
Chapter 7Factorization methods, Recognition7.1 Assume that 4 images of a rigid 7 point con�guration X are taken with a camerathat can be modelled as an a�ne camera, i.e. each camera is of the typeP � 24a11 a12 a13 b1a21 a22 a23 b20 0 0 135 :Show that the depth � in the projection equation �xij = PiXj must be one.Convince yourself that it is possible to collect the projection equations for allpoints in all images as2664x1;1 : : : x1;7x2;1 : : : x2;7x3;1 : : : x3;7x4;1 : : : x4;73775| {z }x̂ = 2664P1P2P3P43775| {z }P �X1 : : : X7�| {z }X :
How could X and P be calculated from x̂?7.2 Let three collinear points have coordinatesx = �a b c1 1 1� :Show that the ratio (b� a)=(c� b) can be written asdet �a b1 1�det �b c1 1�Show that the ratio (as written above) is invariant under a�ne transformationsy = Tx = �d e0 1�xHint: Use the determinant product rule ondet�T �a b1 1��. 13



Exercises in Computer Vision 147.3 Let four collinear points have coordinatesx = �a b x y1 1 1 1� :Show that the cross ratio can be written as a�a x1 1� �b y1 1��a y1 1� �b x1 1�Show that the cross ratio (as written above) does not change if we multiply oneof the culums with a non-negative scalar. Show that the cross ratio is invariantunder projective transformations.



Chapter 8Calibration8.1 The point x = 0BB@12011CCAthe plane � = 0BB@ 010�21CCAthe quadric (in its primal form)Q = 0BB@2 0 0 00 1 0 00 0 1 00 0 0 �61CCAand camera matrix P = 0@1 0 0 10 1 0 00 0 1 101Aare given. What is the image of the point, plane and quadric?A change of object coordinates is given as a transformation matrixT = 0BB@2 0 0 40 1 0 50 0 3 60 0 0 11CCA :Calculate the coordinate representation of the point, line, quadric and cameramatrix in the new coordinates. What is the image of the point, plane and quadricafter changing the object coordinate system? Has the image changed as we changeobject coordinate system?A change of image coordinates is given as a transformation matrixK = 0@100 0 500 100 500 0 11A :15



Exercises in Computer Vision 16What is the image of the point, plane and quadric after changing the image coor-dinate system? What is the representation of the camera matrix after changingboth object and image coordinate system?8.2 A camera matrix is given asP = 0@2 1 �2 52 �2 1 71 2 2 111A :Does the camera matrix represent a calibrated camera? A change of object coor-dinate system is given by T = 0BB@2 0 0 40 1 0 50 0 3 60 0 0 11CCA :Calculate the camera matrix in the new coordinate system. Does the cameramatrix represent a calibrated camera?8.3 An image conic is represented by a symmetric 3 � 3 matrix de�ned up to scale.What is the dimension of this manifold? Can you give at least one map Rd ! !.


