




•

•



•

•

•

•

•

•

•

•

•

•

•

 
 
 
 
 

θ θ

θ θ

 

 

 
 
 
 
 

θ θ

θ θ

 
 
 
  

 
 
 
  









































 
 

 


 

  
 











 

 

 



 

 

 



  

  

  

  



 


  

   
 

 
 

 
   

 

 
   

 

 
   

 

 

 

 



 


  

   
 

 
 

 
   

 

 
   

 

 
   

 

 

 

 

   
   

         
   
   



   
   

         
   
   

 


  

   
 

 
 

 
   

 

 
   

 

 
   

 

 

 

 



   
   

         
   
   

 


  

    

 



   
   

         
   
   

 


  

    

 











   
   

         
   
   

 


  

    

 











   
   

         
   
   

 


  

    

 











   

   

   

   



   





   



   





   

    0       

   

   

      
     
     
            



 

 

 






 

 

 




 

 

 



  

 

 

 



 

 

 



 






  

 

 

 



 

 

 



 








  

 

 

 



 

 

 



 






         



  

 

 

 



 

 

 



 






         



  

 

 

 



 

 

 



 






         



  

 

 

 



 

 

 



 






         



  

 

 

 



 

 

 



 






         

 
  

 



  

 

 

 



 

 

 



 






         



  

 

 

 



 

 

 



 






         

 
  

 





 









 



 



 


















 



 



 



 



 



 

  




 
 





  





  



























i







   
   

         
   
   

 

 

 



   
   

         
   
   

 

 

 

 

 

 



   
   

         
   
   

 

 

 

 

 

 

   
    
    
    
     

  



   
   

         
   
   

 

 

 

 

 

 

   
    
    
    
     

  







    
    
    
        





    
    
    
        











    
    
    
        







  

 





    
    
    
        







    

    

 
 
 
 
 
    
     
     
 
 
 
 
 
 





    
    
    
        







    

    

 
 
 
 
 
    
     
     
 
 
 
 
 
 



 

 





    
    
    
        

 
 
 
 
 
    
     
     
 
 
 
 
 
 





    
    
    
        

 
 
 
 
 
    
     
     
 
 
 
 
 
 

 





    
    
    
        

function H = ComputeHomography(u, X) 
  
A = []; 
for i = 1 : size(u,1) 
    A = [A; X(i,:) zeros(1,3) -u(i,1)*X(i,:)]; 
    A = [A; zeros(1,3) X(i,:) -u(i,2)*X(i,:)]; 
end 
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function H = ComputeHomography(u, X) 
  
A = []; 
for i = 1 : size(u,1) 
    A = [A; X(i,:) zeros(1,3) -u(i,1)*X(i,:)]; 
    A = [A; zeros(1,3) X(i,:) -u(i,2)*X(i,:)]; 
end 
  
[u, d, v] = svd(A); 
h = v(:,end); 
H = [h(1:3)'; h(4:6)'; h(7:9)']; 
H = H/norm(H); 
 



im1 = imread('keller_left.png'); 
im2 = imread('keller_right.png'); 
  
im_warped = zeros(2000,4000,3); 
  
u1 = [2806 1004;      2456 753; 
      1677 1234;      2325 1474]; 
   
u2 = [1483 1541;      1948 997; 
      860 843;      587 1316]; 
  
u1 = [u1 ones(4,1)]; 
u2 = [u2 ones(4,1)]; 
  
H1 = ComputeHomography(u2, u1); 
H2 = ComputeHomography(u1, u2); 
  
im_warped1 = ImageWarping(im1, H1); 
im_warped2 = ImageWarping(im2, H2); 
  
im_1 = 0.5*im_warped1 + 0.5*im2; 
im_2 = 0.5*im_warped2 + 0.5*im1; 
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f = 4000; 
K = [f 0 size(im,2)/2; 
     0 f size(im,1)/2; 
     0 0 1]; 
  
l11 = GetLineFromTwoPoints(m11,m12); 
l12 = GetLineFromTwoPoints(m13,m14); 
  
l21 = GetLineFromTwoPoints(m21,m22); 
l22 = GetLineFromTwoPoints(m23,m24); 
  
v1 = GetPointFromTwoLines(l11,l12); 
v2 = GetPointFromTwoLines(l21,l22); 
  
r1 = inv(K)*v1/norm(inv(K)*v1); 
r2 = inv(K)*v2/norm(inv(K)*v2); 
  
r3 = Vec2Skew(r1)*r2; 
 

R = 
0.2448   -0.5178    0.0424 
   -0.1737   -0.1960   -0.6978 
    0.9539    0.8327   -0.1379 
 
det(R) =  
 0.5077 
 
R’*R = 
    0.3299    0.0294   -0.2036 
    0.0294    0.5555   -0.2327 
   -0.2036   -0.2327    1.6224 







 
f = 1224; 
K = [f 0 size(im,2)/2; 
     0 f size(im,1)/2; 
     0 0 1]; 
  
l11 = GetLineFromTwoPoints(m11,m12); 
l12 = GetLineFromTwoPoints(m13,m14); 
  
l21 = GetLineFromTwoPoints(m21,m22); 
l22 = GetLineFromTwoPoints(m23,m24); 
  
v1 = GetPointFromTwoLines(l11,l12); 
v2 = GetPointFromTwoLines(l21,l22); 
  
r1 = inv(K)*v1/norm(inv(K)*v1); 
r2 = inv(K)*v2/norm(inv(K)*v2); 
  
r3 = Vec2Skew(r1)*r2; 
 

R = 
    0.5846   -0.8496    0.0508 
   -0.4149   -0.3216   -0.8367 
    0.6972    0.4180   -0.5405 
 
det(R) = 
    0.9948 
 
R’*R = 
    1.0662   -0.0118    0.0250 
   -0.0118    0.9757    0.0285 
    0.0250    0.0285    0.9530 
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function CameraCalibration 
  
m11 = [2145;2120;1];m12 = [2566;1191;1]; 
m13 = [1804;935;1];m14 = [1050;1320;1]; 
 
z11 = [1772; 364; 1];z12 = [1778; 823; 1]; 
z21 = [2564; 31; 1];z22 = [2439; 551; 1]; 
  
m21 = m11;m22 = m14;m23 = m12;m24 = m13; 
   
l11 = GetLineFromTwoPoints(m11,m12); 
l12 = GetLineFromTwoPoints(m13,m14); 
  
l21 = GetLineFromTwoPoints(m21,m22); 
l22 = GetLineFromTwoPoints(m23,m24); 
  
l31 = GetLineFromTwoPoints(z11,z12); 
l32 = GetLineFromTwoPoints(z21,z22); 
  
x = GetPointFromTwoLines(l11,l12); 
y = GetPointFromTwoLines(l21,l22); 
z = GetPointFromTwoLines(l31,l32); 
  

A = [x(1)*y(1)+x(2)*y(2) x(1)+y(1) x(2)+y(2) 1; 
     z(1)*y(1)+z(2)*y(2) z(1)+y(1) z(2)+y(2) 1; 
     x(1)*z(1)+x(2)*z(2) x(1)+z(1) x(2)+z(2) 1]; 
 
[u d v] = svd(A); 
x = v(:,end); 
 
px = -x(2)/x(1); 
py = -x(3)/x(1); 
f = sqrt(x(4)/x(1)-px^2-py^2); 
  
K = [f 0 px; 
     0 f py; 
     0 0 1] 

K = 
 
    1317.2         0    1931.8 
         0    1317.2    1146.1 
         0         0          1 
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