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Recall camera projection matrix: 
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Camera intrinsic parameter 
: metric space to pixel space 

Camera Model (1st Person Coordinate) 
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Recall camera projection matrix: 
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Camera intrinsic parameter 
: metric space to pixel space 

Camera Model (1st Person Coordinate) 
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Recall camera projection matrix: 

3D world (metric) 2D image (pix) 

Camera Model (1st Person Coordinate) 
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Recall camera projection matrix: 

3D world (metric) 2D image (pix) 
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Recall camera projection matrix: 

3D world (metric) 2D image (pix) 
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Recall camera projection matrix: 

3D world (metric) 2D image (pix) 
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Ground plane 

Camera 

X
3D world 

Origin at world coordinate 

Camera Model (3rd Person Coord. = World Coord.) 
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Coordinate Transform (Rotation) 

2D coordinate transform: 
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Coordinate Transform (Rotation) 
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Coordinate Transform (Rotation) 
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 Coordinate transformation: Inverse of point rotation 
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rX

rX

: x axis of camera seen from the world rX
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: x axis of camera seen from the world rX

: y axis of camera seen from the world Yr
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: x axis of world seen from the camera 1r

: y axis of world seen from the camera 2r
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Degree of freedom? 
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Degree of freedom? 
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the world coord. 
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2r : world y axis seen from 
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1r : world x axis seen from 
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2r : world y axis seen from 
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Camera projection of world point: 
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Camera projection of world point: 
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Euclidean Transform=Rotation+Translation 
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 Coordinate transformation: Inverse of point rotation 
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Translation 
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Euclidean Transform=Rotation+Translation 
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Origin at world coordinate 
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Coordinate transformation from world to camera: 
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Euclidean Transform=Rotation+Translation 
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C twhere       is the world orgin seen from camera. 
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Euclidean Transform=Rotation+Translation 
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C twhere       is the world orgin seen from camera. 
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Geometric Interpretation 

X

Coordinate transformation from world to camera: 
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Rotate and then, translate. 

C twhere       is the world orgin seen from camera. 
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Geometric Interpretation 
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cf) Translate and then, rotate. 

where       is the camera location seen from world. C
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C twhere       is the world orgin seen from camera. 
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Camera projection of world point: 
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Image Projection K = [200 0 100; 
     0 200 100; 
     0 0 1]; 
 
radius = 5; 
  
theta = 0:0.02:2*pi; 
 
for i = 1 : length(theta) 
    camera_offset = [radius*cos(theta(i)); radius*sin(theta(i)); 0]; 
    camera_center = camera_offset + center_of_mass'; 
     
    rz = [-cos(theta(i)); -sin(theta(i)); 0]; 
    ry = [0 0 -1]'; 
    rx = [-sin(theta(i)); cos(theta(i)); 0]; 
    R = [rx'; ry'; rz']; 
    C = camera_center; 
    P = K * R * [ eye(3) -C]; 
     
    proj = []; 
    for j = 1 : size(sqaure_point,1) 
        u = P * [sqaure_point(j,:)';1]; 
        proj(j,:) = u'/u(3); 
    end     
end 
     

RotateCamera.m 
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PredictVanishingPoint.m 
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Orthographic Camera 
Affine camera: 
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Lens Radial Distortion 



Radial Distortion Model 
Assumption: Lens distortion is a function of distance from the principal point. 
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Radial Distortion Model 
Assumption: Lens distortion is a function of distance from the principal point. 

[X, Y] = meshgrid(1:(size(im,2)), 1:(size(im,1))); 
h = size(X, 1); w = size(X,2); 
X = X(:); 
Y = Y(:); 
 
pt = [X'; Y']; 
pt = bsxfun(@minus, pt, [px;py]); 
pt = bsxfun(@rdivide, pt, [f;f]); 
r_u = sqrt(sum(pt.^2, 1)); 
pt = bsxfun(@times, pt, 1 + k * r_u.^2); 
pt = bsxfun(@times, pt, [f;f]); 
pt = bsxfun(@plus, pt, [px;py]); 
  
imUndistortion(:,:,1) = reshape(interp2(im(:,:,1), pt(1,:), pt(2,:)), [h, w]); 
imUndistortion(:,:,2) = reshape(interp2(im(:,:,2), pt(1,:), pt(2,:)), [h, w]); 
imUndistortion(:,:,3) = reshape(interp2(im(:,:,3), pt(1,:), pt(2,:)), [h, w]); 
 


