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Given 1 > 6 world to image point correspondences {X, - x;}. determine the Maxi-

mum Likelithood estimate of the camera projection matrix P, i.e. the P which minimizes
3o dix PX;)*

Algorithm

(i) Linear solution. Compute an initial estimate of P using a linear method such as
algorithm 4.2(p 109):
{a) Normalization: Use a similarity transformation T to normalize the image
points, and a second similarity transformation U to normalize the space points.
Suppose the normalized image points are x; = Tx;. and the normalized space
points are X; - UX;.
(by DLT: Form the 2n » 12 matrix A by stacking the equations {7.2) generated by
cach s.mvup(mdgmc X, =+ x;. Write p for the \uml containing the entries of
the matrix P. A solution of Ap = 0, subject to ||p/l = 1, is obtained from the
unit singular vector of A corresponding to the smallest singular value.

(i) Minimize geometric errvor. Using the lincar estimate as a starting point minimize the
geometric error (7.4):

over P, using an iterative algorithm such as Levenberg-Marquardt.
(iii) Denormalization. The camera matrix for the original (unnormalized) coordinates is
obtained from P as

= T~ 1Py,
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