Multiple View Geometry: Exercise Sheet 3
Solution of the theoretical exercises

1. (a) For all eigenvectors v; with corresponding eigenvalue \;:

<,V > = v;rvi

= UZT RTR V;

<~
=I
< Rv;, Rv; >

= < /\ﬂ)i, Aiv; >
;\1/\1 < Vi, V; >
s 1 = M\ (because v; # 0)

(b) The characteristic polynomial of a 3 x 3-Matrix R is a polynomial of order 3, i.e:

det(R — AId) = as\® + as\? + a1\ 4+ ag, with coefficients ag, a1, as, as € R.

A is eigenvalue
22:0 apA®
Zi:o apA*
koo arAF
Zzzo ap\*
22:0 akxk
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(c) 1=det(R) = det(QAQ 1) = det(Q)det(A)det(Q ') = det(A) = A1 - A2 - A3
(d) Let Ay = cos() + isin(f) and Ay = cos(f) — isin(0).

AcAs s = 1
& (cosf +isinf) - (cos@ —isinf) - A3 = 1
& (cos?0 +sin®f) - A3 = 1
54 A3 = 1

The corresponding eigenvector is the rotation axis.
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(b) B
neven: 2" (—1)2+t @2
R n—1
nodd: &% (-1) = w
Proof via complete induction:
i. for the even numbers n:
A n=2: &= (-1)2%?
B. Inductionstepn —n+2:
d}n+2 _ @n . @2
(A)
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ii. for the odd numbers n:
An=3: P=-0=(-1)zw

B. Inductionstepn —n+2:
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(c) Forw = tv with ||v|| =1 and t = ||w]]:
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sin(t) 1—cos(t)
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= I +sin(¢) + (1 —cos(t))—
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