
Multiple View Geometry: Exercise Sheet 2
Solution of the theoretical exercises

1. (a)
(
I T
0 1

)
=


1 0 0 tx
0 1 0 ty
0 0 1 tz
0 0 0 1



(b)
(
R 0
0 1

)
=


r11 r12 r13 0
r21 r22 r23 0
r31 r32 r33 0
0 0 0 1



(c)
(
R T
0 1

)
=


r11 r12 r13 tx
r21 r22 r23 ty
r31 r32 r33 tz
0 0 0 1



(d)
(
R RT
0 1

)
=


r11 r12 r13 r1tx
r21 r22 r23 r2ty
r31 r32 r33 r3tz
0 0 0 1

, with r1, r2, r3 : row vectors of R.

2. ”⇒”:

M1 −M2 :=

m11 m12 m13

m21 m22 m23

m31 m32 m33


x>M1x = x>M2x

⇔ x>M1x− x>M2x = 0

⇔ x>(M1 −M2)x = 0

⇔ m11x1x1 +m12x1x2 +m13x1x3

+m21x2x1 +m22x2x2 +m23x2x3

+m31x3x1 +m32x3x2 +m33x3x3 = 0

⇔ m11x1x1

+m22x2x2

+m33x3x3

+(m12 +m21)x1x2

+(m13 +m31)x1x3

+(m23 +m32)x2x3 = 0

⇒ m11 = 0 ∧m22 = 0 ∧m33 = 0 ∧m12 = −m21 ∧m13 = −m31 ∧m23 = −m32

⇒M1 −M2 ∈ so(3).
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”⇐”:

M1 −M2 :=

 0 a b
−a 0 c
−b −c 0


x>M1x− x>M2x = x>(M1 −M2)x

= (x1 x2 x3)

 0 a b
−a 0 c
−b −c 0

x1

x2

x3


= ax1x2 + bx1x3 − ax2x1 + cx3x2 − bx1x3 − cx2x3

= 0

⇒ x>M1x = x>M2x

3. We will show that x ∈ kern(A>A)⇔ x ∈ kern(A), i.e. A>Ax = 0⇔ Ax = 0 ∀x ∈ Rm.

”⇒”:

Ax =

n∑
i=1

aixi, with a1, . . . , an : column vectors of A.

A>Ax =

a1
∑

i aixi

...
an
∑

i aixi

 !
= 0

⇒ a1
∑
i

aixi = 0 ∧ · · · ∧ an
∑
i

aixi = 0

⇒

a1 = 0 ∨
∑
i

aixi︸ ︷︷ ︸
Ax

= 0

 ∧ · · · ∧
an = 0 ∨

∑
i

aixi︸ ︷︷ ︸
Ax

= 0


⇒ Ax = 0

”⇐”: Ax = 0⇒ A>Ax = A> · 0⇒ A>Ax = 0
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