CMSC 828D HOMEWORK 7/15 FALL 2000

Emailed October 12, 2000
Due back October 18 2000

Homework 7: Camera calibration using vanishing points
Thisweek we are looking at away to caibrate a camera using vanishing points.

We are using the same cube and the same image as last week. Asa
reminder, the world coordinates of the cube vertices are
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and the corresponding image points are

422 323
178 323
118 483
482 483
438 73
162 73
78 117
522 117

1. Write aMatlab function that outputs the homogeneous coordinates of the 12
linesthat are the images of the edges of the cube (these are linesin the

image plane. Refer to dide 11 of the class on Projective Geometry, and use
the Matlab function cross).

2. Find the homogeneous coordinates of the 3 vanishing points of the image of
the cube. These are the intersections of the image lines corresponding to
parale edges of the cube (refer to dide 11 of Projective Geometry again

for amethod for finding intersections between lines. Refer to dide 36 of
class 3 on cameras for areview on vanishing points).

NOTE: Using only 2 linesis OK. For aleast square solution using 4 lines,
write that the vanishing point belongs to 4 lines, and find P as the null vector
for the 4x3 matrix of the system (cf . previous homework).

3. Each vanishing point is the image of apoint a infinity of the form (d,

0), where d is aeuclidean vector with 3 coordinates expressng the direction
of acube edge. Show that the coordinates of a vanishing point v can be
expressed asv = K R d, where K isthe cdibration matrix and R isthe
rotation matrix between the camera and world coordinate system (use dides of
Cdibration class).



CMSC 828D HOMEWORK 7/15 FALL 2000

4. Express an edge direction d asafunction of K, R and v.

5. The 3 directions of cube edges that give rise to the 3 vanishing points

are mutually perpendicular, therefore the dot product between two directions
is zero. Show that this condition leads to an equation in which the unknown
isthe cdibration matrix K. Such an equation can be written for each of the

3 pars of vanishing points.

Note: this equation expresses that the vanishing points belong to a conic
which isthe image of the so-caled absolute conic.

6. The equation just found leads to nonlinear conditions

between the e ements of the matrix K, so we will not attempt to solve the
system, but only verify that the matrix K found last week indeed is a solution.
Verify that the equation above is verified for the vanishing points found

in (2), for acdibration matrix in which the skew is zero, the 2 focd

lengths are equa to 690, and the image center is at (300, 250).

NOTE: If you ever need to use this method, hereis how to find K.

Let omega be the matrix that results from the combination of theinverse of K and its transpose

in the result found in (5).

When only one focal length and the coordinates of the image center are the unknowns,

omega hastheform [a0 b; 0 ac; b ¢ 1] with a, b and ¢ unknown. These unknowns can be found
with asystem involving 3 vanishing points v1, v2 and v3. The sysem is of the form

A*[ab;c] =rhswith

A= [v1(1)*v2(1l) + v1(2)*v2(2), v1(3)*v2(1l) + v1(1)*v2(3), Vv1(3)*v2(2) +
v1(2)*v2(3);

vi(1)*v3(1l) + v1(2)*v3(2), v1(3)*v3(1) + v1(1)*v3(3), vI1(3)*v3(2) +
v1(2)*v3(3);

v2(1)*v3(1l) + v2(2)*v3(2), v2(3)*v3(1l) + v2(1)*v3(3), v2(3)*v3(2) +
v2(2)*v3(3)];
and rhs = [-1;-1;-1]

Then 0lving the sygsemwith [a; b; c] = A\ rhs providesomega

Finaly, the inverse of K can be found from omega by Cholesky decomposition (check the help
for the Matlab function chol ). K isfound by inverson of that inverse and normdizing the result
given the fact that K(3,3) must be equal to 1.

The result may not be as accurate as with the method described in the previous homework. In
addition, it needs some modificationsif one of the vanishing pointsis a infinity (which isthe

case with the image provided above). The method succeedsiif the cube is positioned so that al
vanishing points arefinite, asis the case for the following cube image

cubel mage = [446, 333, 1, 204, 314, 1; 98, 462, 1; 454, 503, 1;...
466, 75, 1; 191, 70, 1; 56, 111, 1; 489, 123, 1]



