Accepted Manuscript e —

On the global interpolation of motion Computer
methods in
Shilei Han, Olivier A. Bauchau m.:::.:

PIL: S0045-7825(18)30172-5 _
DOI: https://doi.org/10.1016/j.cma.2018.04.002
Reference: CMA 11853

To appear in: Comput. Methods Appl. Mech. Engrg.

Received date: 18 November 2017
Revised date: 24 March 2018
Accepted date: 2 April 2018

Please cite this article as: S. Han, O.A. Bauchau, On the global interpolation of motion, Comput.
Methods Appl. Mech. Engrg. (2018), https://doi.org/10.1016/j.cma.2018.04.002

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cma.2018.04.002

*Manuscript

Click here to download Manuscript: manuscript.pdf Click here to view linked Referenc
1
2
3
4
> On the Global Interpolation of Motion
2
8 . ..
9 Shilei Han and Olivier A. Bauchau
ig Department of Aerospace Engineering, University of Maryland
12 College Park, Maryland 200742
13
14
15
16 Abstract
i; Interpolation of motion is required in various fields of engineering such as computer anima-
19 tion and vision, trajectory planning for robotics, optimal control of dynamical systems, or finite
20 element analysis. While interpolation techniques in the Fuclidean space are well established,
21 general approaches to interpolation on manifolds remain elusive. Interpolation schemes in the
gg Fuclidean space can be recast as minimization problems for weighted distance metrics. This
24 observation allows the straightforward generalization of interpolation in the Euclidean space
o5 to interpolation on manifolds, provided that a metric of the manifold is defined. This paper
26 proposes four metrics of the motion manifold: the matrix, quaternion, vector, and geodesic
27 metrics. For each of these metrics, the corresponding interpolation schemes are derived and
gg their advantages and drawbacks are discussed. It is shown that many existing interpolation
30 schemes for rotation and motion can be derived from the minimization framework proposed
31 here. The problems of averaging of rotation and motion can be treated easily within the same
32 framework. Both local and global interpolation problems are addressed. The proposed interpo-
33 lation framework can be used with any suitable set of basis functions. Examples are presented
2‘51 with Chebyshev spectral, Fourier spectral, and B-spline basis functions. This paper also intro-
36 duces one additional approach to the interpolation of motion based on the interpolation of its
37 derivatives. While this approach provides high accuracy, the associated computational cost is
38 high and the approach cannot be used in multi-variable interpolation easily.
39
40
411 Introduction
42
43
44 Interpolation of rotation and rigid-body motion is a common problem that arises in various fields
45 of engineering such as computer animation and vision, trajectory planning for robotics, or optimal
33 control of dynamical systems. In the area of multibody system dynamics, interpolation of motion is
48 required when implementing finite element and spectral methods. Interpolation can be viewed as a
49 mathematical operation that approximates a continuous field based on its discrete values at a set of
50 oints. For instance, in finite element methods, the displacement field is known at the nodes of the
p p
g; element and interpolation is required to evaluate the displacement and strain fields at the Gauss
53 points; this process can be viewed as a “local interpolation” within the element. On the other hand,
54 in spectral methods, the displacement field is known at the grid points and interpolation is required
35 to evaluate strains at the same grid points; this process can be viewed as a “global interpolation”
g? over the entire domain and is expected to yield the exponential convergence property of spectral
58 methods. Of course, the nature of the field to be interpolated depends on the specific application. In
59 this paper, the interpolation of both rotation and rigid-body motion is treated in a unified manner
gg and is referred to as “the interpolation of motion.”
62 Interpolation techniques in Euclidean space are well established. Given a set of vectors, x,, € R™,

63 located at grid points M k= 0,1,..., N, classical interpolation schemes define the interpolated
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