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Problem 1. /
(@) Referring to Table 1 (below), determine the calibration parameters for the two cameras iy
- using the nine data points labeled 1, 3, 4, 5, 6, 8,9, 1®and 11. Set Aj34=A234=1.0 RS
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11 the object point locations for these points. : e
camera #1 image camera #2 image object coordinates in ——i»
plane coordinates plane coordinates world coordinate system i
(pixels) (pixels) (inches) -
Pomt# | xj; yil Xi2 Yi2 Xo Yo Zo T
1 48 48 173 217 0.00 0.00  [0.00 :
2 36 36 247 278 I
3 36 48 223 283 1.72 1.95 0.00 A
4 48 36 217 223 0.00 0.05 0.24 R
5 36 24 280 275 0.64 3.04 10.00 T
6 24 24 339 356 2.76 5.88 0.00 ]
7 48 24 257 232 R
8 113 36 239 89 0.00 [T22 [4.00
9 36 02 119 294" 3.57 1026 [0.00 RN
10 92 92 136 172 3.38 0.00 3.44 T
11 92 36 233 137 0.00 [J1.16 |2.84 T '
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PR e I T T
1.1 1 Note: P
171 The general arrangement of two camera may be described using an extension of the camera ' = |

} ]} calibration equations developed in class. Specifically, assume each camera is characterized by o '

a 3x4 calibration matrix Ay where k=1,2 (one for each camera) and the elements of the matrix ~~
: Ay are denoted by ajjk. The relationship between the image plane and camera coordinates may +
1T then be written as R
Xik = AX,, k=1,2 @
- 11 where X, is the vector of object coordinates and ¥;y is the vector of image plane coordinates. .

- A vector is identified by bold type, the carats in Eqn. 1 denote that the vectors are specifiedin © -
" homogeneous coordinates. Since each matrix equation in (1) represents two equations in
1T physical coordinatyes, we have, using two cameras, the case of four equations and three
unknowns (Xo, Yo, Zo). Given two image points (one in each image plane) corresponding to
1 the same physical point, expand each of the four equations in Eqn.1 in physical coordinates. -
Regrouping terms as coefficients of X, yo, and zo, a set of four equations in three unknowns ' '
- can be written in matrix form as - o

‘ PX, =F ) :

IR R
l i

| where the 4x3 matrix P is

a111 - 2131X41 4112 - a132Xi1 4113 - 2133Xj1
4121 - a4131Y¥i1 2122 - 2132Yi1 @123 - 4133Yi1
4211 - a231Xj2 4212 - a232Xj2 4213 - 4233Xj2
a221 - a231Yyi2 4222 - a232Yyi2 4223 - 2233Yi2

A3)

and, in physical coordinates, the 3x1 object point that corresponds to image plane coordinate
vectors xj; and yjj is

Xo

Xo ={Yo (4)
Zo

44— -++-+- The 4x1 vector F is
ST a134Xj1 - 4114

Alternately, the use of the Q-R decomposition approach or the elimination of one equation and
a single matrix inversion may be employed. Note that although we have assumed the
knowledge of corresponding image point locations, not all of this information is required to

- estimate Xo, You may be able to determine x, using only three of these four equations,

H assuming that the remaining three equations are linearly independent.

[

inn _| @134¥i1 - 2124

: F=| ayaxi - a214 DN
SN I a234Yi2 - 2224 : sl
17 Equation 5 may be directly solved for a least squares estimate of x,, denoted as xS, by forming ; : -
4t the pseudoinverse of P, denoted P+, yielding the object point estimate: T
| x§ = P*F | ©®
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