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Introduction

m OpenGL supports Bezier curves and surfaces

m Evaluators
m Generate 1, 2, 3, or 4-D curves and surfaces
m Curves use 1-D evaluatots

m Surfaces use 2-D evaluators

m GLU library

m Uses this mechanism in 4-D to provide NURBS
curves.




Bezier Curves

m 1-D evaluator function:

giMaplf(type, u_min, u _max, stride, order,
point_array)

m Fach one of these types must be enabled by
glEnable(type)

m Evaluate with glEvalCoord1f(u)

Example

m Consider a cubic Bezier curve over (0, 1)

point data] ]={......--}; * /3d data /*
gIMaplf(GL_MAP_VERTEX_ 3,0.0,1.0,3,4,data);

glEnable(GL_MAP_VERTEX 3);




Equally Spaced Points

m Suppose we have defined evaluators for the
cubic Bezier curve over (0,10) and the array of
control points
glBegin(GL_LINE_STRIP)

for (1 = 0; 1 < 100; 1++)
glEvalCoordlf ((float) 1 / 100.0)
glEndQ);

m Using OpenGL

gIMapGridlf (100, 0.0, 10.0);
glEvalMesh1(GL_LINE, 0, 100);

Bezier Surfaces

m 2-D evaluator function:

gIMap2f (type, u_min, u_max, u_stride, u_order,
v_min, v_max, v_stride, v_order,
pointer_to data)

m Evaluate with glEvalCoord2f(u,v)




Example

m Consider bicubic Bezier surface over (0, 1) x (0, 1)

point data[4][4]={...};

gIMap2f(GL_MAP VERTEX 3, 0.0, 1.0, 3, 4, 0.0,
1.0, 12, 4, data);

glEnable(GL_MAP_VERTEX 3);

Rendering Lines

for(J = 0; jJ < 100; j++)
{
glBegin(GL_LINE_STRIP);
for(n = 0; 1 < 100; i1++)
glEvalCoord2f((float) 1/100.0, (float)
§J/100.0);
glEnd();

glBegin(GL_LINE_STRIP);
for( 1 = 0; 1 < 100; 1++)
glEvalCoord2f((float) j/100.0, (float)
1/100.0);
glEnd();
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NURBS Functions

m  (Can use evaluators in 4-D using the GLU
library in OpenGL

gluNewNurbsRenderer
gluNurbsProperty
gluBeginNurbsSurface

gluNurbsSurface
gluEndNurbsSurface

s Trimming curves

Quadrics

m OpenGL supports several quadric objects

m disks, cylinders, spheres

m Objects can be transformed

m Quadrics routines use polygonal approximations
where the application specifies the resolution




Sources

Interactive Computer Graphics: A Top-Down
Approach Using OpenGL, Fourth Edition. Edward
Angel. Pearson Education, 2005.

OpenGL(R) Programming Guide: The Official Guide
to Learning OpenGL, Version 2 (5th Edition).
OpenGL Architecture Review Board, Dave Shreiner,
Jackie Neider, Mason Woo, Tom Davis. Addison-
Wesley.

Questions?
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Introduction

m Fault diagnosis of industrial components
becomes increasingly important for improving
the quality of manufacturing and reducing the
cost for product testing.

Fault Diagnosis

m What is the fault?
> Shape
> Orientation

> Position

B Where do they come from?

stamping error, tooling error ...




Task

m Diagnostics Task

% Fault Identification

% Fault Isolation

Fault Localization

Error :

Shape -> Noise on
sampling points

Orientation ->
Rotation

Ideal model True model

Position ->
Translation




My Task

m Find the Rotation, Translation Matrix
m Align the true model to the 1deal model

m Point out the error

ICP Algorithm

m [terative Closest Point (ICP) is an algorithm
employed to match two clouds of points.

m [t iteratively estimates the transformation
(translation, rotation) between two raw scans.

m Inputs: two raw scans, initial estimation of the
transformation, criteria for stopping the iteration.

m Output: refined transformation.




ICP Algorithm

m Essentially the algorithm steps are:

» Associate points by the nearest neighbor criteria.

» Estimate the parameters using a mean square cost
function.

» Transform the points using the estimated parameters.

» Iterate (re-associate the points and so on).

Result after using ICP
Ideal model True model




1. Every 1x3 vector is
always assumed to be
an RGB triplet
specifying a color
directly.

2. The length of the

arrow is assumed to
be the error of that
point.

Reference

m A Method for Registration of 3-D Shapes
Paul J. Besl, Neil D. Mckay

m Mode-based Decomposition of Part Form Error

by Discrete-Cosine-Transform with
Implementation to Assembly and Stamping
System with Compliant Parts

Wenzhen Huang, Dariusz Ceglarek




Question?
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Selar Systen Simulatien

CIS 454
Compuiterr Graphics

Setting Up

fleat CurnetPlanetRotations]iO] = 4 05, 0, 0, 05 0 05, 0, 0, 01 };//stant rotaion at zero degrees

fleat PlanetRotationincrement[9]f = { 0:0f;, 0.1f, 0.091, 0:08f; 0071, 0.06f; 0.05f, 0.041, 0.03f
J5//retation; amouni perirame

fleat PlanetRadius|O] =4 1.51; 0:51; 0.61; 0.71, 0.851; 0.85f; 0.757; 0.8, 0.791 }5// size of planets
float' PlanetDistance[9] = { 0, 1, 2, 3, 4, 6}, 8, 11, 14 }:// width ofi the rings




Coloring Ihe Planets

fleat PlanetColor|Oj[4] = {{1.0; 1.0}, 0.0; 1.0,
10.8,10.8, 0.8, L0

{1.0, 0.8, 0.0, 1.0},
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EURCHoN; 10, gENErate: a Sphere

glutSelidSprRere (.0, 105 10)5




Retation and Rendering

glClear(GL_COLOR BUEEER' BIT | GL_DEPTH BUFEER BIT);//rotates
camere ased e NMoUSe Pesition

gIRetatef(positionz, 1.01, 0.05;, 0.01);//retates the camera

Animates The Planets

for (I=0; 1<9; ++1)
{
fleat x=0:01,y = 0.01;

CurmetPlanetRotations|i] +=
PlanetRotationlncrement|i]/100:01;

x = Planetistance(i] =
cos(CurrnetPlanetRetatens|i])=2.51;

= Planetbistancefi] *
sin(CurrnetPlanetRetatiens|il)z251;

glCelerdiv(RlanetColoril)s
Drawsphere(x, 0.0F V; PlanetRadius|i]);
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