H

University of
HUDDERSFIELD

University of Huddersfield Repository

Zhang, Xiangchao, Jiang, Xiang and Scott, Paul J.

The Orthogonal Distance Fitting Of Parametric Surfaces For Precision Coordinate Metrology
Original Citation

Zhang, Xiangchao, Jiang, Xiang and Scott, Paul J. (2009) The Orthogonal Distance Fitting Of
Parametric Surfaces For Precision Coordinate Metrology. In: University of Huddersfield Research
Festival, 23rd March - 2nd April 2009, University of Huddersfield. (Unpublished)

This version is available at http://eprints.hud.ac.uk/id/eprint/5237/

The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:

* The authors, title and full bibliographic details is credited in any copy;
* A hyperlink and/or URL is included for the original metadata page; and

* The content is not changed in any way.

For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox@hud.ac.uk.

http://eprints.hud.ac.uk/



The Orthogonal Distance Fitting of Parametric Surfaces for

Precision Coordinate Metrology

Xiangchao Zhang, Xianggian Jiang, and Paul J Scott

Centre for Precision Technologies, School of Computing and Engineering, University of Huddersfield, HD1 3DH, UK

1. Introduction

To evaluate the form quality of a surface, it is required to compare the measured data
with the design template and determine the relative deviation between them. However,
the two surfaces are not necessarily well aligned, then we need to transform the
measurement data properly to best-match them.

Traditionally, only the vertical deviation is considered in the error metric,
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Here [x,,y,.z'] =p,'=Rp,+t,i=12,---,N is the transformed point of an arbitrary
measurement point P; =[x;, ¥;,z;] and z = f (x, ¥) is the nominal function of the
design template.

The definition of error distance above does not coincide with measurement guidelines
and the estimated fitting parameters will be biased [1]. Consequently we solve this
problem by applying the orthogonal distances in the error metric,
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In the equation, q; =[X,,Y,, Z,] is the orthogonal projection of p; onto the template.

2. Algorithm of Orthogonal Distance Fitting

Parametric forms are the most general ways to specify a surface, and hence
extensively used in engineering design. They represent a surface with,

S(u,v) =[x(u,v), y(u,v), z(u, )"

To solve the optimal rotation matrix R and translation vector t, we calculate the
projection points and transformation m ={6,,6,,6_,7 .t ,t.}  alternately in a nested
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So that the objective function becomes,
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The Jacobian matrix J = dg/dme R***° can be calculated by,
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Hereu, = [ui,vi]T are the foot-point parameters of q;, and du, /dm will be derived from [3],

J
(p; _q[)T(p[ -q,)= _(aq; /au[)T =0
Jdu

Omit the subscript i and reV\[/rite dq/du as(q, , we obtain,
u = { oq. - {qgu (®-0) q,® —q)}}1 i
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And the motion parameters can be updated with the Levenberg-Marquardt algorithm [2],
J'J+Aom=-J"g
A is a user-set damping factor.
3. Verification

We tested the performance of this algorithm with various experiments and found its bias of fitted
motion parameters and intrinsic characteristics is at least one order better than the traditional
algebraic fitting method.
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