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Y
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Exercise 1

4 g
u = 5 , U= 0 W =
6. |7

Find

UuXv,uXw,wX?v
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Solution

ﬁ)(17= —ﬁ)Xﬁ= Uz. Uy — Uy. Uy
Uy Uy — Uy Uy

—19 3
uxXv=\|20\|,uXw=1]—6
| —4 | 3 .

Uy Uy — Uy Uy

, W X U

173"

17
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Exercise 2

4 5 6 2

A=1|1 4 7|,B=|1

3 2 9. 5
Find

det(A),Ax B,A~?!

QO O W

Wl \CF-~
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ATl = —
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Solution
det(4) = 88
4 5 61 [2 3 4] [43 90 103
AxB=[1 4 7|x|1 6 9l=|41 83 89
3 2 9l [5 8 71 I53 93 o3
-1 3 1
22 -33 11 g 98 81 025 —0375 0125
6 18 -22|=|—= = _Z-|=|01364 02045 —0.25
~10 7 11 4‘; 474 14 ~0.1136 0.0795 0.125
44 88 8
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Given the rotation matrices

V2 2
2 T2
Ro=|vZ 2
2 2
) 0

Y
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Exercise 3
) V3 1
, 2 2
0 S
2 2
1. L () 0

ow‘éll\alr—*

ON| = N‘
Xy

-
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Solution
V2o vz ] [V3 1] [Ve-vZ —V6-v2
2 2 2 2 4 4
R§ =Ry X R{ = X =
0 =Ro X Ry =(2 2 N V3 3 V6 +vV2 V6—+2
2 2 2 2 4 4
L 0 o 1 Lo o 1 L o0 0

0.2588 —0.9659 0
= R2 =0.9659 0.2588 0
0 0 1
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Rs = R§ X R; =

=> R

0 =
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Solution
V6-VZ —V6-vZ 1 [1 3
4 4 2 2
Ve +v2 V6 —+/2 ; X1V/3 1
4 4 7 W
0 0 Lo o
V2 W2
-5 ~5 Y r—o07971 —0.7071 O
7z vz |=lo07071 —07071 0
1T el
> > 0 0 1.
0 0 1

-
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Exercise 4

®* Given the rotation matrix

J
R;

0

0

—1

0 1 0.1464 —0.8536
1 0f,R. =(0.8536 —0.1464
0 0. 0.5 0.5

Find (Euler and RPY) angles

0.5
—0.5
0.7971.
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Euler condition is satisfied:

RPY condition is not satisfied.

Y

d=ola
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Solution
_ 0 0 1
R/=l0 1 0
1 0 0

T
6 = acos(0) = >

T
Y = atan2(1,—-0) = >

T
@ = atan2(—1,0) = -5
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Euler condition is satisfied:

a

0)liaJl

Solution
0.1464 —0.8536 0.5

0.8536 —0.1464 —0.5
0.5 0.5 0.7071.

T
6 = acos(0.7071) = 1

Y = atan2(0.5,0.5) =

N

@ = atan2(0.5,0.5) =
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Solution
RPY condition is satisfied:
= —asin(0.5) = —%

a = atan2(0.8536,0.1464) = 1.4009 rad

y = atan2(0.5,0.7071) = 0.6155 rad
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Given the transformation matrices:

"0 1 0
. |-1 0 o
T°_001

0 0 O

2y
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Exercise 5
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Solution

_V2

V2

2

2

V2

x [V2
2
0

1 0 10]

0

-1 0 0 15

0 1 20

0
0
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Remember that:

[

0)lioll

Solution

: J J
Tl.‘I:(Ri Pl)ﬁ
0 1

\—1 . jT it o 5i
0 1
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Solution

V2 ﬁ035_

f
<R
4
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A, T

Thanks
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