
1 Lecture 1
Xw −WXmin

WXmax −WXmin
=

Xd −DXmin

DXmax −DXmin
(1)

Xd =
(Xw −WXmin)(DXmax −DXmin)

WXmax −WXmin
+DXmin (2)

[x′, y′, z′] =

 2 0 0
0 2 0
0 0 2

 x
y
z

 (3)

x′ = 2x , y′ = 2y , z′ = 2z (4)

[x′, y′, z′, 1] = [x, y, z, 1]


1 0 0 0
0 1 0 0
0 0 1 0
2 0 0 1

 (5)

[x, y, z, 1]


1 0 0 0
0 1 0 0
0 0 1 0
tx ty tz 1

 = [x+ tx, y + ty, x+ tz, 1] (6)


1 0 0 0
0 1 0 0
0 0 1 0
tx ty tz 1

has inversion


1 0 0 0
0 1 0 0
0 0 1 0

−tx −ty −tz 1



[x, y, z, 1]


sx 0 0 0
0 sy 0 0
0 0 sz 0
0 0 0 1

 = [sxx, syy, szz, 1] (7)


sx 0 0 0
0 sy 0 0
0 0 sz 0
0 0 0 1

has inversion


1/sx 0 0 0

0 1/sy 0 0
0 0 1/sz 0
0 0 0 1



[x′, y′, z′, 1] = [x, y, z, 1]


2 0 0 0
0 2 0 0
0 0 2 0
0 0 0 1




1 0 0 0
0 1 0 0
0 0 1 0
5 5 20 1


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[x′, y′, z′, 1] = [x, y, z, 1]


2 0 0 0
0 2 0 0
0 0 2 0
5 5 20 1



Rx =


1 0 0 0
0 Cosθ Sinθ 0
0 −Sinθ Cosθ 0
0 0 0 1



Ry =


Cosθ 0 −Sinθ 0

0 1 0 0
Sinθ 0 Cosθ 0

0 0 0 1



Rz =


Cosθ Sinθ 0 0
−Sinθ Cosθ 0 0

0 0 1 0
0 0 0 1


[x, y] = [ rCosφ , rSinφ ]

[xt, yt] = [ rCos(φ+ θ) , rSin(φ+ θ) ]
= [ rCosφCosθ − rSinφSinθ , rCosφSinθ + rSinφCosθ ]
= [ xCosθ − ySinθ , xSinθ + yCosθ ]

= [x, y]
[

Cosθ Sinθ
−Sinθ Cosθ

]


Cosθ Sinθ 0 0
−Sinθ Cosθ 0 0

0 0 1 0
0 0 0 1

has inversion


Cosθ −Sinθ 0 0
Sinθ Cosθ 0 0

0 0 1 0
0 0 0 1


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2 Lecture 2

A =


1 0 0 0
0 1 0 0
0 0 1 0

−Cx −Cy −Cz 1


v =

√
d2

x + d2
z

Cosθ = dz/v

Sinθ = dx/v

B =


dz/v 0 dx/v 0

0 1 0 0
−dx/v 0 dz/v 0

0 0 0 1


v =

√
d2

x + d2
z

Cosφ = v/|d|

Sinφ = dy/|d|

C =


1 0 0 0
0 v/|d| dy/|d| 0
0 −dy/|d| v/|d| 0
0 0 0 1



Mo =


1 0 0 0
0 1 0 0
0 0 0 0
0 0 0 1



Mp =


1 0 0 0
0 1 0 0
0 0 1 1/f
0 0 0 0



[x, y, z, 1]


1 0 0 0
0 1 0 0
0 0 1 1/f
0 0 0 0

 = [x, y, z, z/f ]


qx qy qz 0
rx ry rz 0
sx sy sz 0
Cx Cy Cz 1


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[1, 0, 0, 0]


qx qy qz 0
rx ry rz 0
sx sy sz 0
Cx Cy Cz 1

 = [qx, qy, qz, 0]

[0, 0, 0, 1]


qx qy qz 0
rx ry rz 0
sx sy sz 0
Cx Cy Cz 1

 = [Cx, Cy, Cz, 1]

[P t
x, P

t
y , P

t
z , 1] = [Px, Py, Pz, 1]


ux vx wx 0
uy vy wy 0
uz vz wz 0

−C · u −C · v −C · w 1


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3 Tutorial 2
1 0 0 0
0 1 0 0
0 0 1 0
0 0 −10 1




0.8 0 0 0
0 0.8 0 0
0 0 0.8 0
0 0 0 1




1 0 0 0
0 1 0 0
0 0 1 0
0 0 10 1




0.8 0 0 0
0 0.8 0 0
0 0 0.8 0
0 0 −8 1




1 0 0 0
0 1 0 0
0 0 1 0
0 0 10 1




0.8 0 0 0
0 0.8 0 0
0 0 0.8 0
0 0 2 1




1 0 0 0
0 1 0 0
0 0 1 0
0 0 −10 1




0.8 0 0 0
0 0.8 0 0
0 0 0.8 0
0 0 0 1




0.97 −0.26 0 0
0.26 0.97 0 0
0 0 1 0
0 0 0 1




1 0 0 0
0 1 0 0
0 0 1 0
0 0 10 1




0.8 0 0 0
0 0.8 0 0
0 0 0.8 0
0 0 −8 1




0.97 −0.26 0 0
0.26 0.97 0 0
0 0 1 0
0 0 10 1




0.776 −0.208 0 0
0.208 0.776 0 0

0 0 0.8 0
0 0 2 1




0.8 0 0 0
0 0.8 0 0
0 0 0.8 0
0 0 2 1




1 0 0 0
0 1 0 0
0 0 1 0.5
0 0 0 0




0.8 0 0 0
0 0.8 0 0
0 0 0.8 0.4
0 0 2 1




0 0 −1 0
0 1 0 0
−1 0 0 0
−10 −10 50 1


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4 Lecture 8

P0 P1 P2

µ 0 1/2 1

P0 P1 P2

µ 0 1 1/2

P0 P1 P2

µ 1/2 0 1

P0 P1 P2

µ 0 1 1/4

5 Lecture 9

P(µ, ν) = [µ3 µ2 µ 1]


a b c d
b e f g
c f h i
d g i j



ν3

ν2

ν
1


6 Lecture 18

ux uy uz 0
vx vy vz 0
wx wy wz 0
Cx Cy Cz 1



ux uy uz 0
vx vy vz 0
wx wy wz 0
Cx Cy Cz 1




ux vx wx 0
uy vy wy 0
uz vz wz 0

−C · u −C · v −C · w 1

 =


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1



T i−1
i =


ui

x ui
y ui

z 0
vi

x vi
y vi

z 0
wi

x wi
y wi

z 0
Ci

x Ci
y Ci

z 1


T 0

n =
∏0

i=n T
i−1
i


Cos(θ) Sin(θ) 0 0
−Sin(θ) Cos(θ) 0 0

0 0 1 0
0 0 0 1




1 0 0 0
0 Cos(φ) Sin(φ) 0
0 −Sin(φ) Cos(φ) 0
0 0 0 1




Cos(ψ) Sin(ψ) 0 0
−Sin(ψ) Cos(ψ) 0 0

0 0 1 0
0 0 0 1



6



− 1
2 log2|Σ|

− 1
2 log2

|Σi|
|Σi+1|

− 1
N

N∑
j−1

p(xt−j)
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