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Research question: (Can we improve the algebraic framework used in robotics with geometric algebras?

Quaternions are an extension of complex numbers

Introduction Dual quaternions are an extension of quaternions with a dual number € = 0

Q=r+ep
) ) 2 22
Geometric algebras have several advantages over 1"=j"=k"=1jk=-1

matrices and trigonometry:
points p=7p
- Capable of representing lines, curves, planes, 0 9

spheres, etc. rotations r = s, + U, = cos 5 + sin 5 r

points

- More compact representations

e.g. Maxwell equations may be represented with
only 1 equation in geometric algebra.

/

rotation of points p’'=rpr” rotations

Compared to rotation matrices, quaternions are: :
translations

In this work we explore using geometric algebra for - Numerically more stable

gravity compensation by proposing a novel

* More efficient in many operations
representation of centroids with dual-quaternions. ¥ op

rigid-body transformations
- Smaller memory footprint

- Capable of SLERP (Spherical interpolation)

transformation of points P’ = BPB *=1+4+¢ t+ rpr*

Notation

Efficiency of composition of rotations

composition of transformations By = BoB1 = 7o + 5% (t} + 1oty r5 r21)

Name Notation  Element of  Construction

Scalar

Vector

Matrix

Coordinate system
Quaternion

Dual quaternion

Matrix representation Quaternion representation
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The transformation function between links
in a solid robot can be separated in fixed
and variable transformations for efficiency.
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27 multiplications and 18 sums 16 multiplications and 12 sums

Centroid representation Streaming calculations in serial robots

We incorporate the mass of a centroid into the dual- For each link:

quaternion representation of the location of that centroid. - Transform upstream centroids to the coordinates corresponding to the axis's link.

An—l = Cn—l + BnCnB;* A:

accumulated centroid

Proposition: The representation of a centroid C' of mass

m located at Po = 1 + ¢ ¢ in dual-quaternion form is - Transform gravity vector to the coordinates corresponding to the axis's link.

- *

Jgo=4¢g Gi = T;Gi—17Ti

Then, gravity compensation torque or force for axis 7 is:

C:mPC:m—I—emE

—m; (& x §;) - k= — (dual (C;) x §;) - k

S Forces (prismatic axes): f; = —m;§; - k = —direct (C;) §;

Torque (revolute axes): 7; =

== It can be proved that centroids in dual-quaternion form
are closed under addition and composition.

Validation

D-H parameters of URS5 robot

and axis values for validation Results

Rigid-body transformations
in neutral pose for each axis

A; [kg+kgm]
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- We validated the proposal by calculating gravity terms

. . for a URbS robot with six revolute axis.
Kinematic parameters

and masses * These results agree with matlab's gravityTorque[] and

Universal Robot's tools.

1; [m]
0.089159
0.425
0.39225
0.10915
0.09465
0.0823

¢; [m]
(0,0.00193,0.063549)
8.393 (0,0.2125,0.11336)
2.33  (0.24225,0, —0.0265)
1.219  (0.01634,0,0.10735)
(
(

m; [kg]
3.7

1.219 0,0.01634, 0.09285)
0.1879  (0,0,0.081141)

Conclusions Selected references

This proposal has explored the use of dual quaternions in robotics for gravity compensation.

We have shown that centroids can be represented in dual-quaternion form and that
they are compatible with common operations such as coordinate transformation.

This representation of centroids extends the advantages of quaternions to calculation
of gravity-compensation terms.

Additionally, this representation facilitates calculations in modular robotics, robots
with a high number of links, and robots with complex kinematic trees.

In the future, we hope that the robotics community will benefit from leveraging
the potential of geometric algebra.

Promising efforts include extending dual quaternions to calculation of robot
dynamics.
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