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Q.#2.35how thatDetR = +1, if we restrictourselves to right - handed coordinate systems .

Solution :

Let us consider the followingmatrix :

M = {{R11, R12, R13}, {R21, R22, R23}, {R31, R32, R33}}; MatrixForm[M]

R11l R12 R13
[ R21 R22 R23 }

R31 R32 R33
But we know that, right - handed corordinate system implies : R1#*R2 =R3

When expanding the above matix A through column 3, we get

R1l R12 R13
DetA =Det[ [R21 R22 R23]]
R31 R32 R33

R13 (-R13R22 + R12R23) -~ (-R13R21 + R11 R23) R32 + (-R12 R21 + R11 R22) R33

R31% + R32% + R33?
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1IR3 ||?

1

ThusDetR = +1 has been observed when we consider the right - handed coordinate systems . P

Q. #2 .4Verify Equations 2.1 .14 - 2.1 .16
Solution:

Equation2.1 .14 can be expressedas :

R(z,0) =1
Since, R (z, 0)

Imat:{{l, o, 0}, {0, 1, 0}, {0, O, 1}}; MatrixForm[Imt]

100
[010]
0 0 1

ItisobviousthatR (z, 0) = I.

Equation2.1 .15 can be expressed as :
R (2, 8) *R(z, ¢) =R (z, 6+4¢)
we know that,

R21 R22 R23

R11 R12 R13
[RBl R32 RBS]

Cos® -Sine O

R (z, 6) = [Sine Cosé O]
0 0 1
Cos¢p -Sing O

R(z, ¢) = (Siné Cos¢ 0]
0 0 1

R (z, 8) *R (2, ¢) Sine@ Cose 0 Sing Cos¢p O

Cose -8ine O Cos¢p -~-Sing O
[ 0 0 1]{ 0 0 1]

8in (¢ +€) Cos (6 + ¢) 0
0 o 1

(Cos (¢ +6) -8in (8 +¢) 0)
Equation 2.1l .16 can be expressed as :
R(z, &) =R (2, -6)

we know that,
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R(z, ) R(z, -6) = R(z, 6-6) =1

Q. #2.6 Given that,
Alisa2x2roataionmatrix.
ATa =1
Detl = 1

Cos® -S5ing
so, A= , )
Siné Cosé

Solution:

rae, 2 (3 %)

Using Cramer' s rule, weget:

w - (L7
-w z

such, which
x =y; andy = -w;

So,

S

DetA =x%2 + ¥ = 1

Now, it canbe said that there exists a unique 6 such that A canbe expressed as above .
Thatis:
@ = tan{w/x]

This yields, Cos@ = xandw = 8in@.

Thus,

—
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Cos@ ~-Sineé

= ha ns tobe true .
Sine Cose) ppens to

Q. #n2.7Find therotationmatrix representinga roll of s/ 4 followed by a law
of r/ 2 followedby apitch of m/ 2
Soltuon :

We know that :
R(0O,1) =R(Yy, ®n/2)R(x, w/4)R (2, x/2)
Cosn/2 O Sinn/2 1 0 0 Cosn/2 -Sinn/2
0 1 0 J(O Cosn/4 -Sinx/d] {sinn/2 Cosn/2
-8innx/2 0 Cosn/2 0 Sinn/4 Cosn/4 +] 0

Multiplying the above matrices gives a raesult of

1/V¥2 o 1/v2
1/¥2 o -1/v2
o 1 0

which is the required rotationmatrix

Q. #2 .8 If the coordinate frame 01 xlylzlis
obtained from the coordinate frame o0x0y0z0 by a rotationof s/ 2 about the x -
axis followed by a rotation of n/ 2 about the fixedy -axis,
find the rotationmatrix R representing the composite transformation.
Solution:

We know that :
R(2,0) =R (y, n/2)R (x, n/2)

(0 0 1 1 0 O
0 10 [0 0 -1] %
-1 0 0 01 0
The final resultis:
o 1 0
0o 0 -1] ,
-1 0 o0 L

Q. #2 .9 Suppose that the three coordinate
frames frames 01 x1y1z02x2y2z2 and 03 x3y3z3 are given, and suppose
o0 o 0 0 -1
R(2,1) = |0 1/2 -J3/2|; rR(3, 1) :[01 0]
0 V3/2 1/2 1o 0

[}
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Find thematrix R (3, 2)

Solution:

We know
1 0 ] 0 0 -1

R(3,2) = |0 1/2 -+3/2 [o 1 o}
0 V3/2 1/2 100

The above product is
0 o]} -1 rd

v3/2 1/2 o
1/2 -V3/2 o

Q. #2.121etk=1/3(1,1,1) T, ©=90°. FindR (k, &)
Solutiocn:

1/3 1/3-1/3 1/3+1/3
R(k, &) = {1/3+1/+3 1/3 1/3-1/3
1/3-1/3 1/34+1/+3 1/3

Q. #2 .14 Suppose Rrepresents a rotationof 90 ° about y0 followed
by a rotationof 45 ° about z1. Find the equivalent axis/angle to represent
R. Sketch the initial and final frames and the equivalent axis vectork .
Solution :

o o 1y[(V2/2 -N2/2 o
R = R (y, 90)R(z,45)=[o 10] NZ/2 NZ/2 0
-1 oo 1 ) 0
0 o 1
Y2 /2 2 /2 o
-V2 /2 V2 /2 o
r32 - r23 . pd
K=1/ Zsine[r13-r31] /
r21 - ri2 '

Resulting in
0.7071068
(0.5054481) { 1.70701068 ]
0.7071068
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Q. #2 .15 Find the rotationmatrix corresponding to the set Euler angles
(7/2, 0, m/4). What is thedirectionof the x1 axis relative to the base frame?
Solution:

We know that :
0 0 1

RO,1) =|1/v2 1/42 o
-1/v2 1/42 o

Hence it can be expressed as thedirectionof thex - axis is

i=(0, 1/v2, -1/v2)r.

Q.#2.16 Compute the homogenous
transformation reperesnting a translationof 3 units along the x -
axis followed by a rotationof s/ 2 about the current z -
axis followed by translationof 1 unitalong the they -axis. Sketch the frame. what are
the coordinates of the origin 01 with respect to the original frame in each case?
Solution :

We have,
T=T(y, 1)T(x, 3-2, n/2)

Imat2 = {{1, 0, O, 0}, {0, 1, 0,1}, {0, 0, 1,0}, {0, O, O, 1}}; MatrixForm[Imat2]

1000 i 00 3 0 -1 0 0
01 01 01 00 1 0 00
0 010 0 01 0 0 0 1 0O
0 0 01 0 0 0 1 0 0 01

Resulting in

1 -10 3 J
1 0 01 /”
0 0 1 0 ‘;

0 0 0 1 /

Q. #2 .17 Consider thediagramof Figure 2 -
10. Find the homogeneous transformationH (1, 0), H (2, 0y, H (2, 1) representing the
transformations among the three frames shown. Show thatH (2, 0) =H (1, 0) H (2, 1).
Solution:

We know that :
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0O 1 0 ©
H 01 0 0 0 -1 0
@0 =110 0 1
0 0 0 1
0 0 -1 0
-1 0 0 1
n(2,0)={0100
c 0 0 1
0 -1 0 1
(2 1 o 0 -1 0
(')'100-1
0 0 0 1
01 0 o0 0 0 -1 0
(2. 0 0 0 -1 0 -1 0 0 1
(’)'-1001 0 1 0 O
0 0 0 1 0 0 0 1
0o -1 0 1
0 0 -1 o©
1 0 0 -1
0o 0 0 1)

Q. #2 .18 Find the homogeneous transformation
relating each of the frames to the base frame 00 x0y0z0 . Find the homogeneous
transformation relating to the frame 02 x2y2z2 to the camera frame 03 x3¥3z3.

Solution : //
We can expressed the followings as : /
100 0 —
H(1. 0 1 0 1 ‘\
@9 =16011
o 0 0 1
100 -.5
H(2. 0 0 1 0 1.5
(2, 0) = 0 0 1 1.1
0o 0 O 1
01 0 -.5
H(3. 0 1 0 0 1.5
(3,0 =15 0 -1 1.1
0 0 0 1
o1 0 0
H(3, 2 1 0 O o]
3:2) =15 0 -1 1.9
0 0 0 1

Q. #2 .19 Inproblem2. 18 suppose that,
after the camera is calibrated,
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it is rotated 90 ° about the axis z3 Recompute the above coordinate transformations.
Solution :

We know

H

H(2, 1)

o O M O

H(2,0)=H(1, 0)H (2,

o= OO
i
[
Lol LI
©C O O K, .| -

1 0 0 O 1 0 -.5

0 1 0 1 0 o .5

0 0 11 0 i .1

c 60 0 1 0 o] 1

1 0 0 -.5

01 0 1.5

0 01 1.1

0 0 0 1
0. #2 .20 Compute the homogeneous g

transformation relating the block frame to the camera frame; :/

theblock frame to the base frame . ‘
Solution:

10 0 -.3

01 0 .4
BB 2 =14 0 21 1.0

0 0 O 1

The homogeneocus transformation can be expressed as :

0 -1 0 0 )
1 0 0 .8
HEZ, 9 =1, 5 1 0.1
o 0 0 1




