Lab2 Answers

The experiments for the calculating and demonstrations are written in
the lab2_main.cpp, each question corresponding to a block of codes with
comments as the specified question. You can get nearly all the answers
by running the lab2_main.cpp. In the animation in Rviz, the frame
rotations show first as of Question3, and then the frames of
transformations show as of Question 5, however, because of the norm of
the parameters differ largely, the Rviz Display should be adjusted a little

bit to see the results of Question 5.

1. Question 2

1
Have picked the vector v=[3], here is the screenshots for this
9

put<<"the elgenvectors of v are: "<<'\n'<<vabtevecto
r relationship i he eigenvector o he ei e
) nancy@nancy-VirtualBox: ~/catkin_ws1
nancy@nancy-virtualBox:~/catkin_ws1$ rosrun me530646_lab2 lab2_main
Question2 Choose the vector vabt to be

rs<<'\n'<<endli;
0 i he e

M the norm of v is:
9.53939

kew symmetric matrix of v is:

s
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guestion.



the eigenvalues of v are:
(1.49012e-08,9.53939)
(1.49012e-08,-9.53939)
(0,0)

M the eigenvectors of v are:
(0.703211,1.09846e-09) (0.703211,-1.09846e-09) (0.104828,0)
(-0.0234404,-0.67082) (-0.0234404,0.67082) (0.314485,0)
(-0.0703211,0.223607) (-0.0703211,-0.223607) (0.943456,0)

Jexp(vhat) 1is:

|-0.971533 0.173614 0.161188
-0.0421788 -0.796286 0.603448
0.233119 0.579471 0.780941

f v==exp(vhat)*v

the eigenvalues of expvhat is:
(-0.993439,0.114363)
(-0.993439,-0.114363)

the eigenvectors of expvhat are:

)(-0.120301,-0.692844) (-0.120301,0.692844) (0.104828,0)
(0.664941,-0.091666) (0.664941,0.091666) (0.314485,0)
(-0.20828,0.107538) (-0.20828,-0.107538) (0.943456,0)

The answers are as below.

(@) ||vl|= 9.53939

0.104828
(b) v=v*(1/||v]|)= |0.314485
0.943456
0O -9 3
() V=19 0 -1
-3 1 0

(d) hasshown V*v =0 ,sovEKer(V)
(e) The eigenvalues of v are: 9.53939i, -9.53939i, 0

The eigenvectors of v are:

0.703 0.703 0.104828
—0.0234—-0.67i | , | —0.0234 + 0.67i | , |0.314485
—0.0703 + 0.224i —0.0703 — 0.224i 0.943456

Their relation is: the eigenvector to the eigenvalue of 0 is the unit
vector of v, which also means V*v =0, and the other two

eigenvectors are conjugate.



(f) e¥= [-0.042 —0.796 0.603

0.233 0.579 0.781

(g) v=e"*v has been shown

[—0.972 0.174 0.161]

(h) The eigenvalues of eV are: -0.993+0.114i,-0.993-0.114i, 1

The eigenvectors of eV are:

—0.12 — 0.693i —0.12 + 0.693i 0.104828
0.665 — 0.092i 0.665 + 0.092i | ,(0.314485
—0.208 + 0.108i —0.208 — 0.108i 0.943456

Their relation is: the eigenvector to the eigenvalue of 1 is the unit
vector of v, which also means 1*v =e"* v, and the other two

eigenvectors are conjugate.

2. Question 3

Rotation matrices have been generated with axis(0.1 0.3 0.9)T,
and different angles from around 0.095 to 28 radius.

Simply run lab2_main.cpp, you can see the animation. Some

screenshots of the Rviz animation are as below.
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3. Question 4

Some screenshots of the results of the calculating are as below.

lab2_main.cpp ¥

0.536459
-0.444451
0.10794

0.96598 -0.258122 -0.0159832 -0.329554
5 0.254637 0.960099 -0.115624 0.536459
Ay 0.0451905 0.10762 0.993164 -0.444451
. 6] 6] 6] !

the inverse homogeneous representation:
0.96598 -0.258122 -0.0159832 -0.329554
0.254637 0.960099 -0.115624 0.536459
() to plot the original and rotated frames in rviz

d::cout<<"the eigenvectors of v are: "<<'\n'<<vabtevectors<<'\n'<<endl;
Th . A X . -

nancy@nancy-VirtualBox: ~fcatkin_ws1
the inverse rotation parameters:

[:ithe transformation parameters:
E-0.329554

H=l0.536459
E-0.444451

PA{)6.23798
Eo.257742

-0.258122 -0.0159832 -0.329554
0.960099 -0.115624 0.536459 di;

0.10762 0.993164 -0.444451

6] 6] 0 !

the inverse homogeneous representation:
0.96598 -0.258122 -0.0159832 -0.329554
0.254637 0.960099 -0.115624 0.536459 axes
IE= 0.0451905 0.10762 0.993164 -0.444451
0 0 0 1
let the fixed rotation axes be raxis=1*(0.1.0.3.0.9)



(a) The eigen::Vector6f::Random() function has been used to get (x, v,
z, 1, p, y), and has demonstrated xf(x, y, z, r, p, y)=xf(x, y, z, r + 2 1, p,
Y, VXxyzrpy € R

(b) For some homogeneous matrices, for example a homoTransf
matrix, if homoTransf(0, 0)=homoTransf(1, 0)=0, then by applying
xfinv(homoTransf) only x, y, z, p, and the relationship of angles r
and y can be got, while neither r or y can be got. Besides,
when homoTranf= xf(x, y, z, r, p+2 7, y), xfinv(homoTransf)= (x, y, z,
nLpy)l=(xyzrp+2my).

(c) It has been shown that (0,0,0,4m,0,0)!= xfinv(xf(0,0,0,4m,0,0))=
(0,0,0,0,0,0), and can be seen in the screenshot.

(d) It has been shown that for arbitrary (x, y, z, r, p, y), xfinv() for
whose homotransf is well-defined, homotransf =
xf(xfinv(homotransf), and it can be seen in the screenshot above.

In  the example, homotransf = xf(xfinv(homotransf)

0966 —0.258 —0.016 —0.33
10255 096 —0.116 0.536
~10.045 0.108 0.993 0.444]

0 0 0 1



4. Question 5

(1 0 0 q;) 1 0 0 0
(a) go=10 1 0 0f 1_ 0 cos(qz) -—sin(qy) O
7o o 1 of "2 0 sin(gq,) cos(qg,) Of
0 0 0 1. 0 0 0 1
1 0 0 O]
»_10 1. 0 O
Hs = 0 0 1 q3
0 0 0 1/
1 0 0 d1
0 cos(dy) —sin(d;) —ds * sin(gy)
HO — HO * Hl * HZ — - 2 2 3 2
’ o 0 sin(qz) cos(qz) gz *cos(qy)
0 0 0 1

5 :
(b) g1 =9, =q3 = Tn have been chosen, and has chosen 5 points
in Frame3 to get 3 vectors plotted in Frame3.
plot of Frame1 with transformation HY in relation to the world

frame:

1 Displays %
v # Global Options

Fixed Frame map

Background C... [l 48;48;48

Frame Rate 30
¥ v Global Status:...

v Fixed Frame OK
> & Grid
» @ Marker
v - TF

» v status: Ok

QE@

Show Names
Show Axes
show Arrows
Marker Scale
Update Interval
Frame Timeout
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¥ Frames m
AllEnabled [}
map &=
rot 0
frame1 =}
» frame2 O
» frame3 O

> Tree

frame1
Enable or disable this individual frame.




plot of Frame2 with transformation H31 in relation to Frame1:

3 Displays
v # Global Options
Fixed Frame map
Background C... M 48;48;48
Frame Rate 30
v v Global Status:...
v Fixed Frame
> @ Grid
» @ Marker
v b TF
» v Status: Ok
Show Names
Show Axes
Show Arrows
Marker Scale
Update Interval
Frame Timeout
Frames
All Enabled
> map
» rot
» frame1
» frame2
» frame3
» Tree

quE Qa@?
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frame1
Enable or disable this individual frame.

Add

BOSPD

plot of Frame3 with transformation H3 in relation to Frame2,

and the 3 vectors with respect to Frame3:

Reference Fr... <Fixed Frame>
Plane Cell Co... 10

NormalcCell ... 0
Cell size 1
Line Style Lines
Color [ 160; 160; 164
Alpha 0.5
Plane XY
» Offset 0;0;0
» @ Marker [}
v - TF =
» v Status: Ok
Show Names &
Show Axes =
Show Arrows (&

Marker Scale 1
Update Inter... 0
Frame Timeout 1
Frames

All Enabled
» frame1

=
=
> frame2 =
=
=

a

» frame3
» map
Show Arrows

Whether or not arrows from child to parent
should be shown.

Add
@ Time

ROS Time: |2300654.92 | ROS Elapsed: |1086.90 wall Time: |1412300654.95 | Wall Elapsed: |1086.86 ] Experimental
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1 0 0 "
. o vz f sl
(c) When q; =q,=qs=-", HY = 2 2 8 |,
o V2 s
2 2 8
L0 0 0 1 -

and using the getTransformation(), get the transformation

1 0 0 3.927
po — [0 —0.707 0707  2.777
3710 —-0.707 —-0.707 -=-2.777|"’
0 0 0 1

screenshot below.

as shown in the

the transformation parameters:
BN -0.329554
0.536459

0.96598 -0.258122 -0.0159832 -0.329554
0.254637 0.960099 -0.115624 0.536459

TEG ©.0451905 0.10762 0.993164 -0.444451
6] 6] !

0.96598 -0.258122 -0.0159832 -0.329554
0.254637 0.960099 -0.115624 0.536459
0.10762 0.993164 -0.444451

6] 6] 6] !

Question5 transformation at gqi==5*PI/4:
1 5] 5] 3.92699
@ -0.707107 0.707107 2.7768
@ -0.707107 -0.707107 -2.7768

They are equal.



