.at<float>(pos.y+l, pos.x-1) > 22.5 &&
direction.at<float>(pos.y+tl, pos.x-1) <= 67.5 &&
sum.at<float>(pos.y+tl, pos.x-1) > sum.at<float>(pos.y, pos.x-2)
&& sum.at<float>(pos.y+l, pos.x-1) > sum.at<float>(pos.y+2,
POSs.x))
{
returnImg.ptr<unsigned char>(pos.y+1l, pos.x-1)[0] = 255;
imageChanged = true;

1se

Hoomm (D e

f (pos.y>0)

—~

if (lowerThreshold<=sum.at<float>(cv::Point (pos.x, pos.y-1l)) &&
returnImg.at<unsigned char>(pos.y-1, pos.x) !=64 &&
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(direction.at<float>(pos.y-1, pos.x) < 22.5 ||
direction.at<float>(pos.y-1l, pos.x) >=157.5) &&
sum.at<float> (pos.y-1, pos.x) > sum.at<float>(pos.y-1, pos.x-
1) && sum.at<float>(pos.y-1l, pos.x) > sum.at<float>(pos.y-1,
POs.xX+t2))
{
returnImg.ptr<unsigned char>(pos.y-1l, pos.x)[0] = 255;
imageChanged = true;
}
}
if (pos.y<workImg.rows-1)
{

if (lowerThreshold<=sum.at<float>(cv::Point (pos.x, pos.y+l)) &&
returnImg.at<unsigned char> (pos.y+l, pos.x)!=64 &&
direction.at<float>(pos.y+l, pos.x) < 22.5 ||
direction.at<float>(pos.y+l, pos.x) >=157.5) &&
sum.at<float>(pos.y+l, pos.x) > sum.at<float>(pos.y+l, pos.x-1
&& sum.at<float>(pos.y+l, pos.x) > sum.at<float>(pos.y+l,
pos.x+t1l))

{
returnImg.ptr<unsigned char>(pos.y+l, pos.x) [0] = 255;
imageChanged = true;

}

}
2 00 a4y Loy Y Jlie 5 S S il L el 0Ll Sl dn s o 0L Slem ¢ sl 1 il

cv::MatlIterator <unsigned char>current =
returalng.begin<unsignea char>(); cv::MatIterator <unsignad
char>final = returnImg.end<unsigned chaxr>();

for (;current!=final;++current)

{

if (*current==64)
*current = 255;
}

return returnlImg;
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MaxDisparity=200;

T=100; % Tempreture of simulated annealing
if size(imright,3)>1
imright=rgb2gray (imright) ;
imleft=rgb2gray(imleft);

end

imright=double (imright) ;
imleft=double (imleft) ;

[M N]=size (imleft) ;
$S=randint (M, N, [-MaxDisparity 0]);
dcrzNum=0;

El=.1;
E2=E1;
i=1;
D(M,N)=0;
Lambda=10;

for x=20:M-20
for y=20:N-20
S=randint (1,1, [-MaxDisparity MaxDisparity]);

T=100;

while T>0

Elprevios=El;

el=0;

smooth=0;

D(x,y)=S;

if y+D(x,y)-1<=0 || y+D(x,y)+1>=N
D(x,y)=0; $ignore out of the boundry
end

for i=-1:1

for j=-1:1

el=el+abs (imleft (x+1i,y+]j)-imright (x+i, y+j+D(x,vy)));
smooth=smooth+abs (D (x+1i,y+3) -D(x,Vy));

end

end

El=el+Lambda*smooth;

o)

if (E1>=Elprevios) % i1f no decrese in E

dcrzNum=dcrzNum+1; % counts number of5 times E does not decrease
end

Sp=randint (1,1, [-MaxDisparity MaxDisparity]);

if y+Sp-1<=0 || y+Sp+1>=N

Sp=0; %ignore out of boundary

end

e2=0;

smooth2=0;

for i=-1:1

for j=-1:1

e2=e2+abs (imleft (x+1i, y+j)-imright (x+i, y+Jj+Sp)) ;
smooth2=smooth2+abs (D (x+i, y+]j) -Sp) ;

end

end
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E2=e2+Lambda*smooth2;
DELTAE=E2-E1;

if DELTAE<=0

S=Sp;

else

P=exp (double (-DELTAE/ (T) ) ) ; X=rand;

if X<P

S=Sp;

end

end

if dcrzNum>2
T=T-5;
dcrzNum=0;
end

end

end

disp (' ******—Row Num:—*******x*x1)

disp (%) ;

disp('*************************') ;

end
Deps=1./D;
imshow (Deps, []) ;
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