EL612 HW9 Solution (Stereo, Chap 12)

Prob. 12.1 What are advantages and disadvantages of parallel versus convergent camara configurations for stereo imaging? 

Parallel configuration is simple to set up and calibrate. It is similar to the configuration of human eye and hence the resulting image pair can be viewed directly by human eyes. However, it has a smaller visible 3D area which is visible by both cameras and the depth perception far closer-by objects is less accurate. 

Convergent set up is more complicated to set up and calibrate. The captured stereo pair has the keystone effect, which can cause eye discomfort when displayed without correction. However, it can cover a larger 3D area and allows better depth recovery.
Prob. 12.2.  Derive the horizontal and vertical disparity values in the converging camera configuration. Show that the vertical disparity is zero for X=0 or Y=0. Also derive the method for determining the 3-D position from d_x, and d_y.

Solution:

d_x=x_l-x_r can be determined by subtracting expressions for x_l and x_r in Eq. (12.2.12). Similarly, d_y=y_l-y_r by subtracting expressions for y_l and y_r in Eq. (12.2.12).   You can see that d_x depends on X and Z only, and d_y depends on X,Y, and Z.

Obviously when Y=0, both y_l=0 and y_r=0, and hence d_y=0. When X=0, y_l=y_r (according to eq. 12.2.12), and hence d_y=0. Note that X=0 means that the object points are in the center between the left and right cameras. For these points the projected y positions in the two cameras are the same. 

You can also verify that when \theta is close to zero, so that \sin\theta=0, \cos \theta=1, the horizontal disparity can be approximated by  d=FB/Z, which is the result for parallel set up.

