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Robotics Homework #2
Kostyantyn Vovk [0416794]
Question 2.3 T ’ \ *
~ iy
S i
R; = R, R PR AN
3 1* Ry ; €\> L ,K,\JJL ,
Ri; Ry2 Ry \ P
Rz; Rzz Ry | o
Ra; Riz Ry \\M —

The determinant of the above matrix, expandedby row3is :

Det = Ri3 {Ryz R2s - Ri3 Ryz) - (Ri1 Rzz2 - Ry Rz1) Raz + (Rur Rez ~ Riz2 Rza) Ras
= R3y? +Ra;” +Rys® = (Rax Raz Ras )2 =1

Question 2.4

The transformation matrix for R.,,is the following

We canclearly see that the above matrix is the identitymatrix, thus:

.'.R,,o = I

The transformation matrix for R;,eis the following:

cogb® -8inoe O
sin® cosé 0
[¢] 0 1

And the transformation matrix for R, e is the following

ging cosé¢ 0

cos¢ -sing O
[ 0 0 1]

Multiplying the two abovematrices givesus :

cog® -8in6 0 cosd -~sin¢d O cos (@ +¢) -sin (6+ ¢)
sin® cos6 0 sing cos¢ O] = | sin (6 +¢) cos (6 + ¢)
0 0 1 0 0 1 0 0

We cannotice that the above result is equivalent to Ry, e.¢

(& R) w6 Rz, = Ryz0u

(=4
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From the above identity whichwe proved it follows that :

R:,0 Ry,6 = Re,(06) =Rp0 =1

S Ri,et =Rg 0

Question 2.5

Since the Rotation can be expressed as the following dot products

ip iy 1;

Jo j1 = cos 6;
ke ki = cos8;
ko j1 = Bino;
Jiki = - 8in6;

So the transformationmatrix for Ry,e is :

1 0 0
0 cos@ - 8iné
0 sin@ cosé@

Following the same procedure for R, ¢ we get a transformation matrix of :

cos® O siné
0 10 e

- 8in® 0 cogé M

Question 2.6

We have the followingmatrix A :

(cose -~ 8in®
“\gine cose)

From Cramer' s rule we get the inverse of thematrix
" cos 8 sine)

A

( -8in@ cosé@

The determinant of the matrix A canbe then simply found as :
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A x \ \
/ A -
(cos@)? + (sine)? = 1 / \ (\C{/L’\ ! 1/("4
/ * ) ~ 'S v \}
s, we have shown that A is indeed : [ \ 0‘\'}& N :,‘JNX ‘\\\
{ / | Vo \ \ \f/;

cos® -ging@ v \‘\'\ \\(1
(sine cos 6 ) \\- \ / u'\/
/

Question 2.7 N 4\':{@\
\Q SN

The total result canbe expressed by the product :
R'g =R, = R, = R

v. 5 Ve Ne g

which is equivalent to the product of these rotationmatrices :

cos > 0 sinZ 1 0 Y cos = -sinZ 0
”n ] n
0 1 0 0 cos - -sinL sinZ cos i 0
0 " n : n n
- sin 0 cos 7 0 sin T cos 0 0 1
The above product is evaluated to be the followingmatrix : -
i L
Vi Vi v
L S \
vz va
0 1 0
Question 2.8

The total result can be expressed by the product :

x
Yo T Xy

which is equivalent to the product of these rotationmatrices :

0 0 1 10 0O
0 1 0 0 0 -1
-1 00 01 0

The above product is evaluated to be the followingmatrix :
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Question 2.9

The resulting matrix R}, can be expressed by the product :

1 0 0 6 0 -1
1 3

o 3+ -Lllo1 o

Q_‘E_}. 10 0
2 2

The above product is evaluated to be the followingmatrix :
d

o

0 0o -1
.‘/“
_2}— % 0 \
X _AB 0
2 2
Question 2.12

The matrix Ry,e is evaluated to be the followingmatrix :

kY E N SR SN O
3 3 -\/3' 3 V;'
1 1 1 1 1
?"7—3— 3 FR
rr . 2
3 .\/'3' 3 .\j; 3
Question 2.14

The transformationmatrix R can be expressed by the product :

o 1ol|l i NI,
-1 0 0 2 2
1 0

0 o 1
Vi Az

-5 3 0

_AL N
2 2

We canget K by multiplyingthematrix of the differences of the

1
diagonals of the above result by —2— 8in 6, whichgives the result :




robotics.kostya.nb

0.357
0.863
0.357

Question 2.15

The transformation matrix R’ canbe expressedby :

0 0o 1
i 1
7 v °
1 1
v vl

T
1 1
Having an x direction of {0, —_— ----—]

Question 2.16

The transformationmatrix T can be expressed by the product :

T =Ty Ty, 3 ;
which is equivalent to the product of these rotationmatrices : /
3 7
1000 1 0 0 3 0 -1 0 0 \/
0101 01 0 0 1 0 00
0 0 1 0 0010 0 0 1 0
0 0 0 1 0 0 0 1 0 0 01

The above product is evaluated to be the followingmatrix :

1-10 3
10 01
0 0 10
0 0 01
Question 2.17

The transformation matrix T?; can be expressed by the product :

% =TH T?

which is equivalent to the product of these matrices :
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6 1 0 ¢ ¢ 0 -1 0
0 0 -1 0o -1 0 0 1
-1 0 0 1 0 1 0 0
o 0 0 1 0o 0 o0 1

The above product is evaluated to be the followingmatrix :

0 -1 ¢ 1
0 o -1 0
1 0 o -1
0o 0 o0 1

The above matrix is identical with the matrix T?,

Question 2.19

The transformationmatrix T?, can be expressed by the product :
T =Th T4,

which is equivalent to the product of these matrices :

1
1000y 00 ~F
010 1 o1o§
SIS

000 1

The above product is evaluated to be the followingmatrix :

1
100 -%
3 ~
010 Y
11
0 00 1




