TWIStS

CS 6301 Special Topics: Introduction to Robot Manipulation and Navigation

Professor Yu Xiang

The University of Texas at Dallas




Homogenous Transformation Matrices

* Consider body frame {b} in a fixed frame {s}

* 3D rotation R € SO(3)
* 3D position p ¢ R?

 Special Euclidean group SE(3) or homogenous transformation matrices
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Transformation Matrices

Camera

 How to move the robot arm to pick
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up the object?
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Transformation Matrices

* We know the following transformations

Camera

Robot in camera
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Transformation Matrices

* Camera « How to move the robot arm to pick
Y a—4 up the object?
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 We know
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Angular Velocities

* Angularvelocity Y\ — \5{79

 Compute time derivates of these axes caused
by rotation

X = W XX,
y = WwWXY,
7 = W X Z.

https://en.wikipedia.org/wiki/Cross product



https://en.wikipedia.org/wiki/Cross_product

Twists

Ta(t) =7(0) = | 1) 7Y

* Consider both linear and angular velocities when the rigid-body moves

Recall angular velocity W — \/7{7(9
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I | Angular velocity
wb expressed in {b}




Twists

* Let’s compute Recall
Sl
T-'T = R _RTp R p Rl_%l _ [ws]
B 0 1 0 0 RTR = |w
_ | R"R R™p
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R'p = vy
RT R linear velocity of a point at the origin of {b} expressed in {b}
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Twists

* Body twist (spatial velocity in the body frame)

Vi = ER6

matrix representation

=1 _ [Vb] _ [L‘(J)b] %b

€ se(3)

[U.Jb] & 30(3) ’Ub - RS linear velocity of a point at the origin of {b} expressed in {b}




Twists

e Similarly
r—1 i R p RT —RTp
=10 o } { 0 1
[ RRT p—RRTp
0 0
— [u(})s] %‘5 :| . Vg = p — RRTp Not the linear velocity in fixed frame p

Vs =P — Ws X P =P+ ws X (—p)
Imagining the moving body
to be infinitely large

Linear velocity of a point at the origin of {s} expressed in {s}




Twists

 Spatial twist (spatial velocity in the space frame)

V, = c RO

* Relationship

[Vb] — 77T

_ ws]




Twists

* Relationship between body twist and space twist

V| =T W] T Vs| = | BlnlBT — Rl R pt Ro,




Adjoint Representations

* The adjoint representation of T' = (R,p) € SE(3)

Adr| =

* The adjoint map associated with T

R
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VeRS V =[Adr]Y o V' = Adr(V)

V| € se(3)

V=TMVIT™




Twists b
R[w|R" = [Rw]
o Wg o R 0 Wp o
Vs = Vs o PR R || v = |Adr, [Vs
B _wb___ RT O__ws__
Vb — K — _ —RT[p] RT [ vs — [AdTb ]VS
In general

Ve = |Adr,, | Va4, Va = [Adr, Ve




Twists Example

?Jb\T b * Pure Angular velocity W — 2 rad/s
X 4‘ re =(2,—1,0) 7Tp = (2,—1.4,0)
ws = (0,0,2)  wy=1(0,0,-2)

-1 0 0 4

_I______I____ T, — Rep psy | O 1 0 04
=1 0 1| ] 0 0 -1 0
Top view of a car 00 0 1 _

What are the linear velocities? ’US ’Ub




Twists Example

?Jb\ TYb * Pure Angular velocity W — 2 rad/s
b<_4’v‘ re =(2,—1,0) 7Tp = (2,—1.4,0)
’ ws = (0,0,2)  wp=(0,0,-2)

W, -1 0 0 4
R i S

Top view of a car 00 0 1

Linear velocity of the car 0 ] [0
Vs = ws X (—15) =75 X wg = (=2, —4,0), .. g » _02
vp = wp X (—7p) =1 X wp = (2.8,4,0), = [ Us ] :Z o= [ U ] - 248
0 0




Further Reading

e Chapter 3 in Kevin M. Lynch and Frank C. Park. Modern Robotics:
Mechanics, Planning, and Control. 1st Edition, 2017

e M. Ceccarelli. Screw axis defined by Giulio Mozzi in 1763 and early
studies on helicoidal motion. Mechanism and Machine Theory,
35:761-770, 2000.

* J. M. McCarthy. Introduction to Theoretical Kinematics. MIT Press,
Cambridge, MA, 1990.
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