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Module III

Computing with a Single Camera

3.1 Calibration: Internal Camera Parameters from Vanishing Points and Lines

3.2 Camera Resection: Projection Matrix from 6 Known Points

3.3 Exterior Orientation: Camera Rotation and Translation from 3 Known Points

3.4 Relative Orientation Problem: Rotation and Translation between Two Point Sets

covered by

[1] [H&Z] Secs: 8.6, 7.1, 22.1

[2] Fischler, M.A. and Bolles, R.C . Random Sample Consensus: A Paradigm for Model
Fitting with Applications to Image Analysis and Automated Cartography.
Communications of the ACM 24(6):381{395, 1981

[3] [Golub & van Loan 2013, Sec. 2.5]
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Obtaining Vanishing Points and Lines

� orthogonal direction pairs can be collected from more images by camera rotation

� vanishing line can be obtained from vanishing points and/or regularities (!49)
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ICamera Calibration from Vanishing Points and Lines

Problem: Given �nite vanishing points and/or vanishing lines, compute K

d3n31 n12d1d2
v3 n23 v2

v1

di = �iQ
�1vi; i = 1; 2; 3 !43

pij = �ijQ
>nij ; i; j = 1; 2; 3; i 6= j !39

(2)

� simple method: solve (2) after eliminating �i, �ij .

Special Con�gurations

1. orthogonal rays d1 ? d2 in space then

0 = d>1 d2 = v>1 Q�>Q�1v2 = v>1 (KK>)�1| {z }
! (IAC)

v2

2. orthogonal planes pij ? pik in space

0 = p>ijpik = n>ij QQ>nik = n>ij !�1nik

3. orthogonal ray and plane dk k pij , k 6= i; j normal parallel to optical ray

pij ’ dk ) Q>nij = �i
�ij

Q�1vk ) nij = { Q�>Q�1vk = { ! vk; { 6= 0

� nij may be constructed from non-orthogonal vi and vj , e.g. using the cross-ratio

� ! is a symmetric, positive de�nite 3� 3 matrix IAC = Image of Absolute Conic
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Icont’d

con�guration equation # constraints

(3) orthogonal v.p. v>i ! vj = 0 1

(4) orthogonal v.l. n>ij !�1nik = 0 1

(5) v.p. orthogonal to v.l. nij = { ! vk 2

(6) orthogonal image raster � = �=2 !12 = !21 = 0 1

(7) unit aspect a = 1 when � = �=2 !11 � !22 = 0 1

(8) known principal point u0 = v0 = 0 !13 = !31 = !23 = !32 = 0 2

� these are homogeneous linear equations for the 5 parameters in ! in the form Dw = 0
{ can be eliminated from (5)

� we need at least 5 constraints for full ! symmetric 3� 3

� we get K from !�1 = KK> by Choleski decomposition
the decomposition returns a positive de�nite upper triangular matrix

one avoids solving an explicit set of quadratic equations for the parameters in K
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Examples

Assuming orthogonal raster, unit aspect (ORUA): � = �=2, a = 1

! ’

24 1 0 �u0

0 1 �v0

�u0 �v0 f2 + u2
0 + v2

0

35
Ex 1:
Assuming ORUA and known m0 = (u0; v0), two �nite orthogonal vanishing points give f

v>1 ! v2 = 0 ) f2 =
��(v1 �m0)>(v2 �m0)

��
in this formula, vi, m0 are Cartesian (not homogeneous)!

Ex 2:

Non-orthogonal vanishing points vi, vj , known angle �: cos� =
v>i !vjp

v>i !vi
q

v>j !vj

� leads to polynomial equations

� e.g. ORUA and u0 = v0 = 0 gives

(f2 + v>i vj)
2 = (f2 + kvik2) � (f2 + kvjk2) � cos2 �
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