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Abstract

= Computer vision problem

" Industrial production line

= Aimed for on-line shape inspection
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Introduction

= Measurement of the shape of the surface

= Transformation of the measured surface

" Fitting the surface of the CAD object

= Comparison with the CAD object

" Measured surface is inspected
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The Shape Measurement Method

* Projected fringes

* Optical non-touching measurement method

= One projector, two cameras




The Shape Measurement Method




The Shape Measurement Method

The measurement results in a huge number of data points
representing the measured surface.

ooooo

= The background will be measured

= Troubles around sharp edges
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About Surfaces in CAD

= Standard file formats

* IGES*
+ STEP
* PHIGS

= Trimmed NURBS for surface representation
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About Surfaces in CAD

NURBS surface representation

Zn% fjo N p(u) Njg(v)w; ;P ;
S(u,v) = : i
E%ZNW( w)Njq(v)w; ;

a<u<b c<ov<d

U = {CL,...,CL,Up—Hy-- un’ b}
V:{C,...,C,Uq—Fl)'"?Um?d?‘"d}
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About Surfaces in CAD

Example of NURBS surface with bidirectional control net.

- ucevmameemesextamox ],



About Surfaces in CAD

Trimmed NURBS Surfaces

= Concept of trimming

* Arbitrarily shaped domain
* Domain is a connected space
" Bounded by an outer curve and possible inner curve(s)
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About Surfaces in CAD

Trimmed NURBS Surfaces

= Properties of Trimming

* Fits an arbitrary shape well
* Computational difficulties
* The domain must be tesselated into a triangular mesh
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Transformation of the Measured Surface

Rotation matrix R € (),

Q={R cRrR”’R'R =13,det (R) = +1}

Translation vector T € R3*1




Transformation of the Measured Surface

= CAD surface: model points, set of points X

= measured surface: data points, set of points
P = {pk}k:O,...,Np—l




Transformation of the Measured Surface

Surface matching problem

Np—1
min > (d(Rp; + T, X))’ (1)

RcQ,T
k=0

where d(p, X) = min ||x — p||,
xeX
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Transformation of the Measured Surface

= Problem (1) is solved using the ICP algorithm

ICP (iterative closest point) algorithm
Require: X, P

R = 13, T=0

repeat

yi =C(Rpr+T,X), k=0,...,Np—1
Np—1
R, T] = argmin > [Rpy+ T — yil;
ReQ,T k=0
until convergence

return R, T
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Transformation of the Measured Surface

Remark: Instead of using all Np data points a number Ng
of randomly selected data points are used in each iteration.




Model Surface Computations

= Sampling of the surface, X

= Closest-point calculations

= Local surface approximation




Examples of Shape Inspection

= p point on measured surface

p=Rp+T
= p corresponding point on CAD object

= x point on CAD object

x=R'(x—-T)

= X corresponding point on measured surface
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Examples of Shape Inspection

Distance Measurement

= Distance between two fix-points




Examples of Shape Inspection




Examples of Shape Inspection

= x; and x5 points on CAD object

= Measured distance d between the points

d=||Ry"(x: — T2) — Ry (x — Ty)]




Using Best Fit: Finding Corners

Computer vision problem

* The computer does not understand the shape

= A minimization problem must be solved




Using Best Fit: Finding Corners







