
Multiple View Geometry: Exercise Sheet 5
Solution of the theoretical exercises

1. First:

d

dx
xTMx = (MT +M)x

Therefore for symmetric M:

d

dx
xTMx = 2Mx

Furthermore:

d

dx
bTx = b

(a)

d

db

∫
(∇I(x)T b+ It(x))

2dx

=
d

db
bT
((∫

∇I(x)∇I(x)T dx
)
b+ 2

(∫
It(x)∇I(x)T dx

)
b+

∫
It(x)

2dx

)
= 2

(∫
∇I(x)∇I(x)T dx

)
b+ 2

(∫
It(x)∇I(x)dx

)
!
= 0

⇔ b =

(∫
∇I(x)∇I(x)T dx

)−1(∫
It(x)∇I(x)dx

)
(b)

d

dp

∫
(∇I(x)TS(x)p+ It(x))

2dx

=
d

dp
pT
((

S(x)T∇I(x)∇I(x)TS(x)dx
)
p+ 2

(∫
It(x)∇I(x)TS(x)dx

)
p+

∫
It(x)

2dx

)
= 2

(∫
S(x)T∇I(x)∇I(x)TS(x)dx

)
p+ 2

(∫
It(x)∇S(x)T I(x)dx

)
!
= 0

⇔ p = −
(∫

S(x)T∇I(x)∇I(x)TS(x)dx
)−1(∫

It(x)∇S(x)T I(x)dx
)
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